Pleuropulmonary infections are among the major causes of
morbidity and mortality worldwide. This issue of the European
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Preface
S

ince the beginning of the last century, respiratory medicine has evolved as
a specialism from the study of respiratory physiology. Consequently, for
over a hundred years, obstructive airway diseases such as asthma and chronic
obstructive pulmonary disease have been an important focus of chest
physicians. Although these diseases are still of continued importance, the
spectrum of pulmonary diseases now studied has been greatly expanded and
includes thoracic oncology, allergology, pulmonary infections, sleep
medicine and intensive care medicine. In addition, the collaborations
between paediatricians and pulmonologists and between surgeons and
pneumologists have become more and more important.
In the preface to the previous issue of the European Respiratory Monograph
(ERM), whose topic was bronchial infections, I pointed out that the 21st
century will one day be described as the century of infectious diseases. The
economic crisis has contributed to a deterioration of the social and hygiene
conditions in many parts of the world, creating a breeding ground for the
spread of infectious diseases. Antibiotic overconsumption has led to an
exponential growth of resistant organisms. The globalisation of the economy
has contributed to the spread of these resistant infectious agents, while the
development of new antibiotics has not kept pace with the development of
resistance. Therefore, surgical measures again play an essential role in the
treatment of infectious pathogens, as was the case in the era of tuberculosis
before World War II.
The present issue of the ERM summarises the most important infectious
diseases that need a common therapeutic approach between thoracic
surgeons and pneumologists. I want to congratulate the Guest Editors,
Gernot Rohde and Dragan Subotic, for their tremendous work in setting
up this excellent trendsetting ERM, which should be of interest to
pneumologists, infectious disease specialists and thoracic surgeons alike. I
hope this book will stimulate joint research, leading to better understanding
and more successful therapy, and I am convinced that readers will find this
ERM useful for their daily work.
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A

s cause of death, lower respiratory tract infections rank first in lower-income, third in lowermiddle-income, fifth in upper-middle-income and sixth in high-income countries,
accounting for 3.2 million deaths in 2011 worldwide, according to figures from the World
Health Organization [1]. Lower respiratory tract infections cover a broad spectrum, from acute
bronchitis to severe pneumonia and their complications. Many aspects have recently been covered
in the European Respiratory Monograph (ERM) entitled ‘‘The Spectrum of Bronchial Infection’’
[2]. The topics of the current issue of the ERM extend the field to infections of the lungs, pleura
and mediastinum and try to integrate conservative and surgical treatment, which plays a more
important role in this field as compared to infections of the airway compartment.
The role of surgery in the treatment of pleuropulmonary infections mostly depends on the
possibilities of medical treatment. Tuberculosis (TB) is a good example to illustrate the trend that
surgical treatment has followed, from collapse therapy before the era of potent anti-TB drugs,
through elective lung-sparing resections for localised forms of disease, to salvage surgery for
multidrug-resistant TB, sometimes as a medical urgency [3]. Most forms of TB are treated by
antimicrobial chemotherapy and the most recent updates to this treatment are therefore also
covered in this issue.
One of the specific characteristics of lung infections is a radiographic evolution with a wide variety
of initial pleuropulmonary presentations, sometimes mimicking the underlying disease. This often
imposes the need for additional diagnostic procedures (e.g. bronchoscopy, thoracocentesis, chest
tube insertion or thoracoscopy) before the decision on treatment. These procedures should be
dealt with only in adequately equipped institutions with the possibility of permanent radiographic
control of patients. Furthermore, some of these infections, like aspergillosis or bronchiectasis, may
require surgery without the possibility of thorough assessment of a patient. In these cases, urgent
temporary procedures, like bronchial artery embolisation, may sometimes be necessary.
Bilateral lesions, for example as found in patients with bronchiectasis, represent a specific
challenge for the surgeon. Therefore, a thorough knowledge of the conservative treatment options
is mandatory. Attitudes have moved from surgery exclusively for unilateral disease, to bilateral
operations in selected patients, sometimes with the use of modern video-assisted procedures [4].
The progress in the field of video-assisted procedures has greatly influenced the treatment of
pleural empyema, making early disease stages amenable to efficient treatment in a less invasive
way. This results in an indication for open surgery only in advanced stages [5]. As management is
different for children and adults, separate chapters have been included for these two groups.
Some of these pleuropulmonary infections also affect extrathoracic organs, for example in hydatid
disease. In this situation, a combined operative approach to expose thoracic and abdominal
cavities is necessary, either for one- or two-stage procedures.
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Taken together, complex pleuropulmonary infections require an experienced team, familiar with a
broad spectrum of pulmonary diseases and also capable of preventing and dealing with postoperative complications in patients in whom major surgery is anticipated due to the presence of
the existing or previous infection.
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M. ALIFANO ET AL.

SUMMARY: Post-operative pneumoniae are a major source of
post-operative morbidity and mortality in patients undergoing
lung resection surgery. Empyema is another severe complication, most frequently related to bronchopleural fistula, although
empyema without fistula exists in pneumonectomy patients.
Risk factors for infectious post-operative complications include
smoking history, underlying chronic obstructive pulmonary
disease, other comorbidities including lung cancer, impaired
nutritional status and extra-thoracic chronic diseases. The
extent of resection and peri-operative care also play a role, as
well as the presence of pre-existing airway colonisation. The
most frequent pathogens are Haemophilus influenzae,
Streptococcus pneumoniae, Staphylococcus aureus and Gramnegative pathogens. Altogether, the relatively small number of
randomised controlled trials available provides convincing
evidence supporting the use of antibiotic prophylaxis in patients
undergoing lung surgery. The evidence is strong for prevention
of wound infection, but more limited for empyema and postoperative pneumonia. First- and second- generation cephalosporins have been the most extensively used prophylactic
antibiotics. Amoxicillin–clavulanate has also been shown to be
effective. The optimal duration of prophylactic antibiotic
treatment has not been extensively studied. Similarly, how
antibiotic prophylaxis could be tailored to specific populations
or risk factors is currently unknown.
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atients undergoing lung resection surgery are at a high risk of complications such as postoperative pneumonia (POP) and empyema. This chapter will focus on the prophylactic
antibiotics that are available for these patients. The main purpose of peri-operative antibiotic
therapy in lung resection patients is to reduce the incidence of POP, which can be considered as a
surgical site infection when it occurs within 30 days of surgery. The decision to administer
antibiotic prophylaxis should rely on several considerations: the incidence of post-operative
infections, the risk of poor outcome, the presence of specific risk factors, and the risks and
outcomes of antibiotic-related adverse events. Outcomes of interest when assessing the utility of
antibiotic prophylaxis include not only the frequency of target events (i.e. infections) or unwanted
events (e.g. allergy and renal function impairment) but also mortality, intensive care unit (ICU)
and hospital length of stay, risk of delayed infection and costs.

Infection represents the most frequent post-operative complication following lung resection, and
POP is a major source of post-operative mortality. Of all surgical procedures, lung surgery by itself
is one of the major risk factors for POP [1]. Risk factors for infectious post-operative
complications can be categorised into two groups: patient-related risk factors and surgery-related
risk factors. Patient-related risk factors for POP include some demographic characteristics (older
age and male sex), impaired pre-operative lung function (most frequently related to chronic
obstructive pulmonary disease (COPD)), persistent smoking, poor nutritional status and preoperative bacterial colonisation. Some risk factors are related to surgery (extent of resection, with
an increased risk following pneumonectomy, right-sized surgery and duration of surgery), postoperative management (mechanical ventilation, pain control strategy and transfusion) [2], and
occurrence of other pulmonary complications (especially atelectasis and complications requiring
mechanical ventilation). Only a few of these risk factors are modifiable before surgery, e.g.
smoking and nutritional status [3].
Thus, prophylactic antibiotics to prevent the occurrence of respiratory infections could well be of
interest to decrease post-operative morbidity and mortality.
In this chapter, we will first review in more detail the incidence, outcome and risk factors of the
various types of post-operative respiratory infections. Following this, we will analyse studies
reporting the efficacy and utility of antibiotic prophylaxis, giving consideration to the influence of
the extent of lung resection on the possible benefits this approach could provide.

Post-operative infectious complications
ANTIBIOTIC PROPHYLAXIS IN LUNG SURGERY

Incidence
POP
Retrospective and prospective studies provide extremely variable results in terms of incidence of
POP after lung resection, with values ranging from 2% to 40% (table 1) [3–7]. For instance, DÍAZRAVETLLAT et al. [3] prospectively studied 604 patients undergoing surgery for bronchogenic
carcinoma between January 1999 and June 2004 and found a rather low (22 cases (3.6%))
incidence of POP. In a more recent retrospective cohort study performed by LEE et al. [2] to
identify risk factors of POP following surgical resection for lung cancer, the proportion of patients
who developed POP was almost two times higher (26 (6.2%) out of 417) [2]. In this study [2], the
median time between surgery and diagnosis of POP was 4 days (range 1–19 days). Empyema
developed in three patients, of whom two had both POP and empyema. The study by SCHUSSLER et
al. [5] included patients with more severe comorbidities and found a 25% incidence of POP (42
out of 168). Finally, in a prospective study including 129 patients undergoing pneumonectomy,
the overall hospital mortality rate was 10.8% and complications occurred in 42.6% , with bacterial
pneumonia being the most prevalent complication in 29 (22%) out of 129 patients [5].
Such variability of POP incidence between studies probably reflects differences in: 1) criteria used
to define POP; 2) diagnostic procedures used to identify the criteria; 3) the populations studied; 4)
surgical procedures used; and 5) peri-operative management, including prophylactic antibiotics.
The post-operative documentation of involved pathogenic micro-organisms is also problematic.
Thus, between 29% and 50% of post-operative pulmonary infections remain undocumented.
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Table 1. Variability of post-operative pneumonia incidence and mortality in
patients undergoing lung resection summarising data from three studies
addressing these two criteria
First author [ref.]

Subjects n

Incidence %

Mortality %

D ÍAZ-R AVETLLAT [3]
L EE [2]
S CHUSSLER [5]

604
417
168

3.6
6.2
25

32
27
19

Other types of postoperative respiratory
infections
Empyema is a less frequent but severe postoperative infection that
may complicate any

kind of pulmonary surgery. Empyema is defined as the presence of purulent material in the pleural
space. It is frequently related to a bronchopleural fistula (BPF) involving the stump of the main
bronchus or of a lobar or segmental bronchus; air leaks may also originate from more peripheral
bronchi, as well as from bronchoalveolar fistulae in the remaining lung. Empyema may also occur
without BPF and, in this case, usually relates to pleural space bacterial contamination occurring
peri-operatively. BPF has been reported with an incidence of 1.5–28% after pulmonary surgery
[8]. Incidence after pulmonary resection for lung cancer is reported to be between 4.5% and 20%
after pneumonectomy and 0.5% after lobectomy [9].

Outcome
POP

In the Eole study [12], a multicentre, prospective study performed to evaluate the predictive
factors of mortality due to POP (which was strictly defined), the overall mortality among the 556
cases of POP was 23% (126 patients) [12]. In their study, SCHUSSLER et al. [5] used a similar
definition of POP, and found a death rate of 19% among the 42 patients who developed POP
versus 2.3% in patients who did not (p50.0012). Patients with POP required noninvasive
ventilation (NIV) or re-intubation more frequently than patients who did not develop POP
(45.2% versus 5.6% and 23.8% versus 4.0%, respectively). POP was associated with longer ICU and
hospital stay of 7 (5–13) days versus 3 (2–5) days and 16 (11–22) days versus 9 (7–12) days,
respectively. All these differences between patients with versus without POP were highly
significant. In the study by DÍAZ-RAVETLLAT et al. [3], the overall in-hospital mortality rate was
5.3% in patients who underwent resection of bronchogenic carcinoma. Among patients with POP,
in-hospital mortality was 31.8% [3]. In the prospective cohort study performed by BELDA et al.
[13], patients with post-operative respiratory infections had a significantly higher length of
respiratory intensive and intermediate care unit and hospital stay when compared with those
without a post-operative infectious complication. Only POP was associated with a significantly
higher mortality (33% versus 3%). In the retrospective cohort study performed by LEE et al. [2],
patients with POP frequently required mechanical ventilation (42.3%) and had a higher rate of
acute respiratory distress syndrome (34.6%) and in-hospital mortality (27%) [2]. Interestingly,
NIV may improve short-term outcomes in patients with acute respiratory failure following lung
resection surgery [14]. In an observational prospective cohort survey, LEFEBVRE et al. [15]
confirmed the feasibility and efficacy of NIV in both hypercapnic and hypoxic acute respiratory
failure following lung resection. In this study [15], univariate analysis found an association
between POP and NIV failure: POP was present in 92.3% of patients with NIV failure versus 38.1%
of patients with NIV success (p50.0016).

M. ALIFANO ET AL.

Despite advances in surgical techniques, anaesthesia and peri-operative care, nosocomial
pneumonia after thoracic surgery is associated with high rates of respiratory failure and longer
ICU and hospital stay [10]. POP is one of the main causes of post-operative mortality, which
ranges from 22% to 67% when this complication occurs [11].

The impact of respiratory post-operative infections on long-term survival after lung resection for
cancer has rarely been studied. YAMADA et al. [7] performed a retrospective chart review including
626 patients who underwent lung cancer surgery between 1996 and 2005. POP occurred in 40
patients (6.4%) and was more frequent in patients with COPD (14.3% versus 3.6%; p,0.0001).
Patients with POP had a significantly worse overall survival rate than those who did not have POP
(p50.0004).

Empyema
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Empyema is also a life-threatening condition with a mortality rate of ,40% in postpneumonectomy patients. The presence of BPF obviously increases the morbidity and mortality
of empyema by providing a source of continuous contamination of the pleural space and
promoting aspiration of infected pleural fluid. Among patients with BPF and empyema following
thoracic surgery, mortality rates of 18–50% have been reported [16]. A particularly poor prognosis

exists for BPF requiring mechanical ventilation, where air leaks can reach 500 mL per breath [17].
Right pneumonectomy complicated by BPF and empyema is associated with a high mortality. In
cases without BPF, more conservative treatment may be proposed, avoiding aggressive surgical
treatment; in such cases, lower mortality rates have been reported [18].

Risk factors
Many patients undergoing major lung resections carry risk factors of nosocomial pneumonia,
including smoking history, coexistent chronic bronchitis or COPD, neoplastic disease,
extrathoracic comorbidities and a poor nutritional status. Finally, surgery involves the respiratory
system itself. Tracheobronchitis and purulent sputum retention are frequent and may lead to
atelectasia and pneumonia.

Airway colonisation

4
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Airway colonisation (AWC) is supposed to be an essential first step in the pathogenesis of
nosocomial pneumonia and acute respiratory distress syndrome [19]. Patients undergoing lung
resection surgery (mostly for bronchial carcinoma) have many factors predisposing them to
bronchial colonisation. AWC is supposed to facilitate the development of POP when secretion
clearance and cough reflex are impaired. Under immunosuppressive conditions, such as surgery,
cancer or impaired nutritional status, the ability of the respiratory mucosal surface to bind microorganisms increases, which in turn increases the risk of infection. Lung infection would thus be the
result of a decrease in the host’s cellular and humoral defences and/or of the presence of bacterial
inoculum in sufficient quantity or with a sufficient virulence to overwhelm local and general
defence systems.
Several studies have analysed peri-operative bronchial colonisation and related outcome.
WANSBROUGH-JONES et al. [20] investigated 75 patients undergoing pulmonary or pleural resection
by performing cultures from samples obtained by pre-operative bronchoalveolar lavage. They
found pathogenic micro-organisms in 23% of cases, Haemophilus influenzae being the most
frequent bacteria. Of the 75 patients, 11% developed post-operative infectious respiratory
complications, of which 42% was in those patients whose lavage culture was positive for bacterial
pathogens and 4.8% in those with negative cultures. In 2002, a prospective study of respiratory
infections after lung cancer resection was performed by SOK et al. [21], who studied samples of
sputum obtained 3 days before, during and 3 days after surgery. In 75% of cases, micro-organisms
involved in lung infections were Gram-negative bacilli and Candida albicans. These were isolated
in 18%, 13% and 63% of sputum samples taken pre-, intra- and post-operatively, respectively.
These authors also found a strong association between the pathogens found in the sputum
obtained 3 days after the operation and those found when lung infection developed. In a
prospective study based on protected specimen brush in 41 patients with cancer, IOANAS et al. [22]
found that 41% presented with bacterial colonisation, mainly by potentially pathogenic microorganisms (PPMs) (36%). In multivariate analysis, two factors were independently associated with
AWC: body mass index .25 kg?m-2 and proximal location of the tumour. However, in univariate
analysis, there was no correlation between AWC and post-operative infection. The prospective
study by BELDA et al. [13] was based on bilateral protected specimen brush before thoracotomy.
AWC was present in 65 of 78 patients (83%), involving PPMs in 36% and non-PPMs in 72% of
patients. A positive correlation between AWC and post-operative pulmonary complications was
found in multivariate analysis. In the observational prospective study by SCHUSSLER et al. [5], in
168 patients with resectable lung cancer, bilateral bronchoscopic aspirates allowed the isolation of
AWC in 22.8% of patients. The bacterial agents were mainly H. influenzae (61%), Streptococcus
pneumoniae (29%) and polymicrobial (29%). Multivariate analysis again found a positive
correlation between AWC and post-operative pulmonary complications. Recently, DANCEWICZ
et al. [23] reported AWC in 59% of 44 patients, but none of these developed post-operative
pulmonary infections. Finally, a retrospective evaluation of 626 patients who all had pre- and postoperative sputum samples or aspirates was published in 2010 by YAMADA et al. [7]. AWC was

present in 10.5% of non-COPD patients and in 20% in COPD patients. Again, multivariate analysis
showed a positive association between AWC and post-operative pulmonary complications.

Risk factors for BPF and empyema
Empyema and POP share many risk factors including advanced age, high number of
comorbidities, COPD and bacterial AWC. Some risk factors for BPF and empyema are probably
more specific: their incidence is highest after right pneumonectomy and right lower lobectomy
and in the case of bronchial anastomosis. Increased incidence of BPF is also reported in the case of
incomplete tumour resection, steroid use and pre-operative radiotherapy [24]. Post-operative
mechanical ventilation is also a significant independent risk factor [25].

Involved pathogens

BERNARD et al. [26] also found that Streptococcus spp. and H. influenzae were responsible for 50% of
all POP, whereas Gram-negative pathogens (other than Haemophilus spp.) accounted for 31% of
pneumonias. In the study by SOK et al. [21], slightly different results were found. Gram-negative
pathogens (other than Haemophilus spp.) were responsible for 71% of post-operative pulmonary
complications and Streptococcus species were found in only 10% of cases. In this study, a single-dose
cefuroxime was utilised as pre-operative antibioprophylaxis, but 44% of patients had been treated
with the same drug for 1–6 days pre-operatively, with a possible impact on their bacterial flora.

M. ALIFANO ET AL.

When documentation is obtained, encountered pathogenic bacteria are, in most instances, those
classically reported for early hospital-acquired pneumonia [20]: H. influenzae (3–66%), S.
pneumoniae (3–29%) and Staphylococcus aureus (8–19%). A polymicrobial aetiology is found in
15–33% of patients, and Enterobacter and Pseudomonas species are responsible for ,10% of cases.
In the study by SCHUSSLER et al. [5], pathogenic bacteria were, in most cases, those classically
reported for early hospital-acquired pneumonia: H. influenzae (41.7%), S. pneumoniae (25%) and
other Streptococci (12.5%). Enterobacteriaceae and Pseudomonas spp. were responsible for 21.2%
and 25% of cases, respectively. A polymicrobial aetiology was recognised in 33.3% of patients.
Among S. pneumoniae strains, 22.2% had a decreased sensitivity to penicillin G while 26% of
Haemophilus strains were b-lactamase positive.

Antibiotic prophylaxis
Efficacy of antibiotic prophylaxis in lung resection: results of clinical trials
The usefulness of antibiotic prophylaxis in lung resection has been investigated in several
randomised trials, beginning in the late 1970s, with initially conflicting results. A randomised,
prospective double-blind study performed in 1977 by KVALE et al. [27] compared placebo with
cefazolin 500 mg intramuscular, starting upon arrival in the operating room, followed by cefazolin
500 mg i.m. every 6 h, then oral cephalexin 500 mg when oral intake was restarted, for a total of
5 days altogether. Among the 34 patients randomised in the placebo group, 17 infections were
recorded (50%), compared with eight in the 43 (19%) patients of the antibiotic group (p50.005).
With respect to the site of infection, 14 thoracic infections occurred in the placebo group (41%)
compared with two (4.7%) in the antibiotic group (p50.0002). No correlation was found between
the occurrence of infection and the extent of pulmonary resection. Furthermore, the authors failed
to identify specific risk factors of occurrence of post-operative infections: in particular, history of
smoking, presence of chronic bronchitis, spirometric abnormalities and obesity were not related to
the occurrence of infection. Following this initial trial, peri-operative cephalosporin prophylaxis in
thoracic surgery became common practice.

5

However, two subsequent randomised trials did not confirm these initial findings. TRUESDALE
et al. [28] performed a prospective, double-blind trial comparing placebo with cephaloxin 1 g
i.m. in the operating room prior to pulmonary resection, followed by 2 g intravenous every 6 h

for a total of 48 h. The incidence of post-operative infections was the same in the two study
arms: five (17.8%) out of 28 patients in the cephalosporin group and (17.2%) five out of 29 in
the placebo group. Of the five infection-related deaths, three occurred in the placebo group and
two in the cephalosporin arm. Most other outcomes were similar in both arms, including white
blood cell count, fever, duration of hospitalisation, hypersensitivity reactions or abnormal liver
functions. Phlebitis and abnormal renal function occurred more often in the cephalosporin
group. In the subsequent study by CAMERON et al. [29], no difference in terms of post-operative
infections was observed between the 88 patients receiving 2 g i.v. cephalotin prior to and 6 h
after pulmonary surgery as compared to placebo (n583). Specifically, there was no difference in
the number of post-operative days with fever, number of post-operative septic complications and
length of post-operative stay. It is of note that, in this study, topical antibiotics were used in the
pleural cavity and wound of all patients. Unfortunately, the authors did not provide the number
of wound infections in each group, but they underlined that, when post-operative infectious
complications developed in the antibiotic group, they were often secondary to Gram-negative
organisms resistant to cephalotin.

ANTIBIOTIC PROPHYLAXIS IN LUNG SURGERY

After these initially conflicting studies hampered by limited numbers of evaluated patients and
heterogeneity in evaluation criteria and their definition, subsequent trials provided convincing
evidence of the superiority of antibiotic prophylaxis over placebo in lowering the incidence of
post-operative infectious complications. In these studies, the different kinds of post-operative
infections were taken into account and more attention was paid to pulmonary infections.
In the Canadian study by ILVES et al. [30], 211 patients undergoing oesophageal or pulmonary
surgery were randomised to cephalotin 2 g i.v. in the operating room followed by 2 g i.v. 4 h later,
versus placebo. A significant decrease in wound infections was observed: 22 (23.7%) out of 93
patients in the placebo group versus seven (5.9% ) out of 118 in the cephalotin group. POP and
empyema occurred numerically less frequently among patients undergoing antibiotic prophylaxis,
but statistical significance was not achieved.
One year later, in 1982, FRIMODT-MØLLER et al. [31] compared placebo with penicillin G (5 million
IU i.v. prior to surgery and thereafter every 6 h for a total of five doses). They could evaluate 92
out of 101 included patients, 45 receiving penicillin and 47 placebo. They found that penicillin had
no effect on the occurrence of lower respiratory tract infections (19 out of 47 versus 15 out of 45),
empyema (two in both groups) or fever of unknown origin, whereas it significantly decreased the
incidence of wound infections (two out of 45 versus nine out of 47). In 1991, AZNAR [32]
performed a prospective, randomised, double-blind trial of cefazolin 1 g i.v. 30 min prior to
surgery versus placebo [32]. A statistically significant decrease in empyema (14% versus 7%) and
pneumonia (9% versus 4%) was observed in the active treatment arm. The occurrence of wound
infection was also lowered by prophylaxis: one (1.5%) out of 70 in the antibiotic prophylaxis arm
versus eight (14%) out of 57 in the placebo group.
Thus, despite the small number of randomised clinical trials and initial conflicting data, the
majority of studies support the use of peri-operative antibiotics in general thoracic surgery. The
evidence is strong for prevention of wound infection, but much more limited for empyema and
POP. It must be outlined that these different types of infectious complications contribute very
differently to life-threatening situations and mortality. In addition, this contribution also depends
on the extent of resection, making interpretation of available data more difficult. Some comments
on the influence of the extent of resection can be proposed, but they are merely derived from
commonly accepted thoracic surgical experience and not by specific studies.

Influence of the extent of lung resection on the potential usefulness of antibiotic
prophylaxis
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The influence of the extent of lung resection (lobectomy versus pneumonectomy) can be discussed
in view of the types and mechanisms of post-operative thoracic infections.

Simple wound infection
‘‘Simple’’ wound infection is a relatively benign condition, especially in nonpneumonectomy
patients: the diagnosis is easy and simple local treatment (drainage and dressing) often deals
successfully with the condition. In pneumonectomy patients, even a superficial wound infection
carries a significant risk of major complication, as deep diffusion of the infection in the empty
pleural cavity is frequent and leads to empyema (without BPF), a life-threatening condition in
these patients: thus, the importance of preventing wound infections and their possible
consequences is substantially different with respect to the extent of resection.

Empyema
In the absence of wound infection, empyema has different mechanisms and pathophysiology in
lobectomy and pneumonectomy patients, with possibly different impact of antibiotic prophylaxis.
Empyema is usually associated with the occurrence of BPF in lobectomy patients (empyema with
fistula), but empyema without BPF does exist, almost exclusively after pneumonectomy.

Empyema without fistula

The situation is radically different in pneumonectomy patients, where the pleural space is empty:
in this case, intra-operative contamination may easily lead to empyema without fistula, supporting
the paramount importance of antibiotic prophylaxis. Finally, in the early post-operative period,
bacteraemia secondary to procedures (e.g. bladder or gastric catheterisation) or post-operative
nonthoracic infections (e.g. urinary tract infections) may lead to infection of the empty cavity.
Facing these situations, the impact of intra-operative antibiotic prophylaxis is probably limited.

Empyema with fistula
Empyema with fistula generally occurs in the late post-operative period (i.e. after the fifth–seventh
post-operative day). Indeed, early BPF is highly infrequent and generally secondary to a technical
error in bronchial stump handling and suture. In both instances, antibiotic prophylaxis probably
has limited direct impact on the occurrence of this complication. However, antibiotic prophylaxis
might prove indirectly useful through reducing the risk of POP, and especially POP requiring
mechanical ventilation, as mechanical ventilation is known to increase the risk of BPF.
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Following lobectomy, if expansion of the remaining lung parenchyma achieves occupation of the
whole pleural cavity with no residual space, the occurrence of empyema without fistula is a rare
event. In this context, the impact of antibiotic prophylaxis is probably minimal, provided that
meticulous surgical technique, accompanied by lung decortication if needed to obtain optimal
parenchymal expansion, almost completely prevents air leaks at the end of the procedure.

Choice of drugs: focus on comparative studies
In patients with no known pulmonary or pleural infection at the time of operation, lung resection
is a clean–contaminated surgery, with contamination of surgical site (wound, chest wall and/or
pleura) possibly occurring by seeding of bacteria from the skin or bronchial tree. In particular,
when a bronchus is sectioned and sutured, the degree and length of contamination depend on the
surgical technique and especially whether staplers, and also their type, or stitches are used. Thus,
when choosing a drug for antibiotic prophylaxis, pathogens colonising both the skin (S. aureus
and Staphyloccus epidermidis) and the bronchial tree should be taken into account. Pathogens
possibly colonising the airways depend on the ecology of specific populations, but S. pneumoniae
and H. influenzae are frequent in most populations undergoing lung resection, keeping in mind
the significant percentage of COPD patients among surgical candidates [33]. Only a few studies
compared different antibiotics in the context of lung resection.
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Cephalosporins are generally thought to provide adequate coverage of these micro-organisms and,
therefore, are often proposed for antibiotic prophylaxis in lung resection. Cephalosporins differ in
their spectrum of antibacterial activity, with first–second generations being more active against
Gram-positive bacteria and third–fourth generations being more active against Gram-negative
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bacteria. Historically, the first–second generation cefalosporins have been more frequently used.
Based on the above-mentioned differences in spectrum of antibacterial action, a randomised trial
was carried out to compare the second-generation cephalosporin cefuroxime to the fourthgeneration cefepime (both administered over a 48-h period). Altogether, 102 patients were
randomised, 50 in the cefuroxime group and 52 in the cefepime group. Two (3.8%) empyemas
occurred in the cefepime group while no case was observed in the cefuroxime group (p50.16).
Overall infection rates (pneumonia+bronchopneumonia+empyema) were 14.0% and 26.7% in the
cefuroxime and the cefepime groups, respectively (p50.12). 12 pathogenic bacterial strains were
isolated in the cefepime group, whereas only five were isolated in the cefuroxime group (p50.04).
These results prompted the authors to state that cefuroxime was marginally more effective than
cefepime, but presented an additional cost advantage [34].
In a detailed analysis of the literature, we found a highly variable incidence of pneumonia after
lung surgery, depending not only on the extent of resection and the type of antibiotic
prophylaxis, but also on the modalities of microbiological sampling and on type of study design
(prospective or retrospective) [5]. In a subsequent prospective observational study of 168
patients undergoing major lung resection, we used antibiotic prophylaxis with a secondgeneration cephalosporin cefamandol, 1.5 g at induction of anaesthesia and 3 g per 24 h for 48 h
post-operatively [35]. The overall incidence of POP was ,5% (42 out of 168). Microbiologically
documented and nondocumented pneumonias were recorded in 24 and 18 cases, respectively.
Haemophilus species, Streptococcus species and, to a much lesser extent, Pseudomonas and
Serratia species were the most frequently identified pathogens. Interestingly, bronchial
colonisation was identified on pre-operative bronchial samples in 31 of 136 patients (22.8%)
and POP occurred in 15 out of 31 and 20 out of 105 cases among colonised and noncolonised
patients, respectively (p50.001). Multivariate analysis found that risk factors for POP were the
extent of resection, male sex, presence of COPD and presence of colonising bacteria on the intraoperative sampling. Furthermore, in colonised patients, early POP was often related to
colonising bacteria. Reduced sensitivity or resistance of these pathogens to cefamandol was
frequent. Based on these data, we decided to change our antibioprophylaxis, using a short (24-h)
high-dose (6-g) course of amoxicilline–clavulanate, which targets the bacteria that were most
often responsible for pre-operative colonisation in our own patient population. A significant
decrease in the incidence of both microbiologically documented and nondocumented POP was
observed, as well as a significant decrease in the overall need of post-operative antibiotics.
Conversely, the proportion of bacterial documentation among cases of POP and the occurrence
of bronchitis, wound infections, empyema and the need for antibiotics for nonrespiratory causes
did not change [35].

Individualised strategies
The above-mentioned study [35] outlined that COPD and bronchial colonisation were risk factors
for developing POP. Similar results were found by a team of the Chiba University in Japan, who
retrospectively evaluated 626 patients with lung cancer treated by surgery [7]. They found that
POP occurred in 6.4% of patients, with significant differences between COPD (14.3%) and nonCOPD patients (3.6%). Although the technique of sampling of bronchial secretions was not
standardised, they found that 12.8% of patients were colonised pre-operatively by PPMs. As
expected, this rate was significantly higher in COPD patients (19.9%) when compared with nonCOPD patients (10.9%). These authors also found that S. pneumoniae and H. influenzae were the
micro-organisms more frequently responsible for the initial colonisation. Interestingly, they also
observed that POP occurred more frequently among colonised patients (11.5% versus 5.7%).
These data suggest that optimisation of COPD treatment and targeting bacteria responsible for
bronchial colonisation in these patients when choosing antibiotic prophylaxis should be regarded
as important strategies to lower the incidence of POP. Currently, a French multicentre,
randomised, double-blind, placebo-controlled study is ongoing to assess the efficacy of preoperative and early post-operative chlorhexidine mouthwash and nasal toilette.

Duration and timing of peri-operative antibiotics
Several studies provided evidence on the efficacy of single-dose prophylactic antibiotics in
nonthoracic operations. Two randomised studies addressed this issue in thoracic surgery: one
compared cefazolin 1 g i.v. prior to induction to cefazolin 1 g i.v. at induction and every 8 h for a
total of six doses; the other compared ampicillin/sulbactam 3 g at induction only with ampicillin/
sulbactam 3 g at induction and every 8 h for a total of three doses. Both showed no differences in
terms of wound infection, pneumonia or empyema between the two arms [36, 37]. However, some
specific features of lung resection have to be considered: first, both operation and anaesthesia
(positioning of double lumen tube, fibreoptic checking of its position, epidural analgesia, central
venous catheter insertion and monitoring) are often long-lasting; and, secondly, prolonged singlelung ventilation probably favours bacterial growth in the deflated lung. Thus, it might be
important to maintain concentrations greater than the minimum inhibitory concentration during
at least 24 h, either through multiple doses and/or through a high initial dose. This explains why,
in our above-described study, we used high dose (6 g per 24 h) amoxicillin–clavulanate. This
choice was also supported by the necessity of taking into account the high frequency of
S. pneumoniae with reduced sensitivity to penicillin, a characteristic observed not only in our study
but also in other national surveys [38].

Conclusions
Post-operative thoracic infections including pneumonia and empyema are frequent and represent
an important source of mortality. Although the number of randomised controlled trials in this
area is relatively limited, currently available evidence supports the role of prophylactic antibiotics
(mostly first- or second-generation cephalosporins) in patients undergoing lung resection surgery.
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Another issue is the precise timing of peri-operative antibioprophylaxis, i.e. a while (e.g. 30 min)
before induction, as in the paper by AZNAR et al. [32], or immediately before or at induction, as in
other above-mentioned studies [34, 35]. This interesting debate can take advantage of
pharmacokinetic data on the timing of antibiotic peaks relative to that of endotoxinemia during
surgery, but comparative clinical studies will be required.

Additional studies would be useful to determine the optimal strategies in terms of antibiotic
choice, timing and duration of prophylactic treatment, depending on individual risk factors, local
microbial ecology and type of surgery.
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SUMMARY: Tuberculosis (TB) remains among the leading
causes of death among treatable infectious diseases. Treatment
of pulmonary TB has progressed enormously from the initial
monotherapy options offered in the 1940s. However, while a
standard 6-month course of chemotherapy has proved to be
extremely effective in treating drug-susceptible TB cases, the
appearance of drug-resistant TB has complicated the management of pulmonary TB. Rapid drug susceptibility testing is
strongly advised in order to avoid inadequate treatment at the
time of TB diagnosis, and the regimen prescribed should
include at least four potentially active drugs and have an
increased duration of treatment. Drug–drug interactions
between anti-TB and anti-HIV drugs also increase poor
treatment outcome rates and the occurrence of adverse events.
However, therapeutic drug monitoring can be used as a
diagnostic tool to assess the dosing, through evaluation of
blood concentrations. Despite the growing problem of drug
resistance, hope is generated by the growing evidence that old
drugs may still be useful and that new effective and welltolerated drugs are now available. Today, patients can benefit
from novel drugs and regimens, but it is necessary to administer
them carefully to avoid the real risk of losing their effectiveness
in a time shorter than that necessary to develop them.
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T

he aetiological agent of pulmonary tuberculosis (TB) was identified as Mycobacterium
tuberculosis about 130 years ago by Robert Koch in Berlin, and effective anti-TB drugs have
been discovered and globally distributed since the 1940s. However, TB remains one of the leading
causes of morbidity and mortality, alongside HIV/AIDS and malaria, with over 8.7 million new TB
cases and 1.4 million deaths in 2011 [1–6].
The aim of this chapter is to describe the principles and rationale for TB chemotherapy, and the
suggested regimens to treat drug-susceptible and -resistant cases of pulmonary TB. In addition, the
new anti-TB drugs and the perspectives for new, shorter regimens will be also described.

Pulmonary TB is a lung disease caused by M. tuberculosis strains. Clinical and radiological signs
can be helpful if TB is suspected; however, only bacteriology can confirm the diagnosis [7–9].
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Definitions

Infectious TB refers to the fact that M. tuberculosis strains are transmitted from patients with
pulmonary TB in the majority of cases. The most infectious cases are those with cavitary lesions in
the lung parenchyma, excreting a high load of mycobacteria (with positivity of the sputum smear
and culture examinations). Patients who are sputum smear negative but culture positive are
deemed less infectious [7–9].
Treatment outcomes for pulmonary TB represent standardised, mutually exclusive clinical results
following a course of anti-TB therapy. Positive outcomes are: 1) cured, when a sputum smear and
culture results are negative at the end of therapy; 2) treatment completed, in cases where .80% of
the prescribed doses are taken under direct observation, although the evidence of a bacteriological
conversion is missing. The sum of the cured and treatment completed case rates represents the
treatment success rate. Negative outcomes are: 1) died, when a patient under TB therapy dies for
any cause; 2) defaulted, when a patient interrupts anti-TB therapy for at least 2 months without
medical approval; and 3) failed, when a patient is bacteriologically positive after months of anti-TB
therapy [10]. Relapse refers to a case previously diagnosed as treatment success who is then
diagnosed with TB at any time after the first episode.

MEDICAL TREATMENT OF PULMONARY TB

Pan-susceptible TB is TB caused by M. tuberculosis strains susceptible to all first-line anti-TB drugs
[11]. Multidrug-resistant (MDR)-TB is TB caused by M. tuberculosis strains resistant to at least the
two first-line anti-TB drugs isoniazid and rifampicin [9, 12, 13]. Extensively drug-resistant (XDR)TB is TB caused by M. tuberculosis resistant to isoniazid and rifampicin, plus any fluoroquinolone,
and at least one of the three injectable second-line drugs (amikacin, capreomycin and kanamycin)
[13–15].
TB elimination is the point at which fewer than one sputum smear-positive case per million
inhabitants emerges annually in the general population, or when the prevalence of TB in the
general population is below 1% and continues to decrease [7, 8].

The rationale behind the polytherapeutic approach against
pulmonary TB
M. tuberculosis is a slow-growing micro-organism, whose replication is favoured by an aerobic
environment. The mycobacterial population identified in the lung parenchyma is heterogeneous,
being characterised by bacteria with a different metabolism [16]. Active and dormant bacteria have
been described, which can only be killed through a prolonged, multidrug therapy [16]. In the
1960s, several clinical trials, particularly the Edinburgh Method of John Crofton, demonstrated
that the combination of at least two anti-TB drugs is needed to prevent the emergence of drugresistant strains and, consequently, clinical failure [8, 17].
Adherence to the current therapeutic prescriptions (i.e. daily dosages, drug combination and
treatment duration) could increase the chances of bacterial eradication, avoiding bacterial and
clinical relapses that are frequently associated with the emergence of drug-resistant strains owing
to sub-therapeutic drug concentrations. However, apart from the role of pharmacokinetic and
pharmacodynamic factors, other relevant variables can influence the treatment outcome of
pulmonary TB cases, including those related to mycobacterial load and metabolism [7, 8, 18].
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Anti-TB drugs should show one or more of the following pharmacodynamic characteristics [7, 8,
18]: 1) rapidly kill growing mycobacteria, as performed, for instance, by isoniazid, pyrazinamide,
rifampicin and streptomycin (bactericidal drugs); 2) rapidly kill semi-dormant organisms, as
performed by pyrazinamide and rifampicin (sterilising drugs); and 3) prevent the emergence
of drug-resistant strains, as performed by ethambutol, isoniazid, para-aminosalicylic acid,
pyrazinamide, rifampicin, streptomycin and thiacetazone.
Pulmonary TB must be treated with different drugs in different situations, and the length of
exposure can vary. Generally, two therapeutic phases are recognised for drug-sensitive TB. The
first is the intensive phase, whose final goal is the bacteriological elimination of growing and

semi-dormant mycobacteria. It is crucial from a clinical and public health perspective, favouring
the clinical recovery, reducing the infectiousness of the patient, and preventing the emergence and
spread of drug-resistant strains, whose probability of occurrence depends on bacterial load.
Ethambutol, isoniazid, pyrazinamide and rifampicin are usually prescribed in this phase. The
second phase is the continuation phase, whose final goal is the bacteriological elimination of
residual mycobacteria. The emergence of drug resistance is rare, as a consequence of the low
mycobacterial burden, and two potent anti-TB drugs can be prescribed in patients not previously
exposed to anti-TB therapy [10]. In case of monoresistance to a drug, usually prescribed during
the intensive phase, the probability of a positive outcome is high if four drugs are prescribed in the
intensive phase [9]. The World Health Organization (WHO) classifies anti-TB drugs into five
groups, whose characteristics are shown in table 1.

Chemical
classification

Mean daily
dosage

Adverse events

Hydrazide of
isonicotinic acid
Rifamycin

5 mg?kg-1
10 mg?kg-1

Ethanediamine
Pyrazine

15–25 mg?kg-1
30–40 mg?kg-1

Peripheral neuropathy, liver
dysfunction, skin rash, sleepiness
Liver dysfunction, flu syndrome, skin
rash, thrombocytopenic purpura,
orange staining of urine
Retro-bulbar neuritis
Liver dysfunction, arthralgia

Aminoglycoside

15–20 mg?kg-1

Amikacin

Aminoglycoside

15–20 mg?kg-1

Kanamycin

Aminoglycoside

15–20 mg?kg-1

Cyclic peptide

15–20 mg?kg-1

Fluroquinolone

400–1000 mg

Nausea, vomiting, skin rash,
psychosis

Thiocarbamide
Thiocarbamide
Alanine analogue
Aminosalicylic acid

15–20 mg?kg-1
15–20 mg?kg-1
500–1000 mg
150 mg?kg-1

Gastritis
Gastritis
Psychosis
Liver dysfunction, gastrointestinal
disorders, thyroid goitre,
haematological disorders

Oxazolidone

600 mg

Phenazine

200–300 mg

Peripheral neuropathy, gastrointestinal
disorders, haematological disorders
Eosinophilic enteritis, gastrointestinal
disorders, discoloration of the skin
Gastrointestinal disorders, skin rash

Rifampicin

Ethambutol
Pyrazinamide
Group 2
Streptomycin

Capreomycin
Group 3
Ofloxacin
Ciprofloxacin
Gatifloxacin
Moxifloxacin
Group 4
Ethionamide
Prothionamide
Cycloserine
Para-aminosalicylic acid

Group 5
Linezolid
Clofazimine
Amoxicillin/clavulanate

Clarithromycin
Terizidone
Thiacetazone
Thioridazine

b-lactam

875/125 mg
twice daily or
500/125 mg three
times daily
Macrolide
500 mg twice
daily
Isoxazole
600–900 mg
Thiosemicarbazone
150 mg
Piperidine

75 mg

Renal dysfunction, skin rash,
vestibular and auditory dysfunction
Renal dysfunction, skin rash,
vestibular and auditory dysfunction
Renal dysfunction, skin rash,
vestibular and auditory dysfunction
Renal dysfunction, vestibular
and auditory dysfunction

Gastrointestinal disorders,
facial swelling
Gastrointestinal disorders, psychosis
Gastrointestinal disorders, skin rash,
arthro-myalgia, tingling
Akathisia, impotence, QT interval
prolongation, autonomic side-effects
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Group 1
Isoniazid
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Table 1. Classification and safety profile of antituberculosis drugs

Drug–drug interactions between anti-TB and anti-HIV drugs
One of the most important causes of death in HIV-positive patients is TB disease. The last WHO
global report on TB highlighted that the estimated incidence of TB in individuals infected with HIV
was 1.1 million cases in 2011; the number of deaths was estimated to be 430 000 [1]. The natural
history of HIV infection has been modified since 1996, with the introduction in the market of
protease inhibitors and the prescription of an individualised combination of antiretrovirals (the socalled highly active antiretroviral therapy (HAART)) [19, 20]. The clinical efficacy of the antiretroviral
drugs has significantly contributed to reduction in the incidence of opportunistic diseases, including
TB [21]. However, the unavailability of the antiretroviral drugs in low-income countries is the main
basis of the poor epidemiological indicators. In contrast, low adherence to the anti-HIV drugs,
particularly in those patients with several comorbidities, who are exposed to a relevant pill burden
with drug-related toxicities, can justify poor clinical outcomes in high-income countries.
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Pharmacological interactions between anti-TB and anti-HIV drugs have been extensively described
and are explained as the consequence of different singular or concomitant pathogenetic events
[22]. In particular, it was shown that the first potential pharmacokinetic problem can occur in the
gastrointestinal tract, where an abnormal pH in the stomach or in the intestine, as well as
malabsorption due to diarrhoea, can hinder the optimal blood concentrations of the drugs.
Another relevant interaction is related to interference with the hepatic cytochrome CYP450, which
is linked to induction or inhibition of drug metabolism. Rifampicin and protease inhibitors are
well-known as inducer and inhibitor, respectively, and are able to reduce and to increase blood
concentrations of the drugs. The former can increase poor treatment outcome rates, whereas the
latter can augment the chance of occurrence of adverse events.
Several reports have pointed out the interactions between rifampicin and protease inhibitors [23–25],
non-nucleoside reverse transcriptase inhibitors [26], integrase inhibitors [27] and CCR-5 receptor
antagonists [22, 28]. Despite these interactions and their potential clinical consequences, it has
been proved that rifampicin-sparing regimens are ineffective [22, 29–31]. The reduction of peak
and trough concentrations for efavirenz and nevirapine, and, consequently, the reduced
pharmacodynamic effect, can be bypassed by increasing the concentration of anti-HIV drugs,
even if a high risk of adverse events is expected [22, 26]. The negative effect of rifampicin on HIV
protease inhibitors could be reduced by the concomitant administration of a high dose of
ritonavir; its protective effect was demonstrated as a consequence of the increased half-life of the
co-administered protease inhibitors. From a pathogenetic perspective, ritonavir can reduce the
activity of the hepatic cytochrome CP3A4. Therapeutic drug monitoring can be used as a potent
diagnostic tool to assess the dosing of the drugs, through evaluation of the blood concentrations
[32]. This individualised approach can be associated with a decreased risk of adverse events,
linked to an altered pharmacokinetic profile.
Another significant interaction has been described between rifampicin and zidovudine. The increased
rifampicin-related glucuronidation reduces the blood concentration of zidovudine [22, 33].
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The most frequent and serious adverse events observed in co-infected patients were liver
dysfunction (mainly in those treated with non-nucleoside reverse transcriptase inhibitors,
isoniazid, pyrazinamide, ethambutol and rifampicin), peripheral neuropathy (mainly associated
with stavudine, didanosine and isoniazid), gastrointestinal, central nervous system and
haematological disorders, and hypersensitivity events [22].
Treatment of drug-resistant TB with the current drugs is associated with poor clinical outcomes.
Furthermore, drug–drug interactions can be associated with an increased rate of adverse events
(for example, the concomitant administration of nephrotoxic drugs, such as tenofovir and secondline injectable aminoglycosides, can favour the occurrence of renal dysfunction) [22, 34]. A
baseline assessment (i.e. hepato-renal profile and hepatitis B and C virus serology) and strict
clinical monitoring is necessary, since the scientific evidence on this topic is poor and
not systematic.

Treatment guidelines
A summary of the recommended treatment regimens for new and previously treated TB patients is
shown in table 2. Treatment will be selected depending on whether the TB is likely to be drugsusceptible TB [35] or MDR-TB [36].

Drug-susceptible TB
Patients diagnosed with pulmonary TB, not previously exposed to anti-TB drugs for more than
1 month (new cases), should be treated with a 6-month rifampicin-containing regimen. In particular,
it should include the association of isoniazid, rifampicin, pyrazinamide and ethambutol for the first
2 months (the intensive phase), followed by the association of isoniazid and rifampicin for the
remaining 4 months (the continuation phase). Longer durations (i.e. more than 6 months) are not
recommended because they do not demonstrate clinical superiority. The international recommendations suggest a daily dosage for the entire duration of therapy, particularly during the intensive phase;
however, a three times weekly phase could be performed provided that a direct observation could be
implemented. These recommendations are valid for TB/HIV co-infected patients, including the
duration of therapy and the daily dosage for the intensive and continuation phases.

In case of relapse or default, patients could be initially treated with an empirical regimen (i.e.
isoniazid, rifampicin, pyrazinamide, ethambutol and streptomycin for 2 months, followed by
isoniazid, rifampicin, pyrazinamide and ethambutol for 1 month, then isoniazid, rifampicin and
ethambutol for 5 months), provided that the local proportion of multidrug resistance is low.

MDR- and XDR-TB
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Patients who had positive sputum smear examination results should be evaluated at the end of the
intensive phase in order to assess smear and culture conversion. Positivity of the smear
examination after 2 months should not represent a criterion for the extension of TB therapy
duration. Patients treated for more than 1 month with anti-TB therapy should be carefully
evaluated: a collection of biological samples for culture and drug susceptibility testing (rapid and/
or conventional) is strongly recommended before prescribing a new regimen.

MDR-TB is a relevant clinical and public health issue, with 630 000 people estimated by WHO to
suffer from this severe form, i.e. about 3.7% of new cases and 20% of re-treated cases. Out of the
Table 2. Recommended treatment regimens for new and previously treated tuberculosis (TB) patients

New cases
Intensive phase
Continuation phase
Previously treated cases
High probability of MDR-TB
(failure)
Medium or low probability of
MDR-TB (relapse or default)

Drugs

Duration months

Ethambutol#, isoniazid, pyrazinamide
and rifampicin
Isoniazid and rifampicin, with or
without ethambutol

2"

Pending drug susceptibility test
results: empirical MDR-TB regimen+
Ethambutol, isoniazid, pyrazinamide,
rifampicin and streptomycin+
Ethambutol, isoniazid, pyrazinamide
and rifampicin+
Ethambutol, isoniazid and rifampicin+

4

2
1
5

#
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Table adapted from [35]. MDR: multidrug-resistant. : ethambutol has to be prescribed in individuals with noncavitary, smear-negative pulmonary TB or with extra-pulmonary TB; in TB meningitis, it should be replaced by
streptomycin. ": level of isoniazid resistance among new TB cases is elevated and in vitro isoniazid susceptibility
testing is not available. +: to be changed once drug susceptibility test results are available.

MDR-TB cases, 9% harbour XDR-TB strains. About 60% of the MDR-TB cases occurred in Brazil,
China, India, the Russian Federation and South Africa alone (the ‘‘BRICS’’ countries).
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MDR-TB should be adequately treated to avoid the emergence of further resistance and the
spread of drug-resistant strains to close contacts. However, anti-TB drugs for MDR-TB patients,
usually prescribed on the basis of the drug susceptibility testing, are more toxic, more expensive
and, being less effective, need to be administered for prolonged periods. Unfortunately, as of
today, the success rate for MDR-TB cases is lower than 50% and that of XDR-TB cases is even
lower [37–39]. Adverse events may lower the adherence of the patients to their treatment,
increasing the probability of treatment failure and favouring the possibility of emergence of
further resistance.
Rapid drug susceptibility testing of isoniazid and rifampicin, or of rifampicin only, is strongly
advised in order to avoid inadequate treatment at the time of TB diagnosis. To assess the efficacy
of the prescribed regimen, culture-based bacteriological monitoring is advised, rather than sputum
smear microscopy. The regimen prescribed should include at least four potentially active drugs. In
particular, it is suggested that during the intensive phase the following should be administered:
pyrazinamide and an injectable second-line drug (i.e. amikacin, capreomycin or kanamycin), a
later-generation fluoroquinolone as well as ethionamide (or prothionamide), and cycloserine (or
para-aminosalicylic acid). The drugs categorised as group five should be included only if four
potential active drugs are missing among those suggested. The duration of the intensive phase
should be at least 8 months, and can be increased depending on culture conversion. An analogous
criterion is recommended for the duration of the entire treatment (intensive and continuation
phases), which should be at least 20 months, extendable depending on the bacteriological status.
Patients previously exposed to an MDR-TB therapy should be treated for more months than those
naive to MDR-TB regimens. Antiretroviral therapy for TB/HIV co-infected patients should be
started within 8 weeks of the administration of the first anti-TB drugs; no CD4 cell count-specific
restrictions exist.

New drugs and potential new regimens to treat pulmonary TB
The need for new drugs and potential new regimens is intuitive if it is considered that the
new world record of MDR-TB prevalence, described in Belarus, is 35.3% among new cases and
76.5% among previously treated cases [40]. In addition, another relevant emerging issue is
represented by the so-called totally drug-resistant (TDR)-TB cases, i.e. patients infected by
mycobacterial strains resistant to all anti-TB drugs. This alarming epidemiological phenomenon
has already been described in Italy, Iran and India [41]. However, the acronym TDR-TB, not
recommended by the WHO, was replaced by the term ‘‘resistance beyond XDR-TB’’ [38], as
the bacteriological criteria necessary to define resistance to all anti-TB drugs are difficult to
standardise; furthermore, the labelling of these cases as incurable can increase stigma. Given the
need to prescribe a sufficient number of active drugs into an effective regimen, the availability of
new drugs is crucial.
After over 40 years of neglect, the commitment of the WHO and other stakeholders, including
pharmaceutical companies, will allow the introduction of new drugs into the market in the near
future. The first group of new drugs is currently used off-label to treat pulmonary TB, including
linezolid, meropenem and cotrimoxazole. Linezolid is effective, but unfortunately hampered by
severe adverse events, as a recent meta-analysis of all the individual data of the cases so far
published and an experimental study have demonstrated [42, 43]. Conversely, meropenem has
shown promising efficacy, safety and tolerability in a recently published case–control study
when added to linezolid-containing regimens [44]. Cotrimoxazole, an old molecule used for
other bacterial and protozoal infections, has also demonstrated some potential in treating
MDR-TB cases [45].

A group of really new drugs, which are in the last phases of development, is represented by
bedaquiline, delamanid and PA-824. The first evidence on the effectiveness of delamanid was
provided by GLER et al. [46], who demonstrated that this new drug, in combination with a
background regimen developed according to the WHO guidelines [36], is associated with an
increased sputum culture conversion at 2 months in patients with MDR-TB. Another study by
SKRIPCONOKA et al. [47] showed its efficacy in MDR-TB cases and its ability to reduce mortality in
these difficult-to-treat cases.

In terms of new regimens, a recent study by DIACON et al. [50] evaluated the 14-day early
bactericidal activity of PA-824 plus moxifloxacin and pyrazinamide, which proved to be
significantly higher than that of bedaquiline, bedaquiline and pyrazinamide, PA-824 and
pyrazinamide, and bedaquiline and PA-824, and comparable to that of the standard treatment
regimen of isoniazid, rifampicin and pyrazinamde with streptomycin or ethambutol. An
additional, important finding of the study is that the addition of pyrazinamide increased the
activity of both bedaquiline and PA-824. This innovative approach, which allows the testing of
several drugs at the same time, has opened the way to a new concept in TB treatment, proposing a
universal regimen that would be equally effective on drug-susceptible and MDR strains [51]. As
rifampicin is not part of the regimen, interactions with antiretrovirals are not expected, solving
one of the major clinical problems in treating co-infected individuals.
These concept studies have provided the necessary preliminary evidence that the new drugs are
effective and basically safe. More information is needed on efficacy, safety and tolerability in MDR/
XDR-TB cases. Furthermore, the abovementioned methodology does not allow assignment of
adverse events to a particular agent, as the drugs have been studied in combination. Nevertheless,
this new scenario allows regulatory authorities to initiate the procedure for a preliminary
registration, while additional clinical trials are going on to confirm the results available.
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Bedaquiline, also known as TMC-207, has been recently approved by the US Food and Drug
Administration. Its efficacy was shown in two recent studies published in 2009 and 2012 [48, 49].
The former demonstrated that it could increase the proportion of culture conversion in MDR-TB
cases (48% versus 9% in the placebo-based arm; hazard ratio 11.8) [48]. The latter described the
efficacy and safety results after a 2-year follow-up of 47 MDR-TB patients: the positive treatment
outcomes were confirmed as well as the low proportion of adverse events, with only the exception
of nausea [49]. A striking finding was the prevention of the emergence of drug resistance for the
companion drugs [49].

Conclusions
Treatment of pulmonary TB has progressed enormously from the initial monotherapy options
offered in the 1940s. While a standard 6-month course of chemotherapy has proved to be
extremely effective in treating drug-susceptible TB cases, the appearance of MDR- and XDR-TB
has complicated the approach to management of pulmonary TB.

Caution is necessary to preserve the activity of these new drugs to treat pulmonary TB, as
advocated during the 2011 World Health Day on rational use of antibiotics [52], in order to
prevent the mistakes that have occurred with the most effective drugs we still have to treat TB (e.g.
rifampicin and fluoroquinolones) [53]. Today, patients can have the opportunity to benefit from
novel drugs and regimens, but it is necessary to administer them in a rational manner, within
strengthened health systems, to avoid the real risk of losing their effectiveness in a time shorter
than that necessary to develop them. An important contribution to deal with difficult-to-treat
forms of TB is represented by the European Respiratory Society/WHO ‘‘Consilium’’, a free-access
e-consultation platform recently offered to clinicians to support their daily work [54].
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Fortunately, new hopes are generated by the growing evidence that old drugs may still be useful to
manage these difficult-to-treat-cases and that new effective and, apparently, well-tolerated drugs
are now available.
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Chapter 3
Surgical treatment of
pulmonary tuberculosis

SURGICAL TREATMENT OF PULMONARY TB
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SUMMARY: Before the introduction of antituberculous drugs,
collapse therapy was the dominant surgical treatment for
cavitating lung tuberculosis (TB). Today, there is a wide range of
indications for surgery in different geographical regions. Most
frequently, surgical procedures are indicated for cavernous
lesions and tuberculomas in 91.6% of patients, haemoptysis in
58% of patients, and in all patients with multidrug-resistant
(MDR) TB. Currently, indications for surgery can be summarised as follows: 1) operations with diagnostic purpose, if it is
not possible to rule out TB by other diagnostic methods; 2)
elimination of the source of Mycobacterium tuberculosis in
patients with cavities persisting under chemotherapy (MDR-TB
or destroyed lung); 3) tuberculous pleural empyema; and 4)
sequelae of past TB. This overview highlights current controversies in different groups of indications in order to facilitate
an optimal therapeutic approach in these patients.
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T

uberculosis (TB) constitutes the eighth most frequent cause of death worldwide, with more
than 9 million newly diagnosed patients and more than 1.5 million deaths per year. In 1993,
TB was a global threat according to the World Health Organization (WHO), while in 1999 a
‘‘Global TB burden’’ was announced by the WHO. In total, 22 countries were reported as bearing
most of the burden (80% of new TB cases worldwide) due to their high TB incidence, making
them a major threat for other countries, as countries of origin of TB. According to the WHO, the
number of TB patients in Russia constitutes 35.7% of all TB patients in European countries.
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The difference in incidence explains why surgical treatment of TB differs across Europe, as do with
indications, clinical manifestations requiring surgery and type of operations. As a consequence, the
experience and expertise of pulmonologists and thoracic surgeons with surgical treatment of
pleuropulmonary TB is different. Due to several factors, most significantly migration and
increasing incidence of multidrug-resistant (MDR) TB across Europe, pulmonologists and
surgeons are more and more often faced with the need to be familiar with the role and optimal
timing for surgery in TB patients. Besides MDR-TB, it has also been suggested that HIV/AIDS may
further influence the indications for surgery. However, such an attitude is still not evidence based.
Surgical treatment of pulmonary TB has followed a historical development. Before the widespread
use of modern anti-TB drugs, collapse therapy, which induced a decrease in volume of the lung
and cavernous lesions within the lung parenchyma, was the predominant form of surgical

treatment. Procedures that did not interfere with the integrity of the thoracic cage were artificial
pneumothorax with or without intrapleural pneumolysis, pneumoperitoneum and oleothorax.
Additionally, another group of procedures was also in use, which included induced diaphragmatic
paralysis or multiple intercostal neurectomy.
Operations that lead to a collapse of the lung by modifying the thoracic cage were thoracoplasty
and extrapleural pneumolysis, with plombage as an alternative to thoracoplasty [1–3]. Although
these procedures have long been abandoned [4, 5], due to the diversity of clinical forms of the
disease and general condition of patients, the need for thoracic cage modifications still exists. This
may be the case for patients who cannot undergo pulmonary resection or thoracoplasty, or
tolerate medical treatment due to poor general condition, extent of the lung lesions or MDR-TB
[6]. However, in the light of modern anti-TB therapy, the need for such an approach is rare.

Collapse therapy did not disappear immediately after introduction of anti-TB drugs, still
accounting for treatment of up to 17.7% of pulmonary TB cases, according to reports from the
1960s and early 1970s, with only around 66% being treated by lung resections in the same period.
However, by the 1980s and 1990s, lung resections accounted for 92% of the interventions [7].
Although resectional surgery became safer and increased in number with the advent of
chemotherapeutic agents, reliance on surgery in the management of TB did not last long. In fact,
the use of appropriate chemotherapeutic agents outweighed surgery and a cure was achieved in
almost all TB patients [8]. According to data from the early 1990s, fewer than 5% of patients with
TB required surgery [9, 10]. However, in the era of MDR-TB, the percentage of patients in whom
surgical treatment is indicated has increased to 15% in some countries.
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A first attempt to perform lung resection surgery as a treatment modality for pulmonary TB took
place well before modern anti-TB drugs became available. Ruggi was the first to attempt lung
resection for TB, in 1884. Tuffier performed pulmonary resection successfully in 1891, but similar
procedures were subsequently associated with frequent complications like bronchopleural fistula
(BPF), spread of infection, empyema and high mortality. Thus, the widespread use of resectional
surgery was delayed until the 1930s and early 1940s. During this period, lobectomy and
pneumonectomy were reported, and resectional surgery became preferred. There was an increase
in thoracic surgery in general, as well as further development of anti-TB medical treatment. After
1947, with the increasing use of anti-TB drugs, not only the need for surgery but also operative
morbidity and mortality decreased.

The most common indications for surgery differ throughout the literature, from cavernous
lesions and tuberculomas in 91.6% of the patients, through haemoptysis in 58% of patients [9], to
MDR-TB as a dominant surgical indication [11]. Currently, bearing in mind these differences,
which mostly reflect varying TB prevalence and different clinical forms of the disease depending
on the geographical region, the indications for surgery can be summarised as follows: 1)
operations with a diagnostic purpose (aimed at establishing the diagnosis when it is impossible to
rule out TB by other diagnostic methods); 2) elimination of the source of Mycobacterium
tuberculosis in patients with cavities persisting under chemotherapy; 3) tuberculous pleural
empyema; and 4) sequelae of past TB.
In this chapter, these four categories of indications will be discussed. Additionally, in regions with
a high TB prevalence, another disease form may also be seen, characterised by a severe intoxication
due to acute progressive lung destruction. This and the localised lesions with high risk of TB
activation (mostly tuberculomas) will also be discussed, as they represent further indications
for surgery.

This type of operation is performed in patients with suspicion of lung cancer or with a lung
dissemination or mediastinal lymphadenopathy of unknown origin.

21

Operations with a diagnostic purpose

Suspicion of lung cancer
This is one of the most frequent situations for histological diagnosis of TB on surgical
specimens. According to several reports, the diagnostic rate exceeds 40% [12]. If the main
indication for surgery is presumed malignancy, the discrepancy between the presumed and
proven malignancy may be high, for example 34% versus 6.25% in a series by FURÁK et al. [13].
RIZZI et al. [14] reported that lung cancer associated with TB could be confirmed in 26.1%
of patients.
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An example of a patient subjected to surgery because of a pulmonary nodule of unknown dignity
and subsequently confirmed as TB is presented in figure 1. As can be seen on the resected
specimen, the lesion is well localised within the lung parenchyma, but a fibro-caseous component
is also evident. In addition, resection margins are close to the lesion. In such a situation, anti-TB
treatment should be given on the basis of general WHO recommendations on the treatment of
pulmonary TB, i.e. for 6 months. There is no evidence for an assumption that shorter regimens are
similarly sufficient to prevent later relapse. In practice, making the differential diagnosis between
TB and lung cancer can be difficult.
Reviewing 36 cases of resected tuberculomas, ISHIDA et al. [15] found radiographic criteria of
malignancy in 21 (60%) of them. Other differential diagnoses of pulmonary lesions, such as
nonspecific lung abscess, collagen vascular disease or pleural effusions of other aetiology, can
usually be ruled out by clinical methods less invasive than surgery (bronchoscopy, computed
tomography (CT)-guided percutaneous needle biopsy or pleuroscopy) [16]. In order to avoid
inappropriate treatment in the form of anti-TB therapy, the following signs on follow-up chest
radiographs can be of help: 1) nodular conglomeration in the area of previous tuberculous
involvement, 2) recently developed satellite lesions surrounding sequelae of post-primary TB, or 3)
parenchymal cavitations in areas where only nodular lesions were previously noted. Pulmonary
TB, either active or as a sequela of post-primary TB and treatment, may also coexist with resectable
lung cancer. In the pre-operative
evaluation of these patients, CT
scans and standard radiographs
are mandatory to distinguish these
lesions.
Central localised lung cancer, as
presented in figure 2, may be
associated with bilateral bullous
emphysema and bilateral sequelae
of TB. Without the use of CT, at
least some of these nodular lesions
can be mistakenly diagnosed as
metastases. The existence of TB
lesions in the nontumour-bearing
lobe (as presented) may facilitate
the extent of lung resection if the
remaining lung parenchyma is
functionless.

Figure 1. Nodular lesion of unknown origin, subsequently
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confirmed as tuberculosis. Resected specimen: a tuberculous
lesion with a fibro-caseous component, well localised within a lung
parenchyma; resection margins are close to the lesion. Detail in
inset: pre-operative radiography.

In some reported series, nearly
90% of patients with scar carcinoma of the lung had stage I
disease. This can be partly
explained by earlier detection of
lung cancer in patients subjected
to regular radiological surveillance
for their known TB.

Lung dissemination or
mediastinal
lymphadenopathy of
unknown origin
#

¶

Figure 2. Central lung cancer associated with bilateral bullous

emphysema and bilateral tuberculosis sequellae. Inset: computed
The diagnostic value of endotomography scan showing right lower lobe cancer. #: specific
bronchial biopsy in tubercular
sequellae; ": lung cancer.
tumours of the bronchial mucosa
in diffuse lung lesions varies
from 36% to 64%. The diagnostic value of transbronchial lung biopsy is 64–90%, depending on clinical form, level of
pathological work-up, duration of the disease and treatment [18]. The presence of epithelioid
cell granuloma in biopsies from the lung parenchyma indicates an inflammatory character of
diffuse lung disease. Conversely, the similar aspect of sarcoid and TB granulomas, together
with inappropriate treatment, is the reason why a reliable morphological diagnosis may be
practically impossible in up to 10% of patients.

Clinically, the diagnosis of pulmonary TB is based upon the findings of acid-fast bacteria or
M. tuberculosis by culture or molecular methods, the typical histology, and a morphological
correlate on chest radiograph, CT or by bronchoscopy.
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Diffuse lung lesions may be a sign
of lung disease, including TB, or
of pulmonary manifestation of
systemic disorders (connective tissue disease or vasculitis), cardiovascular disorders (pulmonary
embolism or congestive heart failure) or occupational pathology
(extrinsic allergic alveolitis). As
such, they follow the diagnostic
algorithms for diffuse lung diseases [17].

#

With the advent of endobronchial ultrasound-guided transbronchial needle biopsy, the diagnostic
yield of bronchoscopy in the diagnosis of mediastinal lymph node TB has markedly increased [19].
If bronchoscopic biopsies should nevertheless fail to confirm the diagnosis, video-assisted
thoracoscopy or mediastinoscopy are further options, in which enlarged mediastinal lymph nodes
can be safely biopsied by a cervical mediastinoscopy [20]. In patients with pulmonary nodules of
unknown dignity, minimal invasive video-assisted thoracoscopic surgery (VATS) can be indicated
to diagnose and treat lesions in TB [21]. However, diagnostic thoracotomy or mediastinotomy are
rarely necessary.

The exact incidence of this form of disease is difficult to determine, because a portion of patients
with this form are reported under destroyed lung, persistent cavities without specification of the
sputum status, or under MDR-TB, although conversion failure may occur for other reasons as
well. These persistent sputum-positive patients belong to category II of the WHO, defined as
failure of chemotherapy, progression of disease despite chemotherapy, relapse or diagnosis
confirmed at the time of surgery for either suspected or unsuspected disease, with or without preoperative chemotherapy [22, 23].
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Elimination of the source of M. tuberculosis in patients with
cavities persisting under chemotherapy

MDR-TB
Recently, MDR-TB has become an important indication for surgery [24, 25]. The success of MDRTB treatment is between 39% and 79%, versus 95% for patients with nonresistant TB [26]. With
the emergence of extensively drug-resistant (XDR) TB, adjunctive surgery has become more and
more relevant [27].
In general, resection for MDR-TB has two objectives: to cure patients of the disease and to prevent
relapse after long-term drug treatment. The rationale for surgical treatment of MDR-TB is threefold.
First, the drug resistance profile assumes that there is a high probability of failure or relapse. Secondly,
the disease may be localised and amenable to resection, so that most of the radiographically visible
disease can be resected. Thirdly, surgery is indicated after sufficient drug treatment to diminish the
residual mycobacterial burden and to facilitate healing of the bronchial stump.
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Although there are no clear recommendations as to which patients should undergo resection [28],
some factors favour adjunctive surgical treatment of MDR-TB: 1) surgery after 18–24 months of
multiple-drug anti-TB treatment, 2) surgery in patients with negative smears and cultures, 3)
persistent bacterial excretion after an intensive course of anti-TB chemotherapy, and 4) absence of
radiological improvement of parenchymal sequelae or drug resistance in sputum-positive patients.
In the absence of randomised, controlled studies comparing surgical treatment plus chemotherapy
with the efficacy of chemotherapy alone, any significant clinical improvement justifies continuation
of antimicrobial therapy. In patients with unchanged or worse clinical, radiological or bacteriological
findings, surgery may be offered to the patient as an individual experimental treatment attempt.
There are, however, no reliable data on the outcome of these patients after surgery.
Concerning the treatment outcome, according to a meta-analysis, the treatment success rate of
pulmonary resection for patients with MDR-TB was 84%, with 6% failure rate, 3% relapse and 5%
mortality [29]. Even in XDR-TB, a success rate of 85% was reported. Nevertheless, the authors of
this meta-analysis concluded that substantial heterogeneity in the study characteristics prevented a
determination of factors associated with a surgical treatment effect additional to combined longterm drug treatment. It is important to note that surgery cannot replace the necessary discipline
and adherence to a combined long-term drug treatment, guided by drug susceptibility testing
in vitro [30].
The appropriate timing of surgery is considered relevant for the treatment outcome, because
delayed surgery may favour disease progression and further drug resistance [31]. The inadequacy
of second-line treatment agents has been reflected in the MDR-TB mortality rates of 11–37% [32],
a)

b)

Figure 3. Disease relapse after surgery for multidrug-resistant tuberculosis. a) Radiographic aspect before the
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first operation (right upper lobectomy), after 2 years of ineffective antituberculosis therapy. b) Radiographic
aspect before re-operation (completion pneumonectomy) for tuberculosis relapse, 4 years after the first
operation.
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Parenchyma-sparing operations should be done whenever
possible, because disease relapse may occur despite adequate
operation and appropriate medical treatment, as presented in
figure 3. Operative morbidity and mortality after resections for
MDR-TB according to published data [26, 34–39] are summarised in table 1.
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Operative
morbidity %

Operative
mortality %

yet would not reflect the treatment options in developed countries
in Europe and other regions. It was stated by a North American
surgical working group that the minimum period for medical
treatment before surgery in patients resistant to almost all
antibiotics would be at least 3 months [33]. This appears far too
short. A longer period of 6–8 months is probably inadequate as
well, even in a unilateral involvement, with absence of tubercular
bronchitis and radiological improvement of parenchyma sequelae.
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During the last decades, embolisation has become the preferred
treatment option for haemoptysis [47]. If embolisation of
bronchial arteries is not possible for any reason, emergency
thoracotomy is indicated [48]. The risk of complications after
embolisation is low, with immediate control of bleeding in 75–
94% of patients. However, it has been shown that recurrent
bleeding after initial embolisation occurs in 18–42%, with high
associated mortality [49–52].

Period

In areas with a high prevalence of TB, TB is the leading cause of
haemoptysis [43–45]. In a recently reported series from South
Africa, active TB was a cause of haemoptysis in 65 out of 101
patients [46], whilst in another series, published in 2010,
tubercular cavities or destroyed lungs were the source of
haemoptysis in 298 out of 645 patients operated for massive
recurrent haemoptysis [27].

First author [ref.]

In patients in whom an adequate anti-TB treatment failed, surgical
treatment is recommended if TB-positive sputum, haemoptysis or
MDR-TB persists, provided the contralateral lung lesions are
stable. In patients with massive haemoptysis of at least 200 mL?h-1
and a localised specific lesion that can be identified, embolisation
and/or surgery are the ultimate treatment options. However,
precise assessment of spread of specific lesions in lung regions other
than those causing haemoptysis may be difficult. Moreover,
surgery carries a mortality rate of up to 40% when performed as
an emergency procedure [42]. In patients with haemoptysis and
destroyed lung, delaying surgery may be life threatening.

Table 1. Operative morbidity and mortality in patients with multidrug-resistant tuberculosis

The term ‘‘destroyed lung’’ refers to the radiographic aspect of
fibrotic cavities combined with caseous lesions, frequently
accompanied by sublobar atelectasis or bronchiectasis. Other
typical radiographic signs are the upward displacement of the
lung hilus, mediastinal shift towards the affected side, and a
narrow intercostal space. Most patients with a destroyed lung
have a history of re-treatment for TB, with delayed healing or
resistance to drugs [40]. About 30% of patients revealed preoperative sputum tests [41].

Segmental
resection

Destroyed lung

In a single-centre study published in 2007, four risk factors were identified for recurrence
following successful embolisation for life-threatening haemoptysis: 1) lack of complete cessation of
haemoptysis within 7 days of embolisation, 2) need for blood transfusion, 3) presence of
aspergilloma, and 4) absence of active TB [53]. A risk score for massive re-bleeding or death was
developed based on these four criteria, which predicted that patients at low risk (0 or 1 risk factor)
had a 10% chance of a nonfatal re-bleeding, whereas patients at high risk (2 to 4 risk factors), had
a 73% chance of re-bleeding and a 31% mortality rate.
In a series of 38 patients with destroyed lungs combined with aspergilloma and haemoptysis who
underwent pneumonectomy or pleuropneumonectomy, one out of seven patients with postoperative empyema died [54]. In another series, all 13 patients with TB and massive haemoptysis
were cured by emergency thoracotomy [41].
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a)

c)

b)

d)

e)

Figure 4. Pleuropneumonectomy for tuberculous

26

destroyed lung. a and b) Radiographs; c and d)
computed tomography scans. a and c) Active
bilateral lesions; b and d) right-sided complete
remission with left-sided destroyed lung. e)
Operative specimen showing parietal pleura with
clear rib impressions overlying the removed lung.

Bronchial stenosis, reported in about 18% of patients with post-primary TB, can be seen as a result
from healing of endobronchial TB, and is often combined with a destroyed lung. This entity
should be clearly distinguished from an active TB infection within the bronchus [55]. If present,
stenosis of the main bronchus is not an obstacle for pneumonectomy in these patients. In order to
resect a destroyed lung, extrapleural pneumonectomy is the only possible operation in many
patients, as presented in figure 4.
In patients with destroyed lung complicated by empyema, especially if a BPF exists, conservative
treatment with thoracic drainage is advocated as an initial procedure in all patients. Surgical
resection in these patients is challenging and may only be attempted after control of the
mycobacterial infection. However, in the absence of BPF, surgery may be an acceptable option, as
for example reported in a series of 24 patients with pre-operative empyema, in whom 22
pleuropneumonectomies and two conventional pneumonectomies were performed, with no
operative mortality. Post-operative empyema developed in eight (33%) out of 24 patients who had
empyema pre-operatively, and in seven (10%) out of 70 who did not have pre-operative empyema
[56]. Alternative procedures, like, decortication, and thoracomyoplasty, have also been reported,
but they are not an acceptable option in the majority of clinical situations [57].

Tuberculous pleural empyema

There are two main determinants of the therapeutic approach in these patients: 1) presence or
absence of typical radiographic signs of TB, and 2) presence or absence of BPF. In many patients
without radiographic signs of pulmonary TB, the diagnosis of the specific pleuritis is obtained only
after histopatholgical analysis of the removed pleura specimen. This means that the appropriate thoracoscopic diagnosis was omitted in patients who presented either with a radiographic
aspect of trapped lung, when conventional diagnosis is not possible (fig. 5), or with the radiographic
aspect of pleural effusion or hydropneumothorax, when the appropriate diagnosis was possible but
not performed (fig. 6).
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Owing to the diffuse pleural involvement and high diagnostic accuracy of pleural biopsy (accuracy
.60%, even more with cultures of tissue samples) and thoracoscopy (99–100% sensitivity), most
patients with pleural TB are not candidates for open surgery. Thoracotomy comes into
consideration only in patients in whom conventional diagnosis fails and is definitely indicated in
patients with specific pleural empyema.

If a pleural empyema exists in the presence of
radiographic signs of lung TB, conservative treatment
in form of prolonged chest tube aspiration is the
definitive treatment in the great majority of patients.
In these patients, surgical treatment comes into
consideration in those who have received a few weeks
of anti-TB medication prior to pleural surgery to
achieve sputum conversion and to reduce TB-related
complications. Although several reports have confirmed the value of VATS [58, 59], the open approach
is still necessary for the majority of patients.

Figure 5. Specific empyema with a radiographic aspect of trapped lung. Radiograph
on admission. Pre-operative exploration of the
pleural space was impossible, but pleural
tuberculosis was confirmed by the analysis of
the pleural peel removed during decortication.
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If a BPF exists, surgical treatment is rarely indicated.
Although immediate open drainage is advocated by
some authors, tube thoracostomy is the most frequently
used initial treatment option. Open thoracostomy
(Eloesser window) is reserved for severely ill patients
with high operative risks, because it may jeopardise
subsequent decortication. However, GARCÍA-YUSTE et al.
[60] suggest that a two-stage management with open
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thoracostomy and subsequent
muscle plombage of the cleaned
residual space is a reasonable alternative in cases unsuitable for
decortication. Poor general condition and extensive calcifications
precluding decortication are indications for this type of treatment.
Due to interstitial fibrosis, damage
of lung parenchyma or chronic
pleuritis caused by TB, lung compliance and lung volume are
frequently reduced. After lung resection, re-expansion of such
affected lungs is compromised
and significant residual pleural
space remains. This facilitates the
development of subsequent postFigure 6. Specific empyema. Main image shows operative view
operative empyema. The main
with a pleural peel over the lung unaffected by tuberculosis. Inset:
problem in these patients is the
radiographic aspect after pleural drainage for hydropneumothorax as
uncertainty in pre-operative funcinitial manifestation of the disease.
tional evaluation. When lung
resection is inevitable during the
operation, even pneumonectomies for destroyed lung can be considered. However, several reports
argue that previous TB and coexistent empyema represent significant risk factors for procedurerelated morbidity and mortality [60, 61] and they preclude resectional surgery.
The data in the literature raise some concern relating to the decision-making process in patients
with chronic specific empyema and collapsed lung. Suggestions that a pneumonectomy could be
deliberately done in patients with a lung perfusion of the affected lung that is less than 15%,
assuming the parenchyma is irreversibly damaged [62], should not be automatically applied in
these patients. A low perfusion rate is not necessarily an indication of functionless tissue: some
reports have even shown increased perfusion after decortication [63]. It was recently reported that
preservation of the lung may be superior to lung resection, both for pleural infection control and
avoidance of potential problems after lung resection [64]. It should be born in mind that any lung
resection with concomitant empyema, especially pneumonectomy, is associated with high
morbidity and mortality, even in experienced hands. It often seems appropriate to preserve the
lung regardless of its functional status, serving as prosthesis, rather than to remove the lung, unless
parenchymal lesions are life threatening for the patient [65, 66].
A prolonged air leak after decortication usually stops with prolonged drainage. In order to avoid
persisting pleural spaces due to incomplete lung re-expansion after decortication or lung resection,
muscle plombage or thoracoplasty can be performed as preventive measures. Thoracoplasty,
despite its unwarranted bad reputation, should still be available in the surgeon’s armamentarium
and can be a helpful adjunct in patients with marked malnutrition. It was demonstrated that a
four-rib thoracoplasty, with a stable and retracted mediastinum, may be expeditiously carried out
[67], compared with the preparation and transfer of two or three muscle flaps.

Surgery for sequelae of TB
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Bronchiectasis
Post-tuberculous bronchiectasis is relatively common in patients with a history of TB relapses.
This condition itself is not an absolute indication for operation, but in these patients, a relatively

high incidence of symptoms may exist, mostly haemoptysis, recurring pneumonia and abscess
formation. Sputum may be persistently positive for M. tuberculosis. Post-tuberculous
bronchiectasis is often associated with bronchostenosis, atelectasis and large areas of residual
fibro-nodular disease.
When bronchiectasis is located in poor drainage areas of the lungs, such as lower lobes, middle
lobe or lingula, resection may be necessary. Surgery by minimal invasive techniques is usually
recommended for younger patients with moderate-to-severe bronchiectasis representing the only
visible residues of a previous specific process [68, 69]. Long-term results are encouraging, with
60–75% of patients becoming symptom free and a low mortality of 0–1.7% [70].

Tuberculous bronchial stenosis
Tuberculous bronchial stenosis is a serious clinical problem, because it can cause pneumonia,
wheezing and dyspnoea on exertion. Surgical resection with bronchoplastic reconstruction has
long been the standard treatment [71, 72]. However, a variety of interventional bronchoscopic
techniques have been developed, such as stents, laser resections, argon plasma coagulation, balloon
dilatation or cryotherapy, which are now being performed with increasing frequency [73, 74].

Further indications for surgery

Tuberculoma
In resected tuberculomas, M. tuberculosis is found in around 85% of cases. The capsule
surrounding the caseous necrosis interferes with the penetration of chemotherapeutics into the
centre of infection or reduces their concentration. Thus, the reported exacerbation rate is 54.7%
even after 6 months of controlled chemotherapy, and can be as high as 81.5% after shorter courses
of therapy. Timely resection of tuberculoma prevents progression of the TB infection, reduces the
duration of treatment, and allows complete clinical, social and professional rehabilitation.
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Apart from the above-mentioned disease forms, surgery comes into consideration in an additional
two groups of patients: in patients with localised lesions with high risk of TB activation (mostly
tuberculoma), and in patients with rare, rapidly progressive disease forms with intoxication and
lung destruction.

However, during the early period of treatment, a tuberculoma may increase in size, thus making
clinical decisions more difficult. The overall tuberculoma progression rate is approximately 13%.
Progression occurs in 5.8% of patients in the presence of tuberculomas of size ,2 cm, and in
14.8% and 25% of patients in the presence of tuberculoma of diameter ,4 cm and .4 cm,
respectively [75]. Single pulmonary nodules containing both TB and malignancy have been
reported. There is also a possibility of misdiagnosis of malignancy for tuberculoma. Thus, the
dynamics of tuberculoma size alone is not a reliable criterion for clinical use. This justifies a
surgical approach to all tuberculomas, regardless of size.
The operations of choice in these patients are atypical and typical mono- and bi-segmental
resections. Lobectomy may be necessary only for large tuberculomas or for those localised near the
lung hilum. Frozen section is always necessary, not only if malignancy is suspected.

Acute progressive lung destruction with severe intoxication is not sufficiently addressed in the
literature. Most of the knowledge about it is owing to rare reports from the regions with a high
prevalence of TB. In a series of 153 patients who underwent a lung resection for a destructive form
of lung TB, surgery was indicated in the early phase of the disease in 43.9% of patients, because of
the failure of medical treatment to stop the rapidly progressive deterioration. In 9.8% and 12.5%
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Rare forms of the disease

of patients, the duration of medical treatment before surgery was 2 months and 2–4 months,
respectively [76].
Lung resection may sometimes be indicated even during the acute stage of disease with rapidly
progressing caseous pneumonia. The course of the disease is usually characterised by the acute
onset, high febrility (39–40uC), severe fatigue, dyspnoea, tachycardia, night sweats and cough,
initially dry and persistent, soon becoming productive (up to 200–500 mL?day-1). Haemoptysis
may exist, especially if a vessel wall is close to the area of the lung destruction. The patients waste
progressively. A rapidly progressing caseous necrosis exists without a tendency towards
localisation, leading to severe immunodeficiency and rapid and massive bacterial proliferation.
Clinical improvement can be rarely achieved despite complex intensive therapy. The only
appropriate option in such a situation is a lung resection, lobectomy and bilobectomy, less
frequently pneumonectomy. It is a high risk procedure, but also the only one giving some chances
for survival of these patients.
The number of new cases with a rapidly progressing destruction (or caseous pneumonia) has
increased from 3.3% to 6.7% over the past 15 years. Patients with significant hypoproteinaemia,
who are on corticosteroid or cytostatic therapy, constitute a high-risk group in terms of
developing rapidly progressing destruction from any form of TB infection. In around two-thirds
of cases, nonspecific pathogenic bacteria are also isolated. Prognosis in cases of rapidly progressing
destruction with severe intoxication is unfavourable: during the first month, 15–38.5% of patients
die. Overall mortality in this group is higher than 70%. Hence, surgical interventions in these
patients represent a life-saving procedure [77–80].

SURGICAL TREATMENT OF PULMONARY TB

Contraindications for surgery in patients with pulmonary TB
General contraindications, related to general and functional limitations for lung resection, do not
differ from contraindications for thoracic surgery in the presence of any other pathology.
However, in patients with borderline values of predicted post-operative pulmonary function
parameters, care should be taken of the decreased lung compliance due to chronic inflammatory
disease and higher probability of post-operative air leak than in patients with non-TB pathology.
Most importantly, resection margins have to be clear of disease and have normal lung
parenchyma.
Detailed bronchoscopic exploration is mandatory, including biopsies from the anticipated suture
line and from sites with suspected active disease. Contraindication for surgery depends on the
endoscopic finding of tuberculous bronchitis, because endobronchial granulation tissue, erosion
and ulceration of the mucosa may predispose to the development of BPF [81].

Surgical procedures for pulmonary TB
Thoracic surgery as part of a TB treatment concept includes the whole range of thoracic
procedures: atypical resections, subsegmental resections, (bi)segmentectomy, (bi)lobectomy,
pneumonectomy (including intrapericardially and extended pneumonectomies), lung decortication and pleurectomy. In a situation characterised by an increased number of patients with
bilateral advanced lung destruction and MDR-TB, one-stage and multiple-stage bilateral lung
resections, including operations on a single lung after contralateral pneumonectomy, gain
importance.
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Segment/wedge resections
This type of operation constitutes approximately 30% of all resectional procedures. The
indications for segmental resections are tuberculomas and small cavities most frequently located in
the intersegmental boundaries between two segments. The mortality after segmentectomy is
reported as less than 1% and the rate of full recovery from TB is as high as 95–97%. The average

length of a post-operative hospital stay in patients undergoing wedge resection or segmentectomy
is reported to be 7–10 days [82, 83].
One of the features of these operations is the difficulty in defining the demarcation between
the boundaries of the segment being resected. To achieve this, the following method is used: the
ventilation of the lung being operated is restored and at the same time the bronchus of the
segment to be resected is clamped. From a technical point of view it is important to dissect along
the plane of intersegmental fissures, preserving the venous network on the surface of the remaining
segments, while performing an anatomical resection with separate handling of hilum elements of
the resected segment. This technical element of the anatomical segmentectomy is necessary for
prevention of venous thrombosis in the remaining segments. The technique described above is
considered classical. Under these circumstances one should be aware of any uncritical use of
stapling devices, especially in case of MDR-TB. Unrecognised TB foci entrapped with the stapler
line during non-anatomical lung resections increase the risk of TB reactivation and contamination
of the pleural cavity.

Lobectomy

Mortality after lobectomy for the sequelae of TB is between 2% and 3% and the average postoperative hospital stay is 2–3 weeks. The anatomical nature of this operation lies in a separate
handling of the hilum elements, division of the interlobar fissures and removal of the regional
bronchopulmonary lymph nodes. In order to prevent any unintended opening of subpleural
cavities, extrapleural resection should be used freely but limited to the areas with dense pleural
adhesions.
Sclerosed and calcified lymph nodes can be the cause of technical difficulties during the separation
of bronchi and vessels, so meticulous dissection techniques are required. The removal of lymph
nodes is justified to facilitate the dissection of the hilum elements only. Complications, like lung
lacerations or opening of a pleural cavitation, are often related to difficulties during the lysis of
pleural adhesions.
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Lobectomy and bilobectomy constitute up to 41.6% of all lung resections in some institutions (M.
Kobak, St Petersburg State Research Institute of Phtisiopulmonology, St Petersburg, Russia;
personal communication). The indication for lobectomy is tuberculous lung destruction located
within the boundaries of a single lobe.

The immediate results depend on the type of lobectomy: full recovery is reported in 85–95% of
patients, with a mortality of 0.3–11%, depending on the type of lesions and publication period.
Working capacity is restored 2–3 months after the operation [84].

Pneumonectomy

Extrapleural freeing of the lung is advised in case of severe pleuropulmonary adhesions, in order to
prevent tears of the lung tissue and opening of the cavities leading to massive contamination of the
pleural space. Most importantly, procedures of bronchial stump coverage should be performed.
Flaps from mediastinal pleura, muscles or omental pedicle wrap can be used to protect the
bronchus. Pneumonectomy and pleuropneumonectomy are characterised by high efficacy (95%)
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Among lung resections for TB, pneumonectomy and pleuropneumonectomy constitute around
12–15%, in some institutions reaching 30–40% in patients with MDR-TB (M. Kobak, St
Petersburg State Research Institute of Phtisiopulmonology; personal communication).
Pneumonectomy is indicated in patients with destroyed lung of TB and secondary irreversible
changes in six or more segments of the lung. Taking into consideration the complexity and
traumatic nature of pneumonectomy in TB patients with extensive severe fibrous changes of the
lungs, this operation has to be considered as a high-risk procedure. Separate ligation of the hilum
vessels and reinforcement by suturing is recommended in all cases.

and a mortality rate of 3.5%. The main causes of lethal outcomes are systemic complications due
to comorbidities and limited functional reserves.
Completion pleuropneumonectomy is frequently performed as repeat thoracotomies in case of
post-operative recurrences or pleuropulmonary complications in the presence of disease
progression with massive bacterial invasion by MDR-TB. The operation is performed in one
stage or multiple stages, when prior debridement of the empyema cavity is required. The postoperative period is reported uneventful in 71% of patients, with a mortality rate of 6.6% from
pleuropulmonary complications and of 4.1% from systemic complications. The most significant
post-operative complications are pleural empyema, bronchial fistulae and TB recurrence in the
contralateral lung. The frequency of these complications depends on the clinical course of the
disease and type of operation [85, 86].

Thoracoplasty
Extrapleural thoracoplasty

SURGICAL TREATMENT OF PULMONARY TB

Thoracoplasty was historically introduced as a method to merge the thoracic wall with the
underlying lung. The procedure lost its leading role in the surgical treatment concept of TB after
methods of resectional surgery progressed. However, the pathogenetic rationale of thoracoplasty is
reduction of the lung volume of the corresponding hemithorax after rib resection and, hence,
elastic recoil of the lung in general and in affected areas in particular are reduced.
Favourable conditions for cavernous collapse are created by mobilising the external chest wall.
Although thoracoplasty is regarded as a historic procedure, today’s indication can be seen to be
highly individualised. This is a painful and disfiguring operation, but it may still have a small place
in post-resectional residual spaces, such as in patients with single caverns that have a thin wall.
Thoracoplasty is performed in one stage with a subperiosteal resection of the posterior portions of
the upper five to seven ribs. One or two ribs below the lower border of the cavern are always
resected. In case of large upper lobe caverns, the upper two or three ribs should be resected
completely, as shown in figure 7. In order to maintain lung collapse and to prevent a free-floating
chest wall, a pressure bandage is applied for 1.5–2 months after the operation.
The most frequent complications are specific and nonspecific pneumonia and atelectasis.
Currently, the efficacy of thoracoplasty as a separate procedure in case of MDR-TB does not
exceed 25% [87, 88].

Osteoplastic thoracoplasty
Osteoplastic thoracoplasty is preferred over extrapleural thoracoplasty due to its better cosmetic results.
As for thoracoplasties in general, indications are highly
individualised: in a small subgroup of patients,
osteoplastic thoracoplasties may be beneficial for single
or multiple caverns in the upper lobe and apical
segment of the lower lobe of a single or both lungs,
during a stage of relative stabilisation.
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Figure 7. Computed tomography scan of a
patient after thoracoplasty. Three-dimensional reconstruction of a patient after rightsided thoracoplasty, with three upper ribs
removed.

Osteoplastic thoracoplasty makes it possible to reach
the maximal rib mobility and to form a ‘‘new’’ pleural
dome at the lower level after extended lung resection or
in case of caverns localised in anterior regions of the
upper lobe of the lung. The congruence and affinity of
the lung and chest wall is thus achieved. Potential
advantages of osteoplastic thoracoplasty include lesser
trauma, the absence of an apparent chest wall
deformity, and the absence of a floating chest wall,
which makes pressure bandages redundant.

Conclusion
Pulmonary TB remains a global healthcare problem and is becoming increasingly important.
Thoracic surgery continues to play an important but highly selective role in the complex treatment
of the sequelae, complications and cure of pulmonary TB. Today’s surgeons should be familiar
with the interdisciplinary management of MDR-/XDR-TB, because in selected cases surgical
investigation or intervention may be required. A revision of old principles of surgical treatment
and their adaptation to modern evidence-based medicine is necessary, demanding more
multicentre international studies.
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SUMMARY: Invasive fungal infections have increased worldwide and represent a threat for immunocompromised patients,
including those who are HIV infected, recipients of solid organ
and stem cell transplants, and patients receiving immunosuppressive therapies. High mortality rates and difficulties in early
diagnosis characterise pulmonary fungal infections. In this
chapter, invasive pulmonary aspergillosis, cryptococcosis and
Pneumocystis jirovecii pneumonia have been reviewed, focusing
on clinical aspects and therapeutic management. Although new
compounds have become available in recent years (e.g.
amphotericin B lipid formulations, third-generation azoles
and echinocandins), new diagnostic tools and careful therapeutic management are mandatory to ensure an early appropriate targeted treatment, which is the key to a successful
conservative approach in respiratory fungal infections.

P

The lung represents the natural port of entry for most of these pathogens, which result in severe
involvement in the clinical syndrome and association with high mortality rates [2].
Immunodeficiency, either owing to an underlying disease (e.g. HIV infection or haematological
malignancies with neutropenia) or through the use of immunosuppressants (e.g. following organ
transplantation or due to autoimmune inflammatory disorders), represents the principal risk
factor for the most common respiratory invasive fungal infections, such as acute pulmonary
aspergillosis, cryptococcosis and Pneumocystis jirovecii pneumonia (PJP) [3]. Nevertheless, the
field of respiratory mycosis continues to evolve and develop, with many key advances recently
occurring due to a significant growth in the number of diagnosed pulmonary fungal infections.
Particularly, diagnostic methods and treatment options have expanded through the use of highresolution imaging (computed tomography (CT) and positron emission tomography scans) and
invasive diagnostic techniques (bronchoscopy, mediastinoscopy and video-assisted thoracoscopic
biopsy, and CT-guided biopsy) that are recommended if invasive fungal infections are suspected
[4, 5]. Furthermore, besides standard microbiological assays, noncultivation-dependent methods
may add important elements to invasive fungal infection diagnosis in high-risk patients [6, 7].
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ulmonary fungal infections are less common than bacterial and viral respiratory infections and
often pose diagnostic difficulties. Over recent years, the incidence of fungal pulmonary
infections has increased, due to the growing number of immunocompromised patients [1].

As a consequence of the availability of several antifungal compounds such as echinocandins and
extended-spectrum triazoles, new guidelines, recommendations, and the results of a number of
multicentre randomised trials have been published. Despite these recent advances, efforts to
develop early diagnostic tools (e.g. real-time PCR) and the optimisation of well-designed
multicentre evaluations of diagnostic methods and therapeutic regimens available at present are
still warranted. In this chapter, we have reviewed the main aspects for recognition, diagnosis and
management for the three main aetiological agents of pulmonary mycoses that may pose
significant risks especially for patients with impaired host defences. Less common invasive
mycoses (i.e. mucormycosis, fusariosis, etc.) have not been included in this review.

Aspergillosis

FUNGAL PULMONARY INFECTIONS

Aspergillus spp. belong to the class of saprophytic fungi that grow on organic debris. Although
hundreds of species have been recognised, only a few are implicated in human disease. In
particular, 90% of cases of pulmonary disease are caused by Aspergillus fumigatus, due to its
production of small spores that can penetrate inside the alveoli [8]. Amongst other species,
Aspergillus terreus is responsible for less than 5% of invasive forms and Aspergillus niger and
Aspergillus flavus can cause pulmonary and sinus disease.
Autopsy studies have shown the emergence of Aspergillus as a major pathogen due to an
expansion of the spectrum of patients at risk for invasive aspergillosis. An observational study over
a 12-year period in a patient population at an academic hospital evidenced an increase of invasive
fungal infections from 2.2% to 5.1% that was mainly in association with a growth in the rate of
Aspergillus infection [9]. Nevertheless, the real incidence of invasive aspergillosis is difficult to
estimate due to the challenges in discriminating between Aspergillus colonisation and infection, a
low number of autopsies performed that can prove definite diagnosis, and the absence of specific
radiological signs especially in non-neutropenic patients.
Considering that Aspergillus virulence factors are of a multifactorial origin, the principal element
linked to the disease presentation and progression remains the host immune status [10].
Specifically, the alveolar macrophages have a conidiocidal activity that may be impaired by steroid
suppression [11]. Furthermore, the second line of defence from conidia that have germinated into
hyphae is constituted by neutrophils that may be lacking or not functioning in case of
chemotherapy or leukaemia [12]. Finally, T-cell dysregulation contributes to persistent and
invasive Aspergillus infection [13].
Thus, Aspergillus species produce a spectrum of diseases that may present with features typically
related to host factors [14]. Besides disseminated and invasive aspergillosis, other forms include
allergic bronchopulmonary aspergillosis, aspergilloma, chronic necrotising aspergillosis, tracheobronchitis and acute invasive rhinosinusitis.
Aggressive forms of invasive aspergillosis typically occur in immunocompromised patients.
Conversely, chronic forms of pulmonary aspergillosis, such as chronic necrotising pulmonary
aspergillosis or fibrocavitary aspergillosis, which progress over months to years, are more often
seen in patients without severe immune deficiency and may complicate existing lung diseases
associated with cavities or bullae.
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Acute invasive pulmonary aspergillosis
Aggressive forms of acute invasive aspergillosis typically occur in patients with impaired immune
systems, such as haematological patients, recipients of solid organ transplants and, less commonly,
patients with advanced HIV infection [15]. Typical features include the presence of hyphal
angioinvasion with vascular thrombosis and tissue infarction. Normally, scant inflammatory
response is present due to the lack of immune activation. Possible evolution is represented by lung
cavitation. The main risk factor for this acute clinical presentation is represented by neutropenia

(i.e. acute leukaemia, stem cell transplant and chemotherapy). The clinical signs and symptoms are
often nonspecific. Fever is commonly present and may be associated with dry cough, chest pain
and occasionally haemoptysis [16].
Recipients of solid organ transplants, characterised mainly by T-cell impairment in the first
6 months after the transplant, often present with acute inflammatory pneumonia. In particular,
chronic necrotising aspergillosis and tracheobronchitis affecting the anastomotic site can progress,
causing dehiscence in lung transplant recipients [17].
In HIV-infected patients who have progressed to AIDS, acute to slowly progressive necrotising
pneumonia due to Aspergillus infection may present variable histological findings with
neutrophilic infiltrates, vascular invasion, pulmonary abscesses and cavitation.

Other chronic forms of Aspergillus infection of the lung have been described, namely chronic
necrotising pulmonary aspergillosis, symptomatic pulmonary aspergilloma and Aspergillus
pseudotuberculosis. The distinction between subacute invasive pulmonary aspergillosis, chronic
necrotising pulmonary aspergillosis and aspergilloma has not been well defined, and an overlap in
clinical and radiological features among these different forms exists. Subacute invasive pulmonary
aspergillosis has been associated with advanced HIV infection, chronic granulomatous disease,
diabetes mellitus, alcoholism and corticosteroid therapy [18]. Subacute and chronic forms of
pulmonary aspergillosis (e.g. chronic necrotising pulmonary aspergillosis or fibrocavitary
aspergillosis) typically occur in patients without severe immune impairment where the
inflammatory response plays a role into disease progression. Developing pneumonia is generally
characterised by pyogranulomatous inflammation without hyphal vascular invasion or coagulative
necrosis. Weight loss, chronic cough (often with haemoptysis and shortness of breath), fatigue and
chest pain represent the most common symptoms.
A study has recognised three distinct radiological patterns of non-acute infection: chronic cavitary
pulmonary aspergillosis, characterised by the formation and expansion of multiple cavities
possibly containing fungus balls; chronic fibrosing pulmonary aspergillosis, with an extensive
pulmonary fibrosis; and subacute invasive pulmonary aspergillosis, with enlargement of a single
cavity, usually with a thin wall, occurring slowly over months or rapidly in weeks [19]. Since risk
factors such as diabetes and corticosteroid use are commonly associated with these forms, it is
estimated that chronic pulmonary aspergillosis has a high global disease burden and is associated
with significant under diagnosis. Furthermore, other risk groups for invasive aspergillosis include
patients with chronic obstructive pulmonary disease and patients with cirrhosis due to a
generalised depressed phagocytosis status. The analysis of a group of 16 patients with chronic
obstructive pulmonary disease receiving steroid treatment, who had proven or probable invasive
aspergillosis, required intensive care unit admission and displayed poor outcomes [20].
Furthermore, with the introduction of new monoclonal immunosuppressive agents it is expected
that new categories at risk for invasive aspergillosis will arise [21].
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Chronic pulmonary aspergillosis

Diagnosis of aspergillosis

Given the difficulties in laboratory isolation of Aspergillus, growing attention has been focused on
noncultivation-dependent methods such as detection of antigens and PCR. Specific mould
antigens from blood and BAL samples have now been accepted as an important tool for Aspergillus
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Definitive diagnosis of aspergillosis requires mould isolation from a culture and the histological
documentation of the hyphae from tissue samples [22]. Given the infiltrative nature of Aspergillus,
a low spread in the bronchial tree normally occurs, thus contributing to a low sensitivity (around
40%) of respiratory tract culture specimens, including sputum samples and bronchoalveolar
lavage (BAL) [8, 23]. Nevertheless, isolation of Aspergillus from cultures has been associated with a
high predictive value for subsequent invasive disease in immunodeficient patients [24].

diagnosis [25]. In particular, the galactomannan (GM) enzyme-linked immunosorbent assay
(Platelia Aspergillus ELISA; Bio-Rad Laboratories, Redmond, Washington, DC, USA) detects a
component of cell walls secreted from growing hyphae and has been approved by the US Food and
Drug Administration (FDA) for invasive aspergillosis diagnosis [26]. Variable sensitivity (from
29% to 100%) and high specificity (from 81% to 98%) have been reported when the
recommended serial testing of at least twice a week is performed [27]. Early GM positivity has
been shown up to 8 days before culture positivity and the onset of symptoms in 65% and 40% of
haematopoietic stem cell transplant (HSCT) recipients, respectively [28].
Controversies are reported for the use of different cut-off values for GM index (defined as ELISA
optical density ratio between the sample and standard threshold of 1 ng?mL-1). In HSCT
recipients, lower thresholds (i.e. a single GM index o0.7 or a dynamic cut-off of two consecutive
GM values .0.5) allowed for better sensitivities and earlier detection of disease [29]. GM
detection from other fluids in haematological patients showed promising results. The GM optical
index from BAL samples showed higher specificity and sensitivity and a better correlation with the
European Organisation for Research and Treatment of Cancer (EORTC) classification of proven
and probable invasive aspergillosis, compared with serum GM detection [30].
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One study performed in HSCT recipients showed that an increase in GM during the first week of
therapy was predictive of treatment failure [31]. Thus, having the potential for treatment
monitoring and prognostic application, GM detection has been proposed as a surrogate end-point
for outcome [32].
GM false positives may occur due to gastrointestinal translocation or the presence of GM in
antibiotics or enteral nutrition solutions (e.g. amoxicillin-clavulanate and piperacillin/tazobactam
use is correlated with up to 70% false-positive GM tests) [33–35], while decreased sensitivity may
be present if patients have already received mould-active drugs such as caspofungin [36, 37].
Other techniques for invasive aspergillosis diagnosis include 1,3-b-D-glucan testing, which has
nowadays found wide application in the diagnosis of invasive candidiasis and PJP, and real-time
PCR, which is currently being studied. Since it has been demonstrated to appear normal in up to
30% of patients in the week preceding the exitus due to invasive aspergillosis, chest radiography is
an unreliable tool for diagnosis of invasive aspergillosis. A CT scan represents the imaging of
choice for the detection of pulmonary aspergillosis and should also be considered in high-risk
patients [38].
Generally, radiographic presentation varies from a single nodular lesion that merges into larger
masses to diffuse bilateral pulmonary infiltrates. Two classic radiological findings that are
considered typically associated to aspergillosis are the ‘‘halo’’ sign, a rim of ground-glass opacity
that surrounds a nodule in neutropenic patients during the early stage of invasive aspergillosis, and
the ‘‘air crescent’’ sign, a cavitated lesion with an intracavitary mass and a surrounding rim of air
appearing in around 50% of patients approximately one week after recovery of neutrophil
function and number [39]. Although suggestive indicators, these signs are nonspecific and can be
found in other fungal and bacterial infections and even in non-infectious lesions such as
pulmonary haemorrhage [40].

Treatment of aspergillosis
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In recent years, important advances have been made in the management of Aspergillus spp. infection,
and new antifungal drugs have become available for the treatment of invasive forms of aspergillosis.
The treatment options for invasive pulmonary aspergillosis are summarised in table 1.
Amphotericin B (AMB) has represented the gold standard for the management of invasive
aspergillosis until azole compounds became available. Lipid formulations of AMB (e.g. liposomal
(L)-AMB and lipid complex AMB) greatly improved the toxicity profile of polyenes, although they
did not show increased efficacy compared with conventional AMB deoxycholate (dAMB). Although
immunocompromised patients often have difficulties in tolerating dAMB nephrotoxicity and have

Table 1. Primary and alternative treatments for pulmonary invasive aspergillosis
Primary targeted treatment
Recommended
Voriconazole orally or i.v., loading
dose 6 mg?kg-1 every 12 h on
day 1, then 4 mg?kg-1 every
12 h; oral formulation if creatine
clearance ,50 mL?min-1
(200 mg every 12 h)

Alternative
Liposomal amphotericin B
i.v., 3–5 mg?kg-1?day-1, or
lipid complex amphotericin
B i.v., 5 mg?kg-1?day-1

Not routinely recommended
Combination therapy (the
association of an
echinocandin with
voriconazole may be
considered in individual
patients)

Salvage
Caspofungin i.v., 70 mg on day 1,
then 50 mg?day-1, or micafungin
i.v., 100–150 mg?day-1

Posaconazole orally, 200 mg
every 6 h until stabilisation,
then 400 mg every 12 h

Posaconazole was also approved as a prophylactic agent in high-risk patients to prevent invasive
aspergillosis, and studies that used it as a salvage therapy showed favourable outcomes suggesting a
possible role in primary therapy [46, 47].
The duration of therapy for most conditions of aspergillosis has not been optimally defined and it
is often based on clinical resolution of symptoms and protracted throughout the duration of the
critical period of immunosuppression [22]. Because chronic necrotising pulmonary aspergillosis
requires an extended course of therapy lasting for months, an orally administered triazole, such as
voriconazole, is preferred over a parenterally administered agent [48, 49]. In the group of solid
organ transplant recipients, although representing the drug of choice, voriconazole use warrants
frequent assessment of plasmatic levels through follow-up by therapeutic drug monitoring, in
order to avoid drug-related toxicity due to the known pharmacological interference of the azole
class with immunosuppressants [50].
As a consequence of a larger antifungal armamentarium, more combinations can now be tested for
potentially synergic effects in invasive aspergillosis treatment. Promising results were shown by the
combination of voriconazole and amphotericin products with echinocandins [51, 52].
Nevertheless, no definite clinical evidence for the efficacy of combination therapy has so far
been available. The results of a multicentre, randomised, double-blind study of combination
antifungal therapy with voriconazole and anidulafungin versus voriconazole monotherapy for
primary treatment of invasive aspergillosis in haematological patients are currently under
evaluation. Combination therapy was administered to 454 patients for 2–4 weeks during a
minimum of 6 weeks of treatment. Preliminary results indicated that, although a global response
was apparently higher in monotherapy versus combination therapy recipients, results of subgroup
analyses showed that association of voriconazole and anidulafungin significantly increased the rate
of overall 6-week survival in the subset of patients with antigen-diagnosed disease [53].
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Antifungal management has changed with the introduction of a third-generation azole,
voriconazole, which was approved by the US FDA in 2002 for the primary treatment of
aspergillosis, and has shown efficacy in clinical response and increased survival rates in a large
randomised trial [44]. Furthermore, a class of echinocandins has demonstrated efficacy in
aspergillosis therapy and caspofungin was approved for the treatment of refractory invasive
aspergillosis in 2001 [45].
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infusion-related adverse effects, no large randomised studies have been performed to date to
compare the efficacy of different AMB formulations [41, 42]. A comparative study evaluating low
versus high doses (3 versus 10 mg?kg-1?day-1) of L-AMB demonstrated that higher doses did not lead
to better outcomes compared with lower doses, but the utility of high doses was not compared with
other compounds that are active towards invasive aspergillosis [43].

Large surveillance reports have found evidence that respiratory azole resistance to A. fumigatus is
increasing across Europe, with rates of around 6% [54]. These data need to be confirmed
worldwide and may have implications in the future treatment of the disease.

PJP
Pneumocystis jirovecii, previously known as Pneumocystis carinii, was initially classified as a
protozoan and subsequently as a fungus on the basis of genetic and biochemical analyses. The
main morphological states identified microscopically are a unicellular trophic form, the
trophozoite, and a mature form, the cyst, which is considered the diagnostic structure of the
Pneumocystis [55]. P. jirovecii is ubiquitous and seroconversion occurs in up to 85% of children up
to age 2 years [56]. Primary infection is always asymptomatic with no apparent colonisation; reactivation of the disease or re-infection with different organism genotypes can occur in previously
infected patients during periods of severe immunosuppression [57, 58].
Host defences against Pneumocystis include alveolar macrophages, B-cells, and CD4+ T-cells.
Specifically, HIV-infected patients, patients with haematological malignancies, recipients of solid
organ transplantation, and those receiving immune-suppressive drugs (e.g. corticosteroids or
tumour necrosis factor (TNF)-a antagonists) for inflammatory disorders are all at risk for PJP [59].
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Although disseminated infections are reported, Pneumocystis has a predilection for the lungs and it
is known to cause life-threatening pneumonia (PJP) in immunocompromised patients [60]. The
trophozoite attaches to the alveolar type I pneumocytes, causing massive inflammation and
interstitial oedema [59]. Symptoms include fever, cough, shortness of breath and hypoxaemia;
delayed diagnosis and late treatment may cause respiratory failure and death.
In a study encompassing 451 HIV-infected patients diagnosed with PJP, risk factors for mortality
included age, recent use of injected drugs, elevated bilirubin levels, low serum albumin, and an
alveolar–arterial oxygen gradient below 50 mmHg. Using these factors, the risk of mortality
ranged from 4% if none or one risk factor were present to 48% in the presence of four or five
predictors [61].
Although the most common radiographical findings are interstitial pulmonary infiltrates, PJP may
present with diffuse bilateral alveolar infiltrates, cavitated nodules and granulomas [62]. The
mainstay for the diagnosis of PJP is microscopic examination of the BAL, with identification of
cysts with methenamine silver stain. The possibility of diagnosing PJP on BAL is quite high in
patients immunosuppressed by HIV infection, reaching 90% and 70% by microscopical
examination in BAL and sputum, respectively [63]. Conversely, patients with PJP without HIV
infection have much lower diagnostic yield with standard microscopy compared with HIVinfected patients, displaying negligible rates in repeated induced sputum and positivity for
P. jirovecii in BAL samples below 20% [63–65]. An alternative method for the diagnosis of PJP is
represented by the serum assay for 1,3-b-D-glucan [66].
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The drug of choice for severe PJP remains trimethoprim (TMP)-sulfamethoxazole (SMX) [67].
Since the cell wall of P. jirovecii does not contain ergosterol, the target of azoles and polyenes, but
1,3-b-D-glucan, the echinocandins have been demonstrated to be the only effective antifungals for
PJP [68, 69]. Although the use as a salvage treatment in PJP showed promising results, controlled
clinical trials with echinocandins are still lacking [70]. As reported in table 2, the association of
primaquine and clindamycin or the intravenous administration of pentamidine may be used as
alternatives.
The use of corticosteroids has demonstrated a significant benefit to HIV-infected patients with
moderate to severe PJP in a comparative study of 333 patients receiving adjunctive prednisone
compared with patients not receiving corticosteroids. Reduced respiratory failure and 3-month death
rates were demonstrated in the group of patients treated with corticosteroid and showing hypoxaemia
(defined by arterial oxygen tension on room air of ,70 mmHg) compared with the standard

Table 2. Therapeutic and prophylactic options for Pneumocystis jirovecii pneumonia
Regimen

Therapeutic

Prophylactic#

Preferred

TMP-SMX (TMP 15–20 mg?kg-1?day-1
and SMX 75–100 mg?kg-1?day-1) in
four daily doses, plus prednisone (or
equivalent dose of other corticosteroid
started before TMP-SMX) if PaO2
,70 mmHg for 21 days, 40 mg twice
daily for 5 days, then 40 mg daily for
5 days, then 20 mg daily for 11 days;
therapy generally continued for 3 weeks

TMP-SMX one double-strength tablet
(160 mg as TMP) orally three times weekly,
or TMP-SMX one single-strength tablet
(80 mg as TMP) orally daily; generally
continued for 6 months post transplant
or until CD4 cell recovery in
HIV-infected patients

Primaquine 30 mg?day-1 and
clindamycin 600 mg three times
daily, continued for 3 weeks, or
pentamidine i.v. 4 mg?kg-1?day-1

Dapsone 100 mg orally daily, or
atovaquone 1500 mg orally in two daily
doses, or aerosolised pentamidine 300 mg
once per month, or dapsone 50 mg orally
daily plus pyrimethamine 50 mg weekly, or
other combination therapies such as
clindamycin plus primaquine or sulfadiazine
plus pyrimethamine

Pentamidine aerosol in
transplanted patients

Pentamidine aerosol in transplanted
patients

Alternative

Not recommended
No data

Echinocandins

Echinocandins
#

treatment group [71]. Retrospective studies have also confirmed the benefit of corticosteroid use in
addition to antibiotics in patients with severe PJP but not infected with HIV [72].
Prior to the use of routine antimicrobial prophylaxis, the incidence of PJP after stem cell
transplant was reported to be as high as 15% [73]. Prophylaxis of immunosuppressed patients has
greatly decreased the burden of P. jirovecii infection, making prevention the cornerstone of PJP
treatment. Primary prophylaxis against PJP in HIV-infected adults should be given when the CD4
absolute cell count number falls below 200 cells?mm-3, or as a lifelong secondary prophylaxis, until
immune system reconstitution [74]. In fact, in a case analysis of 325 HIV-infected patients
discontinuing prophylaxis with CD4 cell count greater than 200 cells?mm-3, no cases of recurrent
Pneumocystis infection were found during a prolonged follow-up period [75]. Recipients of solid
organ or stem cell transplants should also receive prophylaxis [59].
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TMP: trimethoprim; SMX: sulfamethoxazole; PaO2: arterial oxygen tension. : prophylaxis is recommended in
patients at high risk for Pneumocystis jirovecii pneumonia (HIV-infected patients with CD4 count below
200 cells?mm-3, transplant recipients, patients receiving highly immunosuppressive chemotherapy (e.g. purine
analogues) and/or prolonged high dose steroids (.20 mg?day-1 for more than 4 weeks)).

HIV-negative patients receiving immunosuppressive medications should be evaluated on a caseby-case basis to recognise the effective risk of developing PJP [76]. In particular, the use of highly
immunosuppressive chemotherapy (i.e. purine analogues) and/or the use of high-dose
corticosteroids (i.e. greater than 20 mg of prednisone for a period of over 4 weeks), along with
steroid dose tapering, represent recognised risk factors for PJP and prophylaxis is advised [76–78].
Nevertheless, although the use of anti-CD52 and anti-CD20 monoclonal antibodies, calcineurin
inhibitors and TNF antagonists have been associated with an increased risk of Pneumocystis
infection, a general recommendation for universal prophylaxis in patients receiving biologicals
alone cannot be made until further studies are completed [79, 80].

TMP-SMX represents the mainstay for Pneumocystis prophylaxis. Common dosing regimens
include one double-strength tablet (160 mg as TMP) three times per week or one single-strength
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Since the strategy of monitoring CD4 cell counts may fail to identify HIV-negative patients at risk
for developing PJP [81], other factors such as overall immune dysregulation and careful evaluation
of the immunosuppressive regimen should be taken into consideration [59].

tablet (80 mg as TMP) daily [82]. Although the association of folate/folinate with TMP-SMX has
been suggested in order to reduce the risk of marrow suppression, the topic remains controversial.
Worse outcomes have been reported in a cohort of 92 AIDS patients treated with TMP-SMX plus
folinic acid compared with TMP-SMX; nevertheless, the reasons remain unclear [83–85].
Alternative prophylaxis regimens in patients who cannot tolerate TMP-SMX due to marrow
suppression or allergic dermatitis include dapsone (as a single agent or in combination with
pyrimethamine), atovaquone, aerosolised pentamidine, and clindamycin plus primaquine [86–
88]. Although used, aerosolised pentamidine may cause exposure to extrapulmonary infections
and has been linked with worse outcomes in transplanted recipients, while dapsone and
atovaquone need to be associated with pyrimethamine to obtain adequate prophylaxis against
toxoplasmosis [89, 90].

Table 2 summarises the therapeutic and prophylactic options for PJP. In most severe cases, the
recommendation is close observation in an intensive care setting. Since P. jirovecii demonstrates
airborne transmission between infected and non-infected patients, adequate isolation measures
should be taken for patients at risk for PJP.
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Cryptococcosis
Cryptococcosis is due to infection with the encapsulated fungus Cryptococcus neoformans, an
organism with a worldwide distribution. Inhalation of organisms represents the usual route of the
infection, which may remain isolated in the lungs or undergo haematogenous spread and involve
the central nervous system (CNS), bones and skin, depending on the host immune status [91]. The
lungs are considered the initial site of almost all cryptococcal infections and the second most
clinically relevant after the CNS. The pattern of pulmonary disease is extremely variable, ranging
from asymptomatic airway colonisation to acute respiratory distress syndrome; the latter is mainly
observed in immunocompromised patients [92]. Host alveolar macrophages, natural killer cells
and CD4 T-cells are the most important defence mechanisms against Cryptococcus. Impaired Tcell-mediated immunity (AIDS, liver cirrhosis, renal failure, sarcoidosis, chronic lung disease,
diabetes, HSCT and solid organ transplant) and treatment with long-term corticosteroids and
TNF antagonists expose patients to a high risk of severe cryptococcal infection [93]. It is estimated
that HIV-associated cryptococcosis reaches about one million cases annually worldwide [94–98].
Besides C. neoformans, another species is represented by Cryptococcus gattii, traditionally
considered to be restricted geographically to tropical and subtropical climates but responsible for
outbreaks in immunocompetent hosts in Canada and the northwest USA [99].
Mortality for cryptococcosis remains high, reaching 20% for acute meningoencephalitis in HIV
patients [100] and being always fatal in the absence of a specific therapy [101]. Mortality in solid
organ transplant recipients varied from 10% in patients with stable limited pulmonary disease to
over 50% in those with acute respiratory failure requiring mechanical ventilation [102].
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From a radiological point of view, features of pulmonary cryptococcosis may vary widely. The
most frequent radiographical findings are peripheral nodules with lobar infiltrates, while
mediastinal lymphadenopathy and pleural effusions occur less often [103]. Since cavitated or
multiple nodular lung lesions are common findings, misdiagnosis may include lung cancer and
pneumonia. In a review of 15 HIV-negative patients with proven pulmonary cryptococcosis, 70%
were symptomatic [104]. The presentation features in HIV-negative immunocompromised
patients with pulmonary cryptococcosis have been recently reviewed in 109 patients [105]. The
most common symptoms were cough (61%), dyspnoea (48%), fever (29%), weight loss (19%),
pleuritic chest pain (19%) and night sweats (16%).
It has been demonstrated that Cryptococcus spp. can be recovered from the sputum of
asymptomatic individuals [106]. Nevertheless, in high-risk patients such as solid organ transplant
recipients, identification of Cryptococcus in respiratory tract specimens warrants further

Table 3. Recommended regimens for cryptococcosis treatment in immunosuppressed and nonimmunosuppressed patients
Disease state
Immunosuppressed
Mild-to-moderate disease (localised
pulmonary infiltrates, mild
immunosuppression, no dissemination)
Severe dissemination, CNS and pneumonia
or ARDS

Non-immunosuppressed
Mild-to-moderate disease

Severe dissemination or ARDS

Regimen
Fluconazole i.v./orally, 6–12 mg?kg-1 until stabilisation
(4 months), then 200 mg daily for 6–12 months
Liposomal amphotericin B i.v., 3–4 mg?kg-1 per day, or
lipid complex amphotericin B i.v., 5 mg?kg-1 per day, plus
flucytosine orally, 100 mg?kg-1 per day in four divided
doses for at least 6 weeks, then fluconazole orally,
400–800 mg?day-1 for 6–18 months; corticosteroids if ARDS
Fluconazole orally, 6–12 mg?kg-1 until stabilisation
(4 months), then 200 mg daily for 6–12 months,
or voriconazole orally, 200 mg every 12 h, or
posaconazole orally, 400 mg every 12 h
As in immunosuppressed patients; corticosteroids
if ARDS and inflammatory response

investigation for invasive pulmonary disease. Furthermore, a positive serum cryptococcal antigen
titre can be documented in around 80% of those with any pulmonary involvement and up to 95%
and 97% of patients with CNS disease or disseminated cryptococcosis, respectively [107]. Thus,
although a negative cryptococcal antigen result does not exclude the diagnosis of disseminated
cryptococcosis, a positive serum cryptococcal antigen test in a transplant recipient warrants
investigation for disseminated disease such as meningoencephalitis.
An update on clinical practice guidelines for the management of cryptococcal disease in HIVpositive, transplanted, and non-HIV non-transplanted patients was published by the Infectious
Diseases Society of America in 2010 [108]. Overall, different therapeutic strategies apply to nonmeningeal, pulmonary cryptococcosis in immunosuppressed and non-immunosuppressed
patients. Specifically, immunosuppressed patients with pulmonary cryptococcosis should always
undergo lumbar puncture to exclude meningitis. Table 3 includes the antifungal regimens used
for cryptococcosis in immunosuppressed and non-immunosuppressed patients.
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CNS: central nervous system; ARDS: acute respiratory distress syndrome.

Conversely, a lumbar puncture can be avoided in immunocompetent hosts with asymptomatic
pulmonary nodule or infiltrate, no CNS symptoms, and negative or very low serum cryptococcal
antigen. While in HIV-infected patients, a cryptococcal antigen titre that is stably below 1:512 can
be used to discontinue maintenance fluconazole, in non-immunosuppressed persistently positive
serum, cryptococcal antigen titres are not a criterion for continuance of therapy.
Although limited in numbers, few studies have shown no difference in outcome when fluconazole
was used instead of polyenes to treat stable respiratory cryptococcosis limited to the lungs [96]. In
severe disease, polyenes represent the drug of choice, while fluconazole is used for maintenance
therapy to be continued orally for several months.

Conclusions

Although a surgical approach may be necessary in case of poor control of the infective source, the
conservative approach has nowadays shown noticeable results thanks to the introduction of new
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Invasive fungal infections have increased worldwide due to a growing number of patients with
advanced immune system dysregulation. Mortality remains high in this cohort and is enhanced by
the organism virulence and an impaired immune response.

compounds into the antifungal armamentarium. Particularly, less toxic AMB formulations, thirdgeneration azoles and echinocandins play a crucial role in invasive fungal infection management.
Nevertheless, appropriate treatment duration, combination therapy and therapeutic drug
monitoring should be carefully considered on a case-by-case basis to avoid the emergence of
antifungal resistance that would undermine the successful outcome of life-threatening infections.
Despite the new advances in invasive fungal infection diagnosis that have been made,
standardisation of real-time PCR testing, routine detection of GM in BAL, and extensive
1,3-b-D-glucan use are awaited. These would favour early diagnosis and a prompt targeted
treatment of invasive respiratory fungal infections.
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Chapter 5
Surgical management of
thoracic aspergillosis

SURGICAL MANAGEMENT OF THORACIC ASPERGILLOSIS

Gilbert Massard, Anne Olland, Nicola Santelmo and Pierre-Emmanuel Falcoz
SUMMARY: Thoracic aspergillosis covers a large spectrum of
diseases, with several potential surgical implications.
Traditional aspergillomas arise in pre-existing parenchymal
cavities or bronchiectasis. There are two clinical variants,
defined by clinical presentation, radiological findings and postoperative outcome, referred to as simple and complex
aspergilloma. Semi-invasive aspergillosis has an acute onset
with lobar pneumonia; subsequently, the lung excavates and a
mycetoma appears.
Surgical intervention for invasive aspergillosis may be
discussed either to prevent fatal haemoptysis or to resect
residual mycotic sequestra. Since the advent of contemporary
antifungal drugs, such operations are seldom required.
Pleural aspergillosis is a variant of empyema and needs to be
treated as such.
Invasive bronchial aspergillosis in lung transplant recipients
and parietal aspergillosis in drug addicts have been reported as
case reports.
Whatever the presentation, treatment should be defined on a
multidisciplinary basis.
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T

horacic aspergillosis is, by far, the most common fungal disease of lung and pleura in Western
Europe, and concerns both immunocompetent and immunocompromised hosts. Its interest
for surgeons has gradually increased over the past decades. Traditionally, thoracic aspergillosis has
been classified into three categories: 1) the saprophytic infection, leading to fungus balls within
parenchymal or pleural cavities; 2) the invasive aspergillosis observed in neutropenic or
immunocompromised patients; and 3) the allergic bronchial aspergillosis known as Hinson–Pepys
disease [1]. In the classic text books of the 1960s, 1970s, and 1980s, only the saprophytic
aspergilloma, also referred to as megamycetoma, was credited with a surgical interest.
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During the past two decades, an increasing number of publications have underlined how surgical
management may improve the outcome of selected patients with invasive aspergillosis.
Furthermore, at least three distinct, new clinical entities have been described: semi-invasive
aspergillosis, ulcerative tracheo-bronchitis in transplant recipients, and parietal aspergillosis.
The purpose of this review is to discuss the peculiarities encountered with thoracic aspergillosis
and the management of the different categories of this disease throughout its progression.

Classic saprophytic pulmonary aspergilloma
This historic disease should not be considered old fashioned, as ongoing scientific interest can be
found in publications during recent years. Surgical resection for aspergilloma patients is renowned
to be technically challenging and to convey a huge mortality and morbidity. Therefore, many
authors have restricted surgical indications to heavily symptomatic patients, and advocate simple
surveillance in asymptomatic patients. Our purpose in this review is to defend an aggressive,
surgical management whenever possible, as we believe symptomatic patients need alleviation, and
asymptomatic patients need to halt the further progression of their disease. The legitimacy of the
latter position is seen to be conditional, i.e. operative risk is low in the asymptomatic patient.

The underlying disease largely conditions the natural history of the disease and post-operative
prognosis. Historically speaking, the classic underlying disease was excavated tuberculosis (TB). In
such patients, after recovering from the TB infection, the cavitation undergoes a so-called detersion,
which involves the shedding of tuberculous granulomas, the gradual evacuation of caseous necrosis
and, eventually, the epithelialisation of the cavity. Communication with the bronchial tree enables
the inhalation of sporulated/aerosolised fungal material. Localised conditions with a water/steam
saturated atmosphere at 37uC (body temperature, pressure, saturated with water vapour (BTPS in a
physiologist’s terminology)) favour the desporulation and growth of fungal hyphae. As the fungi
grows it produces proteolytic enzymes, such as chymotrypsine and catalase, and the fungal ball
increases in size, which results in the progressive increase in the size of cavitation, due to slow
peripheral erosion, causing haemoptysis by vascular erosion. In chronic infectious diseases, such as
TB, there are usually marked changes in the structure of the surrounding lung, with territories of
fibrosis, bronchiectasis, and paraseptal emphysema; obliteration of the pleural space with areas of
pachypleuritis; enlarged and even calcified lymph nodes; and considerable hypertrophy of the
bronchial vessel, being the usual anatomical changes observed. In particular, the bronchial arterial
network typically develops anastomoses with intercostal arteries, and branches arising from the
subclavian and internal mammary arteries [1].
Other chronic granulomatous diseases, such as sarcoidosis, may lead to the production of a cavity
that is associated with marked fibrotic changes of the surrounding lung. Similar changes have also
been observed in patients with ankylosing spondylitis (Bechterew’s disease). Residual cavities after
healing of a lung abscess or a lung infarction add to the spectrum of residual cavitations.
Pulmonary hydatidosis can lead to aspergilloma either spontaneously or after surgical removal [2,
3]. Aspergilloma may occur in areas of bullous emphysema or pulmonary sequestration, and is
exceptionally observed within excavated tumours [4].
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Underlying disease

The rapidly increasing use of radiofrequency for the ablation of primary or secondary lung
tumours is an important provider of chronic parenchymal cavitations, which may become infected
with Aspergillus spp. [5].
There is a classical rule that states TB and aspergillosis do not occur simultaneously, but
sequentially. However, there are published case reports describing aspergilloma together with
allergic aspergillosis, or association of aspergilloma with actinomycosis [6, 7].
Currently, the most common variant of aspergilloma occurs in a healthy looking lung. Pathology
describes a thin-walled cavity lined by bronchial mucosa and is interpreted as a localised bronchiectasis.
It remains unclear whether this isolated bronchiectasis is cause or consequence of the aspergilloma [1].

In 1960, BELCHER and PLUMMER [8] defined a clinical and radiological classification for
aspergilloma that is still valid and used over half a century later. This classification clearly
distinguishes between simple and complex aspergilloma.
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Prognostic significance of clinical and radiological classification

Simple aspergilloma is characterised by a relatively small-sized mycetoma, embedded in a thinwalled cavitation and surrounded by a normal looking lung without any areas of fibrosis or pleural
thickening. These patients have a normal nutritional status, and are asymptomatic, with normal
lung functions. This presentation is usually applied to the so-called bronchial aspergilloma.
Conversely, complex aspergilloma usually consists of a larger-sized mycetoma, which is hosted in a
thick-walled cavitation with marked parenchymal fibrosis and/or pleural scarring. The complex
aspergilloma patients are usually symptomatic (dypnoea, purulent sputum, haemoptysis), have a
poor nutritional status and a decreased lung function [1, 9]. The archetype of this category is the
patient with cavitary TB.
This classification is also nicely correlated to post-operative outcome. Surgical morbidity, such as
intra-operative bleeding, post-operative bleeding, prolonged air leak, the need for a thoracoplasty,
and respiratory failure are significantly lower in patients with simple aspergilloma. In our
previously published experience, excessive bleeding was seen in 20% of simple aspergillomas, and
in 60% of complex aspergillomas; rates for pleural space disease were 20% and 36%, respectively
[1]. Except in the incidence of one series [9], there are virtually no post-operative deaths following
resection for simple aspergilloma (table 1). These data have been confirmed by a recent
publication by CHEN et al. [14].

SURGICAL MANAGEMENT OF THORACIC ASPERGILLOSIS

Time trends of aspergilloma
The advent of major anti-TB drugs and national programmes to fight TB has proven efficacy in
most European countries. Hence, the prevalence of residual cavitation as a consequence of TB has
dramatically decreased during the past three decades. CHATZIMICHALIS et al. [15] compared two
consecutive periods and demonstrated a decrease of cavitary TB in the most recent period, which
correlated with a decrease in the number of complex aspergilloma cases (table 2). Subsequently,
there has been a dramatic improvement in post-operative outcomes in recent years. An updated
study by LEJAY et al. [16] confirms the reduction in the number of complex aspergilloma cases and
the more favourable post-operative outcome for such patients that undergo surgery as a result of
their illness. However, due to the progressive expansion of the European Union, and with it the
increase in migration from areas that have a marked prevalence for TB, a significant proportion of
patients with complex aspergilloma will still occur.

Surgical decision making
The choice of an adequate procedure is of paramount importance. The ideal treatment consists of
the resection of both the mycetoma and the underlying cavity. Lobectomy is, therefore, the option
of choice [1, 9, 13]. Segmentectomy is subjected to a higher incidence of prolonged air leak, and
may favour intra-operative disruption of the cavitation and pleural seeding. Pneumonectomy
carries a prohibitive risk for empyema and/or bronchial fistula and should be avoided wherever
possible [17]. During the recent decade, the video-assisted thoracoscopic surgery (VATS)
approach has progressively become the gold standard replacing open lobectomy for both small
Table 1. Comparative operative mortality following resection of simple and complex aspergilloma
First author [ref.]
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B ATTAGLINI [10]
D ALY [9]
S TAMATIS [11]
S HIRAKUSA [12]
M ASSARD [1]
R EGNARD [13]

Patients n

15
53
29
24
63
87

Mortality %
Simple aspergilloma

Complex aspergilloma

0
4.7
0
0
0
0

18.1
34.3
11.7
0
10
6.2

sized tumours and benign diseases. As such,
there are several short series demonstrating
both feasibility and safety for VATS lobectomy
for aspergilloma [18–20]. Careful review of
computed tomography (CT) scans enables the
surgeon to choose adequately between VATS
or the open approach in complex cases [20].

Table 2. Demographic and post-operative data
comparing two chronological subsets of patients
Year range

Mean age years
Tuberculosis
Complex aspergilloma
Excessive bleeding
Prolonged air leak
Hospital stay .30 days

1974–1991

1992–1997

49
57.4
80
44.1
47
32.3

46
16.6
41.6
8.3
16.6
8.3

Can we reduce blood loss during surgery of complex aspergilloma? Several attempts have been
described to anticipate the control of bleeding with selective embolisation of the bronchial arteries,
but these have not been conclusive. As a matter of fact, the rather anarchic collateral circulation is
beyond endovascular control.
We should add a word of caution regarding antifungal therapy. It is well established that the
fibrous and avascular walls of the cavitation effectively oppose penetration of antifungal drugs into
the fungus ball. Hence, pre-operative treatment makes no sense. Whenever the lesion has been
completely resected, without intra-operative spillage, there is no reason to begin the patient on
antifungal therapy post-operatively [25].
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This ideal surgical management may not be
applicable in patients with complex aspergilloma, either because lung function and/or
involvement of the fissure preclude lobectomy.
Data are presented as percentage unless otherwise
We have advocated, for such patients, a direct
stated. Data taken from [15].
approach with an incision of the cavitation and
removal of the fungal material, followed by obliteration of the cavitation with a thoracoplasty [1,
21]. Such a strategy leads to excellent medium-term results with permanent cure and a negative
serodiagnosis, but the price to pay is a significant operative mortality rate that is close to 10% [1].
An alternative to thoracoplasty is plombage with a muscle flap; however, the latter may be limited
by malnutrition or transection of the muscles during previous thoracotomies [22]. The ultimate,
least invasive options, are represented either by simple cavernostomy, which is feasible if close to
the chest wall, or intra-cavity administration of antifungal drugs [23]. Some case reports have
shown that, on occasion, a bronchoscopic removal of the mycetoma has been possible [24].
However, we need to be aware that the recurrence of the mycetoma is likely as long as the
cavitation persists.

The final question is when to operate on a patient? Should we accept an operative risk and go for a
prophylactic surgery in asymptomatic patients, although the natural history of the disease is
unpredictable? Or should we limit surgery to only heavily symptomatic patients, knowing that the
morbidity will be particularly high in patients operated on in emergency conditions? In our
reasoning the answers are rather obvious.
Asymptomatic patients usually present with simple aspergilloma, hence post-operative outcome is
benign, and these patients are definitely eligible for a minimally invasive resection. As such,
surgery is completely justified in asymptomatic patients.
Unfortunately in symptomatic patients we are most often faced with the challenging problem of
complex aspergilloma. However, symptoms usually dictate an active intervention. In this category,
experience of the surgical team and multidisciplinary discussion are of paramount importance to
select the appropriate procedure: anatomic resection, removal of fungus ball and thoraco-/
myoplasty, or a lesser procedure in critically ill patients.

Pleural aspergilloma is an exceptional disease and seldom addressed in the literature [1]. There are
two possible presentations, as follows. 1) Early post-operative aspergilloma, which presents as a
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Pleural aspergilloma

post-operative empyema that is declared during the first 4–6 weeks after an operation. This
usually occurs in patients who undergo surgery for aspergilloma and who show a prolonged air
leak. The most probable mechanism is intra-operative seeding. 2) Late post-operative pleural
aspergilloma, which occurs months or even years following a parenchymal resection and usually
develops in a residual pleural space. For both presentations of pleural aspergilloma to occur, the
presence of a small bronchopleural fistula is required in order to carry aerosolised fungal spores
towards the cavity.
Treatment of such patients is tedious. They are usually in poor general condition and present with
invalidating symptoms. Decortication is advisable only in patients who did not undergo any
parenchymal resection, because previous partial lung resection precludes complete obliteration of
the pleural cavity by re-expansion of the residual lung. When loss of parenchymal volume is
obvious, thoracoplasty remains the only surgical option. Muscle transfers are likely to fail because
of previous thoracotomy and poor nutritional status. Owing to the poor nutritional and
functional status of such patients, there is a higher rate of complication. In a personal series of 13
patients, two died post-operatively, nine experienced excessive bleeding and eight required
prolonged drainage. Hospital stay was in excess of 30 days for nine patients [2]. According to
GUAZZELLI et al. [26], penetration of antifungal drugs into the pleural cavity is reliable, and
antifungal therapy makes sense prior to surgical management.
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Semi-invasive aspergillosis
Semi-invasive aspergillosis is seldom referred to, although many centres have anecdotal experience
of such patients [27]. This disease occurs preferentially in patients with previous radiation therapy.
The onset mimics an acute lobar pneumonia with a high fever, which does not respond to
antibiotics. After 2–3 weeks, a cavitation appears in the previously fibrosed lung. Fever recedes,
and progressively the radiological appearance suggests a complex aspergilloma. Disabling
symptoms eventually leads to surgical discussion.
Patients developing semi-invasive aspergillosis after previous lobectomy and radiation therapy
represent a particular subset. Territories of radiation pneumonitis are particularly prone to acute
Aspergillus pneumonia. In such patients, completion pneumonectomy, following previous
lobectomy and radiation therapy, would have a tremendous risk owing to pleural adhesions
and hilar fibrosis; operative mortality may reach 25% [28]. The most valuable option is the
removal of the fungal material followed by a thoracoplasty, which may be completed with muscle
plombage if available [22].

Invasive aspergillosis
Invasive aspergillosis accounts for 30% of all fungal infections in patients with leukaemia; at least
5% of patients treated with leukaemia will develop invasive aspergillosis. Prevalence increases to
70% if neutropenia exceeds 34 days. Mortality is high despite early antifungal treatment; the
overall mortality rates are 50% during neutropenia, and in excess of 90% after bone marrow graft.
While it has been estimated that approximately 15% of all patients with invasive aspergillosis
could be subjected to surgical care [29], we believe that the advent of more potent antifungal
drugs, such as voriconazole and capsifungine, has considerably reduced the need for surgery in
such patients [30].
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Natural history of the disease and diagnosis
The onset of invasive aspergillosis usually occurs during neutropenia. Fungal hyphae invade
pulmonary vessels and determine peripheral infarctions. At this stage, a CT scan would reveal a
rounded opacity surrounded by a low-density halo [29, 31], whereas a bone marrow sample would
show neutrophils colonising the infarcted areas and causing tissular necrosis, a phenomena that

triggers the appearance of the air-crescent sign on radiographs. Necrosis may lead to haemoptysis,
especially when occurring close to the major branches of the pulmonary artery.
In a patient receiving chemotherapy, any three of the following items may be suggestive of invasive
aspergillosis: neutropenia, pneumonia, haemoptysis, persistent fever despite antibiotics, chest
pain, halo sign and/or air crescent sign [29].
Noninvasive diagnosis relies on the detection of Aspergillus antigens and the culture of Aspergillus
from bronchoalveolar lavage fluid. Although identification of antigen is correlated to a strong
positive predictive value exceeding 90%, lavage is negative for antigens in more than 50% of
patients [32].

Surgical management may be indicated to serve two purposes. 1) To prevent massive haemoptysis
[31]. In this situation, radiological surveillance has shown a necrotic lesion close to a major vessel.
An operation is undertaken in an emergency situation in patients who may not have completely
recovered their bone marrow function. In a series that included eight patients who were operated
on during aplasia, there were no operative deaths; however aspergillosis recurred and caused death
in two of the patients [31]. 2) To prevent re-infection during subsequent chemotherapy [29]. In
this situation, an elective operation is scheduled to remove the mycotic sequestra, which would be
a source for re-infection during a subsequent neutropenia. Such operations are planned once the
patient has recovered their normal bone marrow function. Several reports describe successful bone
marrow transplantations after such procedures. Operative risk is at an acceptable level with a
mortality rate less than 10%. Medium-term results in terms of aspergillosis are acceptable with a
recurrence rate less than 10% (table 3).
The basic principle of such operations is to use parenchyma-sparing resections, similarly to
surgery for pulmonary metastases. Pneumonectomy should be avoided, because of the high risk of
lethal complications that threatens the pneumonectomy made in emergency situations. However,
as stated previously, contemporary antifungal drugs have considerably decreased the need for
operative management of the disease.
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Rationale of surgical management

Aspergillus bronchitis
This entity has been described in a short series of heart–lung graft recipients reported by the
Stanford group[37]. The usual presentation is an ulcerative tracheobronchitis with abundant
fibrin deposits, located in the immediate vicinity of the airway anastomosis and in the proximal
segment of the donor airway. Microbiological analysis of the fibrin deposits identifies high
concentrations of fungal hyphae. One-third of the patients progressed to a fatal invasive
aspergillosis [37]. Therefore, early and aggressive treatment is mandatory. A case report, by
KESSLER et al. [38], showed a patient with Aspergillus bronchitis, following a right single-lung

Table 3. Operative mortality and relapse of aspergillosis following surgery
First author [ref.]
B ARON [29]
B ERNARD [31]
L UPINETTI [33]
R OBINSON [34]
W ONG [35]
Y OUNG [36]

Patients

Operative mortality

Relapse aspergillosis

12
7
6
16
16
8

0
0
1
5
1
0

1
0
3
1
0
NA
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Data are presented as n. NA: not available.

transplant, succumbed to a bronchoarterial fistula, which resulted from erosion by a peribronchial
fungal abscess [38].

Parietal aspergillosis
This rare condition has been reported in isolated case reports [39, 40]. These patients presented
with a parietal abscess at the site of a central venous line or sternal osteomyelitis. All patients
recovered with antifungal treatment after surgical debridement.

Conclusion
Aspergillus may cause a wide spectrum of diseases within the chest. Adequate management requires
knowledge of the possibilities of surgical management. Management of these, often complicated,
patients should be routinely discussed on a multidisciplinary basis. Surgery is still the leading
treatment in cases of classic saprophytic aspergilloma and semi-invasive aspergilloma. In all other
variants described here, contemporary antifungal drugs have more or less banned the need for
surgery.
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26. Guazzelli LS, Severo CB, Hoff LS, et al. Bola fúngica por Aspergillus fumigatus em cavidade pleural. [Aspergillus
fumigatus fungus ball in the pleural cavity.] J Bras Pneumol 2012; 38: 125–132.
27. Kibbler CC, Milkins SR, Bhamra A, et al. Apparent pulmonary mycetoma following invasive aspergillosis in
neutropenic patients. Thorax 1988; 43: 108–112.
28. McGovern EM, Trastek VF, Pairolero PC, et al. Completion pneumonectomy: indications, complications and
results. Ann Thorac Surg 1988; 46: 141–146.
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Chapter 6
Surgical treatment of
invasive aspergillosis

SURGICAL TREATMENT OF INVASIVE ASPERGILLOSIS

Adelheid End*, Birgit Willinger# and Oliver A. Cornely"
SUMMARY: Invasive pulmonary aspergillosis (IPA) is encountered in immunocompromised or neutropenic patients presenting with a high mortality rate. A high index of suspicion is
necessary in patients with risk factors such as haematopoietic
stem cell transplantation and solid organ transplantation.
Radiological imaging is the cornerstone in diagnosing IPA.
Modern antifungal therapy with voriconazole and liposomal
amphotericin B plays a major role. In selected patients, surgery
may be necessary to prevent massive haemoptysis or to prevent
re-infection during subsequent chemotherapy. Parenchymasparing surgery with open wedge resections or thoracoscopic
procedures is recommended, whereas pneumonectomy has a
high mortality and is only indicated in emergency situations. In
carefully selected patients and with excellent interdisciplinary
management, surgery can be performed with low operative
morbidity and with a beneficial effect on disease control and
survival. Prognosis of IPA is strongly influenced by the
underlying disease.
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I

nvasive pulmonary aspergillosis (IPA) is an increasingly common opportunistic fungal
infection in immunocompromised patients and accounts for a large number of mortalities due
to fungi in haematological and solid organ transplantation [1]. The incidence, clinical
presentation, natural history of disease and rationale of surgical management of aspergillosis,
especially of the simplex and complex aspergilloma, are addressed by MASSARD et al. [2] in
another chapter of this issue of the European Respiratory Monograph (ERM), and the medical
treatment is presented by BASSETTI and RIGHI [3], also in this issue of the ERM. The purpose of
the current chapter is to give an overview of the most important items and surgical aspects
of IPA.
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Risk factors and clinical presentation
The major risk factors for IPA are inherited immunodeficiency, prolonged neutropenia,
haematopoietic stem cell transplantation and solid organ transplantation, especially lung and
heart/lung transplantation. The lungs are involved in about 85% of cases with invasive
aspergillosis. Aspergillus may also disseminate to other organs, including the brain [1]. There are
also increasing numbers of IPA in patients with severe chronic obstructive pulmonary disease
and critically ill patients [3, 4]. An early diagnosis is crucial to improve prognosis. In neutropenic

patients without adequate therapy, IPA will almost
always progress to fatal pneumonia, which is
characterised by haemorrhagic infarction or necrotising pneumonia [1]. The symptoms of IPA are
nonspecific and usually mimic bronchopneumonia
with fever unresponsive to antibiotics. Chest pain and
haemoptysis may be present. In neutropenic patients,
IPA is one of the most common causes of haemoptysis [5].

a)

Early diagnosis is paramount to reduce mortality and b)
morbidity. In the high-risk patient with clinical signs
and symptoms suspicious for IPA, a high-resolution
computed tomography (CT) or magnetic resonance
imaging scan, serum biomarkers (e.g. Aspergillus
galactomannan (GM) and serum 1,3-b-D-glucan),
sputum examination, bronchoalveolar lavage (BAL)
fluid examination and tissue biopsy for histopathology
and culture of micro-organisms are helpful in the
diagnosis. The currently available laboratory methods
for diagnosing invasive aspergillosis include microscopic detection, isolation of the fungus, detection of
Figure 1. a) Histology of invasive pulmonary
antigen or histopathological evidence of invasion [6].
aspergillosis. b) Progressive acute angle
dichotomous branching of Aspergillus
For definite diagnosis of proven invasive aspergillosis,
hyphae.
histological and cultural evidence from biopsies,
resection material or other specimens obtained from
normally sterile body sites is required (fig. 1). However, it is not always possible to fulfil these
criteria and a combination of different methods is necessary to detect and identify the fungal
organism causing the disease.
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Nonradiological diagnosis

The most commonly used antigen test for Aspergillus detection is the double-sandwich ELISA test
Platelia Aspergillus (Bio-Rad Laboratories, Marnes, France), which is validated for use in serum
and BAL fluid and has been evaluated in oncohaematological patients and those receiving
haematopoietic precursors who have prolonged neutropenia. The combination of a high-risk patient with
suggestive clinical and radiological (CT scan) findings
and a positive serum GM may be considered adequate
for a diagnosis of ‘‘probable’’ IPA. However, it has to
be kept in mind that solely testing for antigenaemia
does not replace other tests for IPA. The sensitivity of
serological antigen testing depends on the severity of
disease.

Figure 2. Thoracic computed tomography
scan with a mass in the left lower lobe
surrounded by a zone of ground-glass
attenuation (‘‘halo sign’’).
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Bronchoscopy with BAL is an established method for
the diagnosis of infections; the sensitivity for detecting
IPA increases with multiple cultures and direct
microscopy of BAL [7]. Aspergillus GM antigen for
IPA can be detected at a mean of 8 days before
diagnosis by other means. PCR may be useful to
exclude Aspergillus infection [8]. Transbronchial
biopsy is an established method in the diagnosis of
IPA in immunocompromised patients but requires a

Table 1. Indications for surgery in
invasive pulmonary aspergillosis (IPA)
Haemoptysis
Planned immunosuppression
Failure of antifungal therapy
Early-stage IPA
Localised or multilocular IPA

thrombocyte count of about 50 000 cells?mL-1 to avoid
bleeding. This is also the case in CT-guided percutaneous
lung biopsy, which carries a high risk of pneumothorax.
Open lung biopsy is not advised in pancytopenic patients
because of the high rate of post-operative complications.

Radiological diagnosis

Radiological imaging is the cornerstone in diagnosing IPA. IPA is often treated in clinical practice
on the appearance of typical radiological signs, even in the absence of any microbiological or
histological evidence. Lesions with imaging suggestive of aspergillosis are lung sequestra on plain
radiograph or CT, the ‘‘halo sign’’ lesion on CT scan, and cavitating lesions [9]. These focal lesions
are amenable to surgery, which is the best way to confirm the diagnosis. Only in patients with a
high suspicion of tumour and negative bronchoscopy may CT-guided biopsy be considered as a
second-line diagnostic procedure.
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The halo sign is considered early evidence of pulmonary aspergillosis even before serological tests
become positive, and it warrants the administration of antifungal therapy (fig. 2). The air crescent
sign indicates the development of tissue necrosis and develops mainly from larger consolidations
or masses. The new appearance of pulmonary consolidation or infiltrates in a neutropenic patient
with antibiotic resistant fever is already suspicious of IPA [8, 10, 11].
Ulcerative tracheobronchitis is seen at the anastomotic site of lung transplant recipients and may
lead to IPA in 30% of patients [12, 13], but may also occur in nontransplant patients. Early and
aggressive treatment is necessary [2]. Voriconazole is recommended as the initial therapy.
Bronchoscopic evaluation is the most important
aspect of diagnosis; CT will assess the lack of
a)
progression in its initial stages [1].

Medical treatment

b)

Figure 3. a) Fatal haemoptysis caused by

60

invasive pulmonary aspergillosis. Pulmonary
nodule (arrow) and erosion of the pulmonary
artery (arrowhead) at autopsy. b) Detailed
view of erosion of the pulmonary artery
(arrowhead).

Early initiation of antifungal therapy in patients with
strongly suspected invasive aspergillosis is warranted
while a diagnostic evaluation is conducted. Voriconazole
and liposomal amphotericin B are first-line antifungal
agents [1, 3]. Initial therapy with voriconazole has led to
better responses and improved survival and resulted in
fewer side-effects than amphotericin B [14]. However,
voriconazole is limited by numerous drug interactions.
In highly immunocompromised patients, liposomal
amphotericin B has proven to be effective with standard
dosing [15]. Echinocandins, such as caspofungin, and
several new classes of antifungals enlarge the therapeutic
armamentarium.
Empirical therapy has to be started as soon as infection
is suspected, i.e. upon prolonged fever in high-risk
patients. Pre-emptive therapy is started when IPA is
suspected due to lesions in the CT scan or detection of
antigen, in order to decrease mortality.
A successful course of voriconazole may preclude the
need for surgical resection. Using secondary antifungal
prophylaxis after initial successful primary therapy
prior to stem cell transplantation in patients with prior

The indications for surgery
are summarised in table 1.
Surgery in early-stage IPA is
preferred. Single localised
lesions as well as multiple
lesions can potentially be
resected.

Treatment of
haemoptysis

The most important indication is treatment of lifethreatening
haemoptysis.

1992

1992
1992
1993

1995

1997

1998

1998
2000

2003

L UPINETTI [21]

Y OUNG [26]
W ONG [17]
M OREAU [27]

R OBINSON [18]

B ERNARD [23]

S ALERNO [28]

B ARON [11]
Y EGHEN [9]

G OW [29]

18

Haematological
(paediatric)

Haematological
Haematological

12"
37+

7#

16

8
16
6

13

Underlying disease

Haematological
(paediatric)
Haematological
Haematological
Haematological,
chemotherapy
Haematological (n514),
liver transplant (n52)
Haematological
(paediatric n51)
Haematological

6

Patients n

13 wedge, 3 lob, 2 pneum
(16 thoracotomy, 2 VATS)

9 lob, 1 bilob,
4 wedge, 2 pneum
4 lob, 1 lingulectomy,
2 wedge (VATS)
3 lob, 10 wedge
(5 mult, 1 chest wall)
Pneum, lob, bilob, wedge"
4 partial lob, 11 mult
lob/segm, 20 lob, 2 pneum

3 lob, 3 wedge
(1 mult, 2 bilat)
7 lob, 1 wedge (mult)
15 lob, 1 pneum
6 lob

Procedures

0e

0
01

1 (at day 2)

5 (at days 7, 11,
20, 20 and 28)
0

0
1
0

1

0
3 haemorrhage, 1
re-thoracotomy, 1 wound infection,
1 nonfungal chest infection
0

1 empyema, 1 haemothorax

1 haemorrhage (re-thoracotomy)

9 (2 prolonged air leak)

0
0
0

NA

Post-operative
complications

6 (5 unknown)

1
3 proven,
4 suspected

4

0

1

NA
0
0

3

Recurrence of
Aspergillus
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Lob: lobectomy; wedge: wedge resection; mult: multiple; bilat: bilateral; pneum: pneumonectomy; bilob: bilobectomy; VATS: video-assisted thoracoscopic surgery; chest wall:
chest wall resection; segm: segmental resection; NA: not available. #: 8 other patients had emergency surgery; ": 12 out of 18 patients proved to have an Aspergillus infection
(the total included 1 pneum, 4 bilob, 7 lob and 6 wedge); +: 35 histologically confirmed invasive pulmonary aspergillosis; 1: 8 deaths (at days 1–28) due to Aspergillus infection;
e
: 3 deaths (at days 6–21).

Year

First author
[ref.]
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61

Indications for surgery
Post-operative
mortality

In comparison to the classic saprophytic pulmonary
aspergilloma, surgical resection has a limited role in
the management of patients
with IPA [2]. Decisions
concerning surgery should
be individualised in order
to account for a number of
variables, such as degree of
resection, unilateral versus
bilateral lesions, comorbidities, performance status,
the goal of antineoplastic
therapy (e.g. curative versus
palliative), and potential
impact of delays in chemotherapy. If the predicted
survival due to uncontrolled
haematological disease is
less than 3 months, (nonsurgical) treatment should
be applied according to individual needs [9].

Table 2. Surgical procedures for invasive pulmonary aspergillosis [2, 24, 25]

invasive aspergillosis suggests that antifungal therapy alone may be effective
[16]. However, early surgical evaluation and close CT
monitoring is required during medical therapy, in
order to intervene if a lesion
further encroaches upon a
critical structure [1].

Haemoptysis is a serious complication, and may occur
during profound pancytopenia or upon recovery from
neutropenia. Massive haemoptysis requires emergency
Event
Risk %
surgery even if the patient is neutropenic or thrombocytopenic [2, 17–20] (fig. 3). Persistent haemoptysis
Peri-operative mortality
10–14
Post-operative complications
7–10
from a single cavitary lesion warrants its resection. Other
Recurrent fungal infection
10–16
measures to reduce haemoptysis include embolisation of
involved blood vessels; however, recurrence of bleeding
is possible [1]. The decision to embolise or to operate is based on the degree of bleeding and the
experience of interventional radiologists and surgeons.
Table 3. Post-operative risks of surgery in
invasive pulmonary aspergillosis [8]

Reduce infection
The second most important indication is to eradicate a localised infection and to minimise the risk
of re-infection. In patients with residual localised lesions, surgery is indicated if immunosuppression (bone marrow transplantation or aggressive chemotherapy) is being continued, or prior to
subsequent intense chemotherapy and bone marrow transplantation [1, 21, 22]. Surgical resection
can provide a definitive diagnosis.

Treatment of lesions
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In pulmonary lesions contiguous with the great vessels or the pericardium, surgery has to be
discussed to prevent erosion of vessels and penetration into the pericardial space. Radiological
monitoring is essential for early detection of the halo sign. Disappearance of the perivascular fat rim
alerts attention, since it precedes disruption [23]. Surgical therapy may also be useful in patients with
lesions invading the chest wall, in order to relieve pain and prevent pleurocutaneous fistula.

Surgical procedures
The surgical procedures for IPA are summarised in table 2, and encompass parenchyma-saving
resections similar to those used in surgery for pulmonary metastases, such as open wedge
resections or video-assisted thoracoscopic surgery (VATS) procedures. Lobectomies are performed
for larger lesions, multiple lesions in one lobe and centrally located lesions. Multiple wedge
resections can be performed for multilocular IPA [28, 30], and re-operations are possible if
required [29]. Pneumonectomies should be avoided whenever possible because they carry a high
risk of mortality and post-operative complications [31]. In most series, thoracotomy is the most
frequent access; VATS is limited to smaller peripheral lesions [19, 24, 29]. Elective parenchymasaving procedures are efficient and safe, and have to be combined with adequate antifungal
therapy. Good peri-operative management, including platelet transfusions before and during
surgery, is pre-requisite.

Complications
Post-operative survival has increased to 80%, with few surgical complications. Prevention of
recurrence of IPA has occurred in most reported series [5, 10, 11, 24, 27, 32–34]. However, in a
study on 37 resections with a more detailed report on post-operative complications [9], 18 had an
uneventful post-operative course, including one patient who had emergency surgery for
Table 4. Prognostic factors in surgery for invasive pulmonary aspergillosis
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Morbidity and age
Prognosis of the underlying disease
Presence of lung disease, lung function
Limited resection
Well-trained surgeon
Additional treatments (antifungal, nutrition, exercise training, psychological and social support)
Multidisciplinary teamwork

haemoptysis; three had post-operative haemorrhage; one required a repeat thoracotomy; and one
wound and one nonfungal chest infection were seen. Two patients underwent revision
pneumonectomy after initial lobectomy for progressive Aspergillus infection; of these, one died
soon afterwards and the other is a long-term survivor. Two patients died of Aspergillus
pneumonia, 3 and 8 days after surgery; another died of disseminated aspergillosis 18 days postoperatively; three further patients died of respiratory failure at 1–10 days; and another died of
septic shock 4 days after surgery. All of these early deaths were presumed to be due to progression
of IPA. Two patients died of interstitial pneumonitis after allogeneic bone marrow transplant, 27
and 52 days after surgery; although radiologically not typical, IPA cannot be excluded [9]. The
peri- and post-operative surgical risks are summarised in table 3 [8].

Prognostic factors and outcome

Conclusions
The conservative approach by an early adequate antifungal therapy is of utmost importance. A
high index of suspicion is necessary for early diagnosis of IPA. In an interdisciplinary setting the
indication for surgery should be deliberately discussed. Massive haemoptysis requires emergency
surgery, whereby pneumonectomy should be avoided whenever possible. Lesions near to great
vessels should be considered for resection. Parenchyma-saving surgical procedures are preferred
techniques in selected patients with clinical and radiological signs of localised IPA early in the
course, when antifungal therapy has failed and prior to subsequent immunosuppressive therapy or
chemotherapy. In thoroughly selected patients, prognosis of IPA is mostly determined by the
underlying disease.

A. END ET AL.

Successful therapy of the underlying disease is the strongest prognostic factor for IPA, such as the
complete remission of the haematological disease. After surgery for IPA, the survival of patients is
limited due to relapse of uncontrolled malignancy but not due to the complications of the surgical
procedure [8, 10, 29, 34]; in series with a high rate of post-operative progression of IPA, the antifungal
management and an intense monitoring of IPA has to be re-evaluated [9]. In a retrospective analysis
of 54 patients with localised IPA, survival at 6 months was 70% in surgically and 42% in medically
treated patients. In general, medically treated patients have a worse World Health Organization
performance score than the surgical patients, in whom the duration of neutropenia is longer [35].
Resection can eliminate IPA if the lesions can be resected completely in a single or multiple
operations. In summary, the outcome of surgery for IPA depends on several factors (table 4). It is
important that surgery has to be complemented by various other treatments [2].
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Chapter 7
Actinomycosis of the
lung and pleura

PULMONARY ACTINOMYCOSIS

Martin Kolditz* and Adelheid End#
SUMMARY: Pulmonary actinomycosis is a rare and slowly
progressing bacterial lung infection. Actinomyces are commensal bacteria of the oropharynx. Risk factors for pulmonary
infection include aspiration and poor dental hygiene; it is not
necessarily associated with an immunosuppressed state.
Radiological and clinical appearances are nonspecific and
mimic a variety of other lung diseases including cancer.
Diagnosis requires microbiological isolation of the bacteria
from an infected specimen or histopathological evidence of
sulfur granules, usually obtained after bronchoscopic, transthoracic or surgical biopsy. Long-term and high-dose antibiotic
treatment is essential to achieve high clinical cure rates and good
prognosis. Penicillin remains the drug of choice; doxycycline,
macrolides and clindamycin have been used successfully as
alternatives. Duration of antibiotic treatment should be
individualised according to the resolution of symptoms and
radiological lesions. Surgical treatment is reserved for patients
developing complications, such as massive haemoptysis or
empyema, and for those in whom a medical diagnosis cannot
be established.
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ctinomycosis is a rare and slowly progressive infectious disease that can affect a variety of
organ systems including the lung. It is caused by filamentous Gram-positive anaerobic
bacteria of the genus Actinomyces. The chronic and granulomatous nature of this infection
frequently causes diagnostic problems, as the clinical and radiological appearance mimics a variety
of other lung diseases, such as neoplastic disease, tuberculosis, pneumonia and pulmonary
abscesses. Additionally, actinomycosis can cause complicated pleuropulmonary infections and
affect endobronchial structures and the chest wall, leading to cutaneous fistulae, empyema or
bronchial obstruction. Even for experienced physicians, the diagnosis is challenging and frequently
established only after several months of symptom duration. Surgical procedures often are
employed for diagnostic confirmation and differentiation from other lung diseases. However, once
diagnosed, the prognosis of pulmonary actinomycosis is generally good, as specific and prolonged
antibiotic treatment can lead to complete recovery. Thus, in order to enable timely treatment and
to avoid unneeded and potentially dangerous interventions, a dedicated diagnostic approach is
necessary. As clinical experience in individual centres is sparse because of the low incidence of this
disease, continuous vigilance and spread of knowledge about this infection is required, which is
the main focus of this chapter.

Epidemiology
Epidemiological data of actinomycosis are unreliable, as a significant number of missed or
misclassified cases has to be assumed. The incidence reported in recent reviews is around
1:300 000 [1–4]. This assumption is based on historical data from a US case series showing one
case for every 59 000 hospital admissions during 1973–1982 [5], which had declined by .50% in
comparison with an earlier US series from 1935–1970 [6]. According to German reference
laboratory data, the incidence of cervicofacial actinomycosis was estimated to be as high as one in
40 000 inhabitants [7]. The most recent data arise from an Icelandic population-based study,
where an annual incidence of approximately one in 100 000 inhabitants during 1984–2007 (66
cases) was reported [8]. It is thought that the disease frequency has decreased during the last
decades due to improved oral hygiene and the widespread use of antibiotic treatment. However,
because of diagnostic difficulties and the fastidious nature of the organism for microbiological
isolation, the true incidence is probably higher.
Actinomycosis can affect patients of any age, but, according to historical case series, epidemiology
peaks during the middle-age decades, and males are three times more frequently infected than
females [6, 9]. This male- and middle-age predominance has been confirmed by recent case series
for pulmonary infections [10–17].

Actinomycetes are part of the normal flora of the human oropharynx, and the gastrointestinal and
urogenital tract [19]. Molecular genotyping techniques have led to an increased number of
actinomyces species causing human infection being identified during recent years [19]. Today .40
species are known, of whom Actinomyces israelii is the most common pathogen [3]. Less frequent
agents of human infection include Actinomyces naeslundii, Actinomyces odontolyticus, Actinomyces
viscosus, Actinomyces meyeri and Actinomyces gerencseriae [3]. Humans are the only known
reservoir for these disease-causing species, but no person-to-person transmission has been
documented yet [3, 20].
Actinomycetes are fastidious bacteria and difficult to culture. They are slow growing and usually
cultured on selective agar medium at 37uC under strict anaerobic conditions for up to 3 weeks
[3, 4]. In everyday clinical practice, bacterial confirmation of a pathologically diagnosed
pulmonary actinomycosis is obtained in only a minority of cases. In the two most recent large
series of thoracic actinomycosis, culture confirmation of the infection was shown in ,10% [16,
17]. Reasons for this low culture yield include frequent previous antibiotic therapy, bacterial
overgrowth of more rapidly growing co-isolates and inadequate culturing techniques. As
actinomycetes are sensitive to most antibiotics commonly used in out- and inpatients, even a short
course of antibiotic pre-treatment might inhibit their growth in culture [21–23]. Thus, if
actinomycosis is suspected, adequate specimen sampling should be performed before empirical
antibiotic treatment is begun. The clinical laboratory must be alerted and the specimen sent as
quickly as possible and under anaerobic conditions. As actinomycetes are members of the normal
oropharyngeal flora, isolation from primary unsterile materials, such as sputum, may represent
colonisation and not infection. More appropriate clinical specimens include samples of pus or
lung tissue, especially if they contain sulfur granules. To establish a more rapid suspicion of
actinomycosis, a gram stain demonstrating branching, Gram-positive and filamentous bacilli can
be used.
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The pulmonary form of actinomycosis constitutes ,15–20% of the total burden of the disease
[1, 4, 6], although higher [5, 9, 18] and lower [7, 8] estimates have been reported. The majority of
cases present as cervicofacial infection [6–8]; another 20% of cases accounts for abdominal
infections. Other sites, such as cutaneous, genito-urinary and central nervous system infections
also can occur.

In the future, molecular methods, such as PCR, 16s
rRNA sequencing and mass spectrometry will allow
more rapid and accurate microbiological confirmation
of the disease [19, 24–26]. However, with growing
employment of these sensitive techniques, adequate
clinical specimen sampling to exclude possible contamination by colonising bacteria becomes even more
relevant. To date, clinical data on molecular techniques
are still sparse, and further study to prove their
sensitivity and specificity for clinical decision making
are warranted.
Figure 1. Low magnification showing a

Given these problems associated with microbiological
confirmation of the infection, histological examination
of obtained tissue is especially important for diagnosis.
The presence of so called sulfur granules is strongly
supportive of actinomycosis. Sulfur granules are
colonies of organisms that appear as round or oval
basophilic masses with radiating eosinophilic terminal clubs on staining with haematoxylin–eosin
(fig. 1) [9]. The numerous granules containing actinomycetes can best be seen with the Gomori
methenamine silver and the Brown and Brenn stains [4, 9, 18]. Although the number of sulfur
granules in infected tissue can be low and, in a minority of culture-confirmed cases, even absent
[9], their presence in lung tissue of a patient with suspected actinomycosis is considered highly
supportive for this infection [16, 17]. In fact, the histologically confirmed presence of sulfur
granules has been used as main diagnostic criterion in all larger published case series of pulmonary
actinomycosis during the last decades. However, specificity of sulfur granules for actinomycosis is
not 100%, as they can occasionally occur in nocardiosis and fungal infections [18].
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typical sulfur granule with filamentous
amphophilic, branching bacteria in the centre and radially oriented filaments covered
with deeply eosinophilic material at the
periphery.

Actinomycetes are commonly isolated together with other bacteria, which potentially causes
confusion or diagnostic errors. Aerobically growing Gram-positive and Gram-negative species, as
well as anaerobically growing species, often commensals of the oropharynx, have been described,
but data originate mainly from cervicofacial actinomycosis [27]. In the current author’s series of
49 pulmonary infections [16], co-pathogens were isolated in 47% of cases, with a predominance of
Gram-negative enterobacteria (unpublished data). The clinical relevance of these co-pathogens has
not been established, but given the good results of small-spectrum penicillin treatment in
pulmonary actinomycosis, specific treatment is probably not needed in many cases [6, 16, 18].
Conversely, a possible contribution to the pathogenicity of actinomycetes by mixed infections, e.g.
by creating a more anaerobic environment, has been discussed [9, 18].

Clinical management
Clinical data on the management of pulmonary actinomycosis are sparse and no randomised
controlled studies exist. Evidence thus is limited to retrospective case series. All identified series
describing .10 patients published between 1990 and 2012 are summarised in table 1. The largest
case number was 49 patients. Series focusing primarily on radiological features were excluded
[28, 29].
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Clinical risk factors
Pulmonary actinomycosis is thought to result predominantly from aspiration of oropharyngeal
secretions containing actinomycetes, but can sometimes also occur after oesophageal perforation,
local spread from cervicofacial infection or haematogenous spread [18]. Thus, established risk
factors for pulmonary infection include poor oropharyngeal or dental hygiene, as well as risk
factors for aspiration syndromes, such as alcoholism [16, 18]. As actinomycetes preferentially grow

Table 1. Case series of pulmonary actinomycosis published between 1990 and 2012 with .10 patients
First author [ref.]
K INNEAR [10]
H SIEH [11]
R IZZI [12]
D UJNEUNGKUNAKORN [13]
B AIK [30]
E NDO [14]
L U [15]
C HOI [31]
K OLDITZ [16]
S ONG [17]

Year of
publication

Country

Cases

Cases with surgery
involved

1990
1993
1996
1999
1999
2002
2003
2005
2009
2010

UK
Taiwan
Italy
Thailand
Korea
Japan
Taiwan
Korea
Germany
Korea

19
17
13
16
25
13
14
28
49
40

12 (63)
9 (53)
12 (92)
10 (63)
14 (56)
13 (100)
14 (100)
13 (46)
3 (6)
17 (43)

Data are presented as n or n (%).

In three case series, antibiotic pre-treatment was documented at rates of between 45% and 69%
[10, 14, 16]. In the current author’s series [16], 50% of the patients with ineffective antibiotic
treatment prior to hospitalisation had received a quinolone, an antibiotic considered ineffective
for actinomyces treatment [21]. This clinical information might also raise suspicion for the
presence of rare pathogens, such as actinomycetes.
The influence of specific components of the immune response on actinomycosis and, thus, the
clinical relevance of concurrent immunosuppressive diseases or medications on incidence and
outcome remain unclear [4]. An elevated incidence in immunocompromised patients, such as
those with HIV or on chronic steroid therapy, cancer chemotherapy or immunosuppressive
therapy after transplantation has not been reported [1, 4, 9, 32]. Accordingly, the proportion of
severely immunocompromised patients in all recent case series of pulmonary actinomycosis was
either remarkably low or absent. For most immunosuppressive conditions, evidence for
actinomyces infection only derives from case reports [32]. In HIV-infected patients, the
prevalence of actinomycosis has remained low and pulmonary infections rarely occur [33–36].
Pulmonary actinomycosis also has been described in case reports of patients with acute leukaemia
and non-Hodgkin’s lymphoma [37–39], and there has been a recent series of 10 patients with
chronic granulomatous disease and actinomyces infection; two of these patients were children with
pulmonary disease with a complicated course [40]. For treatment-related immunosuppression,
again only a few cases of pulmonary actinomycosis have been reported, e.g. with steroid treatment
for systemic lupus erythematodes [41], steroid treatment combined with methotrexate for
rheumatoid arthritis [42], cyclophosphamide treatment for cryoglobulinemia [16], infliximab
treatment for Crohn’s disease [43] or systemic sclerosis [44], and immunosuppression after solid
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Current data on dental status in thoracic actinomycosis are sparse. In three recent series, poor
dental status or oral hygiene was documented in 27–77% of cases [12, 14, 16]. Alcoholism was
confirmed in three recent series as risk factor with frequencies of 23–38% [12, 14, 16]. The higher
incidence of pulmonary actinomycosis in patients with underlying lung diseases is also supported
by recent series, where pre-existing pulmonary comorbidity was documented in 20–69% of cases
[12, 14, 16, 17, 30, 31], mainly consisting of chronic obstructive pulmonary disease,
bronchiectasis, chronic mycobacterial disease and aspergilloma. Accordingly, a high frequency
of 61–70% of current or former smokers has been described [14, 16, 17, 31]. In some publications,
there was an elevated number of patients with coexisting diabetes mellitus [13, 14, 31]. However,
in all recent series reporting comorbidities, a significant proportion of nearly 50% of patients
without any relevant underlying disease was noted, indicating that thoracic actinomycosis is not
confined to multimorbid patients [14, 16, 30, 31].
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under anaerobic conditions, the presence of devitalised lung tissue caused by underlying chronic
lung disease is another risk factor [9, 16–18].

55
45
60
18
NG
15
NG
NG
NG
3

40

67
56
49
34
31
26
26
20
8

Summary

71
55
12
41
37
37
25
14
8
2

Symptoms of pulmonary actinomycosis are
nonspecific and consist of a variety of
pulmonary and systemic complaints, which
often mimic features of tumour disease or
tuberculosis. In recent series, predominant
symptoms included cough, productive sputum, haemoptysis, chest pain, weight loss and
fever [16, 17]. In surgical case series, haemoptysis was the leading complaint [14, 15].
Asymptomatic patients detected at routine
investigations are rarely affected. The infection
can extend across anatomical barriers, causing
chest wall or mediastinal involvement or
empyema. Endobronchial manifestations can
cause airway obstruction or broncholithiasis.

68
60
72
44
16
32
NG
NG
NG
2–3
8
NG
46
38
NG
54
NG
NG
NG
NG

Given the chronic nature of this infection, the
nonspecific presentation and the regular suspicion of alternative lung diseases at first
presentation, symptom duration prior to
diagnosis in recent case series lasted up to
60 months, with a median duration of several
months.

47
6
53
35
NG
18
NG
6
6
1

100
NG
62
NG
25
31
NG
NG
NG
9

86
86
79
11
21
7
NG
NG
NG
2.5

49
16
13
17

28
25

D UJNEUNGKUNAKORN [13]
R IZZI [12]
H SIEH [11]

B AIK [30] C HOI [31] K OLDITZ [16] S ONG [17]

Clinical symptoms

An overview of presenting complaints in
recent case series of pulmonary actinomycosis
(series reporting exclusively on surgical cases
are excluded) is given in table 2.

No specific laboratory marker of actinomycosis exists. Routine parameters reflecting the
chronic inflammatory character of the disease
are often pathological. In one recent series of
49 patients, a raised erythrocyte sedimentation rate was noted in 80%, leukocytosis in
60% and elevated C-reactive protein values in
72% [16].
NG: not given.

84
74
32
68
52
21
32
47
11
NG

Subjects n
Symptom frequency %
Cough
Sputum
Haemoptysis
Chest pain
Weight loss
Fever
Night sweats
Dyspnoea
Swelling of chest wall
Median symptom duration
prior to diagnosis in
months

19

Laboratory tests
K INNEAR [10]

Table 2. Clinical symptoms in patients with pulmonary actinomycosis from recent case series (excluding series reporting exclusively on surgical cases)
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organ transplantation [45, 46]. Taken together,
it can be concluded from these data that,
although actinomycosis can occur in severely
immunosuppressed patients, its prevalence in
this setting remains very low and severe
immunosuppression is certainly not a precondition for pulmonary actinomycosis.

Radiological appearance
The predominant findings on chest radiograph
are pulmonary masses or infiltrates, which are
described in .80% of cases [10, 13–17, 30, 31].

As neoplastic disease has to be considered in many
cases, and additional imaging usually is warranted.
Chronic actinomyces infections infiltrate across anatomical barriers and, therefore, actinomycosis may
spread from the lungs to the pleura, mediastinum and
chest wall. A chest computed tomography (CT) scan
should be performed for better differentiation and
planning of invasive diagnostic procedures [29, 47].
On CT scans, areas of necrotic low attenuation within
the consolidations could be detected in up to 75% [17,
28, 29], and mediastinal lymph node enlargements
have been described in up to 50% [17, 28, 31].
Endobronchial manifestations, including broncholiths,
were seen in up to 35% [17, 31]. Rare but important
complications, such as pericardial involvement or
foreign bodies, can be detected [29, 48–50]. Examples
of chest CT scans from patients with pulmonary
actinomycosis are shown in figure 3.

a)

b)

Figure 2. Examples of plain radiographs
from patients with confirmed pulmonary
actinomycosis presenting with a) a tumourlike mass in the right upper lobe and b) an
infiltrate in the right lower lobe.

Few data exist of magnetic resonance imaging of thoracic actinomycosis [51]. A role in the
differentiation of chest wall involvement and spreading of peri- or myocardial, as well as vertebral,
infection is suggested.
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One-sided appearance is usual, but bilateral or even
disseminated lung involvement can occur. Many
[5, 11, 12, 14, 17], but not all [10], series report on
a right sided predominance of the lesions, which has
been linked to the aspiration pathophysiology of
pulmonary actinomycosis. Abscesses or cavitary
lesions can be seen. Less frequently, pleural effusion,
atelectasis or bronchiectasis is found as the only
radiological abnormality. Examples of plain radiographs from patients with pulmonary actinomycosis
are shown in figure 2.

If a positron emission tomography is performed because of the suspicion of lung cancer,
pulmonary actinomycosis lesions may show enhanced 2-fluoro-2-deoxy-D-glucose uptake, thus
not allowing further differentiation from neoplastic disease [52, 53].

Diagnosis

Thus for confirmation of the infection, as well as differentiation from other lung diseases, invasive
procedures to obtain adequate specimen for microbiological and histological analysis are required.
Cultural confirmation always should be intended, but given the discussed problems with empirical
antimicrobial pre-treatment, overgrowth of associated bacteria and the fastidious nature of
actinomycetes, cultural results will be negative in the majority of cases. Further diagnostic
confusion can be caused by the detection of actinomycetes in sputum or bronchial secretions from
patients with pulmonary comorbidities or lung cancer, which in many cases might reflect
colonisation of necrotised lung tissue rather than infection [54]. Thus, primarily sterile specimens,
such as lung tissue biopsies, obtained by procedures that minimise contamination risk should be
intended. This becomes even more evident if new molecular diagnostic methods, such as PCR with
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Given the nonspecific clinical and radiological presentation of patients with pulmonary
actinomycosis, the infection is clinically rarely presumed at presentation. Most frequently, initial
suspected diagnoses are malignancy, pneumonia and tuberculosis (table 3).

a)

b)

d)

PULMONARY ACTINOMYCOSIS

c)

Figure 3. Examples of chest computed tomography (CT) scans from patients with confirmed pulmonary
actinomycosis presenting with a) a central pulmonary mass in the right lower lobe, b) a localised abscessing
infiltrate in the left upper lobe during CT-guided transthoracic needle biopsy, c) a peripheral mass in the left lower
lobe and d) a diffuse infiltrate in the right upper lobe.

16S rRNA gene sequencing and mass spectrometry, become available for bacterial confirmation in
routine clinical practice [19, 24–26]. Conversely, as these techniques allow more accurate and
timely actinomyces detection, microbiological confirmation could be improved considerably.
Today these techniques are still available only in specialised laboratories.
Meanwhile, diagnostic confirmation in everyday practice, in most cases, is obtained by the typical
histological picture, including the demonstration of sulfur granules in infected tissue [9]. Thus,
suspicion of thoracic actinomycosis and consideration of the most important differential
Table 3. Suspected clinical diagnoses prior to thoracic actinomycosis confirmation in recent case series with
available data
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Subjects n
Suspected diagnosis %
Malignancy
Mycobacterial infection
Pneumonia/abscess
Actinomycosis
Bronchiectasis
Aspergilloma
Other

H SIEH [11]

R IZZI [12]

B AIK [30]

17

13

25

13

49

40

59

38
15

44
24
16

23
15
54
8

45
18
5
18

15
8
23

8

49
14
14
2
4

8

16

29

12

E NDO [14] K OLDITZ [16] S ONG [17]

7

diagnoses followed by carefully planned specimen sampling are central diagnostic steps. Material
should be sent as quickly as possible and under anaerobic conditions for microbiological
investigations, and both the microbiologist and the cytopathologist should be informed about the
suspected diagnosis.

For pleural or chest wall infections, specimens can be obtained by puncture or small biopsies.
Endobronchial lesions easily can be examined by bronchoscopy. For lung infection, different
techniques have been employed. With peripheral lesions, transthoracic needle biopsy by
ultrasound or CT guidance would be a preferred procedure. In the two most recent publications,
this technique was successfully used in 25% of patients [16, 17]. Additionally, a variety of
bronchoscopic techniques have been performed, including endobronchial biopsy, radiologically
guided transbronchial biopsy by catheter aspiration or forceps and transbronchial needle
aspiration. In the series by KOLDITZ et al. [16], bronchoscopic biopsy lead to the diagnostic
detection of sulfur granules in 32 (65%) of 49 patients; however, in ,30% of these patients, more
than one procedure had to be performed. Of the 47 patients without an indication for therapeutic
surgery, in 46 (98%) cases, the diagnostic confirmation was obtained by nonsurgical methods.
This contradicts previous statements that bronchoscopy might be an ineffective diagnostic
approach in pulmonary actinomycosis [18]. According to the present authors’ view, in the absence
of therapeutically indicated surgery, a diagnostic approach involving either one or repeated
diagnostic attempts by bronchoscopy and/or transthoracic needle aspiration for microbiological or
histological confirmation and to make alternative diagnoses less likely is the recommended
algorithm before a surgical diagnostic approach should be considered.
Even after diagnostic confirmation, the differentiation of actinomycosis from cancer can remain
problematic, as coexistence of both, albeit uncommon, has been described [13, 17, 55]. Thus, the
final diagnosis of pulmonary actinomycosis requires the combination of possible risk factors, a
compatible clinical and radiological presentation, the detection of sulfur granules in infected
tissue, ideally supplemented by microbiological confirmation from culture or by molecular
methods in appropriate tissue specimen, and a favourable response to antibiotic treatment.
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The frequent suspicion of pulmonary malignancy in case series often lead to diagnostic surgical
procedures. In publications from the 1990s, the indication for diagnostic surgery after exclusion of
patients with emergency symptoms, such as fulminant haemoptysis, varied between 37% and 85%
[10–12, 14, 30, 31]. However, with the broad availability of less invasive options, such as imageguided transthoracic puncture or bronchoscopic techniques, the frequency of surgical procedures
for diagnostic confirmation declined to 2–15% in many recently published series [16, 17]. As
adequate antibiotic treatment is associated with a good prognosis, even in complicated cases, a
diagnostic strategy that avoids surgery might prevent considerable morbidity, discomfort, costs
and diagnostic delay.

Clinical complications

The most frequently reported clinical complication is haemoptysis, which occurred in ,50% of
patients from recent series and can progress to life-threatening major haemoptysis resulting in
emergency interventions. In one series of 14 patients presenting for surgery with haemoptysis due
to actinomycosis, 50% presented with severe bleeding with blood losses exceeding 200 mL [15].
Catheter-guided embolisation had been performed in seven cases prior to surgery without success
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Due to the common use of empirical antibiotic treatment, the improved access to healthcare
facilities and the broad availability of diagnostic methods, the rate of patients presenting very late
with complicated disease presentations has declined from what is was decades ago, where large,
bulky lesions and complications, such as chest wall involvement, abscess formation and pleural
empyema, could regularly be seen [16, 17]. However, because of the slowly progressive and
chronic ongoing infection caused by actinomycetes, their nonspecific clinical and radiological
appearance and their ability to spread beyond anatomical borders, diagnostic delays leading to
advanced disease states still occur.

[15]. Other series of surgically treated patients reported major or recurrent haemoptysis as an
indication for therapeutic surgery, with a similar incidence of 50% [12, 14, 17]. However, a large
number of nonmajor haemoptysis can be treated medically with good success [16, 56].
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Another complication potentially requiring surgical intervention is the presence of pleural
empyema. Whereas the occurrence of pleural effusions has been described in up to 21% of cases in
a recent series [31], many of these effusions would probably not fulfil the criteria of purulent or
complicated parapneumonic effusions. Successful medical treatment of patients with pulmonary
actinomycosis complicated by pleural effusion or ‘‘empyema’’ has been described [11, 57]. Clinical
data allowing for specific management recommendations of actinomycosis-related pleural
effusions are absent. Thus, a concept in analogy to the procedures recommended for patients
with parapneumonic pleural effusions is suggested. Here, medical treatment is indicated for very
small and uncomplicated effusions with careful follow-up by imaging studies [58, 59]. In contrast,
the presence of purulent fluid or of a complicated pleural effusion, defined as loculated
presentation, evidence of bacteria or pH of ,7.2 in pleural fluid after diagnostic thoracentesis
results in the need for rapid evacuation by means of surgery or pleural tube insertion [58, 59].
Endobronchial actinomyces infection, either isolated or within a pulmonary infection, can cause
relevant airway obstruction [60]. In bronchoscopy, it presents as necrotic, whitish or yellowish
endobronchial mass or irregular granular thickening. In one series, the bronchoscopic finding of
airway narrowing has been described in nine out of 16 cases [13]. Endobronchial actinomycosis
can be associated with either broncholiths [48, 61] or foreign bodies [49, 62, 63]. The presence of
broncholiths has been detected in up to 34% of cases after CT imaging [31]. They consist of
endobronchial calcified material, which is often formed by erosion of calcified lymph nodes into
the airway as a result of a granulomatous process [47, 48]. They can cause relevant airway
narrowing or even complete bronchial obstruction, and are associated most frequently with a
history of tuberculosis or the aspiration of foreign bodies [47, 48]. The chronic granulomatous
inflammation associated with actinomycosis might cause broncholithiasis by itself [61], although
it has been suggested that most cases were associated with pre-existing broncholithiasis and
secondary infection by actinomycetes [48]. In the absence of a foreign body, the majority of
endobronchial actinomycoses can be cured with antibiotics [13], but, in some cases,
bronchoscopic treatment of airway obstruction, broncholith removal [17, 60] or even surgery
[61] might be indicated. Singular cases also have been reported with endotracheal [64] or vocal
cord [65] infection by actinomycetes.
A variety of other complications resulting from local spread of actinomycosis from the lungs
across anatomical barriers has been described in case reports. Chest wall swelling was reported in
up to 10% of recent series [10, 16], but chest wall fistulae or rib destruction have been found only
rarely [16, 17]. Local mediastinal invasion of actinomycosis can cause peri- and myocardial
infection with either pericardial effusion [50, 66–68] or obstruction of central veins, which even
might progress to superior vena cava syndrome [50, 69]. Transphrenic spread can lead to intraabdominal infection [70], and local invasion into the pulmonary circulation has caused
pulmonary artery aneurysm [71] or systemic-to-pulmonary artery fistula [72]. Occasionally,
bacteraemia of actinomyces associated with pulmonary disease has been reported [36, 73, 74].
Most of these complications require individual multidisciplinary treatment decisions, but, for all
cases, timely adequately dosed and prolonged treatment with antibiotics presents the mainstay
of treatment.
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Treatment and prognosis
Once the diagnosis of pulmonary actinomycosis has been established, the prognosis of this
infection is generally good, as antibiotic treatment often leads to complete recovery. The
therapeutic principle of actinomycosis consists of the prolonged administration of adequately
selected and dosed antibacterial substances [1, 18, 20], and primary surgical interventions should
be reserved for patients presenting with specific complications. Additional management strategies

follow the established recommendations from guidelines for pneumonia [75], sepsis [76] or
pleural effusion [58] management, where appropriate. Treatment should be complemented by
measures to improve existing risk factors, such as restoration of a poor dental status, improvement
of oropharyngeal hygiene, management of aspiration syndromes or therapy of impaired immune
function, as it seems plausible that these may diminish the risk of relapses or re-infection.

Antibiotic treatment
Substances
Antibiotics with in vitro activity against actinomycetes include penicillins, cephalosporins,
carbapenems, tetracyclins, macrolides and clindamycin, whereas quinolones are considered
inappropriate [21–23]. Treatment recommendations derive from clinical experience only, as
randomised trials have not been performed. If actinomycosis is left untreated, the prognosis is
ultimately fatal, but with adequate antibiotic therapy over a prolonged period, complications can
be prevented and the infection cured in most cases.

The suggested primary treatment consists of intravenous penicillin over 2–6 weeks followed by a
prolonged period of oral penicillin [1, 18]. This recommendation derives from early case series,
where success rates of 90% with penicillin have been reported [6]. However, surgical debulking
was involved in .50% of these cases, mostly for diagnostic reasons [6]. Penicillin remains the drug
of choice to date, based on the broad experience from published case series [4, 11, 12, 16, 17] and
the documented sensitivity of essentially all tested actinomyces isolates [21–23]. In general,
20–30 million units of penicillin per day are given for the first 2–6 weeks followed by oral therapy
with penicillin V [18]. Alternatively, ampicillin and amoxicillin with or without clavulanic acid
have been used successfully in case series [17, 30, 31]. Allergy against penicillin is an important
limitation, which caused an antibiotic switch in up to 37% of patients [16]. Here, doxycycline,
macrolides and clindamycin have been successfully used as alternatives [12, 16, 30, 31]. Few
clinical data exist for treatment with newer b-lactam antibiotics, such as ceftriaxone [73, 77],
piperacillin-tazobactam [78], imipenem [56] and meropenem [40].
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Three recent papers reporting on antibiotic susceptibility testing for clinical actinomyces isolates
showed an excellent overall susceptibility to most b-lactams (including benzylpenicillin,
amoxicillin, ceftriaxone, meropenem and piperacillin), doxycycline, clindamycin and macrolides,
as well as some newer antibiotics like linezolid and tigecycline [21–23]. However, different
actinomyces species showed relevant resistance differences to some antibiotics, indicating that
species identification might be important [22]. Moreover, many strains were resistant to
quinolones, vancomycin, aztreonam and amikacin, which are therefore not considered adequate
treatment options [21–23].

Treatment duration and monitoring
It has been suggested that the avascularity and induration of infected areas and the recognised
relapse risk may account for the need for prolonged treatment of this infection [18]. Total
durations of 6–12 months of antibiotic therapy have been recommended by recent reviews [1, 18,
20]. However, there is accumulating evidence that individualised shorter courses of treatment are
associated with comparably good clinical outcomes in actinomycosis [4, 79]. This concept has also
been adopted for treatment of pulmonary infections in more recent case series [10, 11, 16, 17, 31,
56]. The papers of HSIEH et al. [11], KOLDITZ et al. [16], SONG et al. [17] and CHOI et al. [31] report
cumulatively on 92 patients who were exclusively medically treated, with median treatment
durations between of 3 and 5.5 months and a high overall cure rate of .90%. YEW et al. [56]
reported on eight patients with thoracic actinomycosis treated for only 4 weeks with intravenous
imipenem, with a short-term cure rate of seven out of patients and a long-term cure rate of six out
of seven patients. Two more series reported on patients failing medical treatment and requiring
secondary surgical therapy. 1) DUJNEUNGKUNAKORN et al. [13] reported that two out of 10 patients
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The available data on antibiotic substances for treatment of pulmonary actinomycosis are
summarised in table 4.

Table 4. Summary of data on antibiotic treatment for pulmonary actinomycosis
Agent
Preferred agents
Benzylpenicillin
Amoxicillin¡clavulanic acid, ampicillin
Doxycycline
Macrolides
Clindamycin
Probably effective agents
Piperacillin/tazobactam
Ceftriaxone
Imipenem/meropenem
Effective agents in vitro
Tigecycline
Linezolid
Ineffective agents in vitro
Quinolones
Vancomycin
Aztreonam
Aminoglycosides
Metronidazole

Susceptible
species [22, 23]

Clinical evidence grade [ref.]

All
All
Most#
Most#
Most#

++
++
++
++
++

Most
Most
Most

+ [78]
+ [73, 77]
+ [40, 56]

All
Most

No clinical data
No clinical data

[5, 6, 11, 13, 16, 30, 31]
[17, 30, 31]
[16, 30]
[16, 30]
[30, 31]
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++: supported by recent case series and considerable successful clinical experience in other forms of
actinomycosis; +: supported by anecdotal successful reports. #: occasional isolates of Actinomyces turicensis
were found to be resistant to erythromycin and doxycycline and of Actinomyces europaeus were found resistant
to erythromycin and clindamycin [22].

treated with intravenous penicillin showed recurrent haemoptysis or treatment failure after
penicillin allergy. 2) SONG et al. [17] reported that five out of 23 patients treated with amoxicillin/
clavulanic acid presented with treatment failure necessitating surgical removal of the core lesion
after 3–8 months; however, two of them were treated only orally. All five patients showed an
inadequate radiological response of the main lesion after treatment for 12 weeks, which was
suggested to be a possible indicator for medical treatment failure. Additionally, failing patients had
a significantly longer duration of symptoms prior to diagnosis (10 versus 2 months). Other clinicalor therapy-related factors to predict medical treatment failure could not be identified in this series.
KOLDITZ et al. [16] reported that 46 medically treated patients showed a cure rate of 100% after
treatment with antibiotics for a median of 4 months. Cure was defined as disappearance of clinical
symptoms and disappearance or reduction to a residual scarring of the main lesions. However,
during follow-up for a median of 27 months, the sustained cure rate was only 85% and, in six
patients, infection recurrence or local infectious complications related to the former actinomycosis
were noted. Five of these six patients had received antimicrobial treatment of ,3 months, which
suggested another risk factor for an unfavourable long-term outcome.
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Thus, the risk of possible disease recurrence must be weighed against potential advantages of
shorter treatment durations, such as decreased side-effects and costs. Response to treatment
should be monitored both clinically and radiologically; a measurable response to treatment and
diminution of the core lesion is expected within 4–8 weeks [17].
From these data, it can be concluded that although antibiotic therapy is effective and carries a high
success rate, treatment failures during and after therapy can occur. Important factors to consider
are radiographic evidence of reduction of the main lesion within the first 2–3 months during
treatment and symptom duration prior to diagnosis. Individualised treatment durations below the
recommended 6–12 months are associated with good outcomes, but antibiotic treatment should
be applied at least until clinical and radiological disappearance of the infection is evident. Intensive
clinical follow-up after the end of treatment, especially in patients treated for a short time
(,3 months) and those with complicated disease presentation, is necessary to detect possible

disease recurrence or local complications. If medical treatment fails to achieve symptomatic and
radiological improvement after 2–3 months, surgical debulking might be considered on an
individual basis. Coexistent malignancy should be ruled out in case of treatment failure.

Surgical treatment
Primary surgical treatment should be reserved for patients presenting with massive haemoptysis or
superinfected pleural effusion [1, 18, 80]. For pulmonary abscesses or fistulae, surgical treatment
might be indicated on an individual basis. Otherwise antibiotic treatment is preferred.
Nevertheless, in the majority of patients in recently reported case series, surgery was involved.
The main diagnostic indication for surgery was the suspicion of malignancy after unsuccessful less
invasive diagnostic attempts [81, 82]. Dependent on the localisation and size of the lesion, videoassisted thoracoscopic surgery (VATS) or thoracotomy have been performed, while VATS is
preferentially indicated in smaller peripheral lesions.

Conclusion
Pulmonary actinomycosis is a rare, albeit important, disease because it clinically and radiologically
mimics a variety of lung diseases including cancer and tuberculosis, but has a very good prognosis
after antibiotic treatment. Diagnosis can be challenging, and is most important considering this
infection, especially in patients with reported risk factors. Diagnostic confirmation requires
bronchoscopic biopsy or transthoracic puncture and microbiological isolation of actinomycetes
from infected tissue, but in everyday practice the histopathological evidence of sulfur granules is
used as equivalent. High-dose and long-term penicillin treatment remains the therapy of choice,
and clinical cure rates are very good. In the case of penicillin allergy, doxycycline, macrolides and
clindamycin have been used successfully. Antibiotic treatment duration should be individualised
according to the resolution of symptoms and radiological lesions, and the recommended period of
6–12 months often might not be necessary. Surgical treatment is reserved for patients developing
complications, such as massive haemoptysis or empyema, and for those in whom a medical
diagnosis cannot be established.

M. KOLDITZ AND A. END

If actinomycosis is diagnosed after surgical resection for supposed malignancy, antibiotic therapy
is indicated similarly to medically treated patients. Inadequate antibiotic therapy post-operatively
may result in complications, such as bronchopleural fistulae and empyema [1, 18]. Median postoperative treatment durations in recent series varied between 2.5 and 5 months [11, 12, 14, 15, 17,
31]. However, a significant proportion received short-term treatments of ,3 months and even
,4 weeks without reported treatment failures [17, 31]. Thus, the length of treatment can
presumably be individualised similarly to medically treated patients, but antibiotics should be
applied at least until complete symptom recovery and radiological clearance is evident. After
complete resection of the lesion, short courses of 4 weeks might be sufficient for some cases if
careful follow-up is provided.
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SUMMARY: Lung abscess is a necrotising lung infection
characterised by a pus-filled cavitary lesion and is potentially
life threatening since it is often complicated to manage and
difficult to treat. Lung abscess was a devastating disease in the
pre-antibiotic era, when one-third of the patients died, another
one-third recovered and the remainder developed debilitating
illnesses, such as recurrent abscesses, chronic empyema,
bronchiectasis or other consequences of chronic pyogenic
infections. In the early post-antibiotic period, sulfonamides did
not improve the outcome of patients with lung abscess until the
penicillins and tetracyclines were available. Although resectional
surgery was often considered a treatment option in the past, the
role of surgery has greatly diminished over time because most
patients with uncomplicated lung abscess eventually respond to
prolonged antibiotic therapy.

L

ung abscess is a necrotising lung infection characterised by a pus-filled cavitary lesion and is
potentially life threatening since it is often complicated to manage and difficult to treat [1]. Prior
to the availability of antibiotics, the clinical outcome of a patient with a lung abscess was fatal.
50 years ago, the mortality rate was greater than 50%, and many patients were left with significant
residual symptomatic disease. However, in the modern era, it remains an important cause of
mortality in the elderly and immunocompromised patients. The current management is primarily
conservative medical treatment with surgery involved only in cases of antibiotic failure [2].

Lung abscesses are considered acute or chronic depending on the duration of symptoms at the time
of presentation [1–3]. The arbitrary dividing time is 4–6 weeks. Primary lung abscesses are
commonly observed in patients who are predisposed to aspiration or in otherwise healthy
individuals, whereas secondary lung abscesses represent complications of a pre-existing condition
(e.g. obstruction) or local lesion such as a bronchogenic carcinoma or a systemic disease (e.g. HIV
infection) that compromises immune function. Lung abscesses can be further characterised by the
responsible pathogen, such as Staphylococcus lung abscess and anaerobic or Aspergillus lung abscess.
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Classification

Pathophysiology
The common causes of primary lung abscesses are aspiration, necrotising pneumonia and
immunodeficiency [1, 4, 5]. Before the availability of antibiotics, the aetiology of a typical abscess
was complications after oral surgical procedures (i.e. tonsillectomy), resulting in aspiration of
infected material into the lungs. In the absence of satisfactory antibiotic treatment, this event
usually led to a lung abscess or to a necrotising pneumonia with or without pleural empyema.
In cases of aspiration of oropharyngeal flora there is a predilection for dependent areas as the
posterior segment of the right upper lobe, the superior segments of both lower lobes and other
lower lobe segments. Aspiration may occur in the setting of impaired consciousness, alcoholism,
gastro-oesophageal reflux disease and other dysphagia syndromes, such as stricture, Zenker’s
diverticulum, etc. Poor dental hygiene, gingival disease and high bacterial counts in gingival
crevices are also common [2, 4].
In necrotising pneumonia followed by destruction of lung parenchyma, commonly mixed
anaerobe and aerobic flora are present. The environment in which aspiration occurs also reflects,
for instance, hospital or nursing home flora colonisation [3, 5, 6].
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The most common causes of secondary abscesses are endobronchial obstruction (neoplasms,
foreign bodies) and external bronchial compression, while secondary infection of pre-existing
cavity (emphysema bullae, cysts, resolving lung infarct, cavitating neoplasm) are not true abscesses
but manifest in a similar fashion and one should take them into account in the differential
diagnosis and consequent treatment. Lung abscess may also occur secondary to extension of
infection from nearby infected areas (mediastinum, chest wall, diaphragm, or infradiaphragmatic
locations) (table 1) [6–8].
Table 1. Entities affecting differential diagnosis of

Microbiology

a lung abscess as a cavitating pulmonary lesion
Infectious diseases
Aspergillosis
Histoplasmosis
Nocardiosis
Cryptococcosis
Coccidioidomycosis
Tuberculosis
Atypical mycobacterial disease
Necrotising bacterial pneumonia
Loculated empyema
Neoplasms
Bronchogenic carcinoma
Metastatic carcinoma
Lymphoma
Inflammatory diseases
Granulomatosis with polyangiitis (Wegener’s)
Rheumatoid nodule
Miscellaneous
Blant pulmonary infarct
Pneumatocoele (post-infectious or traumatic)
Sarcoidosis (rare)
Silicosis
Developmental lesions
Bronchogenic cyst
Pulmonary sequestration
Cystic adenomatoid malformation
Diaphragmatic hernia

The most common pathogens of lung abscesses
due to aspiration are anaerobic bacteria, but
about half of all cases involve both anaerobic
and aerobic organisms [1, 3, 6, 7, 9]. The most
common aerobic pathogens are streptococci and
staphylococci, sometimes methicillin-resistant
Staphylococcus aureus (MRSA). An unusual but
very important acute and often lethal form of
lung necrosis is caused by S. aureus, whereas
very serious and fulminant cases may be caused
by MRSA, which has become a rare but very
important cause of necrotising pneumonia in
young, previously healthy adults and children.
Occasionally, cases are due to Gram-negative
bacteria, especially Klebsiella. Immunocompromised patients with lung abscess may have
infection with Nocardia, Mycobacteria spp., or
fungi. Some people, especially those from
developing countries, are at risk of abscess due
to Mycobacterium tuberculosis, and rare cases are
due to amoebic infection (e.g. with Entamoeba
histolytica), Paragonimiasis or Burkholderia
pseudomallei [10]. Hospital-acquired Gramnegative infections are usually due to nosocomial organisms (e.g. Pseudomonas, Enterobacter,

Proteus). Patients with these infections are often elderly, debilitated with numerous major medical
disorders or have sustained multiple trauma. These patients are typically treated in a critical care unit.
The infection is usually due to a resistant organism originating from a single source. The lung
abscess appears rapidly as an area of pneumonitis with associated pleural involvement. These
patients often require percutaneous drainage as an emergency procedure. Unfortunately, the
infection is systemic and often out of control, and the pulmonary pathology represents only one
aspect of a multiorgan involvement with a rapidly deteriorating course [4, 5].
Among fungal infections, Aspergillus has become a major organism in lung abscesses. Fungal
infections are difficult to treat, and amphotericin/fluconazole and surgical drainage remain the
only modalities of treatment; however, at best, they have had only limited success [7].

Symptoms and signs

Symptoms of abscess due to anaerobic bacteria or mixed anaerobic and aerobic bacteria are
usually chronic (e.g. over weeks or months) and include productive cough, fever, sweats and
weight loss. Severe prostration may occur [8, 12]. Sputum may be purulent or blood-streaked and
classically smells or tastes foul. Symptoms of abscess due to aerobic bacteria develop more acutely
and resemble bacterial pneumonia [1, 4]. Abscesses due to organisms other than anaerobes (e.g.
Mycobacteria, Nocardia) lack putrid respiratory secretions and may be more likely to occur in
nondependent lung regions.

Diagnosis
Lung abscess is suspected based on history and is confirmed by chest radiograph. In an anaerobic
infection due to aspiration, chest radiograph classically shows consolidation with a single cavity
containing an air-fluid level in portions of the lung that would be dependent when the patient is
recumbent (e.g. the posterior segments of the upper lobes or the superior or lateral basal segments
of the lower lobes). This pattern helps distinguish anaerobic abscess from other causes of cavitary
pulmonary disease, because diffuse or embolic pulmonary disease often causes multiple
cavitations, and tuberculosis typically involves the apices. One has to take into account that the
chest radiograph is not pathognomonic in the early stages (fig. 1).
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Generally, most of the patients admitted to the hospital with a diagnosis of lung abscess have had
symptoms for at least 2 weeks. These patients typically have an intermittent febrile course,
productive cough, weight loss, general malaise and night sweats [1, 4, 8]. Initially, foul sputum is
not observed in the course of the infection; however, after cavitation occurs, putrid expectorations
are quite prevalent. Haemoptysis may occasionally follow the expectoration of putrid sputum
[11]. The physical findings are similar to those of pneumonia, with or without a pleural effusion.
Auscultation may reveal coarse bronchi and absent breath sounds. Clubbing of the fingers is
sometimes noted.

Invasive diagnostic techniques occasionally recommended to diagnose lung abscesses include
transtracheal aspirates, transthoracic aspirates and fibre-optic bronchoscopy [4]. These procedures
must be performed prior to the institution of antibiotic therapy in order to acquire dependable
microbiological data. The indications and comparative benefits of such procedures are
controversial and depend to a great extent on operator ability. Bronchoscopy is considered to
be the diagnostic tool of choice since it is also performed in order to exclude cancer or the
presence of a foreign body or to detect unusual pathogens, such as fungi.
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Computed tomography (CT) is not routinely needed but is useful for differential diagnosis, for
instance, when the radiograph suggests a cavitating lesion or when an underlying pulmonary mass
obstructing the drainage of a lung segment is suspected. Obviously, it should be always performed
in smokers, recent smokers and patients with unexplained cavitary lesions and no fever (fig. 2).

a)

Cultures
Evaluation of expectorated sputum (cultures) is the
first step in the diagnosis of a patient with a lung
abscess (unless anaerobic infection is very likely) [1, 6].
When clinical findings make anaerobic infection less
likely, aerobic, fungal or mycobacterial infection should
be suspected, and attempts should be made to identify
a pathogen. Cultures of sputum, bronchoscopic
aspirates or both are helpful. MRSA is generally found
in both the sputum and blood cultures.

Treatment
b)
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Medical treatment
The implementation of the appropriate antimicrobial
therapy is the cornerstone of medical treatment of lung
abscesses. Around 1946, management of pulmonary
abscess with antibiotics changed the clinical course of
the disease [13]. Sulfonamides had shown disappointing results, but penicillin revolutionised the therapy of
lung abscess showing good results [14, 15]. The advent
of penicillin not only overthrew the surgical treatment
of lung abscess, but it also brought about a substantial
decline in its incidence.
A series of 115 cases of acute lung abscess collected
between the years 1943 and 1956 treated either
Figure 1. Chest radiographs showing a)
medically or surgically in case of failing medical
the classical appearance of a pulmonary
therapy presented a mortality reduced to 6.9–8.7%
abscess as a cavity containing an air-fluid
level, and b) pneumonia complicated by a
[13, 16]. Unfortunately, the overall efficacy of penicillin
lung abscess with a thick wall and ill-defined
seemed to diminish with time [3, 6], while tetracycline
irregular margins.
was considered inadequate therapy, because most
anaerobes were resistant to it. Alternatively, although
metronidazole is an effective drug against anaerobic bacteria, the experience in treating lung
abscess had been rather disappointing with a failure rate of 50%, because these infections are
generally polymicrobial [17].
The current management of anaerobic lung abscesses includes prolonged antibiotic therapy. The
standard treatment of an anaerobic lung infection is clindamycin (600 mg i.v. every 8 h followed
by 150–300 mg orally four times a day). This regimen has been shown to be superior over
parenteral penicillin in published trials, since several anaerobes may produce b-lactamase (e.g.
various species of Bacteroides and Fusobacterium) and therefore develop resistance to penicillin.
In hospitalised patients who have aspirated and developed a lung abscess, antibiotic therapy
should include coverage against S. aureus and Enterobacter and Pseudomonas spp. ALLEWELT et al.
[18], in a prospective, open, randomised, comparative multicentre trial, compared the safety,
clinical and bacteriological efficacy of ampicillin+sulbactam versus clindamycin¡cephalosporin.
Ampicillin/sulbactam as a b-lactam/b-lactamase inhibitor combination with a broad spectrum of
antibacterial activity against Gram-positive, Gram-negative and anaerobic bacteria in a 2:1 ratio
has proved to be a significant drug in the therapeutic armamentarium for lower respiratory tract
infections, aspiration pneumonia and lung abscess, well tolerated and as effective as clindamycin
with or without a cephalosporin in the treatment of aspiration pneumonia [18, 19]. Additionally,
OTT et al. [20] proved in a prospective trial that moxifloxacin appears to be clinically as effective

a)

and as safe as ampicillin/sulbactam; however, having
the benefit of a more convenient treatment (400 mg
once a day) [20].

Duration of therapy

b)

Optimal duration of medical treatment is unknown,
but common practice is to treat until the chest
radiograph shows complete resolution, which generally
takes 3–6 weeks or longer. In general, the larger the
abscess, the longer it will take for radiographs to show
resolution. Expert opinion suggests that antibiotic
treatment should be continued until the chest radiograph has shown either the resolution of lung abscess
or the presence of a small stable lesion. The rationale
for extended treatment is that it avoids the risk
of relapse, which exists with a shorter antibiotic
regimen.

Figure 2. Computed tomography scans
showing a) a thin-walled cavity with surrounding consolidation, and b) a lung
abscess with a characteristic air-fluid level.

Patients with lung abscesses usually show clinical
improvement, with improvement of fever, within
3–4 days after initiating the antibiotic therapy. Apyrexia
is expected in 7–10 days. Persistent fever beyond this time
indicates therapeutic failure and these patients should
undergo further diagnostic studies to determine the cause
of failure.

Considerations in patients with poor response to antibiotic therapy include bronchial obstruction
with a foreign body or neoplasm or infection with a resistant bacteria, mycobacteria or fungi.
Large cavity size (i.e. .6 cm in diameter) usually requires prolonged therapy. Because empyema
with an air-fluid level could be mistaken for parenchymal abscess, a CT scan may be used to
differentiate this process from lung abscess.
A nonbacterial cause of cavitary lung disease may be present, such as lung infarction, cavitating
neoplasm and vasculitis. The infection of a pre-existing sequestration, cyst or bulla may be the
cause of delayed response to antibiotics.
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Response to therapy

Because effective broad-spectrum antibiotics are available, primary or nonspecific abscesses can
frequently be arrested in the early stage of suppurative pneumonitis. Intravenous therapy is
appropriate for adults until an initial clinical response is observed, after this time, oral therapy
is safe.
After initial antibiotic therapy, the clinical and radiographic response is gradual, but normalisation
of the chest radiograph may require 2 months [4, 8].

Most lung abscesses communicate with the tracheobronchial tree early in the course of the
infection and drain spontaneously during the course of therapy. Chest physical therapy and
postural drainage because they may cause spillage of infection into other bronchi or acute
obstruction are controversial. Dependent drainage (with appropriate positions based on the
pulmonary segment) is commonly advocated using chest physical therapy and sometimes
bronchoscopy can also facilitate abscess drainage by aspiration of the appropriate bronchus
through the bronchoscope [2, 4]. Transbronchial drainage by catheterisation of the appropriate
bronchus under fluoroscopy has been successful.
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Drainage

Generally, augmenting this passive drainage with invasive procedures is unnecessary. In fact,
manipulations during therapeutic bronchoscopy may sometimes produce adverse consequences.
Reports have been received of bronchoscopy-induced release of large amounts of purulent
material from the involved lung segment into other parts of the lung, occasionally inducing acute
respiratory failure, acute respiratory distress syndrome (ARDS) or both. Recently, lasers have also
been used for endobronchial drainage of lung abscess. Lasers can perforate the wall through the
airways and provide a route for catheter drainage [21]. If the patient is weak or paralysed or has
respiratory failure, tracheostomy and suctioning may be necessary, while bronchoscopic aspiration
may facilitate drainage.

Percutaneous drainage
Percutaneous drainage of a complicated abscess (i.e. one associated with fever and signs of sepsis)
is beneficial in selected patients who do not respond to adequate medical therapy [22]. These are
ventilator-dependent patients who are not candidates for extensive thoracic procedures. Other
indications for drainage include ongoing sepsis despite adequate antimicrobial therapy,
progressively enlarging lung abscess in imminent danger of rupture, failure to wean from
mechanical ventilation and contamination of the opposite lung. In current practice, most of these
lung abscesses are drained under CT or ultrasound guidance [22, 23].
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Results achieved with percutaneous drainage show it to be safe and effective compared with
surgery. Percutaneous drainage is rarely complicated by empyema, haemorrhage or bronchopleural fistula (BPF) or pneumothorax. Although a few patients develop BPF, most of these
fistulae close spontaneously with resolution of the abscess cavity. Percutaneous drainage may also
be used to stabilise and prepare critically ill patients for surgery.

Surgical drainage
Modern history of surgery for primary lung abscess begins with the dawn of thoracic surgery in
the first decades of the 20th century [16]. Neuhof was the first thoracic surgeon to develop a
valid and reliable therapeutic concept for surgery of acute pulmonary abscess by proposing an
entirely new one-stage open drainage operation for lung abscess decreasing in that way mortality
at 2.4% [24, 25]. Because of the emergence of acquired immunodeficiency syndrome, the
technique of Neuhof was once more remembered by POSTMA et al. [26] who published between
the years 1978 and 1984, 68 cases treated by open drainage without need of later pulmonary
resection. In that way, the authors managed to decrease mortality and morbidity to 0.9% and
they consider the open drainage to be an alternative treatment in patients too sick to undergo
pulmonary resection.

Surgical treatment
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Surgical treatment is now rarely necessary and is almost never the initial choice in the treatment
of lung abscesses. In current practice, fewer than 15% of patients need surgical intervention for
the uncontrolled disease and for complications that occur in both the acute and chronic stages of
the disease. Currently, it is reserved for specific indications such as little or no response to
medical treatment, inability to eliminate a carcinoma as a cause, critical haemoptysis and
complications of lung abscess (e.g. empyema, BPF). In addition, if after 4–6 weeks of medical
treatment a notable residual cavity remains and the patient is symptomatic, surgical resection is
advocated [16].
Several important factors must be considered prior to undertaking surgery. Because of the high
risk of spillage of the abscess into the contralateral lung, it is almost essential that a double-lumen
tube be used to protect the airway [27]. If this is not available, surgery poses a very high risk of
abscess in the other lung and a risk of ARDS. In such cases, postponing the surgery is a wise
decision. Another less-satisfactory method to deal with this problem includes positioning the
patient in the prone position. The surgeon must be skilled in resecting the abscess and in rapid

clamping of the bronchus to prevent spillage into the trachea. These factors are extremely
important when dealing with the surgical aspects of treating a lung abscess.
Lobectomy is the most common procedure, while segmental resection may suffice for
small lesions (,4 cm diameter cavity). In very rare cases with multiple abscesses or with
pulmonary gangrene unresponsive to drug therapy, pneumonectomy may be necessary (fig. 3)
[2, 12, 16].
The results of surgery are difficult to assess because of the varying patient population and the
tremendous increase in illicit drug abuse, alcoholism, AIDS and infections by Gram-negative and
opportunistic organisms. These factors have increased the incidence of lung abscess and the
associated morbidity nowadays.
Although thoracotomy is the approach of choice recently, video-assisted thoracoscopic surgery has
been successfully used by NAGASAWA et al. [28] showing that thoracoscopic surgery can lead to
effective drainage of paediatric lung abscess without major complications. In addition, other
benefits of thoracoscopy include rapid recovery, less pain and minimal morbidity.

Complications

Prognosis
The prognosis of patients with lung abscesses depends on the underlying or predisposing
pathologic event and the speed with which appropriate therapy is established. Negative prognostic
factors include a large cavity (.6 cm), necrotising pneumonia, multiple abscesses, immunocompromised patients, age extremes, associated bronchial obstruction and aerobic bacterial
pneumonia. The mortality rate associated with an anaerobic lung abscess is less than 15%,
although it is slightly higher in patients with necrotising anaerobic pneumonia and pneumonia
caused by Gram-negative bacteria [29]. The prognosis associated with amoebic lung abscess is
good when treatment is prompt. Overall, lung abscess
can have a better prognosis and shorter length of
hospital admission if the diagnosis is made promptly
and a consensus on antibiotics is available.
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Approximately one-third of lung abscesses are complicated by empyema. This may be observed
with or without BPF. Haemoptysis is a common complication of a lung abscess and can be treated
with bronchial artery embolisation. Occasionally, the haemoptysis can be massive, thus requiring
urgent surgery. Brain abscess may also be a complication in patients who receive inadequate
treatment.

Conclusion
If treatment is started in the acute stage of the disease
and is continued for 4–6 weeks, approximately 85–
95% of patients with anaerobic lung abscesses respond
to medical management alone. Successful medical
therapy resolves symptoms with no radiographic
evidence or only a residual thin-walled cystic cavity
(,2 cm).
Figure 3. Operative lung specimen with
gangrene complicating the lung abscess.
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The success of medical therapy is dependent on the
duration of symptoms and the size of the cavity before
the initiation of therapy. Antibiotic therapy is rarely

successful if symptoms are present for longer than 12 weeks before the initiation of treatment or if
the original diameter of the cavity is more than 4 cm. When patients with lung abscesses do not
respond to proper medical therapy, one should consider the probability of surgery with lobectomy
being the most common procedure.
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Chapter 9
Surgical treatment of
bronchiectasis

SURGICAL TREATMENT OF BRONCHIECTASIS

Dragan Subotic* and Didier Lardinois#
SUMMARY: The role of surgery for the treatment of the
localised form of bronchiectasis has changed with the development of more effective antibiotics and conservative treatment
options, such as embolisation or effective novel anti-inflammatory treatment approaches in subjects with cystic fibrosis (CF)
and non-CF bronchiectasis, as suggested recently. However,
surgery is the only option for a potential cure for certain
patients with bronchiectasis. Complete resection of bronchiectasis should be intended with the preservation of as much lung
function as possible. Incomplete resection is often used for the
palliative treatment of life-threatening symptoms, e.g. major
haemoptysis.
The usual clinical problems in patients undergoing surgery
for bronchiectasis are bilateral bronchiectasis, haemoptysis and
previous pleural empyema. The outcome for surgical treatment
is good, with a low operative mortality and morbidity rate;
however, higher than reported for non-infectious pathology.
Complications of surgery usually range between 10% and 25%
and largely consist of a prolonged air leak, bleeding, empyema
and/or respiratory failure. In most series, lobectomy is the
commonest type of resection with a rate of approximately 60%.
Video-assisted thoracoscopic surgery for pulmonary resection
has become an established alternative approach to conventional
open surgery for selected patients.
The educational aim of this chapter is to provide a
comprehensive overview of the possible solutions to the most
frequent practical problems encountered by patients who have a
localised form of bronchiectasis and are being considered for
surgical treatment.
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Epidemiology
The prevalence of bronchiectasis in industrialised countries has declined significantly (estimated as
,0.6 per 1000 population), but in developing countries it is still a major cause of morbidity and
mortality [1]. The common feature, irrespective of country, is that a relatively small number of
patients with bronchiectasis have a disproportionate share of the overall medical care utilisation,

which includes inpatient care, outpatient care and drug therapy [2]. Recent evidence demonstrates
that the epidemiology of bronchiectasis is changing towards the more advanced age groups, with
this comes an increasing trend towards hospitalisation and healthcare utilisation for the patients
[3, 4].
Currently, in developed countries, surgical treatment is necessary in the minority of patients with
bronchiectasis. FUJIMOTO et al. [5] found that the percentage was 18.3% in the Ruhrlandklinik
Hospital (Essen, Germany), and AGASTHIAN et al. [1] reported it as low as 3.9% in the Mayo Clinic
(Rochester, MN, USA).
The emergence of drug-resistant micro-organisms and increasing frequency of multidrug-resistant
tuberculosis (TB) are reasons for the increase in bronchiectasis in developing countries. Irregular
and inadequate treatment, the cessation of medication shortly after symptom improvement, as
well as the lack of check-ups post treatment, are all reasons for the recurrence of pulmonary
infections in these patients.
A high incidence of bronchiectasis has recently been reported in chronic obstructive pulmonary
disease (COPD) patients, up to 29–50% of the investigated patients [6]. These patients had more
dyspnoea and worse lung functions than in the bronchiectasis-free COPD group of patients [7, 8].
Demographics, according to published surgical series with localized form of the disease, are
presented on table 1. It is important to note that the female sex and younger age group are
predominant in the majority of the reported series.

According to widely used morphological classifications, bronchiectasis can be divided into
cylindrical, saccular, and varicose varieties. However, morphology itself is not essential in terms of
deciding surgery. Cylindrical type is often regarded as an early bronchiectatic change that can be
reversible.
The localised form of bronchiectasis is predominantly left-sided, involving most frequently lower
lobes. Bilateral disease exists in 9–21% of patients. Unilateral bronchiectasis may affect one or
more lobes. The same distribution may exist in cases of bilateral disease.
Although the duration for symptoms, in most patients who have been operated on, is only several
years, in approximately 10% of patients no prior symptoms exist, so that they first present with
haemoptysis, lung abscess, or an unresolved pneumonia. This fact, together with a wide range in
years for symptom duration as reported in the studies cited in table 1 (0–50 years [5], 2–30 years
[9], and 1–40 years [10]), contributes to the overall challenge of bronchiectasis as a clinical
problem.
Table 1. Demographics of bronchiectasis
First author
[ref.]

Year Subjects
n

F UJIMOTO [5]
K UTLAY [9]
P RIETO [10]
N ICOTRA [11]
A SHOUR [12]
B ALKANLI [13]
M ANDARIC [14]

2001
2002
2001
1995
1999
2003
1983

90
166
119
123
85
238
145

Female
%

Age years

51.1
55.4
60
69
32
14
47

44.7
34.1 (7–70)
42.2 (11–77)
57.2¡16.7
29.4¡9.7#
23.7 (15–48)
NA"

Data are presented as mean, mean (range) or mean¡SD,
unless otherwise stated. NA: not available. #: 84.7% aged
,40 years; ": 71.7% aged ,40 years.
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Before 1995, bronchography was a
widely accepted diagnostic tool in
patients with suspected bronchiectasis
(fig 1a). After 1995, high-resolution
computed tomography (HRCT) scans
became a diagnostic standard, with 2%
false-negative and 1% false-positive
results [15–18]. The main CT criteria
for diagnosis of bronchiectasis are
internal diameter of the bronchus more
than 1.5 times than that of accompanying artery and evidence of lack of
tapering of bronchi, false-positive and
false-negative rates are 2% and 1%,
respectively [19].
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Morphology: indications for surgery

a)

b)
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c)

Figure 1. Imaging of patients with bronchiectasis. a) Bronchography showing a right lower lobe bronchiectasis.
b) A computed tomography (CT) image showing a left lower-lobe bronchiectasis. c) A CT image showing a
‘‘tram-tracks’’ sign.

Apart from the typical aspect of bronchiectasis (fig. 1b), a so-called ‘‘tram-tracks’’ sign may also
be present (fig. 1c).
If some initial concerns existed, related to the ability of CTs to assess the spatial distribution of
bronchiectasis in comparison with bronchography, new generations of CTs have alleviated this
concern. Modern software provides detailed and reliable information concerning the morphology
and distribution of the areas within the diseased lung, so that surgical treatment can be adequately
planned.
In all candidates proposed for surgery, a fibre-optic bronchoscopy is mandatory with a twofold
aim of 1) ruling out the underlying endobronchial lesion and 2) assessing the degree of
inflammation. In addition, a bronchoscopy gives an insight into the level of origin of lobar and
segmental bronchi that is very important for planning of the subsequent resection.
The rationale for surgery in patients with bronchiectasis is not only the removal of segments,
which are no longer functional, but also to prevent the infectious contamination of the adjacent
zones within the lung.
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As presented in table 2, recurrent infections are, by far, the most frequent indication for the need
for an operation, followed by haemoptysis and an abscess. Sometimes, patients with bronchiectasis
are operated upon because of undiagnosed lung masses.
The aforementioned wide range in time for symptom duration before surgery is undertaken, in the
presence of a recurrent infection, is caused by the impossibility of establishing the precise criteria
in which an operation should occur, due to the decision being largely based upon the patient’s
degree of discomfort in their private and/or professional life. The situation becomes clearer in the
presence of a haemoptysis, where symptom duration is significantly shorter before the operation.

Table 2. Indications for the need to operate on patients with bronchiectasis

Year
Patients
Recurrent infections
Haemoptysis
Abscess
Undiagnosed lung
mass
Pneumothorax
Empyema
No symptoms

F UJIMOTO [5]

B ALKANLI [13]

K UTLAY [9]

P RIETO [10]

A GASTHIAN [1]

2001
92
57 (62.2)
22 (23.3)
9 (10)
3 (3.3)

2003
238
163 (68.4)
39 (16.4)
NA
NA

2002
166
158 (95.2)
5 (3)
3 (1.8)
NA

2001
119
65 (55)
31 (26.5)
10 (9)
9 (8)

1996
134
85 (63.4)
26 (19.4)
12 (9)
11 (8.2)

NA
1 (1.1)
NA

NA
NA
10 (4.2)

NA
NA
NA

4 (3)
NA
NA

NA
NA
NA

Data are presented as n or n (%), unless otherwise stated. NA: not available.

Although CF is, in general, not an indicator for thoracic surgery, according to some reports, e.g.
DARLYMPLE-HAY et al. [20], a small proportion of CF patients can develop severe localised
bronchiectasis. As lung transplantation is not justified in this situation, encouraging results have
been reported in a limited number of patients.
However, wherever possible, thoracic surgery should always be avoided in CF patients with
embolisation as the first point of treatment for haemoptysis. Thus, where possible, these patients,
before undergoing thoracic surgery, should be transferred to centres with extensive experience in
the interventional management of severe, CF-related complications and lung transplantation.
Traditionally, based on morphology, bronchiectasis was classified into three variations: cylindrical,
saccular and varicose. This classification is still widely accepted and the main criterion for
resection is the response to medical treatment. However, since it was proposed, by AL-KATTAN
et al. [21], to classify bronchiectasis into perfused (usually cylindrical) and nonperfused (usually
cystic), a new therapeutic approach has emerged, favouring the need for operations to only occur
on patients with nonperfused bronchiectasis. Such an attitude was based on the fact that perfused
bronchiectasis still retains the ability for gas exchange.
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In these patients, in the presence of confirmed localised bronchiectasis, the operation is usually
recommended independently on the severity of the haemoptysis, because delaying the operation
may expose the patient to the risk of a sudden, massive, sometimes life threatening, haemoptysis.
As presented in table 2, although the formation of an abscess represents an indication of the need
to operate in approximately 10% of the patients studied, only 1% of the patients operated on in
the series by FUJIMOTO et al. [5] underwent the surgery after being previously treated for pleural
empyema caused by abscending bronchiectasis.

The results of a recent report on 35 patients, by GIOVANNETTI et al. [22], which showed that a
mean¡SD late, post-operative FEV1 may be significantly lower than the pre-operative FEV1
(89.9¡16.3% versus 80.9¡16.9%; p50.0001), should be accepted with caution. In fact, of the 35
patients, 11 had an unchanged FEV1 value, 15 had a limited FEV1 loss (,15%), and nine had a
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Although reasonable, this approach was not widely accepted, because, according to many reports,
in most patients undergoing lung resection for bronchiectasis the respiratory function is not
impaired. In one series of 125 patients who had undergone an operation, pre-operative forced
expiratory volume in 1 s (FEV1) was .60% predicted in 89.4% of patients, pre-operative vital
capacity (VC) was .70% predicted in 80.8% of patients, whilst the diffusion capacity for the lung
for carbon monoxide (DLCO) was ,70% in only 14.6% of patients. In the series by PRIETO et al.
[10] on 119 patients, the post-operative change in VC was 91% versus 89%, whilst the mean value
for FEV1 dropped from 83% to 81%. Such a pattern of post-operative lung function change is
caused by a smaller lung volume of the lobe with bronchiectasis (compared with the lung volume
of the unaffected lobe), thus contributing little to the ventilatory function (fig. 2).

b)

a)
#

¶

Figure 2. Lobe of the lung affected by bronchiectasis. a) Operating view of the lung. #: normal macroscopic
aspect of the healthy, upper lobe; ": small-volume, left lower lobe affected by bronchiectasis. b) Operative
specimen (lobectomy with a partial resection of the lingula), showing bronchiectatic area with condensation of
the adjacent lung zones.

more important functional loss (an FEV1 lowering .15%). Furthermore, a possible explanation for
the result observed in this series, is that 11 of the patients with contra-lateral foci of bronchiectasis
had more than just nonfunctional parenchyma removed, due to anatomical reasons.

SURGICAL TREATMENT OF BRONCHIECTASIS

Perfusion pattern
An example of perfusion pattern in nonperfused bronchiectasis is presented in figure 3. As
presented, the left lower lobe is nearly nonperfused from the branches of the pulmonary artery, but
a retrograde flow from the bronchial arterial system is evident. Sometimes, angiographic aspects of
the absence of perfusion, through the pulmonary artery, may be the reflection of the dominant
stream, through anastomotic bronchial arterial branches, in the opposite direction, thus
preventing the contrast medium in the pulmonary artery to reach the lung periphery.
The value of modern CT angiography equals that of the standard procedure, so that today it is
much more widespread than conventional angiography for the surgical evaluation of
bronchiectasis in most centres.
The existence of anastomotic channels between bronchial circulation and peripheral branches of
the pulmonary artery, in case of localised bronchiectasis, does not cause major haemodynamic
consequences. But, in the more diffuse distribution of
bronchiectasis cases, owing to the drainage of flow
through the bronchial veins to the left heart, it may
cause the left-heart embarrassment. Similarly, the
described dominant retrograde stream within major
pulmonary arteries, in case of diffuse distribution, may
cause the right heart embarrassment as well.
Absence of perfusion
Retrograde flow
from bronchial
circulation
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Figure 3. Perfusion pattern of left lowerlobe bronchiectasis.

An example of a better perfused bronchiectasis is
presented in figure 4. In these patients, as the volume
of the affected lobe may be similar to the non-affected
lobe, the affected zone may not always be visible on
standard posterior-anterior radiography. That is why, in
the presence of typical symptoms, the lateral radiography should always be done, even in the absence of
abnormalities on standard posterior-anterior radiography, otherwise bronchiectasis may be unforeseen.

The presence of bronchiectasis must be confirmed by CT scan. As presented on the removed
specimen, despite a well preserved perfusion and macroscopically well preserved lobe, the affected
zone is clearly damaged, representing the source of recurrent infections.
In brief, although a perfusion pattern is not a basic element for the indication to operate, the
awareness of such a possible existence of different perfusion types, may help improve the
understanding of this anastomotic blood-flow role in the possible genesis of both right- and leftheart embarrassment, in patients with bronchiectasis involving several lung zones.

Extent of the lung resection

a)

b)

c)

d)
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Concerning the extent of resection, as presented on table 3, lobectomy is the most frequently
performed procedure. It is sometimes combined with a limited resection of the affected part of the

Figure 4. Perfused bronchiectasis. a) Posterior-anterior radiography, showing no major abnormalities. b)
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Lateral view of the left lower-lobe condensation. c) Pneumo-angiograph preserved perfusion of the affected left
lower lobe. d) Operative specimen from a lobectomy.

adjacent lobe. Segmental resection is also justified, whenever possible, in order to spare the lung
parenchyma. Anatomical lingular resection is a frequent choice. Preservation of the VI segment
(the upper segment of the lower lobe) is sometimes possible in patients with basal segmentectomy
and may not be associated with increased morbidity, as previously reported [23, 24].
A pneumonectomy is indicated for a small number of patients with a destroyed lung.

Usual clinical problems
In patients undergoing surgery for bronchiectasis, usual clinical problems are bilateral
bronchiectasis, haemoptysis and previous pleural empyema.

Bilateral bronchiectasis

SURGICAL TREATMENT OF BRONCHIECTASIS

Traditionally, bilateral disease was for years a contraindication for lung resection. Recently, some
surgeons have suggested that bilateral bronchiectasis is not always a contraindication for resection,
but such an attitude is not widely accepted, with prolonged conservative treatment or bronchial
arteries embolisation as alternatives. Literature data for surgical series with bilateral disease are
scarce. In a series by PRIETO et al. [10], only two (20%) out of 10 patients with bilateral
bronchiectasis were operated on. Similar percentages for operative treatment were reported by
ASHOUR et al. [12] (18 (21%) out of 85 patients) and SCHNEITER et al. [25] (six (26%) out of 23
patients). MAZIERES et al. [26] reported five (31.2%) out of 16 patients were operated on for
bilateral disease and in all those patients the number of resected segments was less than number of
segments considered pathologic from the HRCT scan. In another series, by BALKANLI et al. [13],
staged bilateral operation was done in 14 (45.1%) out of 31 patients with bilateral bronchiectasis.
Surgical resection in bilateral bronchiectasis should only be considered if medical therapies,
consisting of: daily physical therapy; inhaled bronchodilators, which adequately address the extent
of the bronchial obstruction; mucolytics, which include inhaled hypertonic saline; ‘‘novel’’ inhaled
antibiotics; and anti-inflammatory treatment with macrolides, have all been unsuccessful.
There is still no consensus as to whether the more- or less-affected side should be operated upon
first. The attitudes vary from the most dominant approach, where the more severely affected side
is operated upon first, to an acceptance to operate first on the less affected side, through to a
simultaneous or staged bilateral thoracotomy.
Suggestions that, in the case of bilateral disease, only nonperfused bronchiectasis should be
operated upon, is not widely accepted. In his series, FUJIMOTO et al. [5] demonstrated that one in
three of their patients, who had been operated upon, had cylindrical bronchiectasis (perfused) that
had resulted in medically resistant symptoms, which were successfully alleviated by the operation.

Haemoptysis
Haemoptysis occurs in 56–92% of patients with bronchiectasis. Haemoptysis is more commonly
observed in dry bronchiectasis, a rare disease variant (usually due to TB and localised in the upper
lobes), with cough, but only minimal sputum production.
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Haemoptysis is generally mild and manifests as blood spots in the patient’s usual purulent
sputum. This is often the factor that leads patients to consult a physician. Bleeding usually
originates from dilated bronchial arteries, which contain blood at systemic (rather than
pulmonary) pressures. Therefore, massive haemoptysis may occur, but is rarely a cause of death
[27–29].
The literature from the 1940s through to the 1960s supports three major aetiologies for mass
bleeding, which account for 90% of all cases, these are TB, bronchiectasis, and a lung abscess. Two
modern studies of predominantly non-massive haemoptysis demonstrated that TB and
bronchiectasis presently account for fewer cases of haemoptysis than in the past. The percentage

NA
31 (13)
17 (10.5)
16 (14)
9 (6.7)
6 (6.5)
13 (5.4)
13 (7.5)
10 (8)
21 (15.7)
2001
2003
2001
2001
1996
F UJIMOTO [5]
B ALKANLI [13]
K UTLAY [9]
P RIETO [10]
A GASTHIAN [1]
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Year

Imaging procedures in a phase of active bleeding can be
misleading in terms of the optimal extent of resection.

First author [ref.]

If, for any reason, embolisation is not possible, different
techniques may be used. For example fibrin glue can be applied
directly through the fiberscope. Some modern bronchial blockers
can be placed, under bronchoscopic guidance, through the
endotracheal tube. In the absence of these modern devices a
Fogarty catheter, previously manually curved, can be used as an
alternative and can be positioned using bronchoscopic control.

Table 3. Extent of the lung resection

A retrospective study comparing the outcome of bronchial arterial
embolisation in 30 TB patients, 19 of which were bronchiectasis
patients, showed that the haemoptysis recurrence rate was higher
in chronic TB than in bronchiectasis; this was found to be related
to incomplete feeding vessel embolisation [36].

Patients

Although surgery is still a definitive treatment, emergency
operations in patients who are unstable with bronchiectasis and
on-going life-threatening haemoptysis are certainly associated
with poor outcome (37% mortality) [30, 35].

Data are presented as n or n (%), unless otherwise stated. NA: not available.

Less than a
lobectomy

Lobectomy

Experience of 50 patients with life-threatening haemoptysis, of
which 46 underwent a bronchial-arterial embolisation, showed
that in patients with a bleeding recurrence within 1 week of the
initial embolisation, had bleeding from additional vessels, as well
as some previously embolised vessels [34]. Angiography in
hypotensive patients may cause a reduced flow or vasospasm,
leading to cessation of bleeding in some vessels that may
subsequently resume bleeding when the patient’s haemodynamic
status improves.

5 (5.4)
NA
NA
4 (3)
NA

It is better to stabilise the patient first with an embolistion, if
possible, before performing surgery to prevent further haemoptysis. Those unfit for pulmonary resection may require multiple
courses of embolisation.

50 (54.3)
189 (79.4)
116 (69.8)
74 (62)
86 (64.2)

Bilobectomy

In patients with severe haemoptysis, embolisation of the bronchial
arteries should be done wherever possible, not always to avoid
resection, but to postpone it until the patient’s general condition
improves and an accurate assessment of the optimal extent of the
resection becomes possible.

31 (33.7)
5 (2.1)
20 (12.2)
15 (13)
18 (13.4)

Pneumonectomy

Even in patients where bronchiectasis is the cause of haemoptysis,
chest radiography may be not suggestive of bronchiectasis.
In a series of 67 patients where haemoptysis was caused by
bronchiectasis, although some radiographic abnormalities existed
in 54% of patients, the diagnosis of bronchiectasis was only
confirmed by chest radiography in 19% of the patients. However,
bleeding was identified in 38 (56%) patients using bronchoscopy,
with the upper lobe being predominant [33].

92
238
166
119
134

Lobectomy + segmental
resection

of bronchiectasis causing a massive haemoptysis decreased from
51% from a report in Stellenbosch, South Africa (1983–1990)
[30], to 25% in a report from New York city, NY, USA (1991–
1992) [31], through to 20% in a report from Jerusalem, Israel
(1980–1995) [32].

In patients with haemoptysis, the clinical course and radiographic evolution may cause some
confusion (fig. 5). After the massive haemoptysis has stopped, the retained coagulum may cause a
complete lung atelectasis (fig. 5a). It is of importance to note here that one needs to be very
careful when presented with gradually improving (fig. 5b), and finally a normal, radiographic
aspect following a bronchoscopic aspiration of the coagulum in a patient without known
bronchiectasis (fig. 5c). In this situation, a CT scan is always required, and can sometimes reveal
localised bronchiectasis (fig. 5d). The operative aspect, showing hypotrophy of the lower lobe
affected by bronchiectasis and specimen removed from the patient, are shown in figure 6.

Abscending bronchiectasis causing pleural empyema
In patients with abscending bronchiectasis, pleural empyema may precede the diagnosis of
bronchiectasis, or represent a complication of known pre-existing bronchiectasis.
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A particularly challenging situation exits if the operation is planned after the patient has been
treated for pleural empyema in the presence of undetermined lung masses, as presented in
figure 7. In fact, although the most important thing in this situation is to rule out lung cancer,
intra-operatively the possibility of bronchiectasis should also be kept in mind. Bronchiectasis is
confirmed post-operatively. As can be seen in the specimen removed, macroscopic aspects may be
very similar to lung cancer, and also to organising pneumonia.
a)

b)

c)

d)

Figure 5. Bronchiectasis, which caused a major haemoptysis in a patient. a) Radiographic image of the lung
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upon patient admission. b) Radiographic image showing improvement after the first bronchoscopic aspiration.
c) The radiographic aspect after repeated aspiration. d) A computed tomography image of a left lower-lobe
bronchiectasis.

a)

b)
#

¶

Destroyed lung
In patients with the lung destroyed by bronchiectasis, pneumonectomy is the only surgical solution.
Sometimes, a standard pneumonectomy is possible without major extrapleural liberation, despite
bronchiectasis occupying the entire lung. If pleuropneumonectomy is anticipated from a CT scan, an
intrapericardial approach to the lung vessels is usually necessary (fig. 8).
Apart from pneumonectomy performed for destroyed lung as an initial operation, completion
pneumonectomy was also reported after previous surgery for bronchiectasis. In one recent report
of a single-centre experience with this procedure over a 15-year period, found that 15 out of 23
patients, who underwent a completion pneumonectomy, had recurrent infections as the indicator
a)
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Figure 6. Bronchiectasis, which caused a major haemoptysis in the same patient as referred to in figure 5.
a) The operative view. #: non-affected, upper lobe; ": the size of the affected left lower lobe is smaller. b)
The specimen taken during the lobectomy.

b)
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Figure 7. Lung resection for bronchiectasis, after previous pleural empyema. a) A computed tomography
image showing persisting, undetermined, lung mass after the healing empyema. b) The operative specimen from
a lobectomy showing a bronchiectatic area with a tumour-like aspect.
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a)

b)

c)

d)

Figure 8. Bronchiectasis that has destroyed the lung. a) Posterior-anterior radiography. b–d) Computed
tomotraphy scans, b) without contrast, at the level of the distal third of the trachea, c) with contrast, at the level of
the tracheal bifurcation, and d) with contrast, at the level of the median part of the upper lobe.

for surgery [37]. The mean (range) time between the first operation and a complete
pneumonectomy was 4.9 years (5 months–11 years). The mortality rate for 14 left- and nine
right-complete pneumonectomies was 0, with a 43.5% operative morbidity (complications
occurring within 30 days after surgery).
Although rarely, a unilaterally destroyed lung may be associated with pulmonary hypertension,
due to systemic blood flow through bronchopulmonary shunts. In one reported series, which
included four patients with a destroyed lung and pulmonary hypertension (mean pulmonary
arterial pressure .25 mmHg) that had been treated by a pneumonectomy, two of the patients
were found to have bronchiectasis as the underlying disease [38].

Bronchiectasis in children
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Indications for surgical treatment are still not fully established in children. Criteria are roughly the
same as for adults, taking into account the eventual presence of growth retardation or inability to
follow the educational programme. The situation is more favourable in children with localised
bronchiectasis, while diffuse bronchiectasis affection on multiple lobes or segments represents a
more serious clinical problem.
The incidence of bronchiectasis in children varies between populations. For example, in New
Zealand bronchiectasis was reported to exist in 3.7 per 100 000 children, whilst only 1% of 4000

children with respiratory symptoms had bronchiectasis unrelated to CF, according to data
published in 1994 [39]. This rate is seven times higher than the only other comparable national
study, which was 0.49 per 100 000 Finnish children aged ,15 years, and equates to one in 1700
births being diagnosed with bronchiectasis before the age of 15 (approximately twice the rate of CF
diagnosis, i.e. one per 3179) [40]. The limitation of population studies conducted years ago is the
fact that HRCT was not used at the time, so the true incidence remains an unknown [41].
From a clinical standpoint, it should be noted that the diagnosis of bronchiectasis in children
should be undertaken with great caution, as the bronchodilation can be reversible. Hence, it has
been suggested that a diagnosis of established bronchiectasis in children, may only be justified if a
combination of persistent clinical signs, and a persistent change on repeated CT examination,
exists. The repeated evaluation by CT scans should be performed up to 2 years after the first scan,
in a stable, clinical condition, and without signs of an acute infection [42].

All children with bronchiectasis should be investigated for an underlying cause, but the underlying
aetiology may remain unidentified in up to 40% of patients. In a series of 111 patients, the
mean¡SD age was 7.4¡3.7 years, the underlying aetiology was identified in 62.2% of the patients
with the predominance of post-infectious bronchiectasis, existing in 29.7% [47]. Careful
examination is necessary to confirm or exclude immunodeficiency, primary ciliary dyskinesia,
asthma, and/or foreign-body aspiration.
The identification of an immunodeficiency in these patients is important, since they may benefit
from an i.v. immunoglobulin (Ig) substitution. HILL et al. [48] reported that 6.6% of
bronchiectatic patients had low IgG subclass values. Measurements of IgG subclass levels should
be performed even if total IgG levels are found to be normal. It was recently shown that some
patients with idiopathic bronchiectasis carried a mutation in the ENaC b or c genes, giving a
defective epithelial sodium channel (ENaC) protein [49].
Related to ciliary dyskinesia (Kartagener syndrome in the presence of situs inversus) abnormal
ciliary motion leads to recurrent infections, due to the retention of secretions. The assessment of
the ciliary ultrastructure is necessary to diagnose primary ciliary dyskinesia in these children. It
was also reported that primary ciliary dyskinesia may be discovered on the basis of their low
ciliary-beat frequency, even in several patients whose ciliary ultrastructure was normal [50].
Combined analysis of ciliary-beat frequency, beat pattern and ultrastructure might help to identify
patients with primary ciliary dyskinesia in the group with unidentified underlying aetiology.
According to British guidelines, ciliary investigations should be considered in children with
bronchiectasis, if no other cause for bronchiectasis was identified; in patients with a history of
chronic rhinitis, since the neonatal period or of neonatal respiratory distress; and in patients with
dextrocardia [51].
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Bronchiectasis in children has some specificity, which may influence the diagnostics and
treatment. According to most clinical studies, the onset of symptoms in bronchiectasis patients
occurred in the preschool years [43], with the most common symptoms being cough and sputum
production [44]. Wheezing, reported in around 20% of bronchiectatic children may be the
presenting symptom in as much as nearly half of the patients in some series [45]. Unlike in adults,
haemoptysis is relatively uncommon in children, not exceeding 10% in some series [46]. Finger
clubbing was reported in 3–51% of the bronchiectasis patients (for both adults and children).

Surgical treatment is performed in children with clearly decreasing frequency, mostly due to early
diagnosis and improved medical treatment [52]. However, there are no clear recommendations
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An important practical question is: which children should be investigated for bronchiectasis?
Apart from children with recurrent pneumonia or unexplained haemoptysis, the existence of
bronchiectasis should be considered in children with: chronic productive cough; asthma and not
responding to treatment; or with pertussis (whooping cough)-like symptoms that are not resolved
after 6 months. Furthermore, respiratory symptoms in children with structural or functional
disorders of the oesophagus may also be suggestive of bronchiectasis.

related to the optimal duration of medical treatment before surgery. In the presence of localised
disease, segmental or lobar resection is indicated [9]. The reported rate of surgically-treated
patients with bronchiectasis is around a quarter; however, a certain time-trend with a tendency of
decreased need for surgery, in the more recent period, was noticed (40% versus 15%, respectively),
even within the same patient series, if the analysed period is 15 years [37].
Concerning the outcome of treatment, according to the classical study by WILSON and DECKER [53],
significant improvement exists in 75% of patients who are operated on, 22% are improved and
remain 4% unchanged, compared with 69% of unchanged and 23% deteriorated patients,
respectively, in the nonsurgical group.

Results for the surgical treatment of bronchiectasis
The outcome of surgical treatment is good, according to most early- and recently reported series,
as presented in tables 4 and 5 [1, 5, 9, 12–14, 43, 54–58], with low operative mortality and
morbidity, but higher than reported for noninfectious pathology.
Complications of surgery usually range between 10% and 25%, and mostly consist of prolonged
air leak, bleeding, empyema, and/or respiratory failure. In most series, a lobectomy is the most
common type of resection, with a rate of approximately 60%.

SURGICAL TREATMENT OF BRONCHIECTASIS

Role of VATS in patients with bronchiectasis
Video-assisted thoracoscopic surgery (VATS) pulmonary resection has become an established
alternative approach to conventional open surgery for selected patients [59, 60]. Due to the
continuous development of the minimal invasive surgical techniques, VATS has become for major
lung resections, such as segmentectomies and lobectomies, a more frequent procedure in
experienced centres. VATS offers many potential advantages over open surgery, including less
post-operative pain, improved cosmetic outcomes, better preservation of pulmonary function in
the early post-operative period, an earlier return to full activities, and a better quality of life after
recovery [25].
In patients with localised bronchiectasis, VATS may be seen as an option in the presence of
marked symptoms and with the extension of the disease requiring either nonanatomical or
anatomical resection, such as a lobectomy.
Furthermore, VATS may be indicated in elderly patients, who may benefit from the advantages
of a minimally invasive procedure, or in younger patients, who request better cosmetic outcomes [58].

Table 4. The outcome of surgical treatment for bronchiectasis before 2001
First author
[ref.]
S ANDERSON [54]
W ILSON [43]
M ANDARIC [14]
A GASTHIAN [1]
A SHOUR [12]
P RIETO [10]
F UJIMOTO [5]
B ALKANLI [13]
K UTLAY [9]

Period of
study
years

Patients
n

1952–1967
1964–1980
1972–1978
1976–1993
1987–1997
1988–1999
1990–1997
1992–2001
1990–2000

242
84
145
134
85
119
92
238
166

Outcome
Excellent

Improved

Not improved

150 (62)
63 (75)
129 (89)
79 (59)
63 (74)
80 (67.6)
42 (46)
189 (79.4)
140 (84.7)

58 (24)
18 (21)
6 (4)
39 (29)
19 (22)
34 (29)
35 (38)
28 (12)
23 (13.8)

34 (14)
3 (4)
10 (7)
16 (12)
3 (3.5)
5 (4)
15 (16)
11 (4.6)
3 (1.5)

Data are presented as n (%) or %, unless otherwise stated.
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Operation
Morbidity Mortality
33
11
38
25
17
15
20
8.8
11

0.4
0
2
2.2
0
0
0
0
1.7

In patients with localised bilateral
disease, this minimally invasive
technique may enable surgery to
be undertaken on both sides in the
same theatre session. In these
patients quantitative perfusion scintigraphy (SPECT)-CT might be
useful, especially when pulmonary
function is poor [61].

Table 5. The outcome of surgical treatment for bronchiectasis
post 2001
First author
[ref.]

Publication Patients
year
n

Operation
Morbidity Mortality

Z HANG [55]
E REN [56]
H IRAMATSU [57]
Z HANG [58]

2010
2007
2012
2011

790
143
31
52

128 (16.2)
33 (23)
6 (18)
14 (26.95)

0
1.3
0
0

Based on the several advantages of
Data are presented as n (%) or %, unless otherwise stated.
the minimally invasive surgery, the
VATS technique may be used earlier in patients without marked symptoms, thereby preventing
the extension of the disease to other parts of the lungs and the need for major resections associated
with more complications.

The entire VATS procedure is performed without rib spreading. Patients are placed in the
lateral decubitus position and one lung-ventilation is established through a double-lumen
endotracheal tube. The first 10 mm trocar is placed. The camera, usually with a 30u lens, is
introduced. The cavity is carefully explored and the feasibility of a VATS procedure assessed. If
the procedure is completely performed endoscopically the operating trocars (10 mm and
5 mm) are inserted into intercostal spaces, depending on the localisation of the bronchiectasis.
The hilar dissection is done as in an open lobectomy. This includes the individual isolation of
vessels and bronchus. Major pulmonary arteries and veins are usually transacted, by the use of
endoscopic stapling devices.
At the end of the procedure, the resected part of the lung is stored in a specimen bag and taken out
from the hemithorax to prevent contamination and empyema or wound infection. In the case of a
lobectomy, a minithoracotomy is performed at the end of the procedure to remove the specimen.
A small utility thoracotomy can be also performed at the beginning of the operation. In this case
combinations of conventional and endoscopic instruments are used for dissection, but rib
spreading is never inserted. This approach is particularly useful when inflammatory changes are
marked, which can make dissection more difficult.
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Conditions required for VATS resection in patients with bronchiectasis are: 1) a centre with major
experience in VATS surgery; 2) no severe parenchymal and/or pleural scarring; and 3) no calcified
lymph nodes near pulmonary arteries or veins shown on a CT-scan [58].

For bilateral well-localised bronchiectasis, single-stage bilateral-sequential thoracoscopy can be
used, which is an advantage in comparison with two-stage bilateral open surgery.
For VATS resections, epidural catheter is not routinely indicated. An indication consists of
situations in which conversion to open surgery is probable.

In the retrospective study by ZHANG et al. [58], they compared the outcome of 279 patients who
underwent a thoracotomy and 52 patients who underwent a VATS procedure for bronchiectasis
with epidural catheter for pain management. In all patients a lobectomy was performed, the
follow-up time was 43 months. There was no difference in the blood loss and median operative
time; however, the patients with VATS had a shorter length of stay in the hospital, fewer
complications (17.5% versus 23.7%) and also suffered significantly less pain. 94% and 88 % of the
patients fully recovered (complete absence of pre-operative symptoms) after the operation by
VATS and thoracotomy, respectively. The authors concluded that a VATS lobectomy for localised
bronchiectasis is a safe and more efficient procedure in selected patients with a better recovery.
The most frequent complication consists of prolonged air leak [51].
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The number of studies dealing with VATS for the treatment of bronchiectasis is limited. There are
no prospective studies comparing morbidity after open and minimal invasive surgery.

The study by SCHNEITER et al. [25] showed that nonlocalised disease to one lobe should not be
regarded as a general contraindication to surgery. Satisfaction with the outcome of an operation
was the same in patients with localised disease in one lobe and patients with bronchiectasis
affecting at least one segment in two different lobes, unilaterally or bilaterally. The proportion of
patients whose condition was improved was comparable to other reports (60–90%). The VATS
approach can be used early to prevent progressive destruction of the bronchial wall by recurrent
infection and arrest the disease before it becomes more widespread.
VATS may play an important role in the treatment of bronchiectasis in experienced centres,
familiar with the minimal invasive approach. The feasibility of resection using this technique also
depends on the extension of adhesions and on the presence of large, calcified hilar-lymph nodes.
VATS can lead to a complete resection of the disease, but potentially offers all the advantages of
the minimal invasive technique in comparison to the open approach, particularly regarding postoperative pain and duration of hospitalisation. Nonlocalised and even bilateral lung involvement
can be successfully treated by VATS in selected patients, yielding comparable overall results to
those for patients with localised bronchiectasis. The advantage of VATS is the possibility to treat
both sides in one session and to offer a potential cure for the disease in elderly patients or to
prevent an extension of bronchiectasis.
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Study limitations
The present review has several limitations that may influence the overall educational aim. First,
most of the reported surgical series are of a retrospective nature in general, with only a few having
been recently published. Secondly, the number of up-to-date studies in times of modern medical
treatment options for bronchiectasis is still limited, so that the optimal timing for referral of these
patients to surgery cannot be entirely evidence based. Finally, the limited number of studies on
VATS in patients with bronchiectasis, does not allow firm conclusions to be made about the value
of this procedure in this group of patients.

Conclusion
Surgical treatment of bronchiectasis comes into consideration either as an elective or urgent
procedure.
Currently, diagnosis is based on HRCT, which is noninvasive and equally reliable, if not more so,
than bronchography that was abandoned as a diagnostic tool more than 15 years ago.
Furthermore, HRCT and SPECT give a much better insight into the perfusion pattern and the
quality of the other lung zones.
In a great majority of patients surgery is recommended in patients with chronic, repeated
infections whose normal life is disturbed by the need for frequent hospitalisations and excessive
medications.
The widespread belief that surgery is justified only for unilateral bronchiectasis has been
challenged by several reports, which have demonstrated that staged bilateral approach with
parenchyma-sparing resections (by thoracotomy or VATS) may also be appropriate from the
standpoint of the treatment outcome. However, surgical resection in bilateral bronchiectasis
should only be considered if medical therapy was unsuccessful.
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VATS may be indicated in elderly patients, who may benefit from the advantages of a minimalinvasive procedure, or in younger patients, who request better cosmetic outcomes. Whether the
VATS technique may be used earlier in patients without marked symptoms to avoid extension of
the disease in other parts of the lungs, and also major resection, is still not evidence based.
According to all reported surgical series, the treatment outcome after surgery for localised form of
bronchiectasis is good from the standpoint of the symptoms relief and recurrence prevention.
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18. Bruzzi JF, Rémy-Jardin M, Delhaye D, et al. Multi-detector row CT of hemoptysis. Radiographics 2006; 26:
3–22.
19. Kang EY, Miller RR, Müller NL. Bronchiectasis: comparison of preoperative thin-section CT and pathologic
findings in resected specimens. Radiology 1995; 195: 649–654.
20. Dalrymple-Hay MJ, Lucas J, Connett G, et al. Lung resection for the treatment of severe localised bronchiectasis in
cystic fibrosis patients. Acta Chir Hung 1999; 38: 23–25.
21. Al-Kattan KM, Essa MA, Hajjar WM, et al. Surgical results for bronchiectasis based on hemodynamic (functional
and morphologic) classification. J Thorac Cardiovasc Surg 2005; 130: 1385–1390.
22. Giovannetti R, Alifano M, Stefani A, et al. Surgical treatment of bronchiectasis: early and long-term results.
Interact Cardiovasc Thorac Surg 2008; 7: 609–612.
23. Collis JL. Fate of the lower apical segment in resections for bronchiectasis. Thorax 1953; 8: 323–325.
24. Hoffman E. The late results of the conservation of the apical segment of the lower lobe in resections for
bronchiectasis. Thorax 1955; 10: 137–141.
25. Schneiter D, Meyer N, Lardinois D, et al. Surgery for non-localized bronchiectasis. Br J Surg 2005; 92: 856–859.
26. Mazières J, Murris M, Didier A, et al. Limited operation for severe multisegmental bilateral bronchiectasis. Ann
Thorac Surg 2003; 75: 382–387.
27. Barker AF. Bronchiectasis. N Engl J Med 2002; 346: 1383–1393.
28. King PT, Holdsworth SR, Freezer NJ, et al. Characterisation of the onset and presenting clinical features of adult
bronchiectasis. Respir Med 2006; 100: 2183–2189.
29. Flume PA, Yankaskas JR, Ebeling M, et al. Massive hemoptysis in cystic fibrosis. Chest 2005; 128: 729–738.
30. Knott-Craig CJ, Oostuizen JB, Rossowv G, et al. Management and prognosis of massive hemoptysis. Recent
experience with 120 patients. J Thorac Cardiovasc Surg 1993; 105: 394–397.
31. McGuiness G, Beacher JR, Harkin TJ, et al. Hemoptysis: prospective high resolution CT/bronchoscopic
correlation. Chest 1994; 105: 1155–1162.
32. Hirshberg B, Biran I, Glazer M, et al. Hemoptysis: etiology, evaluation and outcome in the tertiary referral
hospital. Chest 1997; 112: 440–444.
33. Noriaki T, Miki Y, Kiyoko M, et al. Hemoptysis with bronchiectasis. J Japan Soc Bronchol 1999; 21: 11–15.

D. SUBOTIC AND D. LARDINOIS

References

SURGICAL TREATMENT OF BRONCHIECTASIS

106

34. Yeong Phang L, Wong D, Agasthian T. Management of life threatening hemoptysis. Asian Cardiovasc Thorac Ann
2001; 9: 200–203.
35. Gourin A, Garzon AA. Operative treatment of massive hemoptysis. Ann Thorac Surg 1974; 18: 52–60.
36. Lee JH, Kwon SY, Yoon HI, et al. Haemoptysis due to chronic tuberculosis vs. bronchiectasis: comparison of longterm outcome of arterial embolisation. Int J Tuberc Lung Dis 2007; 11: 781–787.
37. Sirmali M, Karasu S, Gezer S, et al. Completion pneumonectomy for bronchiectasis: morbidity, mortality and
management. Thorac Cardiovasc Surg 2008; 56: 221–225.
38. Tanaka H, Matsumura A, Okumura M, et al. Pneumonectomy for unilateral destroyed lung with pulmonary
hypertension due to systemic blood flow through broncho-pulmonary shunts. Eur J Cardiothorac Surg 2005; 28:
389–393.
39. Nikolaizik WH, Warner JO. Aetiology of chronic suppurative lung disease. Arch Dis Child 1994; 70: 141–142.
40. Twiss J, Metcalfe R, Edwards E, et al. New Zealand national incidence of bronchiectasis "too high" for a developed
country. Arch Dis Child 2005; 90: 737–740.
41. Pasteur MC, Bilton D, Hill AT. BTS guideline for non-CF bronchiectasis - a quick reference guide. British
Thoracic Society Reports, Vol 2, No 2, 2010, London, British Thoracic Society.
42. Gaillard EA, Carty H, Heaf D, et al. Reversible bronchial dilatation in children: comparison of serial highresolution computer tomography scans of the lungs. Eur J Radiol 2003; 47: 215–220.
43. Brown MA, Lemen RJ. Bronchiectasis. In Chernick V, Boat TF, Kendig EL eds. Kendig’s Disorders of Respiratory
Tract in Children 1998. Philadelphia, Saunders, pp. 538–552.
44. Lewinston NJ. Bronchiectasis. In Hilman BC, ed. Pediatric Respiratory Disease. 3rd Edn. Philadelphia, Saunders,
1993; pp 222–229.
45. Dagli E. Non-cystic fibrosis bronchiectasis. Paediatr Respir Rev 2000; 1: 64–70.
46. Ferkol TW, Davis PB. Bronchiectasis and bronchiolitis obliterans. In Taussig LM, Landau LI, Le Souëf PN, et al.
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ydatid disease or echinococcosis is a parasitic infection, a disease that affects both humans
and other mammals. It was first described in the works of Hippocrates in the 4th century
AD. The forms of echinococcosis found in humans are caused by the larval stages of different
species of the tapeworm of genus Echinococcus. The most common form is cystic echinococcosis
(unilocular echinococcosis), which is caused by Echinococcus granulosus. This form has a
worldwide distribution and is endemic in many countries in the Mediterranean region, the Middle
and Far East, and South America [1]. The second is alveolar echinococcosis (multilocular
echinococcosis), which is caused by Echinococcus multilocularis in the Northern hemisphere,
including central Europe and the northern parts of Europe, Asia and North America. Other forms
of echinococcosis, which are caused by Echinococcus vogeli and Echinococcus oligarth, are rare [2].
The adult E. granulosus is a worm that resides in the jejunum of dogs and other canines and
produces eggs that are passed in the stool. Eggs ingested by intermediate hosts (cows, sheep, mice,
caribou and humans) liberate an embryo in the duodenum, which passes through the intestinal
mucosa to enter portal circulation. Most of these embryos are trapped in the liver; the rest pass
through the liver and are scattered to other organs and develop into hydatid cysts. However, while
less common, the lymphatic system or bronchi can also serve as the pathway for infestation [2].
Within the thorax, the lung is the organ most frequently colonised, especially the lower lobes [3].
If the hexacanth embryo manages to get past the pulmonary filter, it reaches the left heart and by
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SUMMARY: Pulmonary echinococcosis is the most severe
form of helminthic zoonosis, which has significant medical,
social and economical impact. Surgery is the primary mode of
treatment. The diversity of the hydatid pathological process
offers various treatment tactics and approaches (especially in
the bilateral and associated forms), which must be individually
tailored in each and every case. Organ-preserving extirpation
techniques, by open surgery or video-assisted thoracoscopic
surgery, are the methods of choice. Anatomical resections are
justified only when a certain anatomical structure is completely
destroyed by a giant cyst or several uncomplicated cysts, as well
as in complicated echinococcosis with irreversible changes in
the adjacent lung parenchyma. The incidence rates of morbidity
and mortality are low. Post-operative chemoprevention is
indicated only in cases of intra-operative dissemination and
suspicion of residual cysts. Chemotherapy alone is an
alternative for patients with multiple, single intact cysts or
relapses, and for those who can not tolerate surgery.

way of the aorta, and from there the remainder of the organism. A hydatid cyst develops from the
embryo released from an egg; this grows from a few millimetres in size up to ,5 cm a year and is
able to survive within organs for a long period of time [1, 2].
Pulmonary echinococcosis is the most severe form of helminthic zoonosis, and has significant
medical, social and economical impact [4, 5].
Morphologically, the hydatid cyst consists of three layers and hydatid fluid. The first layer is the
pericyst or adventitia, which is the host tissue formed by the lung as a reaction to the foreign body
(parasite). The other two layers, the laminated membrane (the external layer of the cyst) and the
germinative layer (the inner layer of the cyst), belong to the parasite. The cyst fluid resembles
water in appearance, containing brood capsules and protoscolices. In some cases, daughter
vesicles, formed by germinative membrane, may be found [1, 2].

HYDATID DISEASE OF THE LUNGS

The lungs have the second highest rate organ location of echinococcosis after the liver (20–
35%) [1, 2, 6]. Due to the anatomical characteristics of lung parenchyma, pulmonary cysts
grow more rapidly in comparison with the remaining locations, and they can achieve large
dimensions [7]. The cysts are most frequently solitary; multiple echinococcosis is found in 10–
40% of patients [8]. Bilateral localisation is observed in 10–20%; combined (associated)
echinococcosis with other organ location (in most cases, the liver) is found in 4–21% [9–12].
Transdiaphragmatic migration of hydatid cysts from the posterior segments of the right hepatic
lobe is reported to be a common complication and is probably related to their proximity to the
diaphragm [13].
Intrathoracic extrapulmonary cysts are rare and their incidence rate varies between 4.5% and 6.7%
[14, 15]. Within the chest, echinococcosis can primarily involve the pleural cavity, mediastinum,
chest wall, diaphragm, pericardium, heart and pulmonary artery [14–17].

Clinical presentation
Uncomplicated hydatid cysts
Uncomplicated hydatid cysts are usually asymptomatic and they are discovered during
radiography on an unrelated occasion. Symptoms are produced by two mechanisms: a generalised
toxic reaction due to the presence of the parasite itself (headache, anorexia, fatigue and recurring
urticaria rash) and local or mechanical symptoms depending on the location of the cyst. The
mechanical symptoms also depend on the size and number of the cysts. The increase in the cyst
size leads to compression of the neighbouring organs and structures with the appearance of chest
heaviness and pain. Later on, dry cough or cough accompanied of scarce mucinous expectoration
is added, scarce haemoptoe and additional general complaints might occur (such as general
weakness, subfebrile temperature, chills, sweating, etc.). Shortness of breath and haemodynamic
disorders accompany the very large cysts.

Complications
Evolution of the parasite may lead to various complications. Rupture, secondary infection and
suppuration are the most common complications. They usually precede the diagnosis of the
disease [18, 19].
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Development of adventitia calcification due to the more rapid growth of pulmonary cysts is rare
[7]. It is not a sign of parasitic death, although the two events may be combined [2].
Cyst suppuration without perforation develops after blood- or air-borne pathogenic microorganisms enter the cyst. Cyst suppuration might also occur following diagnostic puncture, which
is an error in art. Suppuration is manifested with aggravation of cough and expectoration, as well
as with fever, sometimes of the septic type [9, 19].

Cyst perforation into the bronchial tree, occurring in 20–40% of cases, is the most frequent
complication [3, 10]; this might occur spontaneously or it might be induced by trauma or physical
effort, even bilaterally [20]. Larger pulmonary cyst rupture is more common [21]. Cyst perforation
is manifested with expectoration of a large amount of clear salty-bitter in taste fluid, in which
parasite elements might be found out (membranes, daughter cysts, etc.). The suppurated cysts
perforate with vomique or more frequently with gradual expectoration of purulent-like and fetid
matter. Haemoptoe is a sign of occurring perforation but it only rarely reaches the intensity of
haemorrhage implying emergency surgery [2]. Spontaneous healing after an expectoration into a
large bronchus as well as bronchogenic dissemination with the development of secondary
echinococcosis are exceptionally rare [1]. The cavity formed after the perforation is usually
infected and the disease course is of the character of secondary pulmonary abscess.
The perforation into the pleural cavity (occurring in 2–4% of cases) is a severe complication and
its clinical course might be dramatic, even with the development of anaphylactic shock [1].
Hydropneumothorax or pyopneumothorax develops with charcateristic symptoms, physical
findings and radiographic images. If the perforated cyst is fertile, a secondary pleural
echinococcosis usually develops. In pericardial perforation, cardiac tamponade develops and a
fatal outcome is possible.
Vascular or intracardial perforation (very rare, but a highly fatal situation) causes the development
of the so called metastatic echinococcosis in different parts of the body [16].

Diagnosis

Imaging techniques
Radiographic examination is the technique of choice in diagnosis of the disease [13]. The
noncomplicated cyst is visualised as rounded and of homogenous opacity of moderate density and
with sharp contours. A cyst may cause distal bronchial obstruction, manifested as atelectasis and
pneumonitis beyond the cyst. In those cases, differential diagnosis with malignant neoplasms is
difficult. Centrally located cysts may compress the bronchovascular structures, presenting
radiographically as a depression or indentation at the site of pressure, the so-called notch sign [1].
The appearance of radiographic image of the complications depends on their type [1]. The
suppurated cyst is demonstrated by more dense radiographic opacity, nonhomogeneity and with no
sharp contours. The ‘‘crescent’’ sign has been attributed to the air that enters the perivesicular space,
becoming trapped between the adventitia and the unruptured vesicle after vigorous coughing,
straining or direct trauma to the cyst, and is the first radiographic sign of impending rupture of the
cyst (fig. 1). A double-dome arch sign may appear when a small additional amount of air enters the
hydatid vesicle. In total cyst expectoration, a thin, layered ring-like shadow is formed. The ‘‘water
lily’’ or ‘‘camalote’’ sign (a hydro-aerial shadow with undulating upper border) is observed in
partially expectorated cysts with folded floating membranes of the cyst. The sign of dry incarcerated
membrane (a ring shadow with more dense basal opacity) is typical for total expectoration of the
fluid content. The four diagnostic signs described, however, are radiographic rarities. The
radiographic pleural manifestations in the acute stage of rupture of a cyst vary from loculated
hydropneumothorax to nonloculated partial, complete or tension hydropneumothorax. The water
lily sign can also be observed in instances of rupture of the cyst into the pleura. A nodular
extrapulmonary appearance suggests secondary hydatidosis of the pleura [1].
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Patients do not show typical changes. Eosinophilia, which in the past was estimated to be an
important sign, is rare (usually occurring after cyst perforation) and is not specific [22]. In
inflammatory complications, leukocytosis with a left shift and increased erythrocyte sedimentation
rate are observed [21].
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Laboratory parameters
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Computed tomography (CT) has a high sensitivity and
specificity for hydatid disease. The CT scan of the
thoracic cage is an exceptionally valuable method not
only for characterisation of the cyst itself, but also for
evaluation of the parenchymatous alterations, the
number of cysts and their relationship with the adjacent
structures [2]. Intravenous administration of contrast
material is not always necessary unless complications
are suspected, especially infection and large vessel or
heart involvement. Cyst fluid usually demonstrates
water attenuation (3–30 Hounsfield units) [17]. The
internal septa are easily detected as soft tissue
Figure 1. Bilateral pulmonary hydatidosis.
membranes and the detached laminated membrane is
The air crescent symptom appears on the
frequently visualised as a linear area of increased
right and an uncomplicated enormous cyst
attenuation within the cyst. Cyst calcification usually
on the left.
occurs in the cyst wall, although internal calcification in
the matrix may also be seen. Densely calcified cysts may
be assumed to be inactive, but partial calcification of the cyst does not always indicate the death of
the parasite. When the cyst wall is heavily calcified, a thick round calcified nodule can be seen. CT
is a valuable method for complication detection of rupture into the tracheobronchial tree and
suppuration (fig. 2), transdiaphragmatic evolution, chest wall, mediastinal or cardiac involvement
[16]. The differential diagnosis includes benign tumours, inflammatory masses, metastases, solid
or fluid-filled cysts and carcinomas.
Magnetic resonance imaging (MRI) is not superior to CT scan. The cysts show low signal intensity
on T1-weighted images and high signal intensity on T2-weighted images [1]. The signal
characteristics differ depending on the developmental phase of the parasite and whether the cyst is
viable, infected or dead. When present, daughter cysts are seen as cystic structures attached to the
germinal layer that are hypointense relative to the intracystic fluid on T1-weighted images and
hyperintense on T2-weighted images. Hydatid cysts may have a low signal-intensity rim on T2weighted images; this finding has been proposed as a characteristic sign of hydatid disease [17]. It
probably represents the outer layer of the hydatid cyst, which is rich in collagen and is generated
by the host. Collapsed parasitic membranes appear on MRI as twisted linear structures within the
cyst. Although cyst wall calcification is more clearly depicted at CT, MRI is superior in
demonstrating irregularities of the rim. These irregularities probably represent incipient
detachment of the membranes. Sagittal and coronal
magnetic resonance images may well visualise perforated cysts into the vascular system [16, 17], and the
migration of the cyst through the diaphragm, allowing
accurate pre-surgical diagnosis based on various grades
of transdiaphragmatic migration.
Thoracic ultrasonography is a valuable method in
noncomplicated and perforated cysts, especially in
children [23] and individuals with a thin thoracic wall.
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Abdominal ultrasonography (most frequently) or CT
scan are mandatory due to the large rate of combined
echinococcosis (the liver is the most frequently affected
organ) [24].
Figure 2. Computed tomography of complicated large right pulmonary hydatid cyst
(with perforation into the bronchus and
suppuration).

Serology tests
Immunodiagnostic tests are used in the diagnosis and
follow-up of patients with hydatid cysts. The principal

factor related to a positive serology is the presence or absence of complications (rupture and
infection) because of the release of parasite antigens [17].
Due to their low diagnostic value, older serological tests (Casoni, Weinberg, etc.) are not used on a
routine basis [18]. An ELISA or indirect haemagglutination test is commonly used as an initial
screen, and is positive in ,50% of patients with pulmonary hydatidosis and .90% of patients
with hepatic cysts. Testing for specific antibodies, such as specific immunoglobulin G1 or G4,
rather than total immunoglobulin G, may improve the specificity of the test. The specificity of
these tests increases considerably when utilising antigen 5 (the arc 5 test), immunoblotting or gel
diffusion assay for specific hydatid antigen [17].
Serological testing produces both many false-positive and many false-negative results. Falsepositive reactions are more likely in the presence of other helminthic infections, cancer and
immune disorders. False-negative results occur with varying frequency depending upon the site of
the lesion and cyst integrity and viability. A negative serological test does not generally rule
out echinococcosis [13].

Invasive techniques
Bronchoscopy is indicated only for the complicated forms and in suspicion of neoplastic process.
In ruptured hydatid cyst of the lung, it enables the visualisation of the hydatid membrane,
resembling ‘‘the shininess of cooked egg white’’, and small fragments of the cystic membrane can
even be removed during bronchoscopic examination [3].

Treatment modalities
Despite the existing medical therapy, surgical treatment is the method of choice in the treatment
of pulmonary echinococcosis.

Medical treatment
Chemotherapy alone with antihelmintic benzimidazoles (albendazol and mebendazole) is effective
and is an alternative for patients with multiple, single intact cysts or relapses [17, 25, 26], and for
those who cannot tolerate surgery [27]. However, this strategy is a long and tedious process that
carries considerable risk [4].
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The transthoracic puncture is strictly contraindicated due to the risk of dissemination and
anaphylactic shock [1, 23].

The assessment of the chemotherapeutic effectiveness is performed according to the criteria based
on the changes of the cyst appearance: success (cure), with evidence of a parasitocidal effect on all
cysts; partial success (improvement), with evidence of a parasitocidal effect on some cysts, but
with no effect on the other cysts; and failure, with no effect on any cysts [27]. In adults, the cure
and partial success rates vary from 25% to 35% and from 68% to 70% of patients, respectively
[26], but relapses in ,24% of cases are also observed [28]. In a group of 82 children, 34.1% were
cured, 34.1% improved and 31.8% failed [25]. The cure and the failure rates are statistically
insignificant in cysts treated with mebendazole and albendazole; however, more cysts are
statistically significantly improved with albendazole. There is a positive, weak and statistically
significant correlation between the cyst size and treatment results (smaller young cysts are affected
more quickly and easily) [25].
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Albendazole is given in a dose of 10–15 mg?kg-1?day-1 for four 30-day courses with or without
interval between them [25, 26, 28] and mebendazole is administered in a dose of 30–
70 mg?kg-1?day-1 for o6 months [25, 28]. Albendazole is preferred because it has better
bioavailability. Both drugs are also contraindicated in pregnancy (especially during the first
trimester) because of possible teratogenicity.

The major complications of medical treatment are infection, haemoptysis and anaphylactic shock
[25, 29, 30], and the adverse events include hepatotoxicity, neutropenia, gastrointestinal
symptoms and alopecia [25, 28]. WEN and YANG [31] found a 77.3% incidence of cyst rupture
in 21 patients treated with albendazole. In a group of 36 children treated by chemotherapy,
KERAMIDAS et al. [29] found 11 complications requiring surgery. They conclude that: 1) large
pulmonary hydatid cysts should not be treated medically; 2) incomplete expectoration of the cyst
contents after the parasite death may lead to infection through bronchial communication; and 3)
patients treated surgically for complications following medical treatment are hospitalised for twice
as long as patients treated surgically in the first place.

Surgery
During surgery, a double-lumen endotracheal tube is used, usually to prevent blockage of the
tracheobronchial tree by the cyst content during the operation.
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Although the muscle-sparing thoracotomy is a less traumatic surgical approach [2, 32], most
authors still prefer standard postero-lateral thoracotomy [4, 22, 24, 33, 34].
Video-assisted thoracoscopic surgery (VATS) is introduced in the treatment of the disease,
although not very aggressively and predominantly in children, due to its pathomorphological
characteristics with the risk of intra-operative dissemination and recurrence [35–39]. If the cyst
is complicated, the potential for the infection to spread should also be kept in mind [19]. For
these reasons, some authors feel that thoracoscopic techniques should be reserved for dead cysts
only [36]. The peripheral cysts of a diameter up to 5 cm are indicated for removal by means of
VATS, while the centrally located parasites are not suitable for this approach [5]. The presence
of multilocular cysts of a diameter .4 cm, giant cysts, recurrent echinococcosis and suppurated
cysts with manifested perifocal inflammation, as well as a history of unilateral thoracotomy on
some other occasion, are also contraindications for VATS. Nevertheless, thoracoscopically
guided minimally invasive surgery for a giant hydatic cyst is presented in one case [37]. The
VATS approach by means of two or three surgical ports follows the same principals to the open
technique. A closed circuit of suction (which works in the same way as pleurocan drainage) is
prepared, the needle is inserted into the exocyst through the utility incision and the cystic fluid
is aspirated [40]. The removal of the hydatid membranes is performed by a standard endobag
used in VATS removal of the lung lobes. Conversion to open surgery is not required in most of
the series [40, 41], except for one [38]. MEHTA et al. [41] present a comparative evaluation of
VATS versus thoracotomy in the management of lung hydatid disease. In the thoracoscopic
group, the post-operative analgesia requirement is less and the intercostal drain is removed
earlier than in the thoracotomy group. Although post-operative hospital stay in the VATS
group is significantly shorter than in the thoracotomy group (8.35 versus 18.77 days), the
duration of hospital stay is still longer than of other authors (4–4.5 days) [40]. Thoracoscopy
also offers a great advantage over open thoracotomy in terms of very low morbidity [40, 41],
although the case of a 10-year-old male who developed a lung abscess after VATS
echinococcectomy and had to undergo lobectomy is presented [39]. Presently, VATS removal
of superficial and small-to-moderate hydatid cysts is a safe and reliable option [40], and there is
a possibility that the indications for VATS in pulmonary echinococcosis could widen with
future elaboration of the technique [5].
The principles of surgical treatment should be evacuation of the cyst with removal of the endocyst,
avoidance of contamination and management of the residual cavity [24, 42, 43], but the most
important point of the operation is to preserve as much tissue as possible. The choice of surgical
technique depends on the conditions encountered during the operation. The classic rules of
surgical hydatidology are strictly respected. The surgical field is isolated with the help of
compresses soaked in 30% saline or povidone–iodine solutions for prevention of intra-operative
insemination. Surgical techniques in pulmonary echinococcosis are divided into three major
groups: parenchyma-preserving methods, pericystectomy and pulmonary resections (fig. 3).

Organ-sparing extirpation
methods
The pathomorphological characteristics of the disease permit only
the parasite to be removed and
the functionally preserved lung to
be spared in a large part of the
cases, including complicated cysts
with reversible alterations in the
neighbouring lung parenchyma.
Thus extirpation techniques are
assumed to be the method of
choice in the surgical treatment
of pulmonary echinococcosis in
children and adults [14]. A variety
of techniques exist both for parasite removal and for treatment of
the residual fibrous cavity in lung
parenchyma.

Removal of the cyst

Surgical approach:
Open surgery or VATS

Parenchyma-preserving
methods

· Preliminary cyst aspiration
· Intact cyst enucleation
Residual cavity
management

Pericystectomy
(Perez-Fontana)

· Cyst obliteration: Delbet technique or
its modifications
· Suture-gluing capitonnage
· Vishnevsky technique
Atypical resections

Pulmonary
resections

Anatomical
resections

Figure 3. Operative methods for pulmonary hydatidosis. VATS:
video-assisted thoracoscopic surgery.

Intact cyst removal
Intact cyst removal is also known as enucleation or the Barrett technique [44]: the Barrett
technique is indicated in peripheral noncomplicated cysts of a comparatively smaller size. It has
limited application in clinical practice due to the risk of intra-operative dissemination following
echinococcus cyst perforation [22] and only few authors use it routinely [42]. The fibrous
capsule is cut along two-thirds of the cyst length (fig. 4) and the latter is removed intact through
an increase of intrapulmonary pressure [3, 26, 44] or using manual pressure in a collapsed lung
[45]. During ‘‘delivery’’ of the cyst, one or two tubes are ready to suction in case of sudden
rupture [10].
Removal following preceding cyst puncture
This is the technique preferred by most surgeons in
all types of echinococcosis in both children and
adults [22, 46]. A large-gauge puncture needle is
regularly used [5], but in order to prevent intraoperative insemination, a variety of special trocars or
other devices for puncture of the parasite are also
recommended [3, 47]. Some authors recommend the
use of scoliocidal agents by injecting them into the
endocystic cavity to kill protoscoleces [42], but
unfortunately this may cause undesirable complications and even death due to leaking of scoliocidal
agents into ectocystic cavity where several bronchial
openings lie [48].

Due to the risk of recurrence from viable scolices left
behind, the residual capsule is obligatorily treated with
various antiscolicidal medicaments [18, 49], freezing

Figure 4. Intact cyst removal (Barrett
technique). The pericystic layer is cut superficially until the laminated membrane of the
cyst is seen. This incision is extended to a
certain length so that the delivery of the cyst
is possible.

113

Techniques for treating the residual fibrous
cavity
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Techniques for hydatid cyst
removal

of the cyst wall and instillation of 0.5% silver nitrate solution [50] or ultrasound [51]; most
often, a 10% solution of NaCl [9, 23, 44] and 10% povidone–iodine solution are applied
[19, 22]. Leaving bronchial fistulae in the fibrous capsule initiates the formation of a residual
cavity and suppuration, which makes their eradication mandatory [7, 52]. The presence of
bronchial fistulae should be evaluated by filling the residual cavity with sterile solution and
inflating the lung. All bronchial leaks that are found should be closed individually. Various
techniques and sutures are available; usually absorbable monofilament sutures are preferred
[1, 19, 22]. In the VATS approach, the draining bronchi are sutured with the Endoscopic Suturing
Device, 10 mm, 34-cm shaft length (COVIDIEN llc, Mansfield, MA, USA) or, very rarely, with
monofilament absorbable sutures on an atraumatic needle using a long standard needle holder
[5, 26]. A variety of techniques exist for eradication of the residual fibrous cavity after removal of
the parasite.
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Delbet capitonnage
Delbet capitonnage is a popular technique used in both children and adults [19, 21–24, 26]:
originally the cavity is obliterated through suturing with monofilament absorbable purse-string
sutures from the bottom up towards its surface (fig. 5). Several modifications exist using various
sutures: rectangular, U-like, spiral and continuous sutures of the ‘‘aller retour’’ type [1]. A suturegluing capitonnage introduces the application of a purse-string suture at 2–3 cm from the residual
cavity bottom and gluing the underneath section of the fibrous capsule with glue, the whole cavity
is eradicated and the number of necessary sutures for large cysts is decreased [5]. In the VATS
approach, the fibrous capsule walls might also be glued with Tissucol fibrin glue (Baxter AG,
Vienna, Austria) [52].
ÇELIK et al. [53] found that capitonnage could cause atelectasis by obliterating the bronchus
surrounding the cyst, thus, they and other authors do not advocate this technique, provided
bronchial fistulae are secured [4, 7, 54].

Vishnevsky technique
After removal of large peripheral cysts, the scolicidal processing of the residual cavity and suturing
of the draining bronchi, the free ends of the fibrous capsule undergo maximal resection; in this
way the bottom of the cavity is converted into a lung surface [4, 15, 55]. According to the original
technique the whole diameter of the residual cavity at the border between the parenchyma and the
fibrous capsule is sutured with a continuous absorbable suture [55]. Some authors suture only the
sections with alveolar leakage and, in large cysts with interlobar location, after removal of the cyst
and suturing the draining bronchi in the interlobar space (the residual cavity), additional tube
drainage is applied for adequate control of aerostasis and safe closure of the fibrous capsule walls
[5]. Thus, the development of encapsulated and
completely surrounded by parenchyma residual cavities
is avoided.

Perez-Fontana technique
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Figure 5. Delbet capitonnage. The cavity is
obliterated through suturing with monofilament absorbable purse-string sutures from
the bottom towards its surface.

This procedure is a pericystectomy and has been
recommended for removal of the cyst together with its
fibrous capsule [6]. It has been assumed that parasitic
elements might be left behind in the capsule, which
might cause recurrence. Numerous pathological studies
have shown that this procedure is not grounded from a
biological point of view. Additionally, a dissection
plane between the pericyst and parenchyma does not
exist, which creates a risk of haemorrhage. Currently,
the technique is seldom used in small peripheral cysts
with initial complications [43, 50]. Only BURGOS et al.
[3] favour it in 86.2% of their case series.

Pulmonary resections
Atypical resections
Atypical resections are most frequently wedge resections and are indicated for small peripheral
cysts when rupture or infection is detected [3]. In an open surgical approach, either staplers are
used or the resection lines are sutured manually, while in VATS, an Endo-GIA colour code green
60 mm, 4.8-mm (Covidien llc) is applied (fig. 6) [5].

Anatomical resections
Anatomical resections may be justified only when a certain anatomical structure is completely
destroyed by a giant cyst or several noncomplicated cysts, as well as in complicated echinococcosis
with irreversible alterations in the surrounding lung parenchyma [3, 18, 43]. Reports in the
literature note resection rates of 0–7% for uncomplicated pulmonary hydatid cysts, whereas the
corresponding figures for complicated pulmonary hydatid cysts are considerably higher at 19–32%
[19]. Most frequently, lobectomy or segment resection is applied; pulmonectomy is performed as
an exception in multiple or recurring complicated echinococcosis [43]. In cases with intrapleural
cyst perforation, ARIBAS et al. [9] make use of decortication (69.8%) and pulmonary resection
(14%). In empyema cases with trapped lung caused by pleural peel, a decortication is performed to
re-expand the lung [18, 23]. Decortication is statistically significantly required in many more
patients with complicated cysts compared with noncomplicated echinococcosis [19].

A surgical procedure in patients with heart echinococcosis depends on the localisation of the cysts
(manipulations take place under cardiopulmonary bypass or off-pump procedure). The removal
of a hydatid cyst in the main pulmonary artery is performed with pulmonary arteriotomy via
sternotomy under total circulatory arrest or cardiopulmonary bypass [16].

Surgical techniques and strategies in bilateral pulmonary echinococcosis
Bilateral pulmonary echinococcosis is observed in 4–26.7% of adult cases, while in children the
rate is 10.8–15.5% of those operated on [5, 16, 36]. The necessity for maximal preservation of a
functional parenchyma is of special significance in the selection of surgical technique. The
anatomical resection is assumed to be a contraindication in a one-stage bilateral surgery. There are
limited reports of anatomical resections in such cases,
including only one case in the literature of a one-stage
bilateral lower lobectomies via median sternotomy [5].
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The radical excision (extirpation) is a method of choice in the treatment of intra-thoracic
extrapulmonary cysts [14, 15, 17]. An operative procedure of the chest for hydatid cysts includes
not only cystectomy, but, due to destruction of the ribs, a requirement for chest wall resection in
some cases [14].

Most surgeons prefer a two-stage surgery over different
time intervals, usually from 1 to 3 months [14, 34].
First, the complicated cysts or the side with cysts of a
higher probability for complications are operated on;
thus, the course of the post-operative period is
reassured [53]. For the interval between the first and
second operation, each patient is informed about
possible complications and warned that a second
surgery may be needed sooner than planned if the cyst
ruptured [19].
Currently, two-stage surgery is mandatory for: 1) multiple bilateral pulmonary cysts; 2) expected lobectomy

Figure 6. Video-assisted thoracoscopic
surgery wedge resection of peripheral complicated hydatid cyst with Endo-GIA 60 mm.
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Two-stage technique

accompanied by huge pleural adhesions; 3) significantly reduced cardiopulmonary reserve
capacity; and 4) noncompensated chronic conditions or diseases [5].

One-stage technique
The one-stage technique has the following advantages: 1) the patient is operated on only once,
thus sparing the repeated psychological and physical trauma; 2) the development of complications
in the contralateral cyst during the period between the two surgeries is avoided; 3) the terms of
hospital treatment, temporary disablement and social rehabilitation are shortened; and 4) the
overall cost for hospital treatment is reduced [5].
According to the surgical approach, the operated patients are divided into the following groups:
one-stage consecutive or simultaneous thoracotomies, median sternotomy, transverse transsternal approach and bilateral one-stage VATS.
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One-stage consecutive or simultaneous thoracotomies
Muscle sparing thoracotomies are preferred. The side with the more severe alterations is the one to
start with; after a smooth completion of surgery on the first side, surgery is continued on the other
pleural cavity [56]. Very rarely, in the past, simultaneous bilateral surgery performed was practiced
by two teams. Submammary bilateral thoracotomies are performed with excellent cosmetic effect,
especially in females [5]. However, they are not appropriate for dorsally located cysts and huge
pleural adhesions.
Median sternotomy
Median sternotomy is preferred for its comparatively easy performance, adequate exploration and
lesser post-operative impairment of respiratory function [5, 11, 53]. Some authors apply it for
bilateral cysts with anterior location only [11]. Based on the richest personal experience published
in the literature (81 cases), PETROV et al. [5] assume that the size, the number and the location of
the cysts do not influence the indications for application of this approach. The same is true for the
age of the patient, given that his or her cardiopulmonary reserve capacity is preserved and no
essential disorders exist in the other organs and systems. It should be emphasised that, in surgery
on dorsally located cysts, especially in the left lower lobe, a sudden haemodynamic impairment
might occur [5]. A disadvantage of the approach is the unacceptable cosmetic result; this is the
reason why recently median sternotomy is not applied, especially in females. Some authors do not
recommend median sternotomy because of the risk of infection [18, 23].
Median sternotomy is absolutely contraindicated in the following cases: 1) pleural complications
(empyema or intrathoracic evolution of complicated hepatic echinococcosis); 2) severe or
irreversible inflammatory alterations in the neighbouring to the cyst parenchyma or the existence
of large or extra-large cysts, in which case large anatomical resection is indicated (especially left
lower lobectomy); and 3) an impaired general condition of the patient, which is a contraindication
for extended surgery. In these cases, the application of two-stage surgery via thoracotomy
is recommended [5].
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Transverse trans-sternal approach (‘‘clamshell incision’’)
Transverse sternotomy is applied incidentally due to its traumatic nature and the transection of
both mammary arteries. A single article finds it as suitable in dorsally located cysts and in
association with cardiac echinococcosis [3].
Bilateral one-stage VATS
Only one article exists on the use of consecutive VATS during a one-stage treatment of five
patients with bilateral pulmonary echinococcosis [5]. This approach is indicated only in cases with
comparatively small bilateral solitary cysts, either intact or complicated with reversible alterations
in the neighbouring pulmonary parenchyma. The normal thickness of the patient chest wall is also
of essential importance for the selection of this minimally invasive bilateral approach.

Surgical techniques and tactics in associated pulmonary and abdominal
echinococcosis
The surgical techniques and tactics used in associated pulmonary and abdominal echinococcosis
are determined by the cyst evolution in both body cavities, by the location of the abdominal cysts
(liver, spleen, etc.), as well as by the general condition of the patient and the existence of severe
concomitant diseases [32, 57].
In the case of noncomplicated echinococcosis and selection of a two-stage technique, treatment is
usually begun with pulmonary surgery, as, in performing laparotomy as a first stage (especially in
large pulmonary cysts), a great probability exists for perforation of the latter due to the elevation
of intrapulmonary pressure during anaesthesia [5, 9]. In severe complications of abdominal cysts,
the operative treatment should started with laparotomy [5].

Still more diverse options for selection of management exist in associated bilateral pulmonary and
abdominal echinococcosis, making use of thoracotomies or sternotomy for lung operation [5].
Two-stage operation, sternotomy followed by laparotomy in a general surgery department or
PAIR is recommended by KARAOGLANOGLU et al. [57]. CERAN et al. [8] present the efficacy and
cost-effectiveness of one-stage operations in these patients. Sternotomy and right phrenotomy is
advocated in dome localisation of hepatic cysts [8, 32, 42]; in such cases, other authors
recommend a two-stage operation because of the risk of hepatobiliary fistula [11, 24, 59]. Sternolaparatomy is carried out in patients with anterior localisation of hepatic cysts [42]. For the first
time worldwide, in four patients described by by PETROV et al. [5], organ sparing surgery for the
three locations (bilateral pulmonary, hepatic and lienal echinococcosis) has been performed
together in one stage (fig. 7). The selection criteria for accepting this approach are: 1) a limited
number of pulmonary and hepatic cysts (no more than four in each location), which are indicated
for removal with organ sparing techniques (this is especially inappropriate for chemotherapy
patients); and 2) a small number of peripheral cysts in the spleen, which might be removed via
echinococcectomy only and without splenectomy. The preconditions for its successful application
include: 1) a surgical team experienced in both thoracic and abdominal surgery; 2) the smooth
course of the thoracic part of the operation, including a duration that is not prolonged; and 3)
adequate post-operative intensive care and respiratory rehabilitation.
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In right pulmonary echinococcosis associated with echinococcus at the dome of the liver, a onestage surgery is recommended via thoracotomy and transpleural phrenotomy [12, 13, 24]. In rare
occasions, this is also possible in left-sided pulmonary echinococcosis and subphrenical
echinococcus location in the left liver lobe [5]. There are authors who drain the residual cavity
subdiaphragmatically by means of tube drainage [13], or they suture the edges of the phrenotomy
to the fibrous capsule of the residual cavity, thus draining the latter into the pleural cavity [10].
Others make use of primary closure of the hepatic residual cavity [5, 24], followed by the insertion
of a drain below the diaphragm in the subphrenic area [24] or without consecutive drainage of the
subphrenium [5]. This latter tactics very seldom cause complications and significantly shorten the
hospital stay [5].
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Resection is preferred by a large number of surgeons in the treatment of hepatic echinococcosis. It
might also be applied in associated pulmonary and hepatic echinococcosis; however, almost all
authors apply organ-sparing methods in the treatment of the liver cysts in these cases after
securing existing biliar fistulae [9, 24]. Resection is assumed to be obligatory in one-stage surgery,
especially in combination with bilateral pulmonary echinococcosis. In such cases, the residual
cavity and the remaining pericystic liver tissue are inverted with sutures [24] or echinococcectomy
with omentoplasty is recommended without an increase in the percentage of recurrence [2]. The
introduction of laparoscopic and VATS surgery [36, 58] and of puncture–aspiration–injection–reaspiration (PAIR) treatment under ultrasound control in hepatic echinococcosis creates new
opportunities for surgical approach in strictly selected patients with associated pulmonary
echinococcosis and hepatic echinococcosis, followed by obligatory medical therapy.

a)
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b)

Figure 7. Computed tomography of bilateral pulmonary hydatidosis associated with
liver and spleen echinococcosis (one-stage
oper ation by s ter nolap aro tomy) . a )
Computed tomography of the chest showing
bilateral pulmonary cysts. b) Computed
tomography of the abdomen showing
complicated hepatic cyst and cyst in the
spleen.

Pre- and post-operative
chemoprevention
Pulmonary hydatid cyst may recur in the same or a different location in the lung [49]. The rate of recurrence
in pulmonary echinococcosis varies from 1 to 6%;
hence, patients should be reported to a registry and
followed up by imaging methods and serology [7, 33].
Reducing recurrence involves a complex treatment of
pulmonary echinococcosis (surgical treatment combined with pre- and/or post-operative medicamentous
treatment with benzimidazoles). Different authors
adhere to various indications using diverse schemes of
treatment and medications, as follows: 1) mebendazole
(20–40 mg?kg-1 daily) for 1 week pre-operatively, with
chemotherapy continuing from 6 to 8 weeks postoperatively [42]; 2) mebendazole (50 mg?kg-1 daily) or
albendazole (10 mg?kg-1 daily) for at least 2–3 months
in all operated patients [9, 48]; 3) mebendazole (400–
600 mg every 8 h) for 7–10 days pre-operatively and, if
there is no intra-operative dissemination, this treatment
continues up to 1 month post-operatively [60]. In
rupture of a cyst or cysts in the pleural cavity, either the
treatment is continued for 3–6 months [3], or this
treatment is used as three sequential, 28-day courses,
with 14-day intervals between courses [24]. Routine
albendazole treatment (10 mg?kg-1 daily) during the
first 15 days of the month for 3 months should be
administered in operated patients with bilateral pulmonary echinococcosis [5]. According to the World
Health Organization, post-operative chemoprevention
is carried out only in the case of intra-operative
dissemination and suspicion of residual cysts [27].

Post-operative results
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The rate of post-operative morbidity in adults, children and patients with associated pulmonary
and hepatic hydatidosis is 3.5–34.8% [3, 4, 18, 19, 33, 34], 12.5.3–25.4% [22, 23, 59] and 3–19%
[24, 48, 57], respectively. The most common complications are atelectasis [5, 18, 22, 23, 32, 46],
residual pleural cavity [5, 23, 59] and prolonged air leakage [23, 34, 59]. Pneumonia [22, 23],
empyema [3], bronchopleural fistula [3, 23, 46], haemorrhage that requires re-exploration [34],
chylothorax [19, 61] and wound infection [3, 5, 18] also occur. Post-cystectomy residual cavity
[18], which may be infected [46], is a specific complication after ‘‘conservative’’ surgery. Excessive
biliary drainage, bronchobiliary fistula and haemorrhage are major complications after surgery for
pulmonary and hepatic dome echinococcosis [24, 48].
Post-operative complications are influenced by the size (.10 cm) [22, 33, 57] and number of
cysts, and the type of operation (resection techniques) [22, 57]. Other authors claim that
surgical technique has no significant effect on post-operative morbidity [23, 54]. Complicated
cases have higher rates of pre- and post-operative complications and require longer
hospitalisation time and more extensive surgical procedures than uncomplicated cases [19, 23].
This fact underlines the need for immediate surgery in any patient who is diagnosed with pulmonary
hydatidosis [19].

There are no fatalities after surgery in recent series of adults [4, 15, 19, 24, 34, 43], children [22, 59]
and patients with associated pulmonary and hepatic echinococcosis [48]. The overall postoperative mortality seems to be more frequent in complicated cases [7, 18, 23] and varies from
0.3% to 4.7% [3, 23, 32, 33]. The mortality rate of children operated on late is 11.7%, and 2.1% in
early operations [23]; in the large series with bilateral echinococcosis, it is 0.78% (total number of
cases5127) [5] and 5% (total number of cases560) [11], respectively. The overall mortality rate
after surgical management of lung and liver dome echinococcosis is also low (0–4.2%) [10]. Postoperative mortality is usually due to pneumonia and sepsis [18, 23], thromboembolism [3, 33] and
haemoptysis [3, 23], but some specific causes, such as aspiration of hydatid materials [23] or
tension pneumothorax due to dehiscence of the bronchial suture, followed by irreversible cardiac
arrest [3], have also been presented.

Conclusions

None declared.
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MEDIASTINITIS: CAUSES, MANAGEMENT AND OUTCOMES
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SUMMARY: The term mediastinitis refers to inflammation of
the tissues located in the mediastinal space. Many aetiological
factors contribute to acute and chronic infection of the
mediastinum. Although long recognised as a complication of
certain infectious diseases, most cases of acute mediastinitis
follow oesophageal perforation and open chest surgery. Less
common causes include tracheal, bronchial perforation or
direct infection from adjacent tissues. Acute mediastinitis is a
life-threatening condition that is almost always a complication
of other clinical problems. Chronic fibrosing mediastinitis is a
slow deposition of thick fibrous tissue encasing any of the
mediastinal structures, most commonly secondary to tuberculosis, histoplasmosis, other fungal infections, cancer or
sarcoidosis. Descending necrotising mediastinitis is the most
dreaded and lethal form of mediastinitis originating from
oropharyngeal infection that extends through the deep neck
planes to the mediastinum. The clinical spectrum ranges from
the subacute to the fulminate critically ill patient, and therefore
early diagnosis and prompt aggressive medical and surgical
treatment are required to prevent death.
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ediastinitis is an inflammation of connective tissue that involves mediastinal structures and
fills interpleural spaces [1]. It derives from infectious or noninfectious causes and,
depending on the aetiology, it can be acute or chronic. In its acute form, it is a life-threatening
condition with an extremely high mortality rate if recognised late or treated inadequately. Most
cases are associated with cardiovascular operations and, although the proportion is rather
small, the overall number of patients is considerable [2, 3]. Other aetiologies include
oesophageal perforation, tracheobronchial perforation, mediastinal extension of pulmonary
infections or mediastinal extension of head and neck infections. When the condition has an
infectious origin from the cervical or oral region, such as retropharyngeal abscess, Ludwig’s
angina [4], thyroiditis or odontogenic infection, the mediastinal inflammation is called
descending necrotising mediastinitis (DNM). In this case, the acute polymicrobial infection
with extensive fascial necrosis spreads toward the underlying muscles along the neck layers

down to the mediastinum [5]. DNM must be considered a real emergency due to its high
mortality rate if left untreated.

Anatomical key points

The superior mediastinum is that portion of the interpleural space that lies between the
manubrium sterni in front, and the upper thoracic spine behind. It is bounded below by a
slightly oblique plane passing backwards from the junction of the manubrium and body of the
sternum to the lower part of the body of the fourth thoracic vertebra, and laterally by the
pleurae. It contains the origins of the sternohyoid and sternothyroid muscles and the lower ends
of the longus colli muscle; the aortic arch; the innominate artery and the thoracic portions of the
left common carotid and the left subclavian arteries; the innominate veins and the upper half of
the superior vena cava; the left highest intercostal vein; the vagus, cardiac, phrenic and left
recurrent nerves; the trachea, oesophagus and thoracic duct; the remains of the thymus; and
some lymph nodes.
The anterior mediastinum predominates on the left side where the left pleura diverges from the
mid-sternal line. It is limited in front by the sternum, laterally by the pleurae, and behind by the
pericardium. It is narrow above but widens out a little below. Its anterior wall is formed by the left
transversus thoracis and the fifth, sixth and seventh left costal cartilages. It contains a quantity of
loose areolar tissue, some lymphatic vessels that ascend from the convex surface of the liver, two or
three anterior mediastinal lymph nodes, and the small mediastinal branches of the internal
mammary artery.

S. ELIA ET AL.

The mediastinum extends from the thoracic inlet superiorly to the diaphragm inferiorly, and is
limited anteriorly from the sternum and posteriorly from the spine, lying between the right and
left pleural cavities in and near the median sagittal plane of the chest. It contains many vital
structures, such as heart and great vessels, the trachea and bronchi, the nervous system and the
oesophagus, but not the lungs. All of the mediastinal structures are surrounded by loose
connective tissue and fat. For purposes of description, the mediastinum can be divided into an
upper portion, above the pericardium, which is named the superior mediastinum, and a lower
portion, below the upper level of the pericardium [6]. The lower portion may be further
subdivided into three parts, that in front of the pericardium, the anterior mediastinum; that
containing the pericardium and its contents, the middle mediastinum; and that behind the
pericardium, the posterior mediastinum.

The middle mediastinum, the broadest part of the interpleural space, contains the heart enclosed
in the pericardium, the ascending aorta, the lower half of the superior vena cava with the azygos
vein opening into it, the bifurcation of the trachea and the two bronchi, the pulmonary artery
dividing into its two branches, the right and left pulmonary veins, the phrenic nerves and some
bronchial lymph glands.

Throughout the fetal period, the neck, chest and abdomen communicate with each other and the
mediastinum is the anatomical duct. The communications between these anatomical spaces
usually seal as the cervico-thoracic organs form and as the body stretches cephalocaudally.
Nonetheless, even in adults, remnants of these passageways may allow oro-cervical infection to
reach the thoracic cavity and extend to the mediastinum.
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The posterior mediastinum is an irregular triangular space parallel to the spine; it is bounded in
front by the pericardium above, and by the posterior surface of the diaphragm below, behind by
the spine from the lower border of the fourth to the twelfth thoracic vertebra, and on either side by
the mediastinal pleura. It contains the thoracic part of the descending aorta, the azygos and the
two hemiazygos veins, the vagus and splanchnic nerves, the oesophagus, the thoracic duct and
some lymph nodes.

Acute mediastinitis
Acute mediastinitis is a serious clinical condition characterised by infection involving the
connective tissue that fills the interpleural spaces and surrounds the median thoracic organs; it is
almost always a complication of other clinical problems. Although relatively uncommon, it is
associated with high mortality if left untreated. The infection of the sterile mediastinal space leads
to a systemic inflammatory response syndrome. Severe sepsis or septic shock develops if it is
impossible to surgically control the infection and limit the inflammatory process. Unsatisfactory
treatment will lead to multiorgan dysfunction syndrome or multiorgan failure, as well as other
complications and death. Oesophageal perforation and median sternotomy are the most common
causes, followed by tracheal perforation, foreign body retention, malignancy invading the
mediastinum, suppuration of mediastinal lymph nodes, descending infection from the neck, or
extension of infection from the lung, pleural space, vertebrae and sternum (table 1). The
pathological features of acute mediastinitis are those of a severe inflammation in the mediastinal
soft tissues that may bring in its late evolution to abscess development. The microbiology is related
to cardiothoracic surgery and suction of oesophageal content, while that secondary to odontogenic
or other head and neck infections is remarkably different [7, 8], as summarised in table 2.
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Clinical findings
Symptoms of acute mediastinitis generally have a sudden onset and include chills, high fever,
tachycardia, sepsis, lethargy, respiratory distress, dysphagia and evidence of extreme toxicity.
Tachypnoea and pain on swallowing might also be present. The involvement of upper
mediastinum is characterised by retrosternal pain radiating upward into the neck, and a sensation
of earache. When the inferior–posterior zone is mainly affected, the pain is mostly intrascapular
and sometimes surrounds the chest. An early-stage physical examination is usually not diagnostic,
but if an oesophageal perforation is the originating cause there may be cervical tenderness, cervical
Table 1. Aetiological factors in acute mediastinitis
Sternotomy complications after cardiothoracic surgery
Coronary artery bypass grafting, cardiac valve replacement, repair of congenital heart defect, heart
transplantation, heart–lung transplantation, cardiac-assist devices
Oesophageal perforation
Iatrogenic
Oesophagogastroduodenoscopy, oesophageal dilatation, oesophageal variceal sclerotherapy, nasogastric
tube, Sengstaken–Blakemore tube, endotracheal intubation, oesophageal surgery, para-oesophageal
surgery, radiation-associated necrosis
Swallowed foreign bodies
Bone, coins, can pull-tabs, drug-filled condoms, swords, caustic agents
Trauma
Penetrating: gunshot wound, knife wound
Blunt: steering wheel injury, seat belt injury, cardiopulmonary resuscitation, whiplash injury, barotrauma
Spontaneous or other
Emesis (Boerhaave’s syndrome, Mallory–Weiss syndrome), cricoid pressure during anaesthesia induction,
heavy lifting, defecation, parturition, erosion of the oesophageal wall by malignant tumour, perforation
following burn of oesophagus
Tracheobronchial perforation
Penetrating or blunt trauma, rigid or flexible bronchoscopy, endoscopic laser treatment of tracheobronchial
malignancies, post-intubation tracheal rupture
Head and neck infections
Odontogenic, Ludwig’s angina, pharyngitis, tonsillitis, parotitis, epiglottitis
Chronic fibrosing mediastinitis due to granulomatous infections
Infection originating at another site
Pneumonia, lung abscess, pleural space infection or empyema, subphrenic abscess, pancreatitis, cellulitis
or soft tissue infection of the chest wall, osteomyelitis of sternum, clavicle, ribs or vertebrae,
haematogenous spread from distant foci

Table 2. Microbiology of mediastinitis
Organisms frequently recovered in mediastinitis secondary to infection of the head and neck or
oesophageal perforation
Peptostreptococcus spp., Actinomyces, Eubacterium, Lactobacillus, Veillonella, Bacterioides spp.,
Fusobacterium spp., Prevotella spp., Porphyromonas spp., Streptococcus spp., Staphylococcus spp.,
Corynebacterium, Branhamella, Enterobacteriaceae, Pseudomonas spp., Eikenella corrodens, Candida
albicans
Organisms recovered in mediastinitis secondary to cardiothoracic surgery
Staphylococcus aureus (MRSA), Staphylococcus epidermidis, Enterococcus spp., Streptococcus spp.,
Escherichia coli, Enterobacter spp., Klebsiella spp., Proteus spp., Pseudomonas spp., C. albicans
Others occasionally reported
Acinobacter, Legionella spp., Bacteriodes fragilis, Corynebacterium spp., Mycoplasma hominis, Candida
tropicalis, Nocardia spp., Kluyvera, Mycobacterium fortuitum, Mycobacterium chelonei, Rhodococcus
bronchialis
Other unusual causes of mediastinitis
Anthrax, Brucellosis, actinomycosis, paragonimiasis, Streptococcus pneumoniae infection

cellulitis and subcutaneous emphysema. All of these symptoms usually appear 24–48 h after the
stimulation process. Compression of mediastinal structures may cause 1) a superior vena cava
syndrome or unilateral obstruction of brachiocephalic veins; 2) different blood pressure values
between the two arms due to compression of brachiocephalic arteries; 3) dyspnoea, stridor and
obstructed breathing when the trachea is involved; and 4) chylothorax or chylous ascites from
obstruction of the thoracic duct. More rare events include hoarseness from recurrent laryngeal
nerve involvement, diaphragmatic paralysis from phrenic nerve pressure, tachycardia from
involvement of the vagus nerve, or Horner’s syndrome due to injury to a stellate ganglion.

Radiological findings
Chest radiographs do not necessarily show mediastinal widening and, therefore, further
investigations are always advisable [9, 10]. Air is usually present after rupture or perforation of
the oesophagus, trachea or bronchi, and a computed tomography (CT) scan will show mediastinal
widening and air–fluid levels, diffuse or focal ectopic gas bubbles, focal mediastinal soft tissue
masses and abscesses, often in association with pleural effusion (fig. 1).

Figure 1. Plain antero-posterior chest radiograph in a patient with suspected descending
necrotising mediastinitis at admission. Arrow
shows mediastinal widening.
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Based on CT imaging, acute mediastinitis can be categorised into three patterns: 1) diffuse mediastinitis;
2) isolated mediastinal abscess; and 3) empyema or
subphrenic abscess complicating a mediastinitis or
mediastinal abscess [9]. In a retrospective study on 40
patients with suspected acute mediastinitis, including
28 post-operative patients, five with acute DNM, and
seven with suspected post-traumatic perforation of the
oesophagus, CT findings were attenuation of mediastinal fat (100%), localised mediastinal fluid collections
(55%), free gas bubbles in the mediastinum (57.5%),
mediastinal lymph nodes (35%), pericardial effusions
(27.5%), pleural effusions (85%), lung infiltrates
(35%), sternal dehiscence (40%) and pleuromediastinal fistula (2.5%). The sensitivity and specificity of CT
in post-operative patients in the first 17 days was
100% and 33%, respectively, and after day 17, 100%
and 90%. In patients with acute DNM sensitivity was
100% while in patients with suspected oesophageal
perforation sensitivity and specificity were 100% [11].
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MRSA: methicillin-resistant Staphylococcus aureus.

Mediastinitis due to oesophageal perforation
Mediastinitis secondary to oesophageal perforation may follow damage to the oesophagus due to
trauma, malignancy or spontaneous causes. Trauma is usually seen after surgery, endoscopy or
interventional radiology procedures. An oesophageal perforation may follow difficult or
emergency tracheal intubation, especially in elderly patients or in concomitant oesophageal
malignancy. In such cases, the lesion is caused by the extremity of the endotracheal probe and
occurs predominantly at the weakest region, namely, Laimer’s triangle between the cricopharyngeal muscle and the laryngeal constrictor muscle. Patients with poor coordination of
swallowing action or malfunctioning of the upper oesophageal sphincter may accidentally swallow
sharp pieces of food, such as chicken bones, that occasionally perforate the oesophagus. Primary
oesophageal malignancy or infiltration from lung neoplasm may cause rupture secondary to
weakening of the oesophageal wall, while post-operative leakage from oesophageal anastomosis
can be another aetiological factor. Laceration of the oesophagus may also follow accidental or
intentional intake of caustic agents. Spontaneous perforation is typical of Boerhaave’s syndrome
after forceful vomiting [12].
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The onset of infection due to oesophageal perforation is enhanced by the dynamics of breathing, as
the fluctuations in negative intrathoracic pressures tend to suck oesophageal contents, including
air, saliva, digestive enzymes, bile, acid food and bacteria, into the mediastinum.
The clinical signs and symptoms are negligible, if the perforation is limited to the mediastinum or
is between the mediastinum and visceral pleura. The CT pattern of oesophageal perforation is
characterised by oesophageal wall thickening, fluid collection in the mediastinal or lower cervical
areas, extra-luminal air and output of ingested contrast material into the mediastinum or pleural
space. Pneumothorax and hydropneumothorax may be an additional finding. Prompt diagnosis of
oesophageal perforation is mandatory to carry out the appropriate treatment that might be either
conservative or surgical. Nonoperative treatment is usually applied in cases of intramural
perforation or when a transmural perforation is not accompanied by signs of systemic sepsis or
underlying malignancy. Usually the medical treatment involves exclusion of oral feeding by
establishment of parenteral hyperalimentation and i.v. administration of broad spectrum
antibiotics, such as tetracyclines and nitroimidazoles. Operative treatment strategies can be
subdivided into conservative, reconstructive and radical surgical interventions. Conservative
treatment includes drainage, T tube or endoprosthesis insertion and finally oesophageal exclusion
or diversion.
Direct closure is feasible within 24 h after perforation, with survival rates approaching 80% [12],
and is often performed with reinforcement by a pleural or pericardial flap. Pedicled omental,
intercostal muscle and diaphragmatic flaps may also be used. The more delayed the treatment, the
worse is the expected prognosis. Recently, endoscopic positioning of coated self-expandable stents
and internally applied clips, combined with radiologically guided drainage, has replaced
reconstructive surgery in the early stages of disease, but stent removal time is still challenging.

Post-surgical mediastinitis
Post-operative mediastinitis is the second most common acute mediastinitis and usually occurs
following sternotomy for performing cardiovascular surgery. The complication rate (0.5–5%) of
median sternotomy itself is low, but mediastinitis is associated with high mortality (7–80%) and
morbidity [13], particularly in the post-operative setting following coronary artery bypass
grafting (CABG) with an incidence rate of 1–2% in large surgical centres [3, 14]. Certain subsets
of patients, such as those that have undergone heart or lung transplant, are even at higher
risk [15].
Pre-operative, intra-operative and post-operative predisposing factors include lengthy cardiopulmonary bypass time, diabetes, obesity, chronic obstructive pulmonary disease and the need

The typical patient with post-operative mediastinitis presents with local signs, such as pain,
tenderness, erythema and sternal instability or click, accompanied by systemic signs, such as
fever, sepsis, increased erythrocyte sedimentation rate and white blood cell count. Up to twothirds of patients present within 14 days following surgery. The Hamman’s sign, namely a
crunching sound over the precordium during systole, should alert the physician to possible
mediastinitis. Direct signs of sternal infection may be among the initial presenting signs, but
distinction between a superficial wound infection and a deeper chest infection associated with
mediastinitis may be challenging. The presence of systemic signs of sepsis suggests mediastinal
involvement. Diagnosis requires a careful radiological investigation, which can only be
accomplished by CT scan, as conventional techniques may not distinguish post-operative
haemorrhage and oedema from a mediastinal infection [19]. Usually small anterior mediastinal
fluid or air collections may persist for weeks after removal of drains, while a large, low-density
fluid collection in the retrosternal area in a febrile patient mandates surgical exploration. The
previous sternotomy should be revised and reopened, and all necrotic and infected tissue
removed. The sternum is carefully separated from the ventricle bypass grafts and the aorta to
avoid bleeding. Samples of necrotic tissue and fluid collection are sent to microbiology for
culture and antibiogram in order to prompt adequate targeted antibiotic therapy. Staphylococcus
species-induced mediastinitis demand i.v. administration of a combination of cefamandole,
vancomycin and gentamicin. Staphylococcus aureus is the most common isolated bacterium in
patients developing mediastinitis, and has become an evolving management problem because of
an increasing number of antibiotic resistance and methicillin-resistant S. aureus (MRSA)
infections with high rates of morbidity and mortality. Even though vancomycin is still the
antibiotic of choice for the treatment of infections caused by MRSA, it may be contraindicated in
a number of cases (e.g. renal failure) and be ineffective because of limited tissue penetration;
therefore, alternative antibiotics, such as linezolid and daptomycin, are under investigation to
solve these problems [20].
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for prolonged post-operative medical ventilation. The use of pedicled bilateral internal
mammary artery (BITA) grafts carries increased risk for mediastinitis after CABG, but this
risk is reduced if skeletonised BITA grafts are used [16]. Tracheostomy, mostly if performed
early after median sternotomy when contamination occurs by adjacent extension all the
way through unsealed tissue planes, and blood transfusion may increase the risk of mediastinitis
[17, 18].

Delayed closure may be performed either with pectoralis or rectus abdominis muscle flaps.
Omental flaps are used, as well as a two-step procedure after at least three consecutive negative
pericardial cultures, by transferring the greater omentum along with the right gastroepiploic artery
into the pericardial cavity in order to eliminate the dead space. A recent review of best evidence
papers on this topic has outlined the pros and cons of both techniques, suggesting a careful
selection of patients, as no obvious advantage of muscle flap over omental flap has been
ascertained [21]. Successful delayed vacuum-assisted healing has also been reported in a recent
review [22].

Mediastinitis secondary to osteomyelitis is extremely rare and results from neighbouring spread of
adjacent bone and joint infections. The infection of sternoclavicular joint is often associated with
secondary mediastinitis due to its close relationship with the anterior mediastinum. Tuberculosis
(TB) or fungal osteomyelitis is more common than other infective causes. Most patients have an
underlying debilitating systemic disease, such as diabetes mellitus or rheumatoid arthritis or a
history of drug-addiction. Possible findings include cortical destruction, increased mediastinal fat
attenuation up to obliteration of fat planes around vessels, and mediastinal abscess. The treatment
of uncomplicated sternoclavicular infections is based on antibiotics alone, and mediastinal
drainage, if necessary, is accomplished by mediastinotomy.

127

Mediastinitis secondary to osteomyelitis

Acute DNM
Aetiology
DNM is one of the most fatal forms of mediastinitis that usually occurs as an unexpected
complication of odontogenic or cervicofascial infections or, more rarely, after cervical trauma. The
main feature of this type of complex disease is its capacity to involve crossing several anatomical
compartments and cause fasciitis and muscle necrosis, cellulitis, abscess formation and overall
systemic toxicity with spread along the deep fascial planes of the neck into the mediastinum due to
their close relationship. The exact knowledge of neck anatomy and the mechanism of propagation
along the fascial planes is crucial for the thorough understanding of DNM and to establish a
correct treatment strategy [5, 23–26]. The deep fascia of the neck is divided into three layers [27],
which form three major fascial pathways into the deep neck along which oropharyngeal infections
can spread to the mediastinum. The three layers are the pre-tracheal, the perivascular and the prevertebral spaces.
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The pre-tracheal or superficial space is located anterior to the trachea and posterior to the
pretracheal fascia and is the most superficial space. The upper limit is given by the thyroid
cartilage, while the bottom contour of this space is the pericardium and parietal pleura at the level
of carina. Infections in this space cause suppurative pericarditis and empyema [28].
The perivascular, lateropharyngeal or visceral space is wrapped by the carotid sheath that includes
the vagus nerve, carotid artery and internal jugular vein. The carotid sheath takes its origin from
the fusion of all three major layers of the deep cervical fascia, thus originating a potential pathway
for DNM into the chest, draining into middle mediastinum and pleural spaces from the base of the
skull to the aortic arch along the so-called ‘‘Lincoln’s highway’’ [29].
The pre-vertebral or retrovisceral split of the deep layer of the deep cervical fascia runs from the
skull base to the coccyx, anterior to the vertebrae and firmly attached to the spine and paraspinous
muscles. The alar fascia divides this space into two sections, the anterior or retropharyngeal
pathway located between the oesophagus and spine that, if infected, can prompt a posterior
mediastinitis [5], and the most posterior, starting at the C6 level of the spine and continuing as far
as the T1 level (where the alar fascia joins the inferior constrictor muscles of the pharynx). The
latter is the so-called ‘‘danger space’’, as it is patent from the skull base to the diaphragm, and lies
behind the oesophagus through the superior and posterior mediastinum [23, 26, 28]. When a
retropharyngeal abscess ruptures through the alar fascia and infection reaches this level, the
prognosis is usually poor [30, 31].
Retropharyngeal pathway accounts for ,70% of the cases of DNM, while another 8% occur via
the pretracheal route, secondary to suppuration originating from thyroid gland [27, 32]. In all
other cases, the perivascular spreading is occasionally complicated by arterial haemorrhage. Most
usually, pharyngeal abscesses spread through the retropharyngeal space to the posterior
mediastinum, whereas submental and submaxillary abscesses reach the anterior mediastinum
[33]. Moreover, the middle layer of the deep cervical fascia fuses with the parietal pericardium at
the tracheal bifurcation and intimately adheres laterally to the mediastinal pleura. This anatomical
relationship explains the onset of pericardial pleural effusion or empyema due to the involvement
of the fascia of the chest wall and of the pericardial and pleural cavity. In immunocompromised
patients, transdiaphragmatic spread through the oesophageal hiatus or the vena cava foramen may
also occur [5].
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Epidemiology
DNM is an acute polymicrobial infection of the mediastinum originating from odontogenic,
oropharyngeal and cervical infection; it is mostly seen in young male adults and around the third–
fourth decade [34, 35]. Odontogenic infection involving the second and third molars accounts for

40–60% of reported cases followed by retropharyngeal abscess (14%) and peritonsillar abscess
(11%) [36], even though a recent meta-analysis has documented an increase in patients’ age and a
shift from mainly odontogenic infections to predominantly pharyngeal over time [37].
Less common causes include cervical lymphadenitis (7%), traumatic endotracheal intubation
(7%), clavicular osteomyelitis (7%), external trauma (5%), i.v. drug abuse, suppurative parotitis,
tonsillitis, thyroiditis and Ludwig’s angina [38–41].
Risk factors include diabetes, alcoholism, previous malignancy and immuno-incompetence, whereas
age .70 years, poor oral hygiene, malnutrition and long-term steroid therapy are associated with
poor prognosis [34]. Descending mediastinitis has been classified according to the degree of
dissemination revealed by CT scan into focal and diffuse types [42]. In type I (focal type), the
infection is limited to the superior mediastinum above the tracheal bifurcation. In type II (diffuse
type), there are two subtypes. In subtype IIA, infection is located in the inferior anterior
mediastinum, while in subtype II, the infectious process reaches the inferior posterior mediastinum.

Microbiology and pathology

Most of these infections are polymicrobial aerobic- and anaerobic-exemplifying oropharyngeal
flora [5, 26, 43]. Therefore, the most commonly isolated aerobic bacteria are b-haemolytic
Streptococcus, this finding being related to the fact that many diabetes mellitus cases are secondary
to odontogenic infections [5, 34] of S. aureus and Klebsiella pneumoniae. Peptostreptococcus,
Prevotella, Bacteroides fragilis and Porphyromonas are among the anaerobic bacteria reported.
Other micro-organisms commonly found include Fusobacterium, Streptococcus viridans, Serratia
marcescens, Enterobacter, Neisseria, Pseudomonas aeruginosa, Escherichia coli, Veillonella and
Actinomyces [5, 7, 27, 32, 36, 44]. Infection by these pathogens can involve any of the mediastinal
structures, causing physiological compromise by compression, bleeding or systemic sepsis, or a
combination of these.
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Nowadays, oropharyngeal or odontogenic infections rarely lead to serious complications, but
DNM may be a more common finding in developing countries with poor economic conditions,
and lack of medical prevention and treatment of dental and oropharyngeal diseases.

The high toxicity in DNM has been attributed to the synergy of anaerobic and aerobic bacteria
versus the limited number of immune-competent cells in the cervical mediastinum. The anaerobic
bacteria have a great affinity for the lipid constituents of cell membranes, thus leading to
hydrolysis of muscle cells, erythrocytes and platelet cells. The lower tissue oxygenation (as present
particularly in diabetes or immunodeficiency) enhances the virulence of anaerobic bacteria, thus
favouring the spread of infection caused by these organisms. Moreover, bacterial growth is
increased by bacterial enzymes, such as fibrinolysin and coagulase (leading to tissue ischaemia),
hyaluronidases, proteases and collagenases, that alter tissue constituents and fragment the support
structures [43–45]. The tissue destruction is explained by an early multiple small-vessel
obliterative vasculitis and thrombosis at the borders of the infectious focus that cause hypoxia,
acute inflammation and extensive oedema of the subcutaneous fat layer [22]. Many authors
postulate that the negative pressure in the mediastinum, gravity and respiration favour downward
spread of infection along the cervico-mediastinal fascial spaces and planes and along the three
layers of the deep cervical fascia [22, 27, 34]. As poor vascularisation, loose areolar tissue and
shortage of cell defences are typical features of cervico-mediastinal spaces, each of these pathways
is connected to pericardium, pleura and mediastinum, thus acting as a gateway for any
oropharyngeal infection to the chest [22]. The evolution of the process will lead to decreased
mobility of the mediastinal structures and development of dead space under the sternum.

The wide clinical spectrum of DNM ranges from subacute forms to devastating patterns that
warrant immediate intensive care [33]. The vagueness of early symptoms implicating mediastinal
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involvement, the use of steroids reducing functional
symptoms [46] and a clinician’s lack of experience may
cause delayed diagnosis [47–49], which has been
appointed as a significant predictor of morbidity and
mortality [37].
The early stage clinical pattern of DNM is completely
nonspecific, and is characterised by signs and symptoms of sepsis, with stiffness, swelling and pain in the
neck. The involvement of the mediastinum may occur
as early as 12 h to or late as 2 weeks after infection, but
most commonly it is seen within 24–48 h of the onset
Figure 2. Descending necrotising mediastinitis. Computed tomography scan shows
of the deep cervical infection and is manifested by
involvement of middle mediastinum (arrow)
chills, high-fever, tachycardia, dyspnoea and nonproand initial bilateral pleural effusion.
ductive cough. Pitting oedema and crepitation in the
neck and upper anterior chest wall may be present
associated with dysphagia, odynophagia, dysphonia, regurgitation and cervical skin oedema if a
cervical abscess occurs. The involvement of the upper mediastinum elicits a retrosternal pain that
radiates upwards into the neck, whereas an interscapular pain radiating around the chest is more
suggestive of involvement of the posterior compartment of the inferior mediastinum. Pleural or
pericardial involvement is indicated by friction rub and effusion. The retroperitoneal space of the
abdomen may also be reached by the infectious process through the oesophageal hiatus. More
advanced stages are characterised by sepsis and hypotension, decreased urine output and signs of
tissue malperfusion, which inevitably result in a state of septic shock [36]. The crunching sound
heard over the precordium during systole (Hamman’s sign) is usually present, while cranial nerve
deficit is common and is usually manifested by trismus [27].

Diagnosis
The diagnostic criteria for DNM have been clearly established by ESTRERA et al. [47] and include:
1) clinical evidence of severe oropharyngeal infection; 2) radiographic features of mediastinitis;
3) intra-operative or post-mortem documentation of necrotising mediastinal infection; and 4)
establishment of a relationship between the oropharyngeal process and the DNM.
Conventional radiographic examination of the neck and chest may show retropharyngeal soft
tissue swelling, widening of the retrocervical space with or without an air–fluid level, widening of
the upper mediastinum (fig. 1), anterior displacement of the tracheal air column, mediastinal
emphysema and loss of the normal lordosis of the
cervical spine, although all of these signs are of limited
sensitivity [9, 50].

Figure 3. Descending necrotising mediastinitis. Computed tomography scan showing
involvement of subcarinal and posterior
mediastinum (arrow) with bilateral pleural
effusion.

CT findings include abscess formation, soft tissue
infiltration with loss of the normal fat planes, the
absence of prominent lymphadenopathy and the
presence of gas bubbles [51]. The scan is helpful in
determining the downward extent of the inflammatory
process, especially in the middle mediastinum and
below the fourth thoracic vertebra, at the level of the
carina (figs 2 and 3). Pleural and pericardial effusion
may also be demonstrated (fig. 4). CT examination is
recommended for every patient with a deep cervical
infection so that the presence of DNM can be identified
and anatomical changes identified (fig. 5). Contiguous,
1-cm cervicothoracic scans detail the continuity of the
infection between the neck and the chest, establishing

the close relationship between neck infection and
mediastinitis that can be easily detected (fig. 6) [5, 36,
48, 52–56].

Treatment

When the inflammatory process is below the fourth
thoracic vertebra and extends to the lower posterior
mediastinum (DNM type IIB), drainage of mediastinum must be necessarily accomplished by standard

Figure 5. Descending necrotising mediastinitis. Coronal computed tomography scan
showing air–fluid collection in parapharyngeal that involves left carotid sheath (arrow).
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The frequently used Endo’s classification [42, 59–61] helps in establishing the most suitable access to
accomplish a careful drainage of the infected area. Transcervical drainage, either open or by VAM and
anterior cervical mediastinotomy are generally sufficient
if the infection has not spread downward below
the fourth thoracic vertebra, as in DNM type I (fig. 7)
[22, 42, 62, 63]. However, due to the quick spread of
such infection, some authors recommend direct mediastinal exploration without taking into consideration
the level of involvement [58, 64–66]. If there is a
concomitant pleural effusion, a percutaneous chest drain
should be applied, whilst keeping in mind that soft
rubber tissue drains should be used to avoid the erosion
of a major arterial vessel in the mediastinal area. When
the infection is confined to the anterior and inferior
mediastinal compartment (DNM type IIA), in addition
to the transcervical drainage, subxyphoid drainage of the
anterior space may be satisfactory to ensure adequate
drainage [42], but as an alternative, a midline sternotomy is a suitable, wide and easy access through which to
accomplish a thorough debridement of the anterior
mediastinum [44, 54]. Both the cervical and mediastinal
wounds may be successfully sealed with the aid of
vacuum-assisted closure device (V.A.C. Therapy System;
KCI, San Antonio, TX, USA) [67, 68], which also
provides continuous debridement of the area (fig. 8).
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Although its incidence is low, DNM is a real lifethreatening disease, which dictates prompt combined
medical and surgical treatment. Wide-spectrum i.v.
antibiotics, intensive care and airway treatment should
strictly complement surgical debridement of the
oropharyngeal primary site of infection. The further
Figure 4. Descending necrotising mediassurgical approach depends on the cause and extent of
tinitis. Computed tomography scan showing
the infection, and the additional spaces involved.
massive bilateral pleural effusion, lung
Mediastinal drainage is crucial to prevent any major
atelectasis and pericarditis (arrows).
damage and many types of procedures have been
described, such as transcervical mediastinal drainage, video-assisted mediastinoscopy (VAM),
anterior cervical mediastinotomy, median sternotomy, subxyphoid approach, clamshell incision and
standard transthoracic procedures, such as posterolateral or anterolateral thoracotomy up to the
more recent application of video-assisted thoracoscopic surgery (VATS) drainage. The choice of
surgical approach is based on the extension of the infected area, the patient’s performance status, the
surgeon’s personal experience, the severity of complications if present and the evolution of the
disease, but is also determined by CT assessment [57]. The rarity of the disease itself makes it difficult
to investigate, in a prospective fashion, the best approach [58].
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posterolateral thoracotomy that provides optimal
access to all mediastinal compartments, thus enabling
careful debridement of purulent material and necrotic
tissue at a minimal cost of morbidity, even in immunocompromised patients [5, 24, 48, 54, 58, 69, 70]. A
successful trans-sternal and transpericardial approach
has also been reported to reach a posterior mediastinal
site of infection [71]. Bilateral empyema may require a
different access, such as clamshell incision, that offers a
one-step debridement of both chest cavities and
mediastinal area, as experienced by many authors [37,
72, 73]. Nevertheless, it should be kept in mind that a
more aggressive approach in these debilitated patients
might increase morbidity and mortality [74, 75] and,
last but not least, the potential bilateral excision of
internal mammary arteries that will not be available for
further CABG [76].
A feasible alternative to standard thoracotomy is VATS,
which is particularly indicated in the early stages of the
disease and provides a better mediastinal drainage
Figure 6. Descending necrotising mediascompared with cervical drainage [74–80] without
tinitis. Sagittal computed tomography scan
repositioning of the patient [62]. The main drawbacks
showing extension of the infection in the
are the difficulty in identifying collection of fluids, not
retrocricoid area, paratracheal and pre-vertebral space.
to be misinterpreted with major vessels because of
adhesion and engorgement due to inflammation, and
inadequacy of debridement of extensive necrotising cellulitis, which is typical of diffuse DNM
[24]. In patients with poor respiratory status, veno-venous extracorporeal membrane oxygenation
has been suggested for use as a gas exchange support [81]. Post-operative care is multidisciplinary.
The patient should be transferred to an intensive care unit where control of the airway should be
performed, if necessary by tracheostomy, and treatment with high-dose i.v. broad-spectrum
aerobic and anaerobic antibiotics immediately established, with further adjustment based on
microbiology [34]. Some authors have suggested the use of adjuvant hyperbaric oxygen therapy
for its bactericidal effect, activation of leukocytes and angiogenesis [73, 82, 83].
The first-ever reported large series in pre-antibiotic era
documented mortality rates of 85% in conservatively
treated patients and 35% in those approached by surgery
[25]. The overall outcome of multidisciplinary treatment
of DNM has changed over the last quarter of a century
and, even though mortality rates of up to 83% have been
reported, we have observed a general decrease of mean
mortality even down to 0% in some instances (table 3).
Therefore, a mortality rate .40% is unacceptable
nowadays, provided that all possible measures are taken
to prevent evolution towards septic shock [58, 84–92].

Subacute mediastinitis
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Figure 7. Descending necrotising mediastinitis following thyroid suppuration after fine
needle aspiration. Cervical debridement has
been accomplished and double-crossed
cervical drainage put in place.

Aetiology
The definition of subacute mediastinitis is unclear, but
it should refer to inflammatory processes involving the
mediastinum.

Pathology
Subacute infection is infrequently observed in previously
healthy people, but it is becoming more common in
immunocompromised patients, particularly those with
AIDS. Mediastinal or hilar adenopathy is one of the
dominant findings in almost two-thirds of AIDS patients
with Mycobacterium tuberculosis infections, while atypical mycobacterial infection of the sternum and mediastinum may follow median sternotomy.

Microbiology
Subacute infections are mostly attributable to histoplasmosis and to nontuberculous mycobacterial infection. Actinomycotic infections are rare.

Figure 8. Descending necrotising mediastinitis successfully treated by cervical drainage and use of vacuum-assisted closure
therapy.

Clinical findings
The inflammatory nature of the mediastinal mass is suggested by the CT pattern and is confirmed
by gallium scintigraphy, especially in AIDS patients. Indium leukocyte scintigraphy may also be
Table 3. Meta-analysis of descending necrotising mediastinitis studies with at least 10 patients reported to
Study
period

Patients
n

Surgical
procedure n

LOS
days

Survival
outcome n/N

Mortality %

C HEN [52]

1997–2007

18

40

15/18

17

D EU-M ARTÌN [87]

1996–2006

43

C 10
VATS 6
VAM 1
Subxiphoid 1
C 8/T 35

39

34/43

F IGUEROA-D AMIAN
[88]
F REEMAN [58]
G AWRYCHOWSKI [84]
I NOUE [89]

1996–1998

18

T 18

NA

9/18

21
1996–2000: 40
2001–2006: 4.3
50

1980–1998
1995–2002
1996–2004

10
12
13

46
NA
46

10/10
2/12
12/13

0
83
8

I WATA [65]
J ARBOUI [90]
K ARKAS [53]
K OCHER [37]

1991–2003
1986–2007
1995–2008
1999–2011

10
10
17
17

62
8
30
16

8/10
2/10
16/17
16/17

20
80
6
5.9#

L ANISNIK [70]
M AKEIEFF [23]
M ARTY-A NÉ [48]
M ISTHOS [54]
N AKAMORI [85]

1992–2006
1984–1998
1989–1999
1985–2002
1995–2002

17
17
12
27
11

44
45
NA
24
39

16/17
14/17
10/12
18/27
11/11

6
18
17
33
0

P ÉREZ [91]
R IDDER [86]

1990–2000
1997–2008

17
45

NA
36

10/17
40/45

41
11

R OCCIA [49]
S UMI [92]

1996–2005
1998–2005

23
14

T 10
C 6/T 6
C 6/T 5
VATS 2
T 10
C 2/T 8
C 10/T 7
Sternotomy 8
Clamshell 9#
C 5/T 12
C 3/T 14
C 1/T 11
C 16/T 11
C5
Catheter 6
T 17
None 1
C 39/T 5
C 8/T 15
Catheter 14

32
22

16/23
13/14

30
7

LOS: length of hospital stay; C: transcervical; VATS: video-assisted thoracoscopic surgery; VAM: video-assisted
mediastinoscopy; T: transthoracic; NA: not available. #: one patient in septic shock died 2 days after surgery.
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useful in identifying these subacute infections. The final diagnosis is made by identification of the
specific organism by tissue stains or culture. Samples may be obtained by needle aspiration, or
mediastinal exploration if necessary.

Treatment
Administration of targeted drug(s) for the specific organism identified is the gold standard.
Although some organisms may show in vitro resistance to the anti-TB drugs, this treatment is
usually successful. Whenever required, extensive completion debridement is useful.

Chronic fibrosing mediastinitis (mediastinal fibrosis and
sclerosing mediastinitis)
Mediastinal fibrosis and the resulting clinical features are variously termed fibrosing mediastinitis,
fibrous mediastinitis, sclerosing mediastinitis and granulomatous mediastinitis. Fibrosing
mediastinitis is a rare condition characterised by the deposition of thick fibrous tissue encasing
any of the various mediastinal structures outside the mediastinal lymph nodes. The process may
involve and obstruct the major airways, central systemic veins, pulmonary arteries, pulmonary
veins and the oesophagus. Fibrosing mediastinitis is often a progressive process and there are two
different patterns of mediastinal involvement: focal or diffuse.
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Aetiology and pathogenesis
Fibrosing mediastinitis may result from several factors, among which infection is the most
common cause, in particular tubercular and fungal infections (table 4). Noninfectious causes
include autoimmune diseases; Behçet’s syndrome; sarcoidosis; rheumatic fever; neoplasms, such as
Hodgkin’s disease; radiation therapy; traumatic haemorrhage and drugs, particularly methysergide
[93]. In rare occurrences, the disease is familial and multifocal, and patients may present different
manifestations of the same disease, such as retroperitoneal and mediastinal fibrosis, sclerosing choTable 4. Aetiology of sclerosing mediastinitis
langitis, Riedel’s thyroiditis and pseudotumour of
the orbit [94]. Sometimes the lesion extends from
Fungal infections
the upper mediastinum to the soft tissue of the
Histoplasmosis
Aspergillosis
neck [9].
Mucormycosis
Coccidioidosis
Cryptococcosis
Blastomycosis
Mycobacterial infections
Tuberculosis
Nontuberculous infections
Bacterial infections
Nocardiosis
Actinomycosis
Noninfectious
Autoimmune disease
Sarcoidosis
Rheumatic fever
Neoplasms (Hodgkin’s disease)
Trauma
Drugs (methysergide)
Idiopathic
Familial multifocal
Retroperitoneal and mediastinal fibrosis
Sclerosing cholangitis
Riedel’s thyroiditis
Pseudotumour of the orbit

The pathogenesis of extensive progressive fibrosis
within the mediastinum remains under debate.
Some authors have postulated that fibrosing mediastinitis results from a delayed hypersensitivity
reaction to fungal or mycobacterial antigens from
infected lymph nodes [95]. The presence of strongly
positive skin and serum reactivity and hypergammaglobulinaemia and hypercomplementaemia support this theory.
Although Histoplasma capsulatum is the most
common cause of fibrosing mediastinitis in the
central United States, fibrosing mediastinitis affects
only a small fraction of exposed individuals in
endemic regions for histoplasmosis. This may be
explained by an abnormal immunological reaction to
H. capsulatum antigen rather than a direct infection.
Tuberculous mediastinitis is common in Turkey,
and is probably due to rupture of diseased lymph

nodes or fibrocaseous granulomas in the neck and/or mediastinum. Mediastinal granuloma is the
precursor lesion of mediastinal fibrosis. Rupture of a mediastinal granuloma releases antigens into
the mediastinum, resulting in either localised or diffuse fibrosis [96].
Idiopathic fibrosing mediastinitis probably has a multifactorial pathogenesis for which both
genetic and immunological factors are involved. It is characterised by three histological stages:
stage I by oedema and fibromyxoid tissue, several spindle cells, eosinophils, mast cells,
lymphocytes and plasma cells; stage II by thick glassy bands of randomly arranged collagen with
focal interstitial spindle cells, lymphocytes and plasma cells; and stage III by by crowded acellular
collagen and some calcification [97].

Pathology
Fibrosing mediastinitis is characterised by a diffuse, fibrotic infiltration of the mediastinal
structures by chronic inflammatory cells. Mediastinal fibrosis leads to compression of airways,
vessels and the oesophagus. The most common pattern is a mediastinal or hilar soft-tissue calcified
mass, tissue planes are obscured, and the process may extend to involve the root of the lungs and
the major pulmonary vessels. A much less common pattern is a diffuse homogeneous soft tissue
extending throughout the mediastinum, more frequently without calcification. The first pattern
generally follows histoplasmosis or TB while the diffuse distribution is typical of idiopathic or
noninfectious fibrosing mediastinitis [98].

Fibrosing mediastinitis is more common in young adult white females, with a female-to-male ratio
of 3:1, and may be self-limiting, but serious persistent complications can finally cause death. In
,40% of patients, the disease is asymptomatic and is an incidental radiographic finding. The
clinical features are dictated by the compression and entrapment of visceral mediastinal structures
that may cause superior vena cava syndrome, pulmonary hypertension, severe respiratory
imbalance and dysphagia. Cough, dyspnoea, pleuritic chest pain, fever, weight loss, wheezing,
post-obstructive pneumonia, dysphagia and haemoptysis are common. Hoarseness is due to
compression of the left recurrent nerve with left vocal cord paralysis. Pulmonary interstitial
fibrosis is a frequent complication and can mimic the clinical and pathological course of usual
interstitial pneumonitis. A mediastinal subcarinal granulomatous disease may rarely lead to a
broncho-oesophageal fistula.
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Clinical features

Radiological findings

Radionuclide venography with technetium-99m to demonstrate occlusion of the vena cava is a
quick and safe method of investigation. Pulmonary arteriography may be helpful when
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Fibrosing mediastinitis mostly manifests itself as nonspecific widening of the mediastinum with
deformation and elimination of anatomical mediastinal profiles. Patients with superior vena cava
obstruction may present a bilateral widening of the superior mediastinum due to engorged
collateral veins, while atelectasis or recurrent pneumonia may be due to central airway
involvement. Hilar and/or mediastinal lymphadenopathy with occasional calcifications may be
detected on conventional radiographs, but no information is given on the site of lymph node
involvement. Patients with major airway obstruction and disease in the subcarinal region may
have normal radiographic findings. The mass, when present, is often asymmetric and commonly
projects into the right hemithorax. CT examination in the limited form evaluates the impact of
compression on the great arteries, trachea and oesophagus, usually showing a soft-tissue mass that
most commonly infiltrates the middle mediastinum [97]. CT is more specific than a conventional
radiograph or magnetic resonance imaging (MRI) in identifying any calcification in the lesion.
MRI is crucial in assessing the mediastinal soft-tissue masses and outlines the extent of
involvement of the great arteries, especially if the use of contrast material is contraindicated [99].

involvement of the pulmonary vessels is suspected. Upper gastrointestinal contrast radiographic
studies can demonstrate oesophageal narrowing. In the case of oesophageal involvement by
fibrosing mediastinitis, a barium oesophagogram will typically show circumferential narrowing
and long segment strictures without mucosal abnormality and the presence of mass effect.
Angiography is the most exhaustive imaging technique with which to detect vascular involvement
by fibrosing mediastinitis; it will be documented by long segment strictures and smooth stenosis in
the vessels. Pulmonary arteriography and contrast venography are helpful in diagnosing
pulmonary artery obstruction or superior vena cava stenosis [98].

Treatment
In vena caval obstruction, bypass of the obstructed superior vena cava by a vascular or prosthetic
graft from the left innominate vein to atrium is indicated. Patients with pulmonary hypertension
should be referred to a pulmonary hypertension centre, as there are no evidence-based therapeutic
options. In ,25% of patients with localised granulomas, complete excision of the lesion can be
achieved. When a broncho-oesophageal fistula is present, excision of the fistulous tract and closure
of both the tracheal and oesophageal openings are required.
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Conclusion
Mediastinitis is a rare though potentially life-threatening condition with an extremely high
mortality rate if not promptly recognised and properly treated. The multifactorial aetiology, the
ample clinical spectrum, a poor knowledge of the disease and the lack of prospective studies make
it difficult to recognise the onset of the disease and establish the most appropriate treatment [100,
101]. Most cases are secondary to cardiovascular surgery and oesophageal perforation, but the
most fatal expression is the DNM that originates from infectious foci in oropharyngeal cavity and
spreads extensively via the mediastinum due to existing anatomical continuity through the neck
[102]. The extent of infection, the diagnostic and therapeutic delay, and the septic shock at first
observation directly affect morbidity and mortality, as recently reported [37].
Strong agreement exists among international experts regarding the best care of patients with severe
sepsis and septic shock, which characterise the evolution of this disease [103]. This disease has to
be detected as soon as possible and CT should be performed whenever symptoms of sepsis persist
after treatment of oropharyngeal infections, especially in cases of retropharyngeal and
parapharyngeal locations [51, 104, 105]. Nowadays, thanks to a multidisciplinary approach, the
improvement of imaging techniques, the targeting of antibiotic therapy and the tailoring of
surgical drainage procedures [106], the outcome has improved over the last 25 years and mortality
rates have gone down from an astonishing 85% without treatment to almost 0% in properly
treated cases.
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T

he word ‘‘empyema’’ is derived from the Greek verb empyein (‘‘to suppurate’’) and pleural
empyema is, therefore, a suppurative disease of the pleura. Pleural empyema may be caused by
various underlying conditions, which should be recognised, as the underlying condition influences
the treatment strategy. Empyemas are generally due to pneumonia, which occurs in 20% to 57% of
hospitalised patients [1–4]. Only 10% of patients with parapneumonic effusions will require a
surgical management of their empyema [5]. However, misdiagnosis of this condition may lead to
severe and disabling consequences, such as thoracic cavity deformation or scoliosis and pulmonary
restriction. Empyemas are more common in males, with a male to female ratio of approximately
2:1. It is also more common in both extremes of age (children and elderly people). In most
patients, associated risk factors for empyema development are found, including immunosuppressive conditions (HIV, diabetes mellitus, chronic renal failure, malnutrition and chemotherapy), alcohol, drug abuse, gastro-oesophageal reflux, broncho-aspiration and chronic
parenchyma lung diseases, such as chronic obstructive pulmonary disease or fibrosis [6, 7].

M. GONZALEZ ET AL.

SUMMARY: Pleural empyema has been classified into three
different stages in order to facilitate the establishment of
treatment guidelines. The treatment, which may range from
conservative measures to more aggressive surgical management,
depends on the chronicity of the empyema, the underlying
disease and the condition of the patient. In this chapter, we
review the different surgical options, with emphasis on the
thoracoscopic management, which are now routinely performed for early-stage empyema. For advanced empyema,
decortication is mandatory to prevent pulmonary restriction.
Thoracoplasty or thoracostomy are reserved for special kinds of
empyema.

In a case series of 328 consecutive patients undergoing surgery for empyema, the underlying causes
of pleural space infection were pneumonia in 200 patients (61%), previous thoracic or abdominal
operations in 52 patients (16%), chest trauma in 32 patients (10%), M. tuberculosis infection in 20
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Although primary pleural infections exist, most cases are secondary to pneumonia, lung abscesses
or bronchiectasis. Other causes of secondary pleural infections include recent thoracic surgery,
diagnostic procedures involving the pleural space, trauma, oesophageal ruptures, transdiaphragmatic spread of intra-abdominal infections and bronchial obstructions (table 1). Primary pleural
infections have also been described and are thought to be related to the haematogenous spread of
micro-organisms originating from gingival and upper respiratory tract infections (in most cases,
microbiological cultures yield oropharyngeal flora and anaerobes) or can be related to
Mycobacterium tuberculosis infections.

Table 1. Aetiology of pleural empyema
Parapneumonic effusion
Haematogenous spread into pleural space
Iatrogenic infection of the pleural space (punction)
Post-operative (lung, cardiac, abdominal, urological)
Descending oropharynx infection
Mediastinal infection (oesophageal perforation)
Chest wall and spine infection
Post-traumatic penetrating injury

patients (6%), pulmonary embolism in 13
patients (4%), intrathoracic malignancies in
five patients (2%), pleural aspergillosis in five
patients (2%) and pleural actinomycosis in
one patient (0.3%) [8].

Management
Principles

The choice of the appropriate intervention for pleural infection depends on the nature of the
underlying disease, the chronicity of the empyema, the presence of a bronchopleural fistula (BPF)
and the patient’s overall condition. The management may range from noninvasive techniques,
such as simple thoracentesis, chest tube drainage and intrapleural fibrinolytic therapies, to more
invasive procedures, such as thoracoscopy, thoracotomy, open-window thoracostomy drainage or
thoracomyoplasty (table 2).
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The American Thoracic Society (ATS) has suggested classifying empyema into three different
stages according to its chronicity in order to facilitate the establishment of treatment guidelines
(table 3) [9]. Chest computed tomography (CT) scan is of importance in estimating the
chronicity of empyema and detecting its underlying cause.
ATS stage I parapneumonic effusions are usually treated with antibiotics and thoracocentesis or
chest tube drainage. Treatment of stage II empyema consists of fibrinolysis via chest tube or videoassisted thoracoscopic surgery (VATS) debridement. VATS is preferred in low-risk patients while
fibrinolysis is an excellent option in patients who do not tolerate surgery. Fibrinolysis and VATS
are valid options in the treatment of fibrinopurulent empyema, but they are not effective in its
organising stage. Stage III empyema requires formal decortication in order to prevent recurrence
and restriction.

Stage I
Stage I parapneumonic effusions are characterised by nonloculated effusion and are usually treated
by antibiotics and thoracocentesis or chest-tube drainage.

Antibiotics
Once the pleural infection is diagnosed, antibiotics should be started based on the empirical
pneumonia treatment guidelines and adapted on the pleural fluid cultures [10, 11]. All antibiotics
penetrate the pleural space [12], with the exception of aminoglycosides, which may be deactivated
by the low pleural pH fluid in cases of empyema [13]. Bacteria responsible for pleural empyema
differ between community-acquired and hospital-acquired infections. In 2005, MASKELL et al. [14]
have reported the microbiological findings in 430 patients with empyema. Pleural fluid culture was
positive in 32 (54%) patients. The micro-organisms cultivated were Streptococcus milleri (29%),
Streptococcus pneumoniae (16%), Staphylococcus aureus (21%) and anaerobes (15%). In addition,
LUH et al. [15] reported in 2005 pleural
cultures were positive in 178 (76%) out of
Table 2. Options for the treatment of pleural empyema
234 patients. Micro-organisms cultivated
were S. pneumoniae (20%), S. aureus (21%),
Antibiotics
coagulase-negative Staphylococcus (17%), PseuThoracocentesis, chest tube
Fibrinolysis
domonas (14%) and Klebsiella (10%).
Video-assisted thoracoscopic surgery debridement
Decortication
Myoplasty (intrathoracic muscle transfer)
Thoracomyoplasty
Open-window thoracostomy (pleurostomy)

There are numerous antibiotic combination regimens [10]. In community-acquired
infections, intravenous amoxicillin and
clavulanic acid or a combination of a second

Table 3. Characteristics of parapneumonic effusions according to American Thoracic Society (ATS) staging

Pleura
Fluid appearance
Bacteria
pH
Lactate dehydrogenase
UI?L-1
Glucose mg?dL-1

ATS stage I
(exudative)

ATS stage II
(fibrino-purulent)

ATS stage III
(organising)

Thin
Clear
Sterile
.7.20
,500

Fibrin deposition/loculi
Opalescent
Positive
,7.20
.1000

Thick
Frank pus
Positive
,7.20
.1000

.60

,60

,60

generation cephalosporin and metronidazol is generally recommended against expected microorganisms (Pneumococcus, S. aureus and Haemophilus influenzae) (table 4). The alternative for
patients with b-lactam allergy is monotherapy of clindamycine. Gram-negative micro-organisms
should be also treated in hospital-acquired empyemas, including carbapenem, piperacillin/
tazobactam or third/fourth-generation cephalosporins (ceftazidime and cefepime) with metronidazole. Vancomycin should be added for suspected or proven methicillin-resistant S. aureus.
Antibiotic treatment duration for pleural infection without surgery remains controversial. Several
weeks of antibiotherapy have been recommended in situations of empyema associated with a
pulmonary disease (i.e. lung abscess) [16, 17]. If adequate pleural drainage is achieved, 3 weeks
of i.v. antibiotherapy administration is generally performed followed by 3 weeks of oral
antibiotherapy [10].

When fluid has been detected by radiological imaging, thoracentesis should be performed initially.
Parapneumonic effusions should require a drainage procedure in the presence of the following
criteria: 1) pleural effusion size .10 mm; 2) pH ,7.20; 3) purulent pleural fluid; 4) radiological
loculations; and 5) Gram-positive stain [18]. There is no consensus on the size of the optimal chest
tube drainage [19–26]. Traditionally, chest tube drainage is performed using a large (24–
28 French) intercostal drain positioned in the dependent part of the free-flowing pleural fluid
because some authors consider large chest tubes more efficient for drainage of thick pus. However,
adhesions and loculations may complicate chest tube insertion and it is generally recommended to
insert a smaller catheter (10–14 French) using the Seldinger technique under ultrasound or CTscan guidance in these situations [27]. These small drains are less traumatic to insert and better
tolerated by patients. RAHMAN et al. [28] has reported a prospective, controlled, nonrandomised
multicentre study of 405 patients treated for parapneumonic effusions and empyema with
different chest tube sizes. Smaller wire-guided chest tube insertion caused significantly less pain
than larger tubes with no difference in the clinical outcome for the management of complicated
pleural effusions. There is also no consensus with respect to the force and type of the suction, the
tube setting and specification of system used.
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Drainage

Origin of infection
Community-acquired

Hospital-acquired

i.v. treatment

Oral treatment

Cefuroxime + metrodinazole
Benzyl-penicillin + ciprofloxacin
Meropenem + metronidazole
Piperacillin + tazobactam
Ceftadizime

Amoxicillin + clavulanic acid
Amoxicillin + metronidazole
Clindamycin
Not applicable
Meropenem + metronidazole

Reproduced from [10] with permission from the publisher.

143

Table 4. Antibiotic regimen for initial treatment

a)
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b)

c)

Successful closed-tube drainage leads to the
improvement of the clinical and radiological
status within 24 h. Unsatisfactory pleural drainage can be due to the misplacement of the
drain, the presence of loculations or the presence
of a fibrous remodelling of the visceral pleura,
which prevents lung re-expansion. If poor
drainage persists, a CT scan should be performed to check for the drain position or the
presence of additional loculations that are not in
communication with the chest tube [29]. Chest
tube tubes are generally left in place until the
drainage rate is ,50 mL per 24 h. Drainage
performed as a single procedure is usually a firstline therapeutic modality with a success rate for
post-pneumonic pleural empyema of between
67% and 74% [30], and with 36–65% failure rate
for post-operative and post-traumatic empyema
[31]. The mortality of pleural empyema treated
by drainage ranges from 11% to 24% [30, 31]. In
a prospective randomised study [32], tube
thoracotomy for parapneumonic effusion has
been compared with VATS debridement, and
the authors found more conversion to open
decortications for tube thoracostomy (37%
versus 17%, p,0.05) and longer hospital stay
(8.3 versus 12.8 days, p,0.05).

Stage II
Stage II empyema is characterised by the
appearance of loculated effusion and intrapleural pH measurements of ,7.2. The treatment options for this stage consist of the
instillation of fibrinolytic agents or early debridement by VATS or thoracotomy (fig. 1).

Fibrinolytic therapy
In 1949, TILLET and SHERRY [33] described
intrapleural
fibrinolytic therapy with streptokiFigure 1. a) Empyema stage II with loculations. b)
The patient underwent successful video-assisted
nase and streptodornase through the chest tube
thoracoscopic surgery debridement. Intra-operative
to facilitate the drainage and prevent the
view with fibrin deposits on visceral pleura, and c)
development of loculations in patients with
post-operative chest radiograph.
pleural effusions. Progressively, there have been
several uncontrolled studies concluding that
fibrinolytics were useful in the management of parapneumonic effusions, disrupting pleural
loculations before deposition of collagen fibres and fibroblasts could occur (table 5) [6, 35–37].
Three types of fibrinolytics are principally used and have been well documented: streptokinase
[38], urokinase [39] and tissue plasminogen activator (tPA) [40]. Streptokinase is generally
administered as 250 000 units diluted into 20–100 mL of a saline solution. Urokinase is generally
administered as 100 000 units diluted into 100 mL of saline solution. The fibrinolytic solution is
injected into the pleural cavity via a chest tube drain, which is clamped for 2–4 h. Suction is then
reapplied to the chest tube for the remaining 20–22 h. We favour one instillation of urokinase per
day repeated during five subsequent days. A radiological control of the pleura and lung should

Table 5. Practical usage of intrapleural fibrinolytics
Fibrinolytic
Streptokinase
Urokinase
Tissue plasminogen
activator

Dose

Instillation

Duration

250 000 IU
100 000 IU
10–25 mg

100–200 mL saline
100 mL saline
100 mL saline

Daily for up to 7 days
Daily for up to 3 days
Twice daily for up to 3 days

Reproduced from [34] with permission from the publisher.

The effectiveness of intrapleural fibrinolyticsis is still being debated in the literature. Clinical and
radiological improvement of empyema with the use of fibrinolytics has been reported in several
controlled studies [35, 44–52]. Small randomised controlled trials on fibrinolytic therapy have
reported an improved radiological appearance [38, 39, 53], a better drainage of pleural fluid
[37, 38, 53–55], a decreased hospital stay [38, 55] and a lesser need for surgery [39, 54, 56] in
patients with empyema. A randomised control study of patients with mixed stages of empyema
reported a significantly lower decortication rate (60 versus 29%, p,0.01) and shorter hospital stay
in patients treated with intrapleural urokinase compared with sodium chloride instillation [56]. In
contrast, a systematic review of the Cochrane library found no significant benefit for fibrinolytic
therapy in empyema [57]. The Multicenter Intrapleural Sepsis Trial (MIST)-1 was the largest trial
to be carried out in the United Kingdom [14], involving 454 patients, and was published in 2005.
The MIST-1 studied the utility of fibrinolytics therapy in 454 patients with parapneumonic
effusion with randomisation to receive streptokinase or sodium chloride instillation. There was no
difference in mortality, the requirement of surgery in patients, the radiological outcome and the
length of hospitalisation. This trial was criticised for its lack of consistency in the treatment
protocols, the use of small tube drainage and the lack of clear outcomes regarding treatment
failure with differences in the on-site surgical expertise. The message of this study was that there
was no role for intrapleural fibrinolytics in late empyema. More recently, RAHMAN et al. [58]
reported on a randomised trial including 210 patients with pleural infection treated with pleural
instillation of sodium chloride, tPA, DNAse, or both tPA and DNAse. They found that intrapleural
instillation of tPA and DNase together improved fluid drainage in patients with pleural infection
and reduced the frequency of surgical referral and the duration of the hospital stay. In addition,
the treatment with either DNase alone or tPA alone was ineffective compared with sodium
chloride instillation.
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then be performed. The expected adverse effects of fibrinolytics are localised pleural and systemic
bleeding or acute respiratory distress syndrome [41–43].

In conclusion, current data suggests that intrapleural fibrinolytics may be considered for
management of ATS stage II parapneumonic effusion and in high-risk patients who may not
tolerate surgery with lung exclusion (for example, ventilated patients in the intensive care unit).
However, intrapleural fibrinolytics cannot be recommended as the standard treatment of
parapneumonic effusion and empyema and the use of fibrinolytics should not delay surgical
intervention when appropriate.

From the mid-1990s, thoracoscopic treatment of empyemas has gained in acceptance [59, 60].
Potential advantages of VATS include improved visualisation, less surgical trauma and improved
quality-of-life outcomes. In this sense, VATS has been initially used in early-stage empyema to
debride purulent collections and resect fibrin septae that fail to resolve with antibiotics and chest
tube drainage (with or without fibrinolytic therapy). VATS has the advantage of being less invasive
than open decortication and of being better accepted by the referring physician and the patient.
Nowadays, early open decortication has been abandoned in many centres in favour of VATS
debridement or fibrinolysis [15, 61–64]. Loculations may be broken down, the visible pleural space
completely drained and the intercostal chest tube can be optimally placed. The VATS procedure is
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intended to evacuate the fibrinous deposits and breakdown of loculations rather than peeling of
organised pleura (VATS debridement) [65]. Several reports have demonstrated that VATS
debridement is a valid treatment option for ATS stage II empyema that allows an appropriate control
of infection and a complete restoration of pulmonary function in early-stage empyemas. Formal
exclusion criteria for a primary VATS approach are suspicion of lung abscess, BPF, tumour at initial
work-up or the need for muscle flaps with or without thoracoplasty [8, 61]. Presumed ATS stage III
empyema with pleural thickening and signs of restriction on CT scan is no longer a formal
contraindication, but the conversion rate to decortications via thoracotomy is high [61, 64].
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We have used a standardised approach for VATS debridement [8, 66]. After a double-lumen
intubation, the patient is installed in a lateral position. A 3-cm incision is performed in the ventral
aspect of a traditional postero-lateral incision. Digital exploration is performed to assess the
chronicity of the empyema and to dissect the pleural space. An optic 30u thoracoscope is placed
above the first incision within the dissected area. No retractors are used and no rib spreading is
involved. The chest cavity is then debrided and the lung freed circumferentially from the apex to
the diaphragm. A third incision is performed in the sixth intercostal space to expose lung surface
and fissure. The debridement of the visceral pleura and the fissures is performed using both sharp
and blunt dissection avoiding parenchymal injury. The pleural cavity is then rinsed with several
litres of warm saline solution and two 28 French chest tubes are finally inserted in the
costodiaphragmatic sulcus and the pleural dome. Complete pulmonary re-expansion is controlled
at the end of the procedure. The antibiotic regimen is discontinued 14 days after the operation
and the chest tubes are removed in the absence of air leaks and when the drainage is
,200 mL?day-1.
In patients with ATS stage II empyema only, a small prospective randomised study of 20 patients
[67] compared VATS debridement with streptokinase-based fibrinolytic therapy. The authors
found that VATS was significantly better in controlling infection (91% versus 44%, p,0.05),
limiting drainage duration (5.8 days versus 9.8 days, p50.03), and decreased hospital stay
(8.7 days versus 12.8 days, p50.009). However, caution in the interpretation of these results is
required as the sample size was small.
In studies for mixed stage (ATS stage II and III), the rate of conversion from VATS to open
decortication ranges from 0% to 3.5% in early stage and from 7.1% to 59% in late stage [8, 15, 59,
61–64, 68, 69]. This discrepancy in the results emerging from these reports may be explained by
differences in patient selection and interpretation in stage of their empyema. The higher
conversion rates are related to chronic ATS stage III empyema, delays to surgery, presence of
Gram-negative organisms and surgeon’s experience. The failure of VATS, the persistence of
empyema or insufficient pulmonary re-expansion requires further operations [70]. LUH et al. [15]
reported this complication for 4.8% of those in the fibrinopurulent stage and 10% of those in the
organised stage. Others have reported the incidence to be as high as 46% [8]. It is agreed that if
adequate pulmonary re-expansion cannot be obtained during the VATS procedure, open
thoracotomy should be performed during the same intervention to avoid re-operation and lung
entrapment leading to late restriction [8]. S. aureus and S. pneumoniae [15, 71] were the most
common organisms isolated. Also, the presence of Gram-negative organisms was an independent
predictor of conversion from VATS to open decortication [8].
The benefits of a VATS procedure compared with thoracotomy are as follows: 1) a lower incidence
of pulmonary complications, such as atelectasis, prolonged air leak, re-intubation and need for
tracheostomy; 2) a lower pain score; and 3) shorter hospital stay. TONG et al. [60] have reported
the outcome of 420 consecutive patients undergoing VATS or open decortication. Significantly
fewer post-operative complications occurred in the VATS group for atelectasis, prolonged air leak,
re-intubation, ventilator dependence, need for tracheostomy, blood transfusion, sepsis and 30-day
mortality. CHAN et al. [62] demonstrated that intra-operative blood loss, duration of chest drain,
length of hospital stay and post-operative complications were similar in the VATS and open
decortication groups. The patients who benefited from the VATS approach reported significantly
less post-operative pain (p50.04), greater satisfaction with wounds (p,0.0001) and greater

satisfaction with the operation overall (p50.006). Moreover, two studies compared VATS with
open decortication in chronic empyema. A prospective cohort study [68] of 36 patients treated by
VATS for multiloculated empyema showed a 58% success rate. Operating time and post-operative
hospital stay was significantly longer in open decortication. CARDILLO et al. [63] reported the VATS
approach in 185 patients in comparison with 123 open decortications. They found that the VATS
approach showed statistically significantly better results in terms of in-hospital post-operative pain
(p,0.0001), post-operative air leak (p50.004), operative time (p,0.0001), hospital stay
(p50.020) and time to return to work (p,0.0001). In addition, re-operation for bleeding
(4.8% versus 1%) and mortality (3.2% versus 0%) were higher in open decortication than in VATS
procedures. These different studies did not report precisely on the stage of empyema and the
chronicity of the pleural infection.

In conclusion, VATS is now the first approach for empyema in early stage when tube
thoracostomy fails or when there is a clear indication for surgery. VATS debridement offers
equivalent outcomes in term of resolution of empyema in comparison with open decortications
for early stage (stage II). Moreover, VATS decreases morbidity, post-operative respiratory
complications and length of hospital stay. However, thoracotomy should be liberally used in case
of non re-expanding lung or when an additional procedure is necessary, such as muscle flap or
bronchopleural repair.

Stage III
ATS stage III parapneumonic empyema is characterised by loculated effusion with pleural
enhancement and signs of restriction on CT scan associated with raised temperature, weight loss
and elevated C-reactive protein levels (fig. 2). Decortication is mandatory to achieve permanent
control of the infection by evacuating loculated pus and fibrin debris, and prevent late pulmonary
restriction resulting from lung fibrous encasement by removing both parietal and visceral
debris (peel) without injuring the lung. This
technically demanding procedure is usually
performed by thoracotomy or may be
attempted by VATS in selected cases. If the
lung is destroyed or not able to fill the cavity,
thoracoplasty or open thoracic window in
critically ill patients may be necessary.
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The long-term results of debridement with VATS do not appear to differ significantly from those
of thoracotomy. One prospective study [72], included 45 patients with pleural empyema. The
success rate of VATS was 82%. At follow-up, 86% of the patients treated by VATS operation
showed normal pulmonary functions value. 14% had a moderate obstruction and restriction
without impairment of exercise capacity. In addition, SOLAINI et al. [64] reported 90% of positive
results with forced expiratory volume in 1 s .90% predicted at 6 months’ follow-up. Another
report [65] showed some degree of restriction in ,30% of the patients undergoing VATS
debridement at pulmonary function testing 6 months after operation.

Thoracotomy

Figure 2. American Thoracic Society stage III
parapneumonic empyema with pleural enhancement
and signs of restriction (narrowing of the intercostal
spaces). Note the presence of pleural microbubbles
that can be suggestive of anaerobic germ infection.
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Decortication by thoracotomy is generally
indicated in the management of stage III
empyema, which is characterised by loculated
effusion with pleural thickening and signs of
pulmonary restriction on the chest CT scan.
Also, in some patients, very quick encapsulation
occurs so that localised liquid collections
become inaccessible for thoracenthesis, especially if localised medially in the posterior parts
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of the pleural cavity. Organisation of the peel from the underlying visceral pleura usually begins 2–
3 weeks after the onset of infection. Formal decortication by thoracotomy with resection of rib 7
(Fowler–Delorme procedure) or without a rib resection is the only way to free the trapped lung
and to prevent recurrence of infection and restriction [65]. Decortication relies on freeing the
encased lung parenchyma from the compressing inflammatory coat and relying on its elasticity to
fill the cavity. The basic principle for this procedure is to remove the peel both from the visceral
and parietal surfaces. In addition, complete closure of BPF may be performed. Besides,
costomediastinal and costodiaphragmatic sinuses should be liberated as much as possible in order
to enable diaphragm motility and restore ventilatory function of the affected lung. There are two
morphological types of stage III empyema determining the operative tactics. 1) In some patients,
the expanded part of the lung covers the empyema sac, filling the apical part of the hemithorax,
with an empyema sac reaching up to either the middle or two-thirds of the distance from the base
to the apex. This is the more favourable situation in which the cleavage plane can be found more
safely. 2) Another situation exists if the empyema sac covers the compressed lung with the
insertion sometimes deep in the mediastinum. In this situation, extrapleural dissection should be
performed cautiously in order to avoid injury of the great vessels.
In some patients, it is possible to remove the entire empyema sac. However, in most patients it is
not possible and the lung must be liberated gradually, usually starting extrapleurally in the
direction that is found to offer the most suitable cleavage plane, until the junction level with the
untrapped lung is reached. Effort should be made to identify the aorta and oesophagus on the left,
the azygo-caval junction on the right and the vascular structures of the apex by dissecting in the
intrapleural plane. A small part of peel may be left just adjacent to the aorta, which is usually fully
exposed. When the underlying lung cannot be expected to re-expand due to concomitant removal
of the affected destroyed lung, an obliteration of the pleural space cavity is mandatory. The
affected lung may be removed when the CT scan demonstrates cavitary disease, large cystic
bronchiectasis or concomitant neoplasm. Residual pleural spaces after decortication may be
managed with transposition of muscle flaps or with thoracoplasty, as described later.
A study showed the effect of decortication for chronic empyema on pulmonary perfusion in 26
patients before and 35 weeks after treatment [73]. A significant increase in lung perfusion was
found after decortication from 25% to 45% on the right side and from 18% to 34% on the left
side. The predicted vital capacity increased from 62% to 80%, forced expiratory volume in 1 s
increased from 50% to 70% after decortication. Similar results were obtained by SWOBODA et al.
[74]. However, if left untreated for long periods of time, chronic empyema may result in
irreversible restriction and loss of pulmonary function. Therefore, pleural decortications should be
performed as soon as possible after chronic empyema has been diagnosed.

Thoracomyoplasty
Thoracomyoplasty is a procedure to be used as a last resort, and consists of the subperiostal
removal of a varying number of rib segments associated with myoplasty, thus allowing space
obliteration in situations of infected pleural spaces after lung resection. Space obliteration is
achieved by bringing the chest wall to the lung and by filling the pleural space with viable tissue.
This procedure may also be used to close a BPF. De Cerenville (1845–1915) was the first to use
thoracoplasty for collapse therapy in case of tuberculosis (TB) [75]. Since 1950, this indication
disappeared progressively due to the advent of antituberculous drugs. Extra-periosteal limited
tailored thoracomyoplasty, as described by Alexander [76], is still indicated for patients with
chronically infected pleural spaces after lobectomy, with pleural aspergillosis with or without
pulmonary resection and with post-pneumonectomy pleural aspergillosis and TB. In our
institution, we performed 17 limited extraperiosteal apical thoracomyoplasties for patients
with chronic post-lobectomy empyema and infected apical residual spaces (fig. 3) [76].
Thoracomyoplasty was successful in all patients with respect to infection control, space
obliteration and definitive closure of BPF, irrespective of the type of infection, the presence of
a BPF and whether a first rib resection was performed. Post-operative shoulder girdle dysfunction
and scoliosis were prevented in most patients willing to undergo intense physiotherapy. These

results are consistent with three recent studies
[77–79] on 76, 35 and 26 patients, respectively, which investigated thoracomyoplasty
for chronic pleural suppurative infection with
90%, 100% and 77% successful infection
control, respectively.

a)

Thoracomyoplasty initially designed to control
chronic tuberculous infections is therefore still a
valid surgical option in the treatment of specific
chronic post-resectional empyemas, particularly
in immunocompromised patients with complex intrathoracic infections. It is also useful for
the control of post-pneumonectomy BPF associated with active TB and pleural aspergillosis.

Open-window thoracostomy
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b)

c)
1
2
3

RHO
4
5
6
7

SA

Figure 3. Pleural aspergillosis. a) Pre-operative
chest computed tomography scan showing the
cavity with the aspergilloma in the right pleural cavity,
b) intra-operative view of the pleural aspergilloma,
and c) schematic view of the limited apical thoracomyoplasty. RHO: rhomboideus; SA: serratus anterior. Reproduced from [76] with permission from the
publisher.

Recently, we reported 27 patients who underwent iterative vacuum-assisted closure (VAC)
therapy for the treatment of severe intrathoracic
infections with or without lung resection [81].
The median length of VAC therapy was 22 days
(range 5–66 days) and the median number of VAC changes per patient was 6 days (range 2 to
16 days). Control of intrathoracic infection and closure of the chest cavity was achieved in all
surviving patients. VAC therapy seems to be an efficient and safe adjunct with which to treat
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Open-window thoracostomy may be necessary
to control chronic pleural infection in debilitated patients who are not eligible for decortication or thoracoplasty. Thoracostomy may be
either permanent or transitory [75, 80].
Transitory thoracostomy may be part of
the treatment of post-pneumonectomy BPF.
Permanent thoracostomy may be required in
elderly patients with chronic post-TB empyema
and calcifications. These patients are usually
malnourished and have complex comorbidities,
which preclude formal decortication. Surgical
removal of these calcifications can be lifethreatening as they can be associated with
important bleeding and lead to important
residual spaces. Therefore, these situations
may require the creation of a permanent
thoracic window, as first described by Eloesser
[74]. The Eloesser flap, described in 1935,
consists of the marsupialisation of the cavity
with rib resection and open drainage. The cavity
is then easily packed by gauze that is changed
daily. Patients can tolerate open-window thoracostomy for a long time and with minimal
sacrifice of normal daily activities. When the
infection is controlled, the window may close
spontaneously or muscle transposition may be
performed to fill the pleural space.

severe intrathoracic infections (especially for empyema post-pneumonectomy) and may be a good
alternative to open-window thoracostomy in selected patients.
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SUMMARY: Parapneumonic effusion and pleural empyema in
children are more frequently encountered in the age group
.2 years. This is explained by routine vaccination with the
pneumococcal conjugated vaccine for Streptococcus pneumoniae in children aged ,2 years. In every child treated for a lower
respiratory tract infection, a complicated pneumonia should be
suspected in case of clinical changes. Differential diagnosis and
treatment are based on radiographic assessment with ultrasonography and computed tomographic scan of the chest, and
biochemical and microbiological analysis of the pleural fluid.
For early cases of parapneumonic effusion, drainage with a
small drain (f16 French) is advised. In the case of loculation or
a pleural peel, thoracoscopic surgery is indicated. For more
severe cases, a thoracotomy or a conservative treatment with
surgery in a second stage is advised, especially for lung abscesses.
Intrapleural fibrinolysis has shown contradictory results, but a
recent prospective trial showed great promise for the combination of fibrinolysis and DNAse for stage 1 and 2 complicated
pneumonia.

E

During the last decade, treatment techniques of PPE and empyema have not changed dramatically,
but a remarkable shift towards less invasive techniques, such as thoracoscopic treatment, has been
noticed. These less invasive techniques can be implemented more quickly in the early course of a
PPE, probably to avoid evolution to a frank empyema.

153

ach year, up to 2.6 million cases of pneumonia are diagnosed in developed countries in
children aged ,5 years [1]. Streprococcus pneumoniae is still the leading cause of bacterial
pneumonia [2] and empyema, accounting for .50% of the cases [3]. Since 2006, the incidence of
invasive pneumococcal infections serotypes included in the seven-valent pneumococcal
conjugated vaccine (PCV7) has decreased in Belgium for children f2 years of age due to the
introduction of a pneumococcal conjugated vaccine by the government. However, the incidence of
empyema is increasing, especially in the 2–4-year-old age group, in part by the emergence of
pneumococcal serotypes not covered in the PCV7 (serotypes 1, 3 and 19A) and by Staphylococcus
aureus. A further decrease is expected since the introduction of the 13-valent pneumococcal
conjugated vaccine (PCV13) in September 2011. One-third of the reported cases of pneumococcal
pneumonia were complicated by parapneumonic effusion (PPE), empyema and abscess formation
[4, 5].

The development of PPE and empyema has not been studied in a systematic way, but rapid
progression from an uncomplicated infection into an organised empyema is well known to
everyone who has dealt with such cases in children. Therefore, it is essential to pay special
attention to every child being treated for a lower airway infection to detect a PPE or empyema as
early as possible, as the ease of treatment is directly related to its stage.
Whereas most physicians agree that the initial exudative stage or simple PPE usually can be treated
either by a wait-and-see attitude or a chest tube, much debate is ongoing regarding the subsequent
fibrinopurulent stage, which often requires more invasive treatment. For the last stage, organised
empyema, the discussion is more focused on an endoscopic versus open surgical treatment, and the
optimal moment to install such a therapy, especially in the case of an underlying pulmonary problem.
Therefore, it is important not only to detect a complicated pneumonia, but also to install the
correct treatment as early as possible and in a stepwise way. In order to do so, knowledge of the
stages and differentiation between the stages is essential. Gaining experience in all these aspects of
diagnosis and treatment is essential if these children are to be treated in a fast and proper manner
to avoid any delay in correct treatment or an increased complication rate. Multidisciplinary teams
of paediatricians, surgeons and radiologists are of utmost importance in these cases.

PLEURAL EMPYEMA IN CHILDREN

Incidence and prevention
Available estimates suggest that each year, in the developed countries, up to 2.6 million cases of
pneumonia are diagnosed in children aged ,5 years, of which one-half is hospitalised. Of these,
around 3000 will die [1]. The leading cause of bacterial pneumonia and empyema in children is S.
pneumoniae [2]. Since 2006, clinical data and vaccination status regarding S. pneumoniae are
collected in Belgium by a surveillance network of paediatricians called ‘‘Pedisurv’’, which is linked to
the National Reference Laboratory (NRL) of S. pneumoniae [4, 5]. The NRL receives isolates from a
stable number of ,100 hospital laboratories distributed all over the country. S. pneumoniae is also
included in this surveillance network. In 2004, PCV7 was introduced in Belgium; it became free of
charge in January 2007. In October 2010, the Superior Health Council of Belgium recommended the
substitution of PCV7 by PCV13, which has been implemented since September 2011 in all children
aged ,2 years. In 2012, PCV13 uptake was estimated to be 89–97%. The vaccine strategy is a 2+1
dose schedule (two doses at 2 and 4 months, and one booster dose at 12–13 months). A catch-up
strategy is provided until 24 months of age. Between 2006 and 2011, 2534 cases of invasive
pneumococcal disease (IPD) were observed in children aged f15 years. An IPD is defined as the
isolation of S. pneumoniae from a normally sterile bodily fluid, such as blood, pleural fluid or
cerebrospinal fluid In 2011, 481 cases of invasive pneumococcal infection were seen, the highest
number since 2006. Compared with 2006 and the period 2002–2003, the incidence decreased for
children aged ,2 years, but for children aged 2–4 years, the rate increased in 2011 compared with
2006. Rates attributable to PCV7 decreased significantly in all age groups, but non-PCV7 serotype
rates increased. These non-PCV7 serotypes seem to be particularly responsible for the increase in
empyema complicating pneumococcal pneumonia [3]. The effect of routine vaccination with the
PCV13 is expected to be seen in 2012. In answer to the constant resistance of new serotypes to the
current vaccines, several protein vaccines for pneumococcal infections are developed with the aim to
induce a noncapsular polysaccharide specific immune response. Of all IPD cases since 2006, 1069
cases were classified as pneumococcal pneumonia, of which 67% were uncomplicated. Of the 33%
complicated cases, pleural effusion was present in 20%, empyema in 12% and abscess formation in
1%. In 73 cases of pneumococcal empyema, a serotype was identified; 41% belonged to serotype 1,
25% had serotype 5, 19% serotype 19A and 5% had serotype 7F (table 1) [4, 5].
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Diagnosis and classification
Suspicion of a PPE or empyema increases whenever a child presents with persistent fever or
increased oxygen requirement despite patient-triggered antibiotics. The shift from an upper airway

Table 1. Incidence of pneumococcal pneumonia among children per 100 000 population, by age group, each

Age ,2 years
Pneumococcal pneumonia all
Uncomplicated
Complicated
With empyema
With pleural effusion
With abscess
Age 2–4 years
Pneumococcal pneumonia all
Uncomplicated
Complicated
With empyema
With pleural effusion
With abscess
Age 5–15 years
Pneumococcal pneumonia all
Uncomplicated
Complicated
With empyema
With pleural effusion
With abscess

2006

2007

2008

2009

2010

2011

23.54
14.23
9.31
2.19
7.12
0.00

26.69
22.42
4.27
0.53
2.67
1.07

14.99
11.66
3.33
2.22
1.11
0.00

28.03
19.24
8.79
3.85
4.95
0.00

33.41
28.35
5.06
1.52
3.54
0.00

21.92
17.74
4.17
1.57
2.61
0.00

20.96
11.97
8.98
3.74
5.24
0.00

22.93
17.38
5.55
2.22
3.33
0.00

22.05
15.21
6.84
1.52
4.56
0.76

33.57
19.62
13.96
5.66
7.54
0.75

26.92
20.02
6.90
3.45
3.45
0.00

47.33
27.05
20.28
8.54
10.68
1.07

4.40
3.17
1.23
0.31
0.92
0.00

5.08
3.46
1.63
0.30
1.32
0.00

3.19
2.24
0.94
0.24
0.71
0.00

6.96
3.83
3.13
0.93
1.97
0.23

5.30
3.57
1.73
0.65
1.08
0.00

4.80
3.24
1.57
0.31
1.25
0.00

infection into one with a PPE can occur in hours, as seen in figure 1. The diagnosis of a PPE is
made by diminished breath sounds, increased need for oxygen and the presence of fluid on a chest
radiograph and/or ultrasonography of the thorax. During the first exudative phase, the pleura
swells and large amounts of exudate are produced that accumulate within the pleural space. In the
second fibrinopurulent phase, heavy fibrin deposits are formed that cover the pleura; the pleural
fluid becomes turbid and thickened. In the last organisational phase, which takes place ,2 weeks
after the onset, fibroblasts grow in and collagen fibres are formed to create a thick peel on the lung
surface resulting in an entrapment of the lung. Once pleural fluid is detected, the amount of fluid
and laboratory assessment of the fluid can help to classify a patient. One has to remember that
these classifications make suggestions regarding treatment that can be of help with direct
treatment, but evidence, especially regarding the use of thrombolytics, to support them is either
poor or absent. Four important classifications have been published over the years [6–9], but we
prefer to use the classification by the British Thoracic Society (table 2).
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year in Belgium [4]

Evaluation and imaging

Data from adults suggest that effusions larger than 40–50% require drainage, but this is unproven
in the paediatric population. A retrospective study suggests that a rim of fluid of ,2 cm or pleural
fluid that opacifies less than one-half of the thorax does not need drainage [11]. When children are
symptomatic, which is the case in most children referred to a specialised hospital, the amount of
fluid is of less importance and drainage is always advised. This drainage is performed by
ultrasound-guided needle aspiration or by insertion of a chest drain. A chest drain is placed when
aspiration fails to solve the problem or when frank pus is evacuated (fig. 2). The fluid or pus is
always examined for pH and bacterial load. We routinely measure pH immediately in a blood gas
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Once a child is admitted to the hospital and the diagnosis of a PPE is made on chest radiograph, a
dedicated team of at least one radiologist, one paediatrician and one surgeon (thoracic or
paediatric) has to decide what treatment, besides intravenous antibiotics, is necessary for
immediate relief from this fluid and to further restrict development towards the fibrinopurulent
and/or organisational stages, if these are not already present. The length of antibiotic therapy in
children for a PPE or empyema is at least 10 days after resolution of fever [10].

a)
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b)

Figure 1. Evolution of a parapneumonic
effusion in a 4-year-old female under antibiotic treatment for an upper airway infection. Chest radiograph a) on day 20, and b)
48 h later.

analyser that is present in the operating complex.
Addition of heparin in the syringe used to take the
sample for pH analysis is not advised, as it is well
known this may alter the pH value. An empyema is
diagnosed as soon as the pleural fluid contains pus,
which is characterised by a viscous whitish-yellow,
turbid-to-opaque fluid (fig. 3c). This fluid consists of
fibrin, cellular debris and viable or dead bacteria. The
presence of pathogens in a nonpurulent pleural fluid or
the results of chemical pleural fluid analysis (low pH)
do not define an empyema. The latter is defined as an
undetermined or complicated PPE. A low pH
(pH,7.2), however, is an indicator for a poor
outcome, and drainage or further treatment is essential
in this case. After pH analysis, the fluid is sent to the
laboratory for further analysis, but this should not
delay appropriate treatment. A computed tomography
(CT) scan in addition to a chest radiograph is often
advised, especially when an advanced stage of PPE
(pleural thickening or loculations) is expected or to
rule out an underlying parenchymal problem (abscesses
and bronchopleural fistulae). In these cases, low-dose
CT and protection of radiosensitive organs, such as the
thyroid, testicles or ovaries, are essential. For the
detection of fibrin strands or septations within the
pleural fluid (pre-stage of loculations), CT is inferior to
ultrasound (fig. 4) [12].

Drainage

As already mentioned, when children are symptomatic,
which is the case in most children referred to a specialised hospital, the amount of fluid is of less
importance and drainage is always advised. When drainage is preferred, a chest drain is placed
either under sedation (in older child aged .16 years) or under general anaesthesia (children aged
,16 years or if preferred when aged .16 years), but always in the operating theatre and with
good pre-operative preparation. Fluoroscopic or ultrasound guidance during placement of the
drain can help to guide the drain immediately into the correct position. In case the fluid is not
drained sufficiently on fluoroscopy, a pleuroscopy or thoracoscopy can be performed at once in
order to visualise the pleura, to define the stage of PPE and to install endosurgical treatment. This,
of course, is discussed in advance with the parents as part of the treatment. No difference between
a chest tube larger or smaller than 14 French has been observed regarding the outcome of drainage
in adults [13]; also, no difference has been noted between a chest tube and a pigtail catheter [14].
Table 2. Classification of a parapneumonic effusion (PPE) or empyema as proposed by the British Thoracic
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Society [9]

Fluid appearance
pH
Bacteria
Lactate
dehydrogenase
Glucose

Uncomplicated or
simple PPE

Complicated PPE

Empyema

Clear/thin
.7.20
Sterile
,1000 IU?L-1

Clear or cloudy/turbid
,7.20
Present/not present
.1000 IU?L-1

Frank pus
,7.20
Present
.1000 IU?L-1

.2.2 mmol?L-1

.2.2 mmol?L-1

,40 mg?dL-1; ,2.2 mmol?L-1

In our hospital, we prefer a small-sized chest tube, such
as size 16 French, in children aged .5 years, and a
smaller one in younger children. Additional holes on
the radiopaque line of the drain made by the surgeon
can help to drain the pleural cavity from the top to the
bottom with less risk of obstruction of the drain by the
fluid.

Thoracoscopy

The place of fibrinolysis in empyema is unclear. A number of small randomised placebocontrolled trials evaluating intrapleural streptokinase and urokinase in pleural infection have

a)

b)

c)

Figure 3. Pleural fluid appearance from stage 1 to stage 3. a) Clear fluid, b) cloudy or turbid fluid and c) frank pus.
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Fibrinolysis
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In the case of empyema, multiple loculations, a
thickened visceral pleura or insufficient drainage of
the pleural fluid by a chest tube, a larger chest tube is
useless and an immediate thoracoscopic evaluation of
the pleural space is essential (fig. 5). A video-assisted
thoracoscopic surgery (VATS) procedure results in
Figure 2. A 16 French chest tube drain
earlier and more complete resolution of empyema
(arrow) is placed under fluoroscopic
compared with chest tube alone [15–17]. A thoracoguidance on the operating table under
scopic procedure is performed under general anaesgeneral anaesthesia for a parapneumonic
thesic with the patient in a lateral decubitus position. In
effusion.
trained hands and with paediatric instruments, a VATS
debridement of a stage 2 or even peeling of a thickened
visceral peel is technically possible and, therefore, preferred over open surgery. A good suction device
is essential for these procedures and is delivered through a 5-mm port. Insufflation of carbon dioxide
under low pressure (,7 mmHg) can help to create space to work within the pleural cavity.

suggested a potential benefit from the intervention in
all [18–21] but one case [22]. In addition, the 2008
Cochrane review included subgroup analysis and came
Fibrin strand
to the conclusion that an overall benefit to the use of
fibrinolytics is present in the group with loculations
PPE
[23]. The American Pediatric Surgical Association
PPE
Outcomes and Clinical Trials Committee 2011–2012
[24] concluded that it is reasonable to utilise chemical
Lung
debridement with a fibrinolytic agent (tissue plasminogen activator (tPA) in the USA) for 3 days before
deciding to proceed with a thoracoscopic procedure.
This grade B recommendation was based on the results
from positive trials and the fact that children are
Figure 4. Ultrasound of the thorax clearly
involved. In contrast, the Multicenter Intrapleural
shows the amount of fluid and presence of
Sepsis Trial (MIST)1 study [22], a Cochrane review
fibrin strands. PPE: parapneumonic effusion.
[25] and a meta-analysis of a placebo-controlled trial of
intrapleural fibrinolytic therapy in pleural infection [26] failed to show sufficient direct evidence
of clinical utility of intrapleural fibrinolytic therapy as a routine use in pleural infection to alter
outcome parameters, such as the need for surgery, death or hospital stay. This is supported by
laboratory findings that a fibrinolytic agent alone is no different to saline in changing the pus
viscosity [27, 28]. The success of fibrinolytic therapy is based entirely on the initial positive results
reported by TILLETT and SHERRY [29] in 1949. However, they used both streptokinase and
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Thoracic wall/ribs

a)

b)

c)

d)

Figure 5. Parapneumonic effusion stage 2, for which video-assisted thoracic surgery debridement was used.
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a) Computed tomography scan of the chest, b) thoracoscopic view within the chest showing many fibrin strands
after evacuation of the pleural fluid, c) end result after debridement, and d) fibrin and debris removed from the
chest cavity.

Table 3. Video-assisted thoracoscopic surgery versus fibrinolysis in children: prospective, randomised trials

Country and year of
study
Arms
Patients n

W AIT [31]

S ONNAPPA [32]

S T P ETER [33]

C OBANOGLU [34]

USA 1997

UK 2006

USA 2009

Turkey 2011

Streptokinase
VATS

Urokinase
VATS

tPA
VATS

Streptokinase
VATS

2610

2630

2618

2627

Mortality %

0

Overall success rate

No difference

Hospital days after
intervention

Lower for VATS;
p,0.01

Chest tube duration

Lower for VATS;
p,0.05

Cost

No difference

No difference

No difference

Lower for VATS;
p,0.01
Lower for VATS;
p,0.01

In favour of
urokinase

In favour of tPA

In favour of
streptokinase

streptodornase, a DNase enzyme produced by streptococcal bacteria [29]. This finding is
supported by the recently published UK MIST2 trial [30]. In this trial, four different intrapleural
therapies were given through a chest tube: placebo, tPA, DNAse or tPA+DNAse. Main outcome
parameters were resolution of the effusion on chest radiograph and a reduced number of hospital
days. No difference was seen for the tPA and DNAse groups compared with placebo. However, the
combination of tPA+DNAse was significantly better compared with all the other groups. As
reported by the principal investigator of the MIST2 trial, important end-points, such as the
proportion of patients referred for thoracic surgery, are not yet proven, and the trial was only
performed in 52 patients, which is a low number to define this as a safe treatment. These remarks
indicate that further trials are needed.
Regarding surgery, four prospective trials in three different countries have been performed
comparing VATS with fibrinolysis in children [31–34]. However, these trials used different
fibrinolytic agents and different regimens complicating inter-trial comparison. In two of these four
studies, no difference was seen between fibrinolysis and VATS regarding length of treatment or
outcome, but costs were higher for the VATS arm. For two other studies, a clear difference was
seen in favour of VATS. Details of these studies are depicted in table 3. In another prospective
randomised trial by KURT et al. [35], VATS was compared with tube chest drainage, but both
groups received fibrinolysis with reteplase in case of persistent effusion. A small group of
18 patients was randomised into two groups. Hospital length of stay, number of chest tube days,
narcotic use, number of radiographic procedures and additional interventional procedures were all
fewer for the VATS group. In addition, none of the patients within the VATS group needed
additional fibrinolytic therapy [35].

J.M.H. HENDRIKS ET AL.

tPA: tissue plasminogen activator; VATS: video-assisted thoracoscopic surgery.

Approach by thoracotomy is performed either when thoracoscopic treatment fails or whenever
resection of lung tissue is necessary. Failure of thoracoscopic treatment is caused by poor
visualisation of the pleural cavity, uncontrolled bleeding, a pleural peel that cannot be removed or
recurrence of infection despite initial good results of thoracoscopic debridement. Resection of lung
tissue is usually preserved for a lung abscess or necrotising pneumonia. These latter complications
of a pneumonia are usually detected by CT scan on admittance of the child or during
hospitalisation for recurrent disease after initial drainage or thoracoscopic therapy. The general
opinion, despite the lack of studies, is to postpone surgery for as long as possible. When the
abscess is located in the periphery of the lung without contact with the airway, a CT- or
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Thoracotomy

ultrasound-guided drainage in combination with intravenous antibiotics can usually solve the
problem and helps to shorten the hospital stay [36]. In the case of necrosis, a thoracotomy is
usually indicated, but the risks of air leakage and bronchopleural fistula are high. Resection can be
necessary at an earlier stage when the abscess is located more centrally and in close proximity to
the large vessels, especially in immunocompromised children with the diagnosis of aspergillus, to
prevent fatal haemorrhage.

Conclusions
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PPE and pleural empyema in children are important complications of pneumonia and their
incidence is increasing. Regarding S. pneumoniae, a shift towards older children has been observed,
as children aged ,2 years are routinely vaccinated against this infection. A high index of suspicion
of a complicated pneumonia is necessary in every child treated with antibiotics for an upper
airway infection, especially when the child is not recovering or when new symptoms arise.
Diagnosis is made by puncture of the fluid, ultrasound examination and a low-dose CT scan of the
chest. Once the diagnosis of a PPE or empyema is made, either drainage or a thoracoscopic
procedure is performed. For a PPE, drainage via a chest tube is usually sufficient. In the case of
empyema, the addition of fibrinolytic agents before proceding to thoracoscopic surgery is advised,
but studies and conclusions regarding these studies are conflicting. A recent trial investigating the
combination of a fibrinolytic agent and DNAse has shown promising results, but further studies
are needed to define the advantages in other end-points and to demonstrate its safety in larger
groups of patients. In the case of an abscess or necrosis, a conservative strategy is recommended,
with surgery as a second stage. Open surgery in the first stage is only performed in the case of
failed thoracoscopic surgery or when a lung abcess has ruptured into the pleural cavity.
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Chapter 14
Lung resection in the
presence of infection and
after pleural empyema

LUNG RESECTION AND EMPYEMA

Dragan Subotic* and Francoise Le Pimpec Barthes#
SUMMARY: There are two forms of infection that may precede
a lung resection: 1) lung infection without previous pleural
empyema; and 2) pleural empyema preceding a lung resection.
The first form refers mainly to the operation of cavitating
tumours with or without clinical signs of infection. Although
some studies detailing protected brush and lung tissue biopsies
confirmed colonisation with one or more potential pathogens in
41% patients, no major practical benefit from performing
biopsies was observed, as the post-operative infection rate was
low (12%) and without correlation with bronchial colonisation.
Current imaging techniques are unreliable in differentiating in
situ infection from necrosis in cavitating lung tumours.
Furthermore, a severe and putrid infection within a tumour
may be not clinically evident before surgery. The association
between empyema and malignant disease reached 22% in 1994,
with 80% of malignancies representing a lung cancer. Mortality
for empyema associated with malignant disease is 60–80%. In
these patients, surgery is possible only after full control of
infection and pleural space obliteration is achieved.
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here are two clinical forms of infection that may precede a lung resection: 1) lung infection
without previous pleural empyema; and 2) pleural empyema preceding a lung resection. In
the first situation, contamination of the operative field may ensue due to the rupture of a necrotic
tumour during the operation or due to spillage of endobronchial secretions at the moment of
dividing the bronchus. The second situation refers to pleural empyema, either recognised and
treated or unrecognised before the operation, thus leading to intra-operative contamination.
Although these two forms of infection may exist both in patients with malignant and
nonmalignant pathology, they represent a more difficult problem in patients with malignant
disease when considering the oncological aspect that is to be dealt with simultaneously with the
problem of infection. For this reason, the present chapter refers mostly to infectious problems
associated with lung cancer surgery.

Lung resection in the presence of intrapulmonary infection
Controlled studies specifically addressing the correlation between pre-operative bacterial infection
and post-operative complications are rare. In the prospective study of 194 patients without preoperative clinical signs of infection by SOK et al. [1], it was demonstrated that, in patients with postoperative infection, potential pathogens were isolated from pre-operative sputum samples in 18%,
from intra-operative bronchial brushes in 13% and from post-operative sputum samples in as much
as in 63% of operated patients. Although it could be concluded that pathogens responsible for postoperative infectious complications may be acquired post-operatively from the oral cavity, pharynx
and hypopharynx of the patient, such a conclusion should be accepted with caution, as a high
proportion of patients in both the study by SOK et al. [1] and other reported studies received
antibiotic prophylaxis post-operatively for at least several days as standard procedure.
Literature data are quite contradictory. In a study by IOANAS et al. [2] of 41 patients operated on for
lung cancer, intra-operative samples were collected by performing protected brush and lung tissue
biopsies. Although, in 41% of patients, colonisation with one or more potential pathogens existed,
the post-operative infection rate was low (12%) and without correlation with bronchial colonisation.

In order to overcome this problem, in some prospective studies with a high incidence of post-operative
pneumonia (POP), in which early POP was often related to colonising bacteria, a change of the
antibiotic prophylaxis regimen was attempted. Regimen change was attempted because of frequent
resistance to second generation cephalosporin employed for antibiotic prophylaxis in that study [3].
With the new regime (a short-term (24-h), high-dose (6-g) course of amoxicillin-clavulanate), a
significant decrease in POP and in the overall need for post-operative antibiotics was observed [4].
However, the proportion of bacterial documentation among cases of POP, the occurrence of
bronchitis and empyema, and the need for antibiotic therapy for nonrespiratory causes did not change.
A large clinical series, studied by YAMADA et al. [5], of 626 patients with lung cancer treated by
surgery was expected to elucidate this problem. In that study [5], POP occurred in 6.4% of
patients, with significant differences among chronic obstructive pulmonary disease (COPD)
(14.3%) and non-COPD patients (3.6%). Pre-operative colonisation by potentially pathogenic
micro-organisms existed in 12.8% of patients. Unfortunately, again no correlation between the
bacteria responsible for pre-operative colonisation and subsequent POP was found. The author’s
suggestion [5], supported by SETHI et al. [6], that, in COPD patients, POP resulted more
frequently from infection with new pathogens rather than from infection by bacteria responsible
for colonisation, was of no major practical benefit.

D. SUBOTIC AND F. LE PIMPEC BARTHES

Thus, in the absence of clear literature recommendations, the registering of eventual signs of
infection and empirical administration of antibiotics according to accepted principles is still a
frequent practice.

Considering that the diagnosis of POP may be difficult because of the frequent occurrence of fever,
hypoxaemia or abnormal chest radiograph after lung resection in patients who do not have POP,
the pragmatic attitude that POP must finally be diagnosed (or ruled out) on the basis of clinical,
radiological and laboratory investigations seems to be justified. The next step is prompt antibiotic
therapy, even in the absence of microbiological documentation.

Operation of a cavitating tumour

There are few data about this type of infection. In a study by KACPRZAK et al. [9] of 1148 patients
who underwent pneumonectomy during an 8-year period, intra-operative infection occurred in

163

The operation of a cavitating tumour is a common situation in practice. Cavitating lung cancer is
a true source of infection that may cause symptoms and delay of the surgical treatment. In the
majority of cases, the cavitation arises from tumour necrosis [7], but can also occur as a result of
bacterial colonisation or growth in the necrotic centre of tumours [8].

four (5.3%) out of 76 patients. Post-operative pleural empyema occurred in 76 (6.65%) patients,
with bronchopleural fistula as a cause of empyema in three-quarters of these patients [9].
Fever is common in patients with primary lung cancer, with a reported incidence of 21.1% [10],
and is usually caused by obstructive pneumonitis [11] or abscess. However, current imaging
techniques are usually unreliable in differentiating in situ infection from necrosis in cavitating
lung tumours.
Finding an optimal antimicrobial regime in these patients depends on bacteriological diagnosis,
and several techniques of obtaining tissue cultures are available, with those performed during
bronchoscopy being the most commonly used.
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Ultrasound-guided transthoracic aspiration was also reported to be effective and even superior
compared with biopsies performed under either fluoroscopy or computed tomography (CT), as it
can be performed at the bedside, allows real-time monitoring, and costs less than CT and
fluoroscopy [12]; it also minimises the risk of haemoptysis and haemothorax. In a recent study
[13] of 22 patients who underwent ultrasound-guided transthoracic aspiration for bacterial, fungal
and mycobacterial cultures, micro-organisms were isolated from six out of seven febrile patients
and one out of 15 nonfebrile patients. In this series [13], the obtained culture results led to
adjustment of the antibiotic regimen in five out of six febrile patients, previously treated with
empirical agents. Initiation of individualised antimicrobial treatment led to the improvement of
their clinical condition.
In the aforementioned study of 22 patients [13], six isolates were aerobic Gram-negative bacteria,
one aerobic Gram-positive coccus and one Mycobacterium, with only one anaerobe isolated. Such
a finding differs from previous reports [14], where 63% of isolates from lung abscesses were
anaerobes and only 12 (19%) out of 65 isolates were Gram-negative bacilli. Similar results were
obtained in studies performed by GRINAN et al. [15] and BARTLETT et al. [16]. These differences can
be in part explained by the fact that the majority of patients in these reports [15, 16] had primary
lung abscesses, while only a minority had underlying lung carcinoma. Furthermore, four out of six
febrile patients who had positive results on lung aspirate cultures had received antimicrobial
treatment, with coverage of anaerobic pathogens, before transthoracic aspiration.
Infection should be fully controlled before the operation, but this is not always possible, and febrile
episodes may persist despite appropriate antibiotic treatment until surgical removal of the
tumour (fig. 1).
In order to prevent intra-operative contamination, extrapleural liberation of the tumour from the
chest wall is mandatory. This is particularly important in patients undergoing a pneumonectomy
(fig. 1), given the high risk of post-operative empyema after intra-operative contamination of the
pleural cavity. The same approach is also used in patients undergoing a lobectomy, with cavitating
tumours sometimes occupying almost the entire affected lobe (fig. 2).
In case of involvement of the chest wall by the cavitating tumour, en bloc resection of the chest
wall together with lung resection is mandatory. Discontinuing resection, i.e. separation of the
lung from the chest wall with subsequent lung and chest wall resection, should be avoided
whenever possible.
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Lung infection unrecognised before the operation
Infection may persist within the lungs without clear radiographic or clinical signs before the lung
resection. Unless the removed specimen is dissected immediately after the operation, the infection
within the removed part of the lung may remain unknown. In such a case, a prolonged fever of
unclear cause may ensue post-operatively, with analysis of the removed specimen revealing a
suppurated lung cancer. In some patients, such tumours may be the true cause of staphylococcal
infection with pneumatocele formation, sometimes giving the aspect of hydroaeric intrapulmonary or intrapleural collections (fig. 3).

a)

b)

c)

d)

Figure 1. Necrotic lung cancer associated with a high febrility. a and c) On admission, a right-sided necrotic

Lung resection after pleural empyema
Unlike post-operative pleural empyema, which represents either the leading or second most
frequent form of empyema in adults, pleural empyema as a complication of the natural course of
lung cancer occurs less frequently. The latter is also less frequent than empyema occurring during
and after chemo/radiation therapy in patients with unresectable lung cancer. The existence of
a)

b)

Figure 2. a) Cavitating tumour occupying a large part of the lobe. b) Operative specimen after lobectomy.
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For the prevention of complications in the case of intrapulmonary infection and the recognition of
such a type of infection (i.e. white blood cells count, foetor ex ore and malaise), bacteriological
confirmation and antibiotic prophylaxis are of utmost importance. During the operation,
avoidance of spillage of intrabronchial secretions is very important. In the case of evident intraoperative contamination, some of the procedures for bronchial stump coverage should be
performed together with lavage of the pleural space with an antiseptic solution.
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tumour causes a high febrility. b and d) No febrility can be seen after pneumonectomy.

a)

b)

#
¶

Figure 3. a) Staphylococcal infection after lobectomy. #: pneumatocele; ": diaphragm elevation after
lobectomy. b) Operative specimen showing a cavitating tumour with fetid infection within the removed lobe.
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pleural empyema does not always exclude a lung resection, but lung resection for lung cancer
after a previously healed empyema may be justified only if a potentially curative resection is
anticipated.
During the period 1970–1975, the association of pleural empyema with malignant disease was
,3% (approximately one-third being associated with lung cancer) [17], whilst during the period
1980–1990, the association was 10%. This association increased to 22% in 1994, with 80%
representing lung cancer [18]. Immunosupression with or without pneumopathy located distally
from the obstruction is a possible explanation; the same explanation can be used for empyema in
the presence of a contralateral tumour [19].
Mortality of empyema associated with malignant disease is 60–80% independent of pathogenesis
[20]. Between 1970 and 1980, Gram-positive bacteria (e.g. Staphylococcus aureus) were the
dominant causative micro-organisms. This trend remained unchanged between 1984 and 1988,
but the more recent time period has been characterised by mixed infection with involvement of
two or three bacterial strains and with an increase in Gram-negative bacteria.
There are two groups of patients with nonsmall cell lung cancer and associated pleural empyema
who may be candidates for surgical treatment: 1) patients with empyema unrecognised before the
operation; and 2) patients with empyema recognised and treated before the operation.
The first situation is rare in practice and relates to localised empyema adjacent to the necrotic and
suppurated tumour, making it difficult to differentiate tumour mass from empyema. The same
type of intra-operative contamination can ensue due to the existence of localised infected
collections as a consequence of a localised intrapleural suppuration unrecognised and untreated
pre-operatively. If the entire lung atelectasis is a dominant CT finding, it may mimic the associated
collection of liquid (fig. 4). This collection may be unforeseen, even on CT, depending on the
distance between two successive sequences. Intrapleural contamination occurs during the lung
liberation of firm and diffuse adhesions. In this situation, the operative field is contaminated, the
probability of post-operative empyema is high and the chance of post-operative adjuvant
treatment is minimal.
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In patients with pleural empyema recognised before the operation, diagnosis of lung cancer may
be performed before, during or after empyema treatment. In these patients, the operative field is
potentially contaminated.
In one of the rare published studies concerning this problem (only 18 patients in a 12-year
period), operative mortality was 0% in nine patients (eight pneumonectomies and one
lobectomy), with two post-operative empyemas. One patient survived for 5 years [21].

a)

b)

Figure 4. Intrapleural purulent liquid collection mimicked by the atelectatic lung. a) Pre-operative posterioranterior radiography with a whole lung atelectasis as a dominant finding. b) Pre-operative computed tomography
is also not suggestive of mimicked intrapleural liquid collection.

There are two possible situations determining a surgical approach after empyema has been treated
and healed. The first, more favourable situation exists in patients in whom a good cleavage exists
between the lung and chest wall, enabling intrapleural operation (fig. 5). In the patient presented
in figure 5, empyema was treated by chest tube aspiration. It is difficult to anticipate with
certainty such a situation before thoracotomy. Although no signs of intrapleural contamination
may be present, these patients should be protected with more potent antibiotics than after
pneumonectomy without previous empyema.
Another situation exists if the residual empyema sac persists after treatment, requiring extrapleural
operation. This may be the case in patients undergoing either a pneumonectomy (fig. 6) or a
lobectomy (fig. 7).
When considering the extent of such surgery, especially after extrapleural pneumonectomy, it should
be mentioned that, in these patients, post-operative adjuvant therapy may not be possible due to the
prolonged period of recovery and risk of complications. However, as already mentioned, such
patients should not be automatically rejected from surgery, regardless of the severity of the
a)

b)
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In another series of four pneumonectomies following previously treated pleural empyema,
operative mortality was 0%, with two post-operative empyemas (one patient with diabetes) [22].

and b) after healing of empyema. The local tumour spread requires a pneumonectomy.
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Figure 5. Pneumonectomy after a healed pleural empyema. a) On admission, before the chest tube insertion,

a)

b)

Figure 6. Pleuropneumonectomy after induction computed tomography (CT) and pleural empyema. a) CT
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before surgery, after healing of the empyema (repeated thoracentheses); a small residual collection exists
paramediastinally. b) The operative specimen from the left lung with the overlying parietal pleura (showing visible
rib impressions).

empyema, especially if lobectomy is anticipated, as presented in figure 7. In this patient, a putrid
empyema occurred during the natural course of an untreated right-sided lung cancer. As shown in
figure 7, almost complete lung expansion after chest tube insertion indicates the possibility of the
empyema healing and subsequent surgery. In this situation, 3–4 weeks of active aspiration,
combined with local and parenteral antibiotics with two or three drugs targetted at the pleural fluid
cultures, is usually inevitable in order to achieve full lung expansion and control of infection [23].
However, due to the limited literature data on this subject, this aspect still remains controversial.
a)

b)

c)

¶
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Figure 7. Lobectomy after treatment and healing of
empyema. a) On admission, before the chest tube
insertion, and b) showing the healed empyema with the
lower lobe tumour and, laterally, a small residual collection.
c) Operative specimen. #: upper lobe; ": thickened parietal
pleura overlying the lobe; +: diaphragm.

Pleural fluid analysis immediately after chest tube insertion (or after thoracentheses, if the
treatment is in the form of repeated thoracentheses) is mandatory. Surgical treatment should be
offered only to younger patients with a good general condition.
In brief, lung resection for lung cancer after previous pleural empyema may be potentially curative.
The main problems that need to be solved are as follows and will be discussed hereafter: 1) delay in
initiation of lung cancer treatment in order to heal empyema and obliterate the pleural space; 2)
adjuvant treatment may not always be possible; and 3) pneumonectomy is associated with
increased operative morbidity.

Delay in initiation of lung cancer treatment in order to heal empyema and
obliterate the pleural space
Although obliteration of the pleural space can be achieved in 2 weeks after the onset of
empyema, this time interval may sometimes exceed 1–1.5 months. Such an approach may be
justified only in the presence of clear signs that the lung has a capacity either to fully obliterate
the pleural space or to achieve nearly full obliteration with well-defined residual cavities that may
be fully mobilised and removed during the operation, thus avoiding spillage of the infected
liquid. In this situation, when a potentially curative operation is anticipated, the delay seems to
be appropriate, because the lung resection itself will be more beneficial compared with either
chemo- or radiation therapy alone. Furthermore, successful surgery may be followed by adjuvant
therapy.

Adjuvant treatment may not always be possible
Even without pre-operative empyema, the impossibility of receiving a full dose of adjuvant
treatment after pneumonectomy should not be neglected. In the Cancer and Leukemia Group B
trial 9633 report [24], 55% of patients received full-dose chemotherapy, whilst in the Intergroup
JBR.10 trial [25], 45% of patients had at least one dose delay. In another report, ,34% of patients
received full-dose chemotherapy [26].
Considering the decreased lung elasticity after previous empyema treatment, the possibility of an
air leak requiring prolonged aspiration occurs more frequently than usual. Furthermore, the
general condition of patients who are already exhausted by previous empyema treatment may not
be optimal and, thus, some of these patients may not tolerate the full course of adjuvant treatment
or, indeed, may not tolerate treatment at all. This drawback is balanced, however, by the potential
benefit of surgery.

D. SUBOTIC AND F. LE PIMPEC BARTHES

The radiographic aspect of a partially expanded lung with a persistent air leak represents a major
risk for post-operative major complications, even after lobectomy; the risk of eventual
pneumonectomy is unacceptable in this situation.

Pneumonectomy is associated with increased operative morbidity
It should always be remembered that pneumonectomy is associated with increased operative
morbidity, and some form of bronchial stump protection should be performed whenever possible,
especially for right-sided operations. It is of particular importance to prevent a post-operative
infection by administering intrapleural antibiotic application from the 2–3 days post-operatively,
even in presence of an uneventful clinical course. In any event, this kind of surgery requires a
highly skilled and experienced team.

To conclude, the outcome of surgical lung cancer treatment in the presence of intrapulmonary infection does not depend only on surgical skills, but also on appropriate pre-operative and
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Conclusions

post-operative medical treatment. Knowledge of the correlation between pre-operative colonisation and the type of post-operative complications that might occur is of utmost importance.
Lung resection for lung cancer after previous pleural empyema represents a challenging operation
from all aspects. However, it does not represent an absolute contraindication for surgery.
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22. Subotić D, Mandarić D, Atanasijadis N, et al. Pneumonectomy due to bronchus carcinoma after pleural empyema.
Serbian Arch Med 2002; 130: 208–212.
23. Harada M, Yoshida J, Yokose T, et al. Surgical management of primary lung cancer in an elderly patient with
preoperative empyema. Jpn J Clin Oncol 1999; 29: 571–575.
24. Strauss GM, Herndon J, Maddaus MA, et al. Randomized clinical trial of adjuvant chemotherapy with paclitaxel
and carboplatin following resection in stage 1B non-small-cell lung cancer (NSCLC): Report of Cancer and
Leukemia Group B (CALGB) Protocol 9633. J Clin Oncol 2004; 22: 621s.
25. Winton T, Livingston R, Johnson D, et al. Vinorelbine plus cisplatin vs. observation in resected non-small-cell lung
cancer. N Engl J Med 2005; 352: 2589–2597.
26. Scagliotti GV, Fossati R, Torri V, et al. Randomized study of adjuvant chemotherapy for completely resected stage
I, II, or IIIA non-small-cell lung cancer. J Natl Cancer Inst 2003; 95: 1453–1461.

Chapter 15
Dealing with infection
after thoracic surgical
procedures
Emilio Canalis*, Danail Petrov# and Antoni Torres"
*Thoracic Surgery Service, Hospital
Universitari Joan XXIII, URV, IISPV,
Tarragona, and
"
Hospital Clı́nic, UB, Barcelona,
Spain.
#
Thoracic Surgery Division, Saint
Sophia University Hospital for
Pulmonary Diseases, Medical
University, Sofia, Bulgaria.
Correspondence: E. Canalis, Hospital
Universitari Joan XXIII, C/ Doctor
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SUMMARY: Irrespective of the extent of resection, postoperative pleural infection is a dominant cause of operative
morbidity and mortality. Two major causes of infection are
prolonged air leak and bronchopleural fistula (BPF) after
pneumonectomy. Prolonged air leaks occur in around 33% of
patients after a lobectomy. As this inevitably leads to pleural
empyema, the treatment goal is to obliterate the pleural space. If
empyema occurs, chest tube aspiration will obliterate the
pleural space after 7–14 days, unless a BPF exists. Prevention of
the air leak can be achieved by an appropriate technique or by
the use of sealants. After pneumonectomy, pleural empyema
and BPF are associated in up to 80% of patients and mortality is
high (total of 10–20%; up to 50% mortality with BPF). Chest
tube aspiration may lead to a stable condition with a chronic
small-sized fistula that can be tolerated for years. Definitive
treatment includes wide opening of the pleural cavity with
muscle transposition for fistula closure. Fistulae may be closed
through a trans-sternal trans-pericardial approach as well.
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C

Independently of the extent of resection, post-operative pleural infection is a dominant cause of
operative morbidity and mortality. There are two major causes of infection after thoracic surgical
procedures: 1) prolonged air leak after lobectomy, and 2) bronchopleural fistula (BPF) after
pneumonectomy.
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ompared with the situation 20 years ago, there has been a decrease in operative morbidity
and mortality after lung resections, independent of the extent of resection. After lobectomy,
operative mortality usually does not exceed 2%. Although operative mortality after
pneumonectomy should not exceed 5%, the reported mortality rate is 5–10% [1]. The reported
mortality rates after sleeve lobectomy, used as an alternative to pneumonectomy, are not
significantly different from those after standard lobectomy, with long-term survival comparable
to that after pneumonectomy [2, 3]. Even after sleeve pneumonectomy, operative mortality
should not exceed 10%.

Prolonged air leak
Alveolo-pleural fistula, the leading cause of a prolonged air leak, occurs in around 33% of patients
with a lobectomy. The wide range of the reported incidence of this complication (3–70%) is due to
different definitions of the air leak: in some studies any air leak is regarded as a complication,
while in other studies the authors consider the air leak significant only if its duration exceeds
7 days. This type of air leak occurs in 15–25% of operated patients, representing the main cause of
longer hospital stay, because of the need for chest tube aspiration [4]. Risk factors for the
occurrence of this complication are low predicted post-operative forced expiratory volume in
1 second (FEV1), pleural adhesions, upper lobectomy and bilobectomy, and these were identified
in a prospective study on 588 patients with a lobectomy [5]. In another study on 688 patients, in
which air leak up to the fourth post-operative day was regarded as a complication, male sex,
steroid treatment, persistent pneumothorax and lobectomy were identified as unfavourable
prognostic factors [6]. Although several studies have demonstrated the causative relationship
between air leak and poor lung function (low FEV1 and FEV1/forced vital capacity), diabetes, older
age, male sex and adhesions [7–9], there are also studies that have not confirmed such a
relationship, while at the same time identifying left lower lobectomy as the least frequently
complicated by air leaks [10].
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The increased use of induction treatment, by decreasing the lung elasticity, can also lead to
prolonged lung expansion (fig. 1).
As a prolonged air leak after a lobectomy inevitably leads to pleural empyema, the treatment
rationale is based on the need to obliterate the pleural space as much as possible and as soon as
possible. The first step is to replace the thick calibre operative chest tubes with narrower ones (16–
20 French), inserted either through the apical part of the chest (as presented on figure 1), or
through other chest wall areas, according to need. Usually one such tube suffices. This procedure,
unless postponed after post-operative day 7–10, in the absence of BPF, helps to avoid pleural
empyema in the great majority of patients. Even if empyema occurs, the pleural space will become
obliterated after 7–14 days, unless BPF exists or occurs during the treatment.
Although the treatment of pleural empyema after a lobectomy is usually not a life-threatening
situation, given the increasing number of patients with major comorbidity, prevention of the air
leak is of utmost importance in practice. Air leak prevention begins with appropriate surgical
technique, with the use of staplers
a)
whenever possible in the presence
of less developed or missing fissures. Gentle phrenic nerve clamping, aimed at temporarily reducing
the size of the pleural space, is a
frequently performed manoeuvre.
Creating a ‘‘pleural tent’’, by
detaching the apical parietal pleura
from the chest wall, although
suggested by some authors, is not
widely accepted. Additionally, different types of sealants are also in
b)
c)
use, like fibrin glue [11–13], polyethylene glycol-based substances
and patches coated with fibrinogen
and thrombin [14].
Figure 1. Lobectomy after induction chemotherapy. a) Chest tube
aspiration for prolonged air leak. Radiographic aspect b) before and
c) after induction chemotherapy.

As a treatment option for existing
air leaks, intrapleural application
of autologous blood can also be

used. In a study with air leak in 6.9% of operated patients, the leak was resolved one day after the
application in 58.6% of patients. The duration of the air leak in the group with autologous blood
application was 5 days, versus 11 days in the control group (p,0.001) [15].

Infectious complications after pneumonectomy
Apart from the standard risk factors for operative morbidity after lung resections, such as
respiratory and cardiovascular comorbidity, the leading causes of post-operative morbidity after
pneumonectomy are pleural empyema and BPF.
Post-pneumonectomy empyema is a rare but serious complication with an incidence rate of 4.4–
16% [16–18]. Approximately 75% of post-pneumonectomy empyema cases occur within the first
3 months of pneumonectomy, but it may appear even years after the procedure [19, 20]. In up to
80% of patients, post-pneumonectomy empyema is
associated with BPF [16]. Despite the use of various
a)
therapeutic approaches and techniques during the last
five decades, successful therapy remains difficult and is
often associated with high mortality (total of 10-20%;
¶
up to 50% mortality in cases with BPF), morbidity and
prolonged hospital stay [21–23].
#

Post-operative irradiation therapy may cause the BPF
during or after completion of the treatment. Secondary
fistulae may be caused by post-operative pleural
empyema, especially in the elderly or in patients unfit
for surgery. This type of fistula did not exist before the
empyema occurrence.
BPF occurs in around 1.6% of all thoracic surgical
procedures and is significantly more frequent after

#
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c)
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Figure 2. Bronchial stump protection after
pneumonectomy. a) Pericardial fat pad, b)
intercostal muscle flap, and c) diaphragmal
flap. #: pericardium; ": pericardial fat; +: aorta;
1
: azygos vein; e: muscle flap; ##: spine;
""
: flap; ++: diaphragm.
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The reasons for BPF occurrence related to the
operative technique are threefold. First, suture insufficiency causes a fistula that becomes evident immediately after the operation or during the first 24–48 h
post-operatively. Secondly, excessive bronchial dissection leads to devascularisation and fistula that becomes
evident 7–14 days after the operation. Thirdly, bronchial division through the diseased tissue leads to BPF
that becomes evident up to 1 month after surgery.

b)
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The occurrence of post-pneumonectomy empyema is
adversely affected by different factors, especially benign
disease and lower diffusing capacity of the lung for
carbon monoxide (p50.001), followed by lower FEV1.
Lower pre-operative serum haemoglobin, right pneumonectomy, bronchial stump reinforcement, completion pneumonectomy, timing of chest tube removal
and the amount of blood transfusions also represent
contributive factors. Additional major risk factors for
post-pneumonectomy empyema are immunosuppression and neoadjuvant or adjuvant chemotherapy [24,
25]. If a pneumonectomy, especially right-sided, is
anticipated after induction chemotherapy and/or
radiation therapy, some form of bronchial stump
protection should be used (fig. 2).

Table 1. Operative morbidity and mortality after standard pneumonectomy
First author
[ref.]

Year

Patients
n

Operative
mortality %

Operative
morbidity %

BPF
%

Diagnosis

B ERNARD [32]
A LGAR [33]
B ORRI [34]
L EO [35]
P OWELL [36] #
S TOLZ [37]
P ETRELLA [38]
B LYTH [39]
O WEN [40]

2001
2003
2007
2007
2009
2011
2011
2000
2012

639
242
47"
35+
312
310
154
155
32

7
5.4
4.2
11.4
5.4
5.5
6
1.2
6

43.2
59
17
54.2
31.7
27.1
42.2
1.9
38

0.6
5.4
1.1
NR
NR
3.8
NR
23
0

Lung cancer
Lung cancer
Lung cancer
Lung cancer
Lung cancer
Lung cancer
Lung cancer
Inflammatory
Benign

BPF: bronchopleural fistula; NR: not reported. #: United Kingdom pneumonectomy outcome study (UKPOS);
"
: extended pneumonectomies; +: age .70 years.
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pneumonectomy than after lobectomy. Before the use of staplers, BPF occurred in up to 15% of
patients after a pneumonectomy. The reported incidence is 5–10% in recent years, although it was
also demonstrated that it was possible to reduce it to approximately 2% with an appropriate
bronchial stump protection [26].
BPF is also among the leading causes of death after sleeve pneumonectomy, especially if the
resected tracheobronchial segment exceeds 4 cm. Even after this extensive operation, operative
mortality has gradually decreased from 31% in the early reports from the 1970s [27, 28], through
the still high 34% mortality rate in the mid-1990s [29], to less than 10% in some later series in the
late 1990s [30]. It seems that 15–17% operative mortality is reasonable, bearing in mind the
specificity of this procedure [31].
The treatment outcomes and complications after standard and sleeve pneumonectomy are
summarised in tables 1 and 2.

Treatment of post-pneumonectomy empyema and BPF
Emergency tube thoracostomy drainage should be the first step in the acute phase of the empyema
and patients should be instructed to keep the operative side dependent until the empyema can be
drained to prevent spillage into the remaining lung. Bronchoscopy is then performed to confirm or
rule out bronchial stump insufficiency. Operative mortality is mostly secondary to respiratory failure
from pulmonary infection caused by spillage of purulent liquid across the BPF into the contralateral
lung. Sterilisation, debridement, closure of present BPF and obliteration of pleural cavity (antibiotic
plombage, muscle and omental pedicle flaps or thoracoplasty) follow the first step.
There is no universally appropriate treatment, so management depends upon the postpneumonectomy empyema stage, presence of bronchial stump insufficiency and the patient’s
Table 2. Survival and complications after sleeve pneumonectomy
First author
[ref.]

Year

Patients
n

Operative
mortality %

Operative
morbidity %

5-year
survival %

T SUCHIYA [41]
M ATHISEN [42]
D ARTEVELLE [43]
R OVIARO [44]
P ORHANOV [45]
S UBOTICH [46]

1990
1991
1995
2001
2002
2006

20
37
55
49
191
42

15
8
7.2
8.2
17.8
16.6

40
64.8
10.9
10.2
24
35.7

59#
19
40
24.5
24.7
35
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: at 2 years.

general condition. In the absence of BPF, aggressive surgery is a questionable option because of its
high morbidity and because it does not always prevent recurrences.
Pleural cavity drainage alone is considered a palliative procedure. As a definitive treatment it
includes irrigation by an additional apical drain and endoscopic closure of small bronchial fistulae
by fibrin glue if necessary. The shortcomings of the method are prolonged treatment, discomfort
caused by the intrapleural drain, uncertain cavity obliteration and chest deformity.
In 1963, CLAGETT and GERACI [47] introduced a two-stage procedure that consisted of 1) open
pleural drainage (open-window thoracostomy (OWT)) with pleural space cleaning and eventually
obliteration by daily dressing changes through the thoracostomy (4–6 weeks), followed by 2)
obliteration of the pleural cavity with debridement antibiotic solution at the time of chest wall
closure. The procedure was successful in 88% of cases (n514), but resulted in prolonged
hospitalisation and significant morbidity. Failure was often the result of persistent or recurrent
BPF [48].

In their article on the Mayo Clinic experience, ZAHEER et al. [50] reported that the initial closure of
the chest before hospital discharge failed in 19% of patients (n5 84) and after a second Clagett
procedure, 88% of all patients had their chest walls successfully closed. Eight (9.5%) patients had
to live with a permanent thoracic wall defect. BPF healing was achieved in 55 patients. However,
the recurrence rate after the first attempt was 18%, and that after the second attempt was 5%. Perioperative mortality in their series was 7.1%. Late onset of post-pneumonectomy empyema and
immediate thoracostomy creation [51], as well as age under 65 years [50], are significant
predictors of OWT closure.
As the process of obliteration of pleural space after OWT alone may take up to 2 years, several
authors have suggested the need for further surgery to obliterate the pleural space [52, 53].
Different extrathoracic muscle or omental transposition was used to obliterate the pleural space
and, at the same time, to close a possibly associated BPF after OWT. It has been reported that both
omentum and muscle flaps may play an important role in infection control. Furthermore, both
stimulate neoangiogenesis of ischaemic bronchial stumps. Using intrathoracic muscular or
omental transposition it should be kept in mind that no residual space should be left and that a
sufficient number of flaps must be available to fill any space. The extrathoracic muscle flap
advantages are their reliable blood supply, ability to reach almost any part of the pleural space and
sufficient volume to fill the cavity [54]. However, functional impairment may contraindicate this
procedure in debilitated patients, following radiotherapy and posterolateral thoracotomy.
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In an attempt to overcome these failures, PAIROLERO et al. [49] modified the Clagett procedure with
initial bronchial stump reinforcement and decreased the size of the pleural cavity by transposition of
well-vascularised extrathoracic muscle as an intermediate step before obliteration of the pleural
cavity with antibiotic solution. The success of the Pairolero modification (n528) was 83.9%;
however, surgical re-interventions were numerous and the hospitalisation time long [49].

Obliteration of the cavity should be carried out at least 3 months after an operation for benign
disease. The arguments against operative closure of OWT within 2 years of post-pneumonectomy
empyema in lung cancer patients are the acceptable probability of spontaneous resolution and the
risk of recurrent disease [55]. In this setting, it is recommended to wait no less than 6 months
between performing and closing the OWT [56].

Closure of BPF is of paramount importance in post-pneumonectomy empyema treatment.
Different techniques depend on the type and size of the insufficiency. Endoscopic treatment of a
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The omental pedicle flap maintains a rich blood supply and lymph circulation, accelerates
vascularisation due to angiogenic factors, promotes drug transfer in the peripheral blood to
affected areas, has potent anti-inflammatory and self-cleansing effects, and sufficient volume. The
procedure is minimally invasive and simple [18, 57]. Omentoplasty could be applied in high-risk
patients, in patients with a history of radiotherapy and posterolateral thoracotomy, and especially
in cases with BPF [58].

BPF that is ,3 mm with various glues and sclerosing agents is minimally invasive and plays an
essential role, especially in high-risk patients [59, 60].
Access to the stump could be achieved via the same pleural cavity, through the contralateral
pleural cavity in the case of left stump fistula, and by means of transmediastinal video-assisted
thoracoscopic surgery (VATS) application [61]. The advantages of trans-sternal trans-pericardial
closure of BPF (Abruzzini technique) are avoidance of areas of infection, scarring in previous
surgical fields, devascularised bronchus, and cosmetic and functional deformities of the thorax
because of thoracoplasty. This technique is also an alternative in the management of persistent
fistula after repair by other techniques [62]. The disadvantage of this method is that the residual
empyema space is not dealt with at the same time as the closure of BPF and additional surgical
procedures are needed. Several authors have performed carinal resection using the trans-sternal
approach in cases in which a short, ,5-mm bronchial stump was present [63–66]. SPAGGIARI et al.
[67] developed a minimally invasive Abruzzini-like technique using three simultaneous
approaches: cervical videomediastinoscopy, right anterior mediastinotomy and parasternal
thoracoscopic port. Disadvantages of the older procedures for post-pneumonectomy empyema
treatment are prolonged and very expensive treatment.
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In patients with early post-pneumonectomy empyema associated with BPF, GHARAGOZLOO et al. [22]
have reported a 100% success rate with shorter hospitalisation and decreased morbidity. Their
Clagett procedure modification is based on emergency tube drainage followed by thoracotomy,
debridement, bronchial stump resuture, and immediate chest cavity closure. Post-operative pleural
irrigation and obliteration of the space by antibiotic solution constitute the final part of the
treatment, but this approach should be considered only in a very selected subset of patients.
The accelerated Weder method might be considered an advancement of the Clagett procedure and
leads to a high success rate of 97.3% with mean post-operative hospital stay of 17–18 days [68].
The therapy consisted of repeated open surgical debridement of the pleural cavity after
achievement of general anaesthesia, a negative pressure wound therapy of the temporarily closed
chest cavity filled with povidone-iodine-soaked towels, and continuous suction and systemic
antimicrobial therapy. If present, BPF were closed and reinforced either with a muscle flap or the
omentum. Finally, the pleural space was filled with an antibiotic solution and definitively closed.
The procedure is repeated every 48 hours and usually a mean of 3.5 procedures are enough until
the chest cavity is macroscopically clean. Finally, the pleural space is filled with an antibiotic
solution and definitively closed.
Petrov recently introduced a video-assisted modification of the Weder procedure (n53), which is
carried out through a 4–5-cm minithoracotomy (D. Petrov, Thoracic Surgery Division, Saint
Sophia University Hospital for Pulmonary Diseases, Sofia, Bulgaria; personal communication).
The first session was carried out under general anaesthesia, which was improvised on the
assumption that more extensive surgery might be required. A high thoracic epidural with
preserved self-ventilation was the anaesthesia for the remaining sessions and for post-operative
pain relief. The pleural cavity was never drained between sessions. Post-pneumonectomy
empyema was successfully treated in all patients (three sessions needed), with mean hospital stay
of 10.3 days followed by excellent long-term functional and cosmetic results.
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One of the reasons for avoidance of VATS may be the fear of using VATS for a serious and
potentially lethal complication and of overlooking infected tissues in the regions that are difficult
to reach with the thoracoscope. However, there is no evidence that success relies on complete
debridement of all infected tissues. If VATS fails to accomplish as thorough a pleural cleaning as
does thoracotomy, it is often successful because the bacterial load and inflammatory exudates are
reduced below a critical level, allowing the pleural space to recover.
In the report of HOLLAUS et al. [69], infected material was cleared by VATS, followed by postoperative antibiotic irrigation according to culture sensitivity via a single chest tube drainage twice
a day (n59). Empyema was considered eradicated if three subsequent cultures showed no bacterial
growth. The mean hospital stay was 29 days. A thoracoscopic debridement without irrigation in

the post-operative course has also been described [70]. In the case of persistent infectious
symptoms (27% recurrence rate), thoracoscopy was not repeated and an OWT was performed.
BAGAN et al. [71] described treatment that started with pleural cavity antibiotic irrigation for
10 days through two chest tubes twice a day. Pleural instillation of 250 000 IU streptokinase was
performed 2 hours before the procedure, followed by VATS debridement under general
anaesthesia and with a chest tube left in the thoracic cavity. This protocol provided satisfactory
results in terms of hospital stay and number of sepsis recurrences.
ERNST and NIES [72] reported three post-pneumonectomy empyema patients treated with repeated
thoracoscopic debridements and intermittent lavage with polyvinylpyrrolidine-iodine solution
and streptokinase/streptodornase. Three to seven thoracoscopies under general anaesthesia were
required to sterilise the pleural cavity. After a median follow-up of 14 months, all three patients
were well and without any evidence of infection.

Several authors have suggested a limited thoracoplasty as an excellent therapeutic option for
treating post-pneumonectomy empyema, avoiding multiple operations and the psychological
drawbacks of prolonged hospitalisation or of definitive open drainage [73–76]. CORNET et al. [77]
reported that 75% of their patients were able to work again. Andrews thoracoplasty allows a good
control of infection with complete evacuation of the products of empyema under direct vision, an
immediate closure of any bronchial fistula, a one-stage procedure, and a rapid and most often
simple post-operative recovery [78]. This surgical procedure could be at least an alternative
method to open thoracostomy whenever a secondary closure seems to be uncertain, or could be
used in case of failure of other treatments. These results and the quality of life after this
thoracopleuroplasty should support the rediscovery of this time-honoured procedure in properly
selected patients.

E. CANALIS ET AL.

Petrov has also successfully performed repeated VATS debridements and lavage with povidoneiodine solution (n54) via two ports, but only the first VATS debridement was under general
anaesthesia (D. Petrov, Thoracic Surgery Division, Saint Sophia University Hospital for
Pulmonary Diseases; personal communication). The following VATS procedures were carried
out using epidural analgesia at the T6–8 interspace. Between the procedures the pleural cavity was
filled with povidone-iodine solution (1:10), without intrathoracic tube drainage.

In conclusion, post-pneumonectomy empyema treatment (usually by combination of methods)
should be individually tailored for each and every case. The Clagett procedure and its
modifications are safe and effective in pleural cavity obliteration. Extrathoracic muscle myoplasty
is an excellent method for obliteration of post-pneumonectomy empyema cavity with BPF.
Omentoplasty is an effective and safe procedure in selected cases of post-pneumonectomy
empyema. VATS debridement can cure most patients with minor or no BPF and does not
preclude more aggressive surgical management in case of failure or relapse.
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Educational questions
1. Which of the following are true? The incidence of post-operative pneumonia following major lung
resection is:
 Somewhere under 40%.  More than 50%.  Increased in patients with COPD.  Increased in patients
with airway bacterial colonisation.  Decreased in lung cancer patients.
2.Which of the following are true? Post-operative mortality following major lung resection:
 Can be as high as 60% when post-operative pneumonia occurs.  Is about 70% in patients with
empyema.  Increases in patients requiring mechanical ventilation.  Is unaffected by post-operative
pneumonia in the long term.  Is higher in patients with right-sided surgery.

4. Which of the following is true? Antibiotic prophylaxis in patients undergoing lung resection:
 Decreases the risk of post-operative infections in most studies.  Usually relies on third-generation
cephalosporins or quinolones.  Is more effective at preventing empyema than wound infection.  Can
be replaced by local antibiotics.  Should last at least 3 days.
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3. Which of the following are true? Airway colonisation:
 Increases the risk of post-operative infection in most studies.  Is mostly due to Pseudomonas
aeruginosa and other Gram-negative bacilli.  Can involve fungal species.  Involves pathogens
unrelated to those responsible for post-operative infectious complications.  Increases the risk of
bronchopleural fistula.

5. Which of the following are true? Regarding the extent of lung resection:
 Pneumonectomy increases the risk of empyema in cases of wound infection.  Empyema without
bronchopleural fistula occurs more frequently after lobectomy than after pneumonectomy.  Antibiotic
prophylaxis to prevent empyema without fistula is likely to be more useful following pneumonectomy
than following lobectomy.  Expansion of the remaining lung parenchyma decreases the risk of
empyema without fistula.  The efficacy of prophylactic antibiotics has been clearly shown to differ
between pneumonectomy and lobectomy patients.
6. What is the main adverse event related to the administration of bedaquiline?
 Nausea.  Skin rash.  Sepsis.
7. Which of the following is true? Pyrazinamide is:
 A bactericidal drug.  A sterilising drug.  Both a bactericidal and a sterilising drug.
8. Isoniazid should be prescribed to MDR-TB patients.
 True.  False.  It depends on the drug sensitivity testing results.
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9. Which of the following statements is true?
 The lung is the organ most frequently infected by Actinomyces.  Pulmonary actinomycosis
predominantly occurs in females.  Actinomyces are part of the normal flora of the human oropharynx.
 Only Actinomyces israelii is known to infect humans.  Actinomycosis is a typical infection of
immunocompromised patients.
10. Which antibiotic should not be used for the treatment of pulmonary actinomycosis?
 Amikacin.  Penicillin.  Erythromycin.  Imipenem.  Clindamycin.
11. Which of the following statements is true?
 Surgery is the preferred treatment for confirmed pulmonary actinomycosis complicated by
broncholiths.  For non-major haemoptysis due to pulmonary actinomycosis, a treatment trial with
antibiotics should be undertaken.  Pleural effusions complicating actinomycosis always require
surgical drainage.  The prognosis of thoracic actinomycosis complicated by chest wall swelling is very
poor.  In clinical practice, cultural confirmation of pulmonary actinomycosis is compulsory to establish
the diagnosis.
12. A 50-year-old male presents with productive cough, fever and weight loss for 4 months. On image
studies, a right-sided central lower lobe consolidation is detected. You consider actinomycosis as
possible differential diagnosis. Which is the most appropriate next step?
 Prolonged treatment with penicillin under close follow-up.  Bronchoscopy with biopsy sent to
pathology and microbiology.  Surgery to exclude malignancy and avoid possible complications like
haemoptysis.  Chest MRI to further narrow the possible differential diagnoses.
13. Which of the following statements is true? Sulphur granules:
 Contain actinomycetes.  Do not occur in infections other than actinomycosis.  Cannot be visualised
with the Gomori methenamine silver stain.  Can always be found in tissue infected by actinomycetes.
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14. Which of the following are the complications of a lung abscess?
 Haemorrhage. Empyema.  Bronchopleural fistula.  All the above.

15. What period is justified for medical treatment of a lung abscess?
 1–2 weeks.  4–6 weeks.  2–4 weeks.  None of the above.
16. Which surgical procedure is usually suggested for lung abscess?
 Pneumonectomy.  Drainage.  Lobectomy.  Extrapleural pneumonectomy.
17. For which of the following are humans accidental intermediate hosts?
 All echinococcal species.  Echinococcus granulosus only.  Echinococcus multilocularis.  Both
Echinococcus granulosus and Echinococcus multilocularis, but not Echinococcus vogeli or Echinococcus
oligarthrus.
18. Echinococcus granulosus is the most common type of hydatid cyst in:
 Brain.  Liver.  Lung.  Thoracic wall.
19. Hydatid cyst rupture into the pleural space is not followed by:
 Chronic pulmonary abscess.  Pneumothorax.  Hydropneumothorax.  Empyema.

21. What is obligatory in the management of residual cavity after organ-sparing extirpation methods?
 Local treatment with various antiscolicidal agents.  Closure by different techniques.  Local
treatment with various antiscolicidal agents and individual closure of all bronchial openings.  Individual
closure of all bronchial openings.

CME

20. Chemotherapy alone, with albendazol and mebendazol, is an alternative for patients with:
 Multiple, disseminated, cysts.  Single intact cysts or relapses.  Contra-indications for surgery.
 All of the above.

22. The principles of surgical treatment should be:
 Evacuation of the cyst with removal of the endocyst, and avoidance of contamination.  Management
of the residual cavity (parenchyma-preserving methods).  Preservation of as much tissue as possible.
 All of the above.
23. Which of the following statements is false?
 Approximately 10% of patients with parapneumonic effusions will require surgical management of
their empyema.  Empyemas are more common in females, with a male:female ratio of approximately
1:2.  Empyema is more common in both extremes of age (children and elderly people).  Empyema is
generally secondary to pneumonia in 60–70% of cases.

25. Which statements are true for the management of pleural empyema?
 Antibiotics should be discontinued immediately after decortication by thoracoscopy or thoracotomy.
 Empyema stage II is generally treated by formal thoracotomy to avoid restriction.  Fibrinolysis is an
option for early-stage empyema, in patients who do not tolerate surgery.  Smaller wire-guided chest
tubes should be used, because they cause significantly less pain than larger tubes, with no difference in
the clinical outcome for the management of complicated pleural effusions.
Continued on next page
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24. Which statement is true for the management of pleural empyema?
 Chest radiography is sufficient to evaluate the chronicity of empyema and detect its underlying cause.
 For early-stage empyema, antibiotics are sufficient.  If adequate pleural drainage is achieved, a
period of 5 days of antibiotics is recommended.  In case of adhesions and loculations, it is generally
recommended that a small catheter is inserted under ultrasound or CT scan.
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26. Which statements are true for the surgical management of chronic empyema (stage III)?
 Organisation of the empyema stage III usually begins 2–3 weeks after the onset of infection.
 Open-window thoracostomy consists of the subperiostal removal of a varying number of rib segments
associated with myoplasty, which allows space obliteration by bringing the chest wall to the lung.
 When the underlying lung cannot re-expand after decortication, an obliteration of the pleural space
cavity is mandatory.  The VATS approach is never indicated in cases of chronic empyema.
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