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Abstract

Objectives: Pneumonectomy is a procedure with high post-operative morbidity and mortality. This study aims to
assess and identify possible risk factors that can affect post-operative outcome, therefore determining the safety of pneu-
monectomy in specific groups.

Methods: A total of 63 patients submitted to pneumonectomy at our centre, from February 2008 to February 2018,
were included in our retrospective study. Age, gender, side of intervention, diagnosis, pre-operative symptoms, substance
abuse and comorbidities were assessed. Early and late post-operative complications, as well as death were our major out-
comes. We analysed the impact of preoperative variables on major outcomes using SPSS statistics.

Results: We found a 9,8% surgery-related mortality and 1-year survival rate of 76,2%. The incidence of early com-
plications in our population was of 35% while eleven patients (17,4%) developed late post-operative complications. No
statistical difference was found when comparing survival time between genders or age groups. Right sided pneumonecto-
mies seem to be associated with an higher mortality risk. No other association between risk factors and outcomes reached
statistical significance in both univariate and multivariate analysis.

Conclusions: Pneumonectomy is a viable option regardless of age whenever the patient has a good functional
and cardiopulmonary status. Gender and diagnostic group do not seem to influence adverse event risk, although right-
-sided pneumonectomies show an increased risk for post-operative death. Care should be taken with patients submitted
to neoadjuvant therapy. All patients should be encouraged to cease smoking as early as possible before surgery, given the

increased risks for post-operative complications.

INTRODUCTION

The first pneumonectomy was performed in 1933
and was the procedure of choice during the 1950s, before
surgery evolved to less invasive approaches.” It is often
referred to as a disease itself, given the high incidence of
post-operative complications, mortality and decrease in
overall quality of life.?

Lung resection is often the best treatment moda-
lity for both malignant and several non-malignant con-
ditions. The anatomical extension of the pulmonary
pathology usually dictates the need for a pneumonec-
tomy in detriment of less invasive techniques, as so,
pneumonectomy is reserved for particular cases in which
limited resections cannot be performed.3#

Many risks factors have been advocated to influence
the risk of post-operative complications following a pneu-
monectomy, although consensus still lacks within the
literature. Age per se has not proved to be a risk fac-
tor, despite the higher risks inherent to the population
itself, and other proclaimed risk factors remain debatable.
Besides the risk for early complications, one of the most
feared complications of pneumonectomy is the develop-
ment of a bronchopleural fistula, which increases morbi-
dity and severely compromises quality of life. There is still
relatively little published evidence on the role of bronchial
stump reinforcement in the prevention of bronchopleural
fistulae.®

This study focuses on analysing the safety of pneu-
monectomy, identifying risk factors within the population
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that can help determine operative suitability and predict
post-operative complications, in the intent to minimize
both morbidity and mortality.

MATERIALS AND METHODS

Population and data

We have retrospectively reviewed all patients submit-
ted to pneumonectomy at the Centro Hospitalar Vila Nova
de Gaia/Espinho, Portugal, from February 2008 to February
2018. A total of 63 patients were included in our study, with
ages ranging from 20 to 80 years old. Patients under 18 years
of age and submitted to pneumonectomy due to trauma
were excluded. Patients were considered candidates for sur-
gery whenever the underlying pathology was not addressable
through minor resections (central tumours, disease invading
major fissures) and whenever the benefits overcame the risks
of surgery. Malignant disease with distant metastases or
oesophageal infiltration were absolute contra-indications for
surgery. All patients submitted to pneumonectomy were ade-
quately studied through pre-operative imaging (either chest
x-ray, chest CT, bronchoscopy and/or PET scan when needed)
and lung function studies. Patients with a predicted post-
-operative FEV1 over 60% were considered fit for surgery.

In order to investigate risk factors for post-pneu-
monectomy complications, categories such as age gen-
der, side, underlying disease, pre-operative symptoms,
(such as cough, dyspnoea, haemoptysis, loss of weight)
tobacco and alcohol abuse and history of respiratory and
cardiovascular disease were assessed and registered. We
defined an age cut-off at 70 years old, dividing our popu-
lation into two comparable groups. Patients were divided
in two groups in terms of underlying disease: malignancy
(including all histological subtypes) and benign disease,
including both infectious disease (such as tuberculosis or
aspergillosis) and structural lung disease (such as bron-
chiectasis). In cases in which pneumonectomy was perfor-
med due to malignancy, histological type and additional
therapy (both adjuvant or neoadjuvant chemotherapy and
radiotherapy) were assessed.

Post-operative complications were divided into two
categories: early complications, defined as those occurring
during in-hospital stay (including haemorrhage, acute lung
injury, surgical site infection, atrial arrhythmias) and late com-
plications, such as empyema and bronchopleural fistula. Both
early and late complications contributed to patient’s post-
-operative morbidity. The cut off for a prolonged in-hospital
stay was set at 10 days after surgery.

Total length of stay and ICU days were also docu-
mented.

Early mortality was defined as death within the in-
-hospital stay or during first 30 days post-discharge. Early
and total mortality, as well as 1-year survival rate, were
also calculated.

All data used in our study were obtained through
the patient’s personal medical records.

The mean follow-up time was 1458 days.

Outcome

The primary end points of analysis were morbidity,
regarding early and late complications, and mortality. Age,
gender, side of the procedure, diagnostic group, tobacco
abuse, previous history of tuberculosis and pre-operative
therapies (such as chemo and radiotherapy in cases of lung
malignancy) were considered as potential risk factors. Survi-
val curves were analysed through the Kaplan-Meier method
and compared through log-rank tests. The effects of risk
factors on these end points were evaluated with both uni-
variate and multivariate analysis, through chi-square tests
and logistic regression models.

Surgical technique

All procedures were performed by cardiothoracic
surgeons from the Department of Cardiothoracic Surgery
of the Centro Hospitalar Vila Nova de Gaia/Espinho, Porto,
Portugal. Patients were submitted to either standard,
extended or completion pneumonectomy, depending on
the underlying pathology. Bronchial stump reinforcement
with intercostal muscle flap or U sutures was performed
in cases of patients submitted to neoadjuvant therapy and
whenever intra-operative findings were suggestive of bron-
chial stump dehiscence.

RESULTS

Population and clinical setting

A total of 63 patients were submitted to pneumo-
nectomy over the course of this study, 46 of them were male
and 17 were female, with a ratio male:female of almost 3:1.
Age at time of surgery ranged from 20 years old to 80, with
a mean age of 59.98 and a median of 61 years of age.

Patients were divided into two categories according
to age, with 16 patients within the age of 70 or older and
47 younger than 70 years of age. The majority of patients
(56 patients) submitted to pneumonectomy were diagnosed
with malignant disease involving the lung, either primary or
secondary, as we can see in Table 1. Twenty-one patients
(37.5% of those with malignant disease) received neoadju-
vant therapy, while 23 were submitted to either chemo or
radiotherapy after surgery. Of those receiving neoadjuvant
therapy, 16 patients were aged under 70 years old while only
5 were over 70. The histological characteristics of all diag-
nosed malignant lung tumours are listed in Table 1. Four
patients presented with structural lung disease manifesting
as bronchiectasis and 3 with infectious disease (2 of them
with aspergillosis and 1 with empyema). Eighteen patients
were asymptomatic at presentation.

The most frequently reported symptoms were cough
(24 patients) and haemoptysis (23 patients). In terms of pre-
vious medical history, a total of 66.7% of patients had a his-
tory of tobacco abuse and 12 patients (19%) had a previous
diagnosis of tuberculosis during their lifetime.

Regarding laterality, 23 patients were submitted
to a right pneumonectomy, while the remaining 40 were
submitted to surgery on the left. Only five procedures were
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Population demographic and clinical
pre-operative data

Age at time of surgery (years;
) 59.98 (+12.21)
Gender
e Male 46
e Female 17
Diagnosis
* Lung malignancy 56
o Adenocarcinoma 20
o Squamous cell carcinoma 17
o Carcinoid 6
O Sarcomatoid carcinoma 6
o Bronchioloalveolar
carcinoma 2
o Small cell carcinoma 1
0 Mesothelioma 1
O Metastasis 1
o Unknown 2
e Bronchiectasis 3
* Aspergillosis 2
* Empyema 1
Pre-operative symptoms
* Cough 24
* Haemoptysis 23
* Chest pain 9
* Weight loss 8
* Asymptomatic 12
Pre-operative symptoms
* Tobacco abuse 42
* Diabetes 7
Tuberculosis 12
Side of pneumonectomy
e Left 40
* Right 23

completion pneumonectomies. Overall, 90.5% of surgeries
were standard pneumonectomies. Only one patient was
submitted to an extra-pleural pneumonectomy due to meso-
thelioma. Of the remaining, in 3 the procedure was exten-
ded to the pleura and 2 to the pericardium.

The median length of stay was of 8 days (min.: 5
— max.: 123 days). All patients were admitted to our ICU
ward on the operative day. The majority of patients were
transferred to the general cardiothoracic ward in the first
post-operative day, only 7 stayed in the ICU ward for over
48 hours (11.1%) due to early post-operative complications.

Outcome

We found an overall mortality of 36.5% during the
study’s 10-year time span. The calculated mean survival
time was of 8.4 years. Meanwhile, early mortality was 9.8%
(6 patients) and the 1-year survival rate was 82.5%. Survival
curves are shown in Figure 1.

Median overall survival time in patients over 70 years
of age was of 101.1 months, while those younger than 70

showed a median survival time of 81.9 months. No diffe-
rence in survival curves was found between patients youn-
ger and older than 70 years of age (log rank: p=0.673).

Early mortality rate according to diagnostic group
was of 8.9% in lung malignancy cases and of 14.3% for
benign conditions.

Regarding side of the intervention, the mortality rate
for right-sided interventions was of 26% and for left-sided
ones, of 0%. All 6 cases of peri-operative death occurred in
right-sided interventions (chi square=0.001)

No statistical difference was found when comparing
survival time between genders (log rank p>0.05). Mor-
tality among women was 5.9% and among men 10.9%
(chi square = 0.549). 66.7% of early deaths occurred in
patients with a history of tobacco abuse, none of which
had a previous diagnosis of tuberculosis.

Mortality in patients submitted to neoadjuvant the-
rapy was 14.3% while in those who didn’t receive pre-ope-
rative chemotherapy was 7.1%. In multivariate analysis,
only laterality reached statistical significance.

Regarding early complications, there was a 20.6%
incidence of atrial fibrillation in the immediate post-opera-
tive period. 4.8% of cases suffered from acute post-operative
haemorrhage, with a need for reintervention for haemosta-
sis revision. Only 1.6% of patients developed a surgical site
infection. Overall, the incidence of early complications in
our population was 35%. Through the chi-square test, no
risk factors showed direct statistically significative impact on
early complications. One of the only risk factors that approa-
ched statistically significative influence on early complication
rate was male sex (p=0.082). Although not reaching statis-
tical significance through the chi square test (OR=1; 95%Cl
[0.085-11.70]; p=1.0), smoking seemed to increase the risk
of over ten days in-hospital stays (p=0.039).

Eleven patients (17.4%) developed late post-opera-
tive complications, 8 of whom were smokers, although the
association between smoking and late complications was
not confirmed by statistical analysis. All patients with bron-
chopleural fistula were smokers and the majority of them
were from the male gender and suffered from a lung malig-
nancy (4 out of 6). Four of the patients who developed a
bronchopleural fistula had been submitted to a left pneu-
monectomy, while the remaining two were submitted to a
right pneumonectomy. Four of the patients who developed a
bronchopleural fistula had been submitted to a left pneumo-
nectomy, while the remaining two were submitted to a right
pneumonectomy. Previous history of pre-operative chemo-
therapy did not show any influence in the development of
bronchopleural fistulae. Nineteen patients were submitted
to bronchial stump reinforcement, 15 through the use of
an intercostal muscle flap and 4 through direct U-suture.
Bronchial stump reinforcement did not show to protect from
bronchopleural fistula development, instead, this complica-
tion showed to be more frequent in patients who performed
bronchial stump coverage (OR=5.6; C195%=[0.93-33.8]).

Of the 8 patients with a previous history of tuber-
culosis, 4 presented late complications. This outcome
showed to be more frequent in younger patients, as 9
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Figure 1 Kaplan-Meier 10 year survival curve.

out 11 were aged under 70 years old. Although neoad-
juvant therapy showed to impact early complications, it
failed to do so for late complications. Regarding the body
side intervened, 45.5% of complications occurred in right
pneumonectomies, while the remaining 54.5% occurred in
left ones. The majority of patients with late complications
were male (72.7%). No association was found between
risk factors and the incidence of late complications in mul-
tivariate analysis. No cases of post-pneumonectomy syn-
drome were found during the timespan of this study.

DISCUSSION

Despite the risks and the current trend for minimally
invasive procedures, there are still cases where a pneumo-
nectomy needs to be performed. Current indications for
pneumonectomy include: centrally located tumours, locally
advanced tumours irresectable by lobectomy or lesser lung
resections, post-infectious lung destruction, multi-drug resis-
tant extensive tuberculosis, congenital pathologies affecting
lung parenchyma and trauma incidents.®® Given the exten-
sive nature of the resection, only patients with acceptable
cardiac and lung function are candidates for the procedure.
Despite the advances in anaesthetic management and peri-
-operative care, overall morbidity and mortality related
to pneumonectomy has remained stable throughout the
years.26

Many risk factors have been advocated in different
studies as influencing post-pneumonectomy morbidity
and mortality, but, in many, no consensus was yet found.
Among them, old age, male sex, cardiac failure, benign
disease, neoadjuvant therapy, decreased lung function, right
sided pneumonectomy, acute blood loss during surgery and

tobacco abuse have been proposed to influence post-ope-
rative course.®' In our study we have investigated the role
of age, sex, diagnosis, laterality, history of tuberculosis or
tobacco abuse and neoadjuvant chemotherapy in post-ope-
rative complications and overall mortality, in order to access
which factors must be taken into account when selecting
patients for surgery.

The overall mortality during the 10-year time in our
study was of 36.5%, seemingly higher than most studies
which report a 0-25% mortality.'®'"'>"7 This may be mostly
related to the fact that studies rarely report 10-year survival
rates, opting for 30-day to 5-year data presentation. Also,
this overall mortality does not exclude non-pneumonectomy
related causes of death. Our peri-operative mortality was
11.1%, in line with most of the current literature which pro-
claims overall peri-operative mortalities of 3-12%.%18° In
concordance with other studies, 1-year survival rate in our
study was of 76.2%, higher than that reported by Annessi et
al, of about 66%.%°

Many groups have investigated the role of age in
post-pneumonectomy prognosis in an attempt to evaluate
whether the procedure is safe enough to be performed
in elders. It has been consistently shown that, despite the
comorbidities associated with old age, pneumonectomy is
safe enough to be performed in elder with adequate lung
and cardiovascular function.'1320-23 |n our study, we have
chosen to compare outcomes between 2 groups with a
cut-off for age set at 70 years old, the classic definition
for old age. Given the current extension in global average
life expectancy, accompanied by a stable lung cancer inci-
dence that affects mostly those in the 60-70s age group, the
number of septuagenarians submitted to lung surgery has
been increasing throughout the years."?2 Through analy-
sis of the Kaplan-Meier survival curve, early post-operative
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mortality seems to be slightly higher in older patients, but
overall survival doesn’t show significant differences among
both groups. The Lung Cancer Group has previously shown a
perioperative mortality for pneumonectomy of about 5.9%,
similar to our finding of a 6.5% perioperative mortality in
patients aged over 70.2 Age also did not show impact in
the incidence of post-operative complications in our study,
either early or late ones. Although one might predict higher
morbidity in older patients, given their frequent comorbidi-
ties, studies are consistent in considering that pneumonec-
tomy should be attempted in cases in which the patient is
considered fitt for surgery, especially in cases of lung cancer,
regardless of age.'>'323

While in the past, tuberculosis was one of the major
indications for pneumonectomy,'® currently, with the deve-
lopment of multi-drug treatment for tuberculosis, patients
with lung malignancy represent the main objects of pneu-
monectomy. In our study, although the majority of patients
suffered from a lung neoplastic disorder, precluding us from
a faithful analysis, those with benign diseases seemed to
experience an increased risk for early death. “Benign” disea-
ses, in this study, included both structural and infectious
diseases, probably affecting both lungs. An unhealthy con-
tralateral lung renders it more difficult for patients to recover
after pneumonectomy. Other studies have corroborated this
finding, showing a worse prognosis in patients with benign
disease submitted to pneumonectomy, especially in terms of
early peri-operative risk.” The reported higher surgical and
peri-operative risk in benign diseases seems to be related
to the amount of scar tissue and adhesions around major
vascular structures that can difficult surgical dissection and
increase the risk for bleeding.'® Regardless, pneumonectomy
is safe in cases of lung cancer, with an estimate mean sur-
vival time of 8.4 years, compared with the disappointing
results of palliative non-surgical therapies alone, with repor-
ted mean survivals of 10-12 months in the study of Boluk-
bas et al, along with the predicted 5-year survival rate of
only 10% in those with Stage | lung cancer reported by Van
Meerbeeck et al.'2322 Although tuberculosis was not the
major indication for pneumonectomy in our patients, 19%
had a previous history of Mycobacterium tuberculosis infec-
tion, which did not prove to influence neither post-operative
morbidity nor mortality.

Right-sided pneumonectomies seem to be inherently
associated with higher post-operative risks in other studies,
attributable to the increased tension in the right ventricle
resulting from delivering the whole cardiac output to the
smaller left lung.”™>?> Accordingly, we have found in our
study that all post-operative deaths occurred in right sided
pneumonectomies. Regarding complications in the remai-
ning patients, only the development of Acute Respiratory
Distress Syndrome (ARDS) occurred predominantly in right
sided pneumonectomies, probably due to acute stress to an
unprepared right ventricle (p<0.05).

In the report from Shapiro using the STS Database®,
male sex showed to impact the risk of post-operative events.
In our study, we have also found both a higher mortality
rate and a higher incidence of early complications, such as

haemorrhage and surgical site infection. The reason for that
remains to be understood, although the higher number of
male patients in our study may be a confounding factor in
the extraction of conclusions.

There was a high prevalence of smokers in our popu-
lation, with an overall mortality of 35.7%. Smoking showed
to increase the incidence of early post-operative complica-
tions and was associated with longer in-hospital length of
stay, findings in strict correlation with one another, since
complications inherently augment the mean in-hospital time.

In those with a lung malignancy, neoadjuvant che-
motherapy has been reported to increase the risk of both
morbidity and mortality after surgery.?° In our study neoadju-
vant therapy did not prove to influence early post-operative
mortality but did influence 10-year mortality rate in multiva-
riate analysis, probably due to long-term systemic effects of
chemotherapy treatments.?

Early complications occurred in 35% of patients.
The most frequent early complication was atrial fibrillation,
which occurred in 20.6% of patients, an incidence concor-
dant with the 11-28% frequency interval reported by Forou-
lis et al.>® Although atrial fibrillation is even more common
in pneumonectomies involving pericardial dissection, due to
atrial irritation,? this did not seem to occur in our study,
probably showing that our results underestimate the real
incidence of arrhythmic events.

Bronchopleural fistula development is one of the
most feared complications of pneumonectomy. In our
study, we found a frequency of 9.5% of late bronchopleu-
ral fistulas, causing overwhelming morbidity in patients.
All patients had a history of tobacco abuse which proba-
bly contributed to fistula development. Most studies have
proposed right pneumonectomies as a risk factor for fistula
development,'®'* although, our findings did not corroborate
this statement. Nineteen patients were submitted to bron-
chial stump reinforcement either with intercostal muscle or
U-sutures, although, this did not seem to influence the inci-
dence of bronchopleural fistula.

One of the biggest limitations in our study is the
short sample size and the high heterogeneity of our popu-
lation. Although, we found this study to be relevant, since
pneumonectomies are high risk procedures and risk factors
are still contradictory and not well defined. We believe this
surgery must be attempted whenever it is believed to be the
treatment approach offering the longest survival expectancy
with acceptable morbidity for each patient, as so, patients
must be thoroughly studied, and indications should be indi-
vidually defined. More studies evaluating the impact of car-
diopulmonary status variables on outcome are in need.

CONCLUSIONS

Pneumonectomy is a safe and viable option for cases
in which lung tumours are not accessible through less inva-
sive resections and the patient is considered fit for surgery.

The procedure is safe in elders. Gender and diagnos-
tic group do not seem to influence adverse event'’s risk after
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a pneumonectomy, although benign disease might increase
post-surgical adverse outcome risk. Right sided pneumo-
nectomies may be associated with higher mortality rates.
Tobacco seems to increase the risk of both early and late
complications. Smoking cessation should be encouraged in
all cases. Patients considered candidates for pneumonec-
tomy should be carefully selected, accounting for their pre-
vious medical history and cardiopulmonary risk factors.
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