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7.1 Introduction

In this chapter, authors try to clarify the postoperative major complications seen
after thoracic surgery, mainly after lung resections, mediastinal mass resections, and
lung transplantations. However this chapter did not deal with postoperative arrhyth-
mias and pulmonary edema, since they were discussed in other chapters in this
book.

7.2  Postoperative Hemorrhage and Residual Hemothorax

Chest tubes placed at the end of the operation help to prevent pneumothorax and
monitor air leaks and bleeding in early postoperative period. The incidence of postop-
erative hemorrhage after thoracic surgery is variable and depends on the type of oper-
ation: it can occur in 4 % of the cases after pulmonary resections and just 0.33 % after
mediastinoscopy [1, 2]. Most of the surgical bleedings (no disorders of coagulation
factors — normal INR (international normalized ratio), prothrombin time, and throm-
bocyte count) are small in amount and generally resolve spontaneously. Just a very
few percent of bleeding (up to 2.6 %) needs emergency surgery [3]. Criteria for
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postoperative bleeding control are the amount of drainage and the hemodynamic
effects of the drainage. A continuing thoracic hemorrhagic drainage of more than
1000 ml or 200 ml/h for 4—6 h or a sudden drainage of 400 ml may be a sign for a need
of an emergency intervention [4, 5]. A blood count should be obtained to detect any
changes in the hemoglobin and hematocrit levels, and a chest X-ray should be taken
to exclude hemothorax. Hematocrit of the blood obtained from chest tube may indi-
cate the severity of the drainage. If the hematocrit level of the chest drain blood is
more than 50 % of the blood hematocrit level, this may be a sign of continuing hemor-
rhage. During early postoperative course, the thoracic drainage system should be
checked — it should be left open (except drainage after pneumonectomy) and should
work normal (we have to see oscillation in the drainage tube). Following pneumonec-
tomy, chest tube is recommended to keep clamped and declamped for a few minutes
in every hour to control the bleeding. In an intubated patient, with a high positive end-
expiratory pressure, the presence of an air leak may be considered as normal. Also, a
drain without any oscillation may be normal in such patients.

Recently, due to increase of the patients with coronary artery stents, lung resec-
tion candidates are more complicated because of perioperative anticoagulation and
antiplatelet therapy (APT). Bertolaccini et al. [6] found that there were no statisti-
cally significant differences between the outcomes for the 38 patients receiving
APT compared with the controls, in terms of the operative time, the hospital stay,
the estimated blood loss, or the morbidity when stratified by the procedure [6]. On
the other hand, in Foroulis’s study [7], it was shown that APT use was a predispos-
ing factor for postoperative bleeding.

In our experience, with increasing use of video-assisted surgery (VATS) and vas-
cular staplers, massive bleeding due to slipping of ligature is extremely uncommon.

Residual hemothorax, which is not associated with an active bleeding, may occur
after thoracic surgery. Up to 15 % of the lung transplant recipients may have this
complication. Although thrombolytics may be recommended for a successful treat-
ment, authors prefer VATS for the evacuation of the retained hemothorax [8]. In
some patients, changing the location of the chest tube may help in resolving of the
residual hemothorax (Fig. 7.1).

7.3  Cardiac Herniation and Tamponade

Cardiac herniation and tamponade are rare complications which may occur after
extended pulmonary resections — pneumonectomy or lobectomy — for malignant
diseases or pleuropneumonectomy for malignant mesothelioma or thymoma sur-
gery or when pericardiotomy or pericardiectomy is performed in addition to any
type of thoracic surgery. It may also occur after lung transplantation [9—11]. Cardiac
herniation has a high mortality rate. Thirty to 50 % of cases may be fatal because of
a delay either in the diagnosis or the treatment. It is 100 % fatal, if undetected [12].

The incidence of cardiac herniation after pulmonary resections for lung cancer is
about 1.7 % [13]. Cardiac herniation after right-sided pneumonectomy is more fre-
quent. It generally occurs in the first 3 postoperative days [14, 15]. It presents with
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Fig. 7.1 VATS for the evacuation of the retained hemothorax or revising the location of chest tube
may help in resolving of the residual hemothorax. (a) Early postoperative period. (b) Right sided
hemothorax, several hours later. (¢) Residual hemothorax prior to indicated VATS evacuation.
(d) One week after the VATS with the upper displacement of the residual lung tissue

acute symptoms; there is a critical moment for cardiac herniation and/or tamponade
after pneumonectomy. It may occur even in the operation room when patient is
turned from the lateral decubitus to the supine position. Acutely significant hypo-
tension may present. The cause of this could be cardiac strangulation (the size of the
pericardial graft may be small), cardiac herniation (after pericardiectomy without
the closure of the pericardium or patch dehiscence), or tamponade. Transesophageal
echocardiography can assist in decision-making before leaving the operating room
without reopening the thoracotomy [9]. During the early postoperative period, risk
factors for a cardiac herniation could be increased due to the increased intrathoracic
pressure with cough and sputum expectoration, the positive-pressure ventilation,
the negative suction from drain, and the changes in patient’s position (e.g., lying on
the side of surgery) [5]. Symptoms start suddenly with the presentation of superior
vena cava syndrome, low cardiac output, dysrhythmias, hypotension, cardiac arrest,
and shock. For diagnosis, chest X-ray (shadows of the heart and apex), electrocar-
diography (ECG), and echocardiogram have to be performed for the diagnosis. The
clues of the herniation include axis change on ECG, cardiac malrotation on
echocardiogram, and hemodynamic collapse [16]. Thorax computed tomography
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(CT) (if hemodynamics of patient allows) is also recommended. Treatment should
be started immediately — the patient should lie opposite to the surgical side and
emergency reoperation has to be performed.

Cardiac tamponade as a complication after extrapleural pneumonectomy may occur
in 3.6 % of the patients [9]. Postoperative bleeding into the pericardial sac may occur
even after lobectomy without pericardiectomy. The patient may have acute clinical pre-
sentation and needs an urgent surgery [17]. It was proposed that an intrapericardial
retraction of the suture line of the divided pulmonary vein could cause a bleeding from
the malfunctioning staple line, and this could lead to a cardiac tamponade [18-20]. It can
be treated just with a transcutaneous pericardial drainage and/or immediate surgery.

Cardiac tamponade is characterized by a low cardiac output and a classical
Beck’s triad (hypotension, muffled heart sounds, and distended neck veins). The
chest X-ray, ECG, and echocardiogram should be performed. Surgical treatment is
recommended in most of the cases.

These complications might be the cause of cardiac arrest and could have fatal
results. Sugarbaker [9] wrote that a cardiac arrest within 10 days postoperatively
needs emergency thoracotomy (sometimes in the intensive care unit), open cardiac
massage, and pericardial patch removal. Closed cardiac massage is not effective
enough after pneumonectomy, since the heart has shifted out of the midline, and it
cannot be properly compressed by the sternum and vertebral column. All the mem-
bers of the postoperative care team must be educated on this point to avoid losing
valuable time performing futile closed-chest compressions [9].

7.4 Lobar torsion and gangrene

Lobar, segmental or common basal pyramid torsion is a rare complication which
may occur after different type of pulmonary resections and lung transplantation
with an incidence rate less than 0.1% [21-23]. Usually torsion occurs in the middle
lobe or in the left lower lobe following upper lobe resections. Lobar torsion may
develop in the first postoperative 2 weeks [21, 23, 24]. The rotation of the broncho-
vascular pedicle results with bronchial obstruction and vascular compromise is the
cause of gangrene and potential mortality if left untreated [25]. Recognition of pul-
monary torsion may be difficult. Clinical presentations vary from slight hypoxemia
to septic shock. The clinical findings depend on the degree of rotation in the lobar
hilum, generally the rotation is 180 degrees although 90 and 360 degree torsions
have been reported [26]. Symptoms of pulmonary torsion can start suddenly with
an unexplained dyspnea, productive cough, hemoptysis, tachycardia, and fever,
diminished breathing sounds on the effected side or presence of air leak. Chest
radiographs may show opacification of the lobe. Findings do not change after naso-
tracheal aspiration. Chest X ray may demonstrate pneumothorax or collapsed lobe
in an unusual position. High resolution chest computed tomography with pulmo-
nary angiogram may confirm the diagnosis - opacification, complete obstruction —
“cut-off”’- of the bronchus, stenosis or obstruction of kinking vessels are the
radiological findings [23]. Flexible bronchoscopy should be performed and
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diagnosis may be confirmed if “fish mouth™ like appearance is noticed. The trans-
esophageal echocardiography may reveal a presence of potential lethal thrombus in
pulmonary vein. Urgent reoperation is indicated, reposition and fixation with fol-
lowing anticoagulant therapy to or complete resection could be performed, if pul-
monary infarction or gangrene is suspected. Good analgesia, aggressive antibiotics
treatment and mini-tracheostomy to aid suctioning of the secretions may help to
reduce the infectious complications after torsion [25].

7.5  AirLeak and Subcutaneous Emphysema

An air leak after pulmonary resection is the most commonly seen finding. In the
early postoperative period, it may be seen at a rate of 28—60 % of the patients; how-
ever, in the immediate postoperative period, an air leak should not be considered as
a pathological condition. A pathological “air leak” may refer to any leakage of the
air from the lung identified by noting bubbles in a chest drainage system, by pro-
gressive subcutaneous emphysema, or by expanding pneumothorax [27, 28]. On the
morning of the postoperative day (POD) 1, an air leak is present in 2648 % of the
patients, with a decreasing incidence toward the POD 4 to as low as 8 % [29-31].
But, in some specific procedures such as bilateral lung volume reduction surgery, an
air leak may occur in 90 % of the patients [32]. If an air leak is longer than 7 days
(some consider more than 4 days and more than 10 days), it may be considered as
prolonged air leak (PAL) [27]. The incidence of PAL is between 9.6 and 15 %, and
also it was suggested that PAL may increase the rate of other pulmonary complica-
tions, including atelectasis, pneumonia, and empyema, but it is not associated with
an increased incidence of cardiopulmonary morbidity [31, 34]. As a result of PAL,
the postoperative length of stay is increased [28, 35]. An empyema can develop in
11 % of the patients with PAL [31]. Among the most important risk factors of PAL
are an underlying COPD, an inhaled steroid treatment, an active pulmonary infec-
tion, insulin-dependent diabetes, a low body mass index (<25.5 kg/m?), a reduced
forced expiratory volume in the first second (FEV1) or reduced predicted postopera-
tive FEV1, an upper lung field resection, lung volume reduction surgery, and intra-
operative pleural adhesions [32, 36]. As previously mentioned, chest tube drainage
systems may help to monitor the air leak after pulmonary surgery. Different chest
tube modalities can be used in postoperative period — water seal or negative pressure
drainage system —20 cm H,O or —10 cm H,O suction. Chest tubes placed on water
seal after pulmonary lobectomy are generally well tolerated and safe; however, they
do not reduce the duration of the air leak or the incidence of prolonged air leak when
compared with negative suction tubes [33]. Air leak volume can be seen easily, if
digital drainage system is used. If a high volume of air leak persists, a pneumotho-
rax and/or subcutaneous emphysema may develop, and negative pressure drainage
system should be used in this situation. Chest tube can be removed, if there is no air
leak and drainage is less than 200 ml in the last 24 h, but generally drainage volume
depends on the underlying disease and the surgery performed. For instance, in our
practice we remove chest tube, when there is no drainage and air leak after radical
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pleurectomy and decortication surgery for mesothelioma. We may remove chest
tubes when the daily drainage is around 400 ml or the drainage is less than 50 ml in
the past 12 h in conventional lung resections like a lobectomy.

If there is a small air leak and the lungs are totally expanded, the chest tube may
be clamped (which is named as “provocative clamping”), and a chest X-ray should
be taken to determine whether the lung remains expanded or not. The tube can be
removed if the lung remains expanded, but if the lung collapses and subcutaneous
emphysema develops, then the clamp should be opened and the patient can be dis-
charged with a Heimlich valve connected to chest tube. Operation for PAL is rarely
necessary. Sometimes talc pleurodesis or an autologous blood patch via chest tube
can be tried, or an endobronchial valve may effectively solve this problem espe-
cially in high-risk patients [29, 37, 38].

Subcutaneous emphysema (SE) as a complication of air leak may occur when air
enters into the subcutaneous space of the chest wall and the soft tissues of the face,
neck, upper chest, and shoulder and may change voice. SE could expand to the
abdomen subcutaneous space or even into the peritoneum. Cerfolio [30] reported
that SE occurs in 6.3 % of the patients after pulmonary resections. Although nonle-
thal, it may be difficult to convince the family members and other colleagues from
the intensive care unit. A CT scan to identify an air pocket and to guide additional
percutaneous drainage catheters may be helpful. Bronchoscopy may be required to
exclude a bronchopleural fistula or a possible tracheal laceration during the intuba-
tion. Depending on the severity of SE, there are different methods of management,
including observation, reoperation, and usage of pop-off valves. If reoperation is
necessary, VATS or thoracotomy can be performed [30].

7.6  Chylothorax

A chylothorax is a leak of lymphatic fluid with chylomicrons and fats into the tho-
racic cavity. Chylothorax could be observed as milky or creamy pleural effusion
coming from the chest tube in the early postoperative period or several days after
surgery. It may occur as a result of a laceration of lateral branches of the lymphatic
duct or direct iatrogenic duct injury and/or incomplete ligation of the lymphatic
duct during some procedures, among which are extended mediastinal lymph node
dissection, mediastinal tumor resection, esophageal resection, or extrapleural pneu-
monectomy [39]. The incidence after pulmonary resection is between 0.2 and 2.1 %
and after esophagectomy 3.8 %, and the incidence rate also depends on the prefer-
ence of mediastinal lymph node dissection techniques [39-43]. The diagnosis of a
chylothorax is established if pleural effusion has a high level of triglyceride
(>110 mg/dL), but if the level is between 50 and 100 mg/dL, lipoprotein analysis
should be performed [41]. If triglyceride concentration is lower than 50, it is prob-
ably not a chylothorax. A persistent leakage may lead to albumin and antibody loss,
malnutrition, and lymphocytopenia and increase the risk of bacterial and viral infec-
tions which is associated with significant postoperative morbidity and mortality
[43]. In addition, an average daily chest tube output exceeding 400 mL in the early
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postoperative period should prompt fluid analysis for chylothorax to facilitate early
diagnosis and consideration of thoracic duct ligation [43]. The first choice in the
treatment is to stop oral diet intake and immediately to start parenteral feeding.
Daily drainage volume has been controlled, and decision whether to continue con-
servative treatment or to perform surgery has been made. Most of the postoperative
chylothorax may be resolved by conservative therapy including octreotide/soma-
tostatin infusion [42, 44, 45]. If the amount of the leak is low, it could stop at seal
on its own, but before removing the chest tube, the patient should be given a fatty
meal diet for two days, and if output is still nonchylous and the volume is low, then
the chest tube is removed [40]. But if chylous leakage is greater than 2000 ml for the
first 2 days, or as suggested by some authors greater than 1000 ml/per day for 5
days, reoperation should be performed without waiting any further [46, 47].
Lymphangiography and lymphoscintigraphy are useful to localize the leak [44, 45].
The alternative method of the management of the chylothorax is percutaneous cath-
eterization of the thoracic duct and embolization [48].

7.7  Nerve Injury

Extended thoracic surgery may cause intrathoracic nerve injury (phrenic or recurrent
laryngeal nerves). Most of the phrenic nerve injuries in literature are described after
cardiac surgery, but it may also develop after thoracic surgery such as extended pulmo-
nary resection, esophageal or mediastinal surgery, and cervical rib resection for tho-
racic outlet syndrome [49]. It may present with unilateral or bilateral diaphragm palsy
and results in atelectasis, pneumonia, decreased pulmonary function, sleep-disordered
breathing, and pulmonary effusion. It usually can be suspected when patient has
decreased exercise tolerance or dyspnea. An intubated patient may have difficulties in
weaning. X-ray demonstrates elevation of the affected hemidiaphragm, and ultrasound
examination confirms the diagnosis [50]. The best treatment of choice is surgery, either
diaphragmatic plication or phrenic nerve reconstruction for unilateral injury or dia-
phragmatic pacemakers in cases of bilateral injury [50-54]. In Fig. 7.2, you may see a
patient with phrenic nerve paralysis and chest X-ray after VATS plication.

The recurrent laryngeal nerve has a high risk of injury during the dissection of
the subaortic region, especially during pneumonectomy and esophagectomy, or in
cases where patients received preoperative radiotherapy [55]. Recurrent laryngeal
nerve palsy after mediastinal lymph node dissection may occur in up to 1.5% and
after esophagectomy up to 8 % but after left-sided pneumonectomy up to 30 % of
cases [56-58]. The result of the injury is vocal cord paralysis, which is suspected if
the patient has a weak or whispery voice or a weak cough or if the patient aspirates
after water intake in early postoperative period; the last symptom should be differ-
entiated from vocal cord edema in the very early postextubation period. When vocal
cord paralysis is suspected, laryngoscopy or flexible fiber-optic laryngoscopy
should be performed and followed by laryngostroboscopy and laryngeal electromy-
ography. The management involves pulmonary physiotherapy to decrease risk of
aspiration, medialization laryngoplasty with or without implant material, or
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Fig. 7.2 (a) Chest X-ray view of a patient with phrenic nerve paralysis. (b) Chest X-ray view of
a patient after VATS diaphragmatic plication

injection medialization [59-61]. Bilateral vocal cord paralysis is a catastrophe,
which may occur after tracheal stenosis resection at the subglottic level. Experienced
tracheal surgeons know the pitfalls and generally never have this complication.

7.8  Right-to-Left Shunt

Right-to-left shunt or platypnea-orthodeoxia syndrome is rarely observed after
right-sided pneumonectomy operation or after an elevated right hemidiaphragm.
The presence of a persistent foramen ovale (PFO) or open atrial septal defect can
cause this syndrome. It is diagnosed by echocardiography or MRI. PFO is found in
about 20 % of the normal population. Patients with PFO after pneumonectomy may
not suffer from dyspnea and desaturation in supine position, but they may occur in
sitting or upright position. Though PFO is normally asymptomatic, it is a potential
source for a right-to-left shunt when the pulmonary artery and right heart pressure
are increased [62-66].

Perkins [63] recommended including cardiac shunt in the differential diagnosis
of hypoxemia, even in the presence of normal cardiac pressures, once other more
common causes have been excluded. Transesophageal echocardiography may con-
firm the diagnosis. If the shunt persists, it needs percutaneous or surgical closure.

7.9 Atelectasis

Atelectasis is the collapse or incomplete expansion of the lung or part of the lung.
It is one of the commonest abnormalities in chest X-ray after thoracic surgery, and
it may be life threatening if not treated correctly. Atelectasis can occur in 15 % of
the patients, and it is seen more frequently following right upper pulmonary resec-
tions [1, 67]. The cessation of smoking before surgery and preoperative
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bronchodilators can help to prevent atelectasis. Predisposing factors for atelecta-
sis after surgery are secretion retention, hypoventilation, pulmonary edema due to
volume overload, decreased ciliary activity after sleeve resection, and
COPD. Symptoms of the atelectasis are dyspnea, tachypnea, decreased respira-
tory sounds, tachycardia, and fever. Defined opacity, volume loss, fissure dis-
placement, heightened hemidiaphragm, and mediastinal shift can be seen on a
chest radiograph. Early pulmonary physiotherapy and nasotracheal aspiration are
usually helpful in the postoperative period. Endobronchial aspiration and lavage
with bronchoscopy may be performed (Fig. 7.3). The Thoracic Surgery Database
had informed that about 3.7 % of atelectasis cases require bronchoscopy after
lobectomy. Another helpful technique may be noninvasive positive-pressure ven-
tilation and also effective pain management [5, 68, 69].

7.10 Postsurgical Empyema

Postsurgical empyema is the development of infection in the pleural space after
esophageal, pulmonary, or mediastinal surgery. The incidence is higher in pneu-
monectomy (2-12 %) and may occur in 3% of patients after lobectomy; the
majority of these patients also present with a bronchopleural fistula (BPF) [5].
The incidence of the postsurgical empyema increases according to the indication
of resection — inflammatory or neoplastic disease and the presence of a neoadju-
vant therapy [70]. Risk factors include older age, cardiopulmonary impairment,
malnutrition, induction therapy (especially chemoradiotherapy), diabetes, ste-
roids, right-sided pneumonectomy, extended resections, postoperative pneumo-
nia, and prolonged mechanical ventilation giving rise to barotrauma. Empyema
can occur secondary to a spontaneous pneumothorax with persistent bronchopleu-
ral fistula [71]. PAL increases the risk of empyema up to 11% [11]. Most of the
cases develop in the early postoperative period (generally in first 3 months) but
may occur also later (Fig. 7.4). The contamination of the pleural space develops
from a BPF or esophagopleural fistula or from blood-borne sources. Clinical
symptoms are mostly age specific and related to the general condition of the
patient. The patient may be asymptomatic but may also have fever, fatigue, chest
pain, dyspnea, and purulent or serosanguinous expectoration. The first sign of
empyema is a change in the drainage pattern from serous to purulent, if the chest
tube is still in place. And if it continues with air leak, the diagnosis of the BPF can
be suspected. A pleural opacity with or without fluid level is usually detected on
postoperative chest X-ray after lobectomy or segmentectomy. But after pneumo-
nectomy, a decrease in the fluid level is visible. The most common bacterial
pathogens are Staphylococcus, Pseudomonas, and anaerobic microorganisms.
The treatment of the pleural empyema depends on the time of the diagnosis and
the presence of the BPF and patients’ general condition. The management includes
antibiotic therapy and adequate chest tube thoracostomy with sensitive antibiotic
solution irrigation to clean the remaining cavity [71]. After patient is stabilized
(usually in 1-2 weeks), surgery may be performed. For empyema treatment,
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Fig. 7.3 Early pulmonary
physiotherapy and
nasotracheal aspiration are
usually helpful in the
prevention of postoperative
atelectasis. Endobronchial
aspiration and lavage with
bronchoscopy help in the
treatment of atelectasis.
(a) Right lung atelectasis.
(b) Immediately after the
nasotracheal suction.

(c) The next day with
aggressive physiotherapy
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Fig.7.4 CT scan view of a patient with empyema after lung resection (a-b)

surgeon may perform Eloesser procedure, myoplasty with muscle flap closure,
thoracoplasty, or modified Clagett or Eloesser procedure [72].

7.11 Bronchopleural Fistula

BPF is a connection between the bronchus and pleural space. BPF ranges from small
to large, the latter being a nightmare for thoracic surgeons often leading to life-threat-
ening events. This complication leads to an increased morbidity and mortality after
pulmonary resection. The overall incidence is 4.4 %, and it depends on the resection
type [73]. Mortality rate is between 40 and 70 % of the patients with BPF after pulmo-
nary resection [74, 75]. Risk factors of BPF include right-sided or completion pneu-
monectomy, surgery for infectious or inflammatory diseases, high-dose induction
radiotherapy, prolonged mechanical ventilation, empyema, infected postresectional
space, and residual tumor at the bronchial stump (Fig. 7.5). Most deaths are due to
sepsis facilitated by aspiration pneumonia, ARDS, and malnutrition. Massive hemop-
tysis may be seen very rarely as a result of pulmonary artery erosion due to an infec-
tive inflammation. Most frequently a BPF is seen in 1 week after surgery [71, 72].
Small fistulas may be asymptomatic and close without any special treatment,
but some BPF can lead to tension pneumothorax, aspiration pneumonia, and
asphyxia. It can start with sudden dyspnea, excessive coughing, fever, fatigue,
bloody sputum, and subcutaneous emphysema. In the case of tension pneumo-
thorax, emergency chest tube drainage should be performed. If there is a suspi-
cion of a BPF after pneumonectomy, the patient should be laid down on the
operation side for protection of the opposite lung from contamination, and ade-
quate chest drainage and antibacterial treatment should be performed [72].
Bronchoscopy is useful to confirm the diagnosis by demonstrating the presence
of the BPF (Fig. 7.5). If there is no visible fistula and the suspicion continues,
methylene blue injection to the bronchial stump may be performed; the drainage
of the methylene blue via the chest tube is then diagnostic. During bronchos-
copy, a balloon catheter may be inserted to see whether it stops the air leak.
There is a typical decrease in the fluid level on the operated side after
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Fig.7.5 Risk factors of
bronchopleural fistula
include right-sided or
completion
pneumonectomy, surgery
for infectious or
inflammatory diseases,
high-dose induction
radiotherapy, prolonged
mechanical ventilation,
empyema, infected
postresectional space, and
residual tumor at the
bronchial stump.
Bronchoscopic
demonstration is the key to
a definitive diagnosis

pneumonectomy. Also ventilation scintigraphy with inhalation of a radionuclide
can be helpful for diagnosis. The definitive treatment should be chosen accord-
ing to a diameter of the fistula and general conditions of the patient. The repair
of the bronchial stump may be considered in pneumonectomy patients with
early BPF (i.e., within 2 weeks). Open-window thoracoscopy can be performed
for BPF with empyema treatment [71, 72].

7.12 Complications After Lung Transplantation
7.12.1 Vascular Anastomotic Complications

Complications of the arterial and venous anastomoses include stenosis, arterial
kinking, and thrombus formation. Pulmonary artery stenosis has been reported in
the early and late period after lung transplantation. There may be dyspnea, signs of
pulmonary hypertension, and right heart failure (e.g., systemic hypotension, periph-
eral edema). Echocardiography may demonstrate an increased right ventricular
pressure or right ventricular dysfunction. Quantitative ventilation/perfusion scan
shows unequally distributed blood flow between the lungs after bilateral transplan-
tation or disproportionate flow to the native lung after single-lung transplantation.
Pulmonary angiography is usually necessary to confirm the diagnosis and helps in
balloon dilatation or stent placement. Surgical reconstruction is the final option for
stenosis not amenable to other interventions [73-77].
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Kinking of the pulmonary artery is associated with decreased flow in the pulmo-
nary vein, as assessed by transesophageal echocardiography [78]. Percutaneous
placement of a metallic stent is recommended.

Pulmonary vein thrombosis occurs in the early postoperative period. Thrombus
formation at the pulmonary venous/left atrial anastomotic suture line carries the risk
of systemic embolization and cerebrovascular accident, and also it may obstruct
pulmonary venous outflow and cause severe pulmonary edema refractory to medi-
cal management [79-81].

Clinical features include hypoxemia, decreased lung compliance, and diffuse
radiographic opacities in the allograft. The diagnosis is made by transesophageal
echocardiography.

There is no standardized management of the pulmonary vein thrombosis after
lung transplantation. Fibrinolytic therapy can be useful, if the bleeding risk is not
high [82]. Refractory hypoxemia and/or hemodynamic instability may require
emergent surgical thrombectomy, but outcomes are usually poor. On the other hand,
small venous anastomotic thrombi can resolve spontaneously [5, 83, 84].

7.12.2 Airway Complications

With the improvements in the surgical techniques and perioperative management
of lung transplantation, the incidence of airway complications (AC) decreased to
10-20 % with a related mortality rate at 2—-3 % [85—-87]. Several risk factors for
AC were identified: surgical technique, infections, and several immunosuppres-
sive medications. The current recommendations are to avoid sirolimus at least 90
days after transplantation because of its antiproliferative properties. Donor and
recipient risk factors could cause AC such as duration of donor’s mechanical
ventilation (50-70 h before organ retrieval) or difference between donor and
recipient’s bronchial diameters. Other risk factors may be primary graft dysfunc-
tion, acute cellular rejection, positive-pressure mechanical ventilation and need
for a high positive end-expiratory pressure (PEEP), organ preservation tech-
nique, acute kidney injury, etc. Primary graft dysfunction, which is a type of
reperfusion injury, may compromise pulmonary flow and increase the length of
mechanical ventilation, and the high level of PEEP may be required. Positive-
pressure mechanical ventilation and PEEP have a potential to increase the bron-
chial wall, and anastomosis stress and graft perfusion might be impaired when
high inflation pressures are needed [88-92].

Bronchial stenosis is one of the common complications with a reported inci-
dence between 6 and 23 % [93, 94]. It may be asymptomatic and diagnosed by
routine bronchoscopy or may have a slight clinical symptom or manifestation of
bronchial stenosis more frequently with increasing dyspnea, cough, post-obstructive
pneumonia, or radiographic abnormalities. Bronchoscopy is a standard method for
diagnosis. Management of bronchial stenosis includes balloon dilatation, ablation
with cryotherapy, electrocautery or laser argon plasma coagulation, and stent place-
ment [92, 95, 96].
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7.12.3 Necrosis and Dehiscence

Isolated necrotic changes of the anastomosis may develop in patients undergoing trans-
plantation, between first and fifth weeks. Necrosis can resolve quickly or can progress
to the dehiscence. Early diagnosis is important. And if there is clinical presentation of
prolonged air leak, pneumothorax, or pneumomediastinum, there exists the possibility
of anastomosis dehiscence being a suspect too. Flexible bronchoscopy is a gold standard
for diagnosis, and view of significant necrosis and loose sutures may be seen.
Management of anastomotic dehiscence is surgical repair or even retransplantation [97].

Airway fistulas after lung transplantation are uncommon. Fistulas have been
described between the airway and the pleura, mediastinum, aorta, pulmonary arter-
ies, and left atrium. BPF is rare and may present with dyspnea, hypotension, sepsis,
pneumothorax, subcutaneous emphysema, or persistent air leak. Endoscopic tech-
niques for closing of fistula or surgical options can be used. Bronchomediastinal
fistula has a high mortality, and the clinical presentation can be bacteremia, sepsis,
mediastinitis, mediastinal abscess, or cavitation. Surgical treatment is recom-
mended. Bronchovascular fistulas can present with minimal hemoptysis to fatal
bleeding. These complications are rare but associated with high mortality. It should
be suspected at the case of Aspergillus infection [97].

References

1. Stephan F, Bouchesel S, Hollande J et al (2000) Pulmonary complications following lung resec-
tion: a comprehensive analysis of incidence and possible risk factors. Chest 118(5):1263—-1270

2. Lemaire A, Nikolic I, Petersen T et al (2006) Nine-year single center experience with cervical
mediastinoscopy: complications and false negative rate. Ann Thorac Surg 82(4):1185-1189;
discussion 1189-90

3. Peterfty A, Henze A (1983) Hemorrhagic complications during pulmonary resection: a retro-
spective review of 1428 resections with 113 hemorrhagic episodes. Scand J Thorac Cardiovasc
Surg 17(3):283-287

4. Haithcock BE, Feins RH (2009) Complications of pulmonary resection. In: Shields TW (ed)
General thoracic surgery, 7th edn. Lippincott Williams & Wilkins, Philadelphia,
pp 557-559

5. Gebitekin C, Varela G, Aranda JL et al (2014) Early postoperative complications. In: Kuzdzal
J, Asamura H, Detterberck F, Goldstaw P, Lerut A, Thomas P, Treasure T (eds) ESTS text-
book, Ist ed. Medycyna Praktyczna, Cracow, p 85-93

6. Bertolaccini L, Terzia A, Rizzardia G et al (2012) Risk is not our business: safety of thoracic
surgery in patients using antiplatelet therapy. Interact Cardiovasc Thorac Surg 14:162—166

7. Foroulis CN, Kleontas A, Karatzopoulos A et al (2014) Early reoperation performed for the
management of complications in patients undergoing general thoracic surgical procedures.
J Thorac Dis 6(S1):S21-S31

8. Ferrer J, Roldan J, Roman A et al (2003) Acute and chronic pleural complications in lung
transplantation. J Heart Lung Transplant 22:1217-1225

9. Sugarbaker DJ, Jaklitsch MT, Bueno R et al (2004) Prevention, early detection, and manage-
ment of complications after 328 consecutive extrapleural pneumonectomies. J Thorac
Cardiovasc Surg 128(1):138-146

10. Karalapillai D, Larobina M, Stevenson K et al (2008) A change of heart: acute cardiac dex-

troversion with cardiogenic shock after partial lung resection. Crit Care Resusc 10(2):
140-143



7 Should | Blame the Surgeon: Surgical Complications and Surgical Treatment 113

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Mohite PN, Sabashnikov A, Rao P et al (2013) Single lung retransplantation for graft infarc-
tion due to herniation of heart. Thorac Cardiovasc Surg Rep 2(1):40-42

Veronesi G, Spaggiari L, Solli PG et al (2001) Cardiac dislocation after extended pneumo-
nectomy with pericardioplasty. Eur J Cardiothorac Surg 19(1):89-91

Deslauriers J, Ginsberg RJ, Piantadosi S et al (1994) Prospective assessment of
30-Day operative morbidity for surgical resections in lung cancer. Chest 106(6 Suppl):
329S-330S

Terauchi Y, Kitaoka H, Tanioka K et al (2012) Inferior acute myocardial infarction due to
acute cardiac herniation after right pneumonectomy. Cardiovasc Interv Ther 27(2):110-113
Baisi A, Cioffi U, Nosotti M et al (2002) Intrapericardial left pneumonectomy after induction
chemotherapy: the risk of cardiac herniation. J Thorac Cardiovasc Surg 123:1206-1207

. Fenstad ER, Anavekar NS, Williamson E et al (2014) Acute right ventricular failure second-

ary to cardiac herniation and pulmonary artery compression. Circulation 129:e409—412
Pillai JB, Barnard S (2003) Cardiac tamponade: a rare complication after pulmonary lobec-
tomy. Interact Cardiovasc Thorac Surg 2(4):657-659

Ozawa Y, Ichimura H, Sato T et al (2013) Cardiac tamponade due to coronary artery rupture
after pulmonary resection. Ann Thorac Surg 96(4):e97-¢99

Chen J, Chen Z, Pang L et al (2012) A malformed staple causing cardiac tamponade after
lobectomy. Ann Thorac Surg 94(6):2107-2108

McLean RH, Paradian BB, Nam MH (1999) Pericardial tamponade: an unusual complication
of lobectomy for lung cancer. Ann Thorac Surg 67:545-546

Cable DG, Deschamps C, Ailen MS et al (2001) Lobar torsion after pulmonary resection:
presentation and outcome. J Thorac Cardiovasc Surg 122(6):1091-1093

Stephens G, Bhagwat K, Pick A et al (2015) Lobar torsion following bilateral lung transplan-
tation. J Card Surg 30:209-214

Apostolakis E, Koletsis EN, Panagopoulos N et al (2006) Fatal stroke after completion pneu-
monectomy for torsion of left upper lobe following left lower lobectomy. J Cardiothorac Surg
1:25

Crijns K, Jansen FH, van Straten AHM et al (2012) A pulmonary shadow after lobectomy: an
unexpected diagnosis. Neth J Med 70(5):232-235

Alassar A, Marchbank A (2014) Left lower lobe torsion following upper lobectomy-prompt
recognition and treatment improve survival. J Surg Case Rep 8, jju078

Hennink S, Wouters MWJM, Klomp HM et al (2008) Necrotizing pneumonitis caused by
postoperative pulmonary torsion. Interact Cardiovasc Thorac Surg 7(1):144-145

Singhal S, Ferraris VA, Bridges CR et al (2010) Management of alveolar air leaks after pul-
monary resection. Ann Thorac Surg 89:1327-1335

Brunelli A, Xiume F, Al Refai M et al (2006) Air leaks after lobectomy increase the risk of
empyema but not of cardiopulmonary complications: a case-matched analysis. Chest
130(4):1150-1156

Cerfolio RJ, Tummala RP, Holmann WL et al (1998) A prospective algorithm for the man-
agement of air leaks after pulmonary resections. Ann Thorac Surg 66:1726—-1731

Cerfolio RJ, Bryant AS, Maniscalco LM (2008) Management of subcutaneous emphysema
after pulmonary resections. Ann Thorac Surg 85:1759-1765

Brunelli A, Monteverde M, Borri A et al (2004) Predictors of prolonged air leak after pulmo-
nary lobectomy. Ann Thorac Surg 77(4):1205-1210; discussion 1210

DeCamp MM, Blackstone EH, Naunheim KS et al (2006) Patient and surgical factors influ-
encing air leak after lung volume reduction surgery: lessons learned from the National
Emphysema Treatment Trial. Ann Thorac Surg 82(1):197-206; discussion 206—7

Brunelli A, Monteverde M, Borri A et al (2004) Comparison of water seal and suction after
pulmonary lobectomy: a prospective, randomized trial. Ann Thorac Surg 77(6):1932-1937;
discussion 1937

Isowa N, Hasegawa S, Bando T et al (2002) Preoperative risk factors for prolonged air leak
following lobectomy or segmentectomy for primary lung cancer. Eur J Cardiothorac Surg
21:951-954



114

J. Grusina-Ujumaza and A. Toker

35

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

. Varela G, Jimenez MF, Novoa N et al (2005) Estimating hospital costs attributable to pro-
longed air leak in pulmonary lobectomy. Eur J Cardiothorac Surg 27(2):329-333

Brunelli A, Varela G, Refai M et al (2010) A scoring system to predict the risk of prolonged
air leak after lobectomy. Ann Thorac Surg 90:204-209

Lang-Lazdunski L, Coonar AS (2004) A prospective study of autologous ‘blood patch’
pleurodesis for persistent air leak after pulmonary resection. Eur J Cardiothorac Surg
26(5):897-900

Gkegkes ID, Mourtarakos S, Gakidis I (2015) Endobronchial valves in treatment of persistent
air leaks: a systematic review of clinical evidence. Med Sci Monit 21:432-438

Wang W, Yin W, Shao W et al (2014) Comparative study of systematic thoracoscopic lymph-
adenectomy and conventional thoracotomy in resectable non-small cell lung cancer. J Thorac
Dis 6(1):45-51

Bryant AS, Minnich DJ, Wei B et al (2014) The incidence and management of postoperative
chylothorax after pulmonary resection and thoracic mediastinal lymph node dissection. Ann
Thorac Surg 98(1):232-235; discussion 235-7

Cho HJ, Kim DK, Lee GD et al (2014) Chylothorax complicating pulmonary resection for
lung cancer: effective management and pleurodesis. Ann Thorac Surg 97(2):408-413

Fujita T, Daiko H (2014) Efficacy and predictor of octreotide treatment for postoperative
chylothorax after thoracic esophagectomy. World J Surg 38(8):2039-2045

Shah RD, Luketich JD, Schuchert MJ et al (2012) Postesophagectomy chylothorax: inci-
dence, risk factors, and outcomes. Ann Thorac Surg 93(3):897-903; discussion 903—4
Bender B, Murthy V, Chamberlain RS (2015) The changing management of chylothorax in
the modern era. Eur J Cardiothorac Surg 49(1):18-24

Uchida S, Suzuki K, Hattori A et al (2016) Surgical intervention strategy for postoperative
chylothorax after lung resection. Surg Today 46(2):197-202

Cerfolio RJ, Allen MS, Deschamps C et al (1996) Postoperative chylothorax. J Thorac
Cardiovasc Surg 112(5):1361-1365

Lagarde SM, Omloo JM, de Jong K et al (2005) Incidence and management of chyle leakage
after esophagectomy. Ann Thorac Surg 80(2):449-454

Marcon F, Irani K, Aquino T et al (2011) Percutaneous treatment of thoracic duct injuries.
Surg Endosc 25(9):2844-2848

Kitagawa N, Shinkai M, Take H et al (2015) Mediastinoscopic extended thymectomy for
pediatric patients with myasthenia gravis. J Pediatr Surg 50(4):528-530

Simansky DA, Paley M, Refaely Y et al (2002) Diaphragm plication following phrenic nerve
injury: a comparison of paediatric and adult patients. Thorax 57:613-616

Kaufman MR, Elkwood Al Rose MI et al (2011) Reinnervation of the paralyzed diaphragm:
application of nerve surgery techniques following unilateral phrenic nerve injury. Chest
140(1):191-197

Brouillette RT, Hahn YS, Noah ZL et al (1986) Successful reinnervation of the diaphragm
after phrenic nerve transection. J Pediatr Surg 21(1):63-65

Onders RP, Dimarco AF, Ignagni AR et al (2004) Mapping the phrenic nerve motor point: the
key to a successful laparoscopic diaphragm pacing system in the first human series. Surgery
136(4):819-826

Kawashima S, Kohno T, Fujimori S et al (2015) Phrenic nerve reconstruction in complete
video-assisted thoracic surgery. Interact Cardiovasc Thorac Surg 20:54-59

Bakhos C, Oyasiji T, Elmadhun N et al (2014) Feasibility of minimally invasive esophagec-
tomy after neoadjuvant chemoradiation. J Laparoendosc Adv Surg Tech A 24(10):688-692
Watanabe A, Nakazawa J, Miyajima M et al (2012) Thoracoscopic mediastinal lymph node
dissection for lung cancer. Semin Thorac Cardiovasc Surg 24(1):68-73

Luketich JD, Pennathur A, Awais O et al (2012) Outcomes after minimally invasive esopha-
gectomy: review of over 1000 patients. Ann Surg 256(1):95-103

Welter S, Cheufou D, Darwiche K et al (2015) Tracheal injuries, fistulae from bronchial
stump and bronchial anastomoses and recurrent laryngeal nerve paralysis: management of
complications in thoracic surgery. Chirurg 86(5):410-418



7

Should | Blame the Surgeon: Surgical Complications and Surgical Treatment 115

59

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

. Schneider B, Bigenzahn W, End A et al (2003) External vocal fold medialization in patients
with recurrent nerve paralysis following cardiothoracic surgery. Eur J Cardiothorac Surg
23(4):477-483

Bhattacharyya N, Batirel H, Swanson SJ (2003) Improved outcomes with early vocal fold
medialization for vocal fold paralysis after thoracic surgery. Auris Nasus Larynx 30(1):71-75
Krasna MJ, Forti G (2006) Nerve injury: injury to the recurrent laryngeal, phrenic, vagus,
long thoracic, and sympathetic nerves during thoracic surgery. Thorac Surg Clin
16(3):267-275

Smeenk FW, Postmus PE (1993) Interatrial right-to-left shunting developing after pulmonary
resection in the absence of elevated right-sided heart pressures. Review of the literature.
Chest 103(2):528-531

Perkins LA, Costa SM, Boethel CD et al (2008) Hypoxemia secondary to right-to-left inter-
atrial shunt through a patent foramen ovale in a patient with an elevated right hemidiaphragm.
Respir Care 53(4):462-465

Bellato V, Brusa S, Balazova J et al (2008) Platypnea-orthodeoxia syndrome in interatrial
right to left shunt postpneumonectomy. Minerva Anestesiol 74:271-275

Godart F, Rey C, Prat A et al (2000) Atrial right-to-left shunting causing severe hypoxaemia
despite normal right-sided pressures. Report of 11 consecutive cases corrected by percutane-
ous closure. Eur Heart J 21:483-489

Bhattacharya K, Birla R, Northridge D et al (2009) Platypnea-orthodeoxia syndrome: a rare
complication after right pneumonectomy. Ann Thorac Surg 88(6):2018-2019

Sanchez PG, Vendrame GS, Madke GR et al (2006) Lobectomy for treating bronchial carci-
noma: analysis of comorbidities and their impact on postoperative morbidity and mortality.
J Bras Pneumol 32(6):495-504

Korst RJ, Humphrey CB (1997) Complete lobar collapse following pulmonary lobectomy. Its
incidence, predisposing factors, and clinical ramifications. Chest 111(5):1285-1289

Stolz AJ, Schutzner J, Lischke R et al (2008) Predictors of atelectasis after pulmonary lobec-
tomy. Surg Today 38(11):987-992

Crabtree TD, Denlinger CE (2010) Complications of surgery for lung cancer. In: Pass HI,
Carbone DP, Johnson DH et al (eds) Principles and practice of lung cancer. Lippincott
Williams & Wilkins, Philadelphia, pp 531-546

Van Schil PE, Jeroen M, Hendriks JM et al (2014) Focus on treatment complications and
optimal management surgery. Transl Lung Cancer Res 3(3):181-186

Miller Jr JI (2009) General Thoracic Surgery 7th ed. Lippincott Williams & Wilkins,
Philadelphia, p 784-787

Waurick PE, Kleber FX, Ewert R et al (1999) Pulmonary artery stenosis 5 years after single
lung transplantation in primary pulmonary hypertension. J Heart Lung Transplant 18:1243
Banerjee SK, Santhanakrishnan K, Shapiro L et al (2011) Successful stenting of anastomotic
stenosis of the left pulmonary artery after single lung transplantation. Eur Respir Rev 20:59
Lumsden AB, Anaya-Ayala JE, Birnbaum I et al (2010) Robot-assisted stenting of a high-
grade anastomotic pulmonary artery stenosis following single lung transplantation.
J Endovasc Ther 17:612

Soriano CM, Gaine SP, Conte JV et al (1999) Anastomotic pulmonary hypertension after lung
transplantation for primary pulmonary hypertension: report of surgical correction. Chest 116:564
Ahya VN, Kawut SM (2005) Noninfectious complications following lung transplantation.
Clin Chest Med 26(4):613-622

Miyaji K, Nakamura K, Maruo T et al (2004) Effect of a kink in unilateral pulmonary artery
anastomosis on velocities of blood flow through bilateral pulmonary vein anastomoses in
living-donor lobar lung transplantation. J Am Soc Echocardiogr 17:998

Uhlmann EJ, Dunitz JM, Fiol ME (2009) Pulmonary vein thrombosis after lung transplanta-
tion presenting as stroke. J Heart Lung Transplant 28:209

Schulman LL, Anandarangam T, Leibowitz DW et al (2001) Four-year prospective
study of pulmonary venous thrombosis after lung transplantation. J] Am Soc Echocardiogr
14:806



116

J. Grusina-Ujumaza and A. Toker

81

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

. Leibowitz DW, Smith CR, Michler RE et al (1994) Incidence of pulmonary vein complica-
tions after lung transplantation: a prospective transesophageal echocardiographic study. J Am
Coll Cardiol 24:671

Gonzélez-Ferndndez C, Gonzalez-Castro A, Rodriguez-Borregan JC et al (2009) Pulmonary
venous obstruction after lung transplantation diagnostic advantages of transesophageal echo-
cardiography. Clin Transplant 23:975

Shah AS, Michler RE, Downey RJ et al (1995) Management strategies for pulmonary vein
thrombosis following single lung transplantation. J Card Surg 10:169

Nagahiro I, Horton M, Wilson M et al (2003) Pulmonary vein thrombosis treated successfully
by thrombectomy after bilateral sequential lung transplantation: report of a case. Surg Today
33:282

Meyers BF, Lynch J, Trulock EP et al (1999) Lung transplantation: a decade of experience.
Ann Surg 230(3):362-371

Murthy SC, Blackstone EH, Gildea TR et al (2007) Impact of anastomotic airway complica-
tions after lung transplantation. Ann Thorac Surg 84:401-409

Fernandez-Bussy S, Majid A, Caviedes I et al (2011) Treatment of airway complications fol-
lowing lung transplantation. Arch Bronconeumol 47(3):128-133

Mulligan MS (2001) Endoscopic management of airway complications after lung transplan-
tation. Chest Surg Clin N Am 11(4):907-915

King-Biggs MB, Dunitz JM, Park SJ et al (2003) Airway anastomotic dehiscence associated
with use of sirolimus immediately after lung transplantation. Transplantation 75(9):1437-1443
Van De Wauwer C, Van Raemdonck D, Verleden GM et al (2007) Risk factors for airway
complications within the first year after lung transplantation. Eur J Cardiothorac Surg
31(4):703-710

Kshettry VR, Kroshus TJ, Hertz MI et al (1997) Early and late airway complications after
lung transplantation: incidence and management. Ann Thorac Surg 63(6):1576-1583
Santacruzm JF, Mehta AC (2009) Airway complications and management after lung trans-
plantation: ischemia, dehiscence, and stenosis. Proc Am Thorac Soc 6:79-93

Schroder C, Scholl F, Daon E et al (2003) A modified bronchial anastomosis technique for
lung transplantation. Ann Thorac Surg 75(6):1697-1704

Herrera JM, McNeil KD, Higgins RS et al (2001) Airway complications after lung transplan-
tation: treatment and long-term outcome. Ann Thorac Surg 71(3):989-993

De Gracia J, Culebras M, Alvarez A et al (2007) Bronchoscopic balloon dilatation in the
management of bronchial stenosis following lung transplantation. Respir Med 101(1):27-33
Keller CA, Hinerman R, Singh A et al (2001) The use of endoscopic argon plasma coagula-
tion in airway complications after solid organ transplantation. Chest 119(6):1968-1975
Machuzak M, Santacruz JF, Gildea T et al (2015) Airway complications after lung transplan-
tation. Thorac Surg Clin 25(1):55-75



	7: Should I Blame the Surgeon: Surgical Complications and Surgical Treatment of the Complications
	7.1	 Introduction
	7.2	 Postoperative Hemorrhage and Residual Hemothorax
	7.3	 Cardiac Herniation and Tamponade
	7.4	 Lobar torsion and gangrene
	7.5	 Air Leak and Subcutaneous Emphysema
	7.6	 Chylothorax
	7.7	 Nerve Injury
	7.8	 Right-to-Left Shunt
	7.9	 Atelectasis
	7.10	 Postsurgical Empyema
	7.11	 Bronchopleural Fistula
	7.12	 Complications After Lung Transplantation
	7.12.1	 Vascular Anastomotic Complications
	7.12.2	 Airway Complications
	7.12.3	 Necrosis and Dehiscence

	References


