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INDICATIONS AND COMPLICATIONS OF
PNEUMONNECTOMY IN CHILDREN

<
Mohamed Regal

From
Lecturer of Cardio-thoracic Surgery
Mansoura Facuity of Medicine, Mansours, Egypt
King Fahd Specialist Hospital, Buridah, Saudi Arabia

ABSTRACT

OBJECTIVES : Pneumonectomy
in children is a rare procedure, al-
though various types of pulmonary re-
sections are done daily for patients in
this age group. We have reviewed our
experience in the last 9 years, to out-
line the indications and identify the
complications of pneumonectomy in
our locality. We compared our results
with the scanty information in the pub-
lished literature.

Methods : From January, 1995 to
December, 2003 we performed 20
pneumonectomies in children 15
years and younger. These cases
were done in Mansoura University
Hospitals (MUH) and King Fahd Spe-
cialist Hospital (KFSH). There were 8
males and 12 females, their ages
ranged from 4 days to 15 years.
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Pneumonectomies were done through
the classical posterolateral thoracoto-
my in the 4th or 5th intercostal space.

RESULTS : The indications for
pneumonectomy were destroyed lung
6 cases (30%), bronchiectasis 4 cas-
es (20%), acquired main bronchial
stricture 3 cases (15%), congenital
pulmonary abnormalities 2 cases
(10%), severe traumatic lung lacera-
tion 2 cases (10%), carcinoid tumors
2 cases (10%) and failed repair of
avulsed left main bronchus 1 case
(5%).

There was a single mortality in this
series and it was related to the severi-
ty of the trauma, and not related to
the pneumonectomy. There were no
intraoperative complications, while im-
mediate postoperative complications
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included superficial wound infection in
1 case (5%), acute pulmonary edema
in 1 case (5%), and post-
pneumonectomy syndrome in 1 case
(5%) which required re-operation. In
the period of the follow up there was
no delayed complications in our group
of patients. -

CONCLUSION : Careful prepara-
tion and selection of the patients for
pneumonectomy, decreases the mor-
tality and morbidity of this procedure.
Early diagnosis and management of
postoperative complications is essen-
tial to make the procedure safe in
childhood.

Keywords : Pneumonectomy »
Children e Carcinoids « Postpneumo-
nectomy syndrome

INTRODUCTION

Resections of the lung may vary
from a small pneumonotomy for enu-
cleation of a hamartoma to a pneumo-
nectomy (1,2). The first successful
staged pneumonectomy was done
with mass ligature of the hilar struc-
tures in a 12 years old girl with bron-
chiectasis by Nissen in 1931. The first
successful one stage pneumonecto-
my was reported by Graham and
Singer in 1933. Lung resections and
pneumonectomy are an infrequent

Vol. 35, No.3& 4 July., & Oct, 2004

procedures in the pediatric population
compared to adults (3,4). Reviewing
the published literature gives very few
reports about pneumonectomy in chil-
dren. The indications for pneumonec-
tomy in children included infective
conditions, irreversibly destroying the
lung parenchyma (3, 5, 6, 7). Children
with mycobacterial disease rarely re-
quired resectional lung surgery nowa-
days, due to the introduction of new
antibiotics and anti tuberculous medi-
cations which controlled many of such
cases (3,8,9).

Congenital pulmonary malforma-
tions occasionally require pneumo-
nectomy, and usually managed by
lesser pulmonary resections
(3,5,10,11,12). Tumors and trauma
are also rarely managed by pneumo-
nectomy. A small number of trauma
patients with penetrating thoracic
trauma will require formal pulmonary
resections to repair severe lung lacer-
ations or control massive bleeding
(13, 14).

The major life threatening intrao-
perative surgical complications are
injury to a major vessel with massive
hemorrhage, cardiac arrhythmias, de-
velopment of a contralateral pneu-
mothorax and intraoperative pulmo-
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nary edema (1).

The most commonly reported post
pneumonectomy complications were
empyema, bleeding, bronchopleural
fistulae and wound sepsis
(15,16,17,18).

In order to decrease the morbidity

and monality after pulmonary resec-
tions, the surgeon should be able to
recognize and manage adequately
these complications (19).

PATIENTS AND METHODS

Twenty children underwent pneu-
monectomy procedures in both Tho-
racic Surgery Departments, Mansoura
university hospitals (From January,
1995 to October 2002) and King Fahd
Specialist Hospital, (from October
2002 - January 2004). There were 8
male (40%) and 12 female (60%) pa-
tients, the mean age was 6 years
(range, 4 days to 15 years). There
were 5 right sided and 15 left sided
pneumonectomies.

The various indications for pneu-
monectomy in children in our series
are mentioned in Table (1).

Most of our cases were elective 18
(90%) and only 2 cases (10%) were

urgent to control active bleeding. Rou-
tine chest roentgenograms
(posteroanterior and lateral views),
and high resolution chest CT scans
were performed for all patients. Pre-
operative (fiberoptic or rigid bronchos-
copy) was done as a routine to all the
patients as a part of the preoperative
investigation and preparation or on
table in emergency cases. Pulmonary
function tests were not done to the
patients in this age group.

SURGICAL PROCEDURE

All procedures were performed
with the patients under general anes-
thesia with either a single lumen or
double lumen tube. The patients were
placed in the lateral position and for-
mal posterolateral thoracotomy was
the standard approach. The bronchial
stump was closed by either polyprop-
ylene (Prolene) or Polyglactin (Vicryl),
number 2/0 or 3/0 in two layers. The
first layer was interrupted, and the
second was continuous over and
over. The bronchial stump was usual-
ly covered with intercostal muscles,
pleural or pericardial flap. Single inter-
costal tube drainage was inserted as
a routine to all our patients, and re-
moved as early as possible postoper-
atively. Extubation was tried in the
theatre and succeeded in 18 cases,
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while 2 cases were shifted to the ICU
intubated and ventilated. One case
was a severely poly-traumatized pa-
tient with severe head injury and re-
quired ventilation for 1 week until the
Glasco coma scale (GCS) improved
and the patient was weaned safely,
while the other case was a neonate
with acquired bronchial stricture de-
veloped postpneumonectomy syn-
drome and required ventilation for 3
weeks.

RESULTS

We have a single case of intrao-
perative mortality (5%), in a severely
injured patient, not related to the
pneumonectomy procedure. We did
not have any intra operative complica-
tion. Three immediate post operative
complications occurred in 2 patients
in our series (15%), they are shown in
(Table 11).

In One case there was a mild
superficial infection of the anterior
edge of the wound. It was treated with
antibiotics and frequent dressing and
completely cured and the patient
discharged from the hospital within
two weeks. The second two complica-
tions occurred in a neonate who
developed acquired right main bron-
chial stricture due to prolonged intu-
bation and ventilation. Right sided
pneumonectomy was done to this
Vol. 35, No. 3 & 4 July., & Oct, 2004

baby, and she was shifted to the ICU
intubated and ventilated. In the first
post-operative day, the patient devel-
oped acute pulmonary edema due to
excessive IV crystalioids infusion. The
condition was controlled with IV diu-
retics and restriction of IV crystalloids.

We could not wean the patient off the
ventilator, and her CXR showed se-
vere ipsilateral shift of the mediasti-
num. Fig (1) CT was done and
showed marked mediastinal shift to
the right with over stretch of the left
main bronchus Fig (2)

It was diagnosed as a post right
pneumonectomy syndrome. Re-
operation was done after 5 days from
the initial surgery, and we inserted an
expandable tissue prosthesis
(rectangular type with remote acces-
sory valve- Style 95 — volume 160cc)
within the right thoracic cavity with the
remote injection site in the subcutane-
ous tissue Fig (3, 4, & 5).

Within 3 weeks the patient was
weaned completely off the ventilator
and she was discharged from the
hospital after 6 weeks. During the 2
years follow up of this patient, she
was doing well, growing and re injec-
tion of the tissue expander was done
only once. Follow up (average 3.5
years) of the other cases showed no
delayed complications, with full gro-
wth and normal activities
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Table (1) shows the various indications for pulmonary resections in our

series.

Indication No. %
Inflammatory & Infective Lung Disease 10 50
End stage destroyed lung 6 30
Bronchiectasis 4 20
Acquired bronchial stenosis 3 15
Congenital Pulmonary Disease 2 /10
CCAM typel 1 5
Congenital Lobar emphysema 1 5
Traumatic Lung Injury (to control massive hemothorax) 2 10
Tumors (Carcinoids) 2 10
Failed repair of ruptured left main bronchus 1 5

Table (II): Post-operative complications

Complications No. %
Superficial wound infection 1 5
Acute pulmonary edema 1 5
Post —pneumonectomy syndrome requiring re-operation 1 5

MANSOURA MEDICAL JOURNAL
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Fig (1). Postpneumonectomy chest  Fig (3). CXR shows correction of the
roentgenogram shows ex- mediastinal shift post inser-
tensive mediastinal shift to tion of a tissue expander in
the right, with compensatory
emphysema of the left upper
lobe: Post-pneumonectomy
syndrome

the right thoracic cavity.

Fig (2). Postpneumonectomy CT chest shows extensive mediastinal shift to
the right, compensatory emphysema of the left upper lobe, and
stretching of the left main bronchus.

Vol. 35, No. 3 & 4 July., & Oct, 2004
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Fig (4&5). CT Chest shows correction of the mediastinal shift post insertion of a
tissue expander in the right thoracic cavity.

DISCUSSION

There is relatively scanty informa-
tion on pneumonectomy in children in
the published literature and most of
the reports were about mixed pulmo-
nary resections in children or included
with pneumonectomy in general. In
this study we have included all the
pneumonectomies done for patients <
15 years in age. It included our joint
experience in two referral hospitals,
MUH and KFSH. Regarding the indi-
cations for pneumonectomy, the ma-
jor cause in this series was inflamma-
tory and infective lung disease, 10
cases (50%). Six of our cases (30%)
had an irreversibly destroyed lung,
which was shrunken and consisted of

a bag of pus spilling on the other side.
The other 4 patients (20%) had exten-
sive unilateral bronchiectasis. In these
10 patients there was no evidence of
active pulmonary TB. Most of the TB
cases in children required limited pul-
monary resections. In most of the
published literature the main indica-
tions for pneumonectomy were bron-
chiectasis and lung destruction, often
due to TB (10,17,20). With the intro-
duction of anti TB drugs and the wide
use of antibiotics the need of surgery
for infective lung disease has much
decreased in the developed countries
(21,22). In another study done in our
hospital (MUH) including all pulmo-
nary resections in children conducted
MANSOURA MEDICAL JOURNAL
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between 1980 - 1995, the main indi-
cations for pulmonary resections was
due to infective conditions (62%); of
them 40% were bronchiectasis, and
only 2% was TB cavity requiring local-
ized resection (3). So pneumonecto-
my is rarely required for TB lung in
children. The prevalence of pulmo-
nary TB remains high in several areas
of the world and pneumonectomy is
often necessary to treat the disease
(16,18). In the study done in South
Africa by Blyth et al (2002) there were
a high number of active pulmonary TB
requiring pneumonectomies. In their
study out of 59 pneumonectomies in
children, 51 cases were due to de-
structive lung disease, of which 38
were bronchiectasis and 8 active pul-
monary TB and 5 cases of end stage
lung (5). Our results differ from Blyth
et al, in that we did not have any case
of pneumonectomy in children for pul-
monary TB due to the better preven-
tive measures and medical treatment
in our locality.

Acquired bronchial stricture was
the second commonest indication for
pneumonectomy in our series, 3 cas-
es (15%). In all three cases the stric-
ture developed after prolonged intu-
bation and mechanical ventilation for
premature infants with hyaline mem-

Vol. 35, No. 3 & 4 July., & Oct, 2004

brane disease. The initial CXR
showed aeration of both lungs, but
later there was a unilateral complete
lung collapse. The lung distal to the
obstruction was chronically infected.
Repeated rigid bronchoscopes were
done to these cases to remove granu-
lation tissue and dilate the bronchus,
but there was complete obliteration at
the main stem orifice. Bronchial stric-
ture is an uncommon problem in chil-
dren and may be due the develop-
ment of granulation tissue from
repeated endobronchial suctioning. A
true congenital bronchial stenosis is
rare. Other causes of stricture were
endobronchial TB( 5, 23, 24, 25).
Management can be difficult because
of the small luminal diameter and
proximity of lung parenchyma to the
bronchial lesion. Bronchoplasty have
obvious advantage over pneumonec-
tomy in management of bronchial
stenosis, but we did not attempt it
(26).

Congenital pulmonary diseases
occasionally require pneumonectomy,
and usually managed by lesser pul-
monary resections (3, 5, 10, 11, 12).
We had 2 cases of congenital pulmo-
nary abnormalities that required pneu-
monectomy, one case of congenital
lobar emphysema involving both left
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lung lcbes and the other case was a
congenital cystic adenomatoid malfor-
mation type I.

Blunt chest injuries due to motor
car accidents were a common in-
dication for limited resections in
KFSH, but pneumonectomy was only
required in 2 childran. Preumonecto-
my was indicated as there was life
threatening massive hemopneumoth-
orax from a severely lacerated lung
which was impossible to repair. In
studies of the surgical management
of traumatic pulmonary injuries, in-
cluding all ages, pneumonectomy was
required in about 8% of the patients
(13, 14). To our knowledge there
were no reports concerned with the
pneumonectomy for traumatic injuries
in childhood.

Although tumors are rare in chil-
dren, we had 2 cases of bronchial
carcinoids. The first case was an 11
years old male patient and the second
was a 12 years old female patient. In
both cases the mass rose from the
left main bronchus and totally ob-
structed it. There was a total left lung
collapse. Bronchoplastic procedure
was not appropriate as the lung distal
to the obstruction was severely infect-
ed and impossible to re-expand.

Bronchial adenomas are considered
the most common primary lung tumor
in childhood (27). El-Saeid (1995)
have reported 3 cases of bronchial
carcinoids in children managed in
MUH , but all required limited pulmo-
nary resections.

Pneumonectomy was required in a
case of failed repair of an avulsed left
main bronchus after blunt chest trau-
ma. Initially repair of the left main
bronchus was done, but the child de-
teriorated and developed left lung col-
lapse, fever and accumulated secre-
tions. Patient was taken on the 4th
postoperative day to perform pneu-
monectomy.

In our series there was a single in-
traoperative mortality (5%), in a se-
verely injured 6 years old boy. He
had severe head, chest and abdomi-
nal injury. He was hemodynamically
unstable and had massive hemothor-
ax. Pneumonectomy was done to
control the bleeding but patient ex-
pired intraoperatively and CPR failed.
Recently reported mortality rates of 0
-3% have been reported (5,18, 17,
28; 29). Although the mortality rates
were low postpneumonectomy it was
so high (69.7%) in a recent study con-
cerning pneumonectomies in a group

MANSOURA MEDICAL JOURNAL
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of post traumatic pulmonary injuries
(14).

Major complications in children are
similar to those in adults. The three
major life threatening intra operative
complications are injury to a major
vessef with massive hemorrhage, car-
diac arrhythmias, and the develop-
ment of a contralateral pneumothorax
(1). These have not seen in our pa-
tients. Pneumonectomy in children is
easier to perform due to the elasticity
of the pulmonary vessels and easier
dissection. Post pneumonectomy
complications, most commonly report-
ed were empyema, bleeding, bron-
chopleural fistulae and wound sepsis
(15, 16, 17, 18). Reports of morbidity
rate of 23- 25% postpneumonectomy
in children was recently published (5,
6) but they usually run a milder
course and rarely complicated with
bronchopleural fistula (5). In our study
there were three immediate postoper-
ative complications. One case of su-
perficial wound sepsis, managed by
antibiotics and daily dressings. The
one life threatening postoperative
complication was postpneumonecto-
my pulmonary edema. This was due
to excessive infusion of crystalloids to
the premature pneumonectomized
and ventilated baby. It was managed

Vol. 35, No. 3 & 4 July., & Oct, 2004

by IV diuretics and restriction of the
fluids. Unfortunately this lethal compli-
cation has been reported to occur in 2
-5% of cases of pneumonectomy (1).
It is also frequently encountered post
pulmonary resection in children, as it
is so difficult to convince the ICU staff
that pulmonary surgical patients do
not require and should not be given
the traditional amount of fiuids need-
ed by most other post surgical pa-
tients. Expansion and deflation of the
lung, intracperative barotraumas and
volutrauma to the alveoli, and surgical
manipulation all lead to the potential
for puimonary edema (30).

The third complication that oc-
curred in the same patient was post
right sided pneumonectomy syn-
drome. The baby developed marked
rightward and posterior deviation of
the trachea. Over distension of the left
lung with its herniation into the right
side of the chest and kinking of the
left main bronchus. The patient was
dependent on the ventilator and re-
peated trials of weaning failed. This
rare complication has been reported
in infants, children and infrequently
young or middle aged adults. It most
commonly develops after a right
pPneumonectomy, infrequently seen
after a left pneumonectomy with a
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right sided aortic arch and very rarely
observed after a left pneumonectomy
with a left sided aortic arch (1, 31,
32). Early diagnosis and mediastinal
recentering are required for good out-
come. Silastic implants and tissue ex-
panders have been used with good
results (Regnard et al, 1999; and Mo-
rell et al, 2002). We have reoperated
the patient on the 5th postoperative
day, and implanted a rectangular tis-
sue expander with a remote injection
site in the subcutaneous tissue. The
position of the medistinum has been
re adjusted with salins injection into
the prosthesis. The patient has been
following up for 2 years with normal
growth and good outcome.

CONCLUSION

Pneumonectomy for destroyed
lung in children resolves complica-
tions and improves patient's quality of
life. It is an easy procedure in children
and usually not associated with se-
vere complications like those in
adults. The remaining lung expands
to compensate for the loss of the re-
moved lung and children tend to grow
normally after pneumonectomy. It is
essential to recognize and manage
the complications that might occur as
early as possible to improve the out-
come.
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