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Postpneumonectomy respiratory failure and acute respiratory
distress syndrome: risk factors and outcome
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Abstract: Pneumonectomy is related with a high postoperative morbidity and mortality rate, ranging from
5% to 9%. Post-pneumonectomy respiratory failure (ARF) acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) are grave and disastrous complications in these patients, necessitating invasive
mechanical ventilation (IMV). In different series reported in literature, ARDS after lung resection occurred
in 1-8% of patients and the mortality amounts in a range between 30% to 80%. We have reviewed the
literature in order to clarify the different risk factors in the development of ARDS post pneumonectomy.
According to different papers, the most important pre-operative risk factors are represented by age
and sex, comorbidities (smoking, diabetes, COPD), pre-operative respiratory function and right side of
pneumonectomy. Concerning peri and immediately post-operative management of these patients, the
key role is represented by the IMV and the fluid infusion and cardiac preload during and after surgery.
In summary, ALI and ARDS after pneumonectomy are closely linked to any direct or indirect pulmonary
insult, responsible of endo-alveolar oedema. An inappropriate fluid infusion during or after surgery, may be
exacerbate endo-alveolar oedema and encourage the development of ALI and ARDS. In this perspective,

the best management of these patients should be achieved by a multidisciplinary team made by thoracic

surgeons, respiratory physicians, anaesthesiologists, physiotherapists and nurses dedicated in ICUs.
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Introduction

In the era of parenchymal-sparing procedures (bronchial
and bronchovascular sleeves), minimally invasive techniques
or radiotherapic treatments for advanced lung cancers, the
rate of pneumonectomy was reduced; nevertheless, in some
cases pneumonectomy rests the only therapeutic approach
to keep oncological radicality. However, it is associated with
the highest postoperative morbidity (1,2) and mortality rate,
ranging from 5% to 9% (3,4) among pulmonary resections.

Post-pneumonectomy respiratory failure (ARF) and
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acute lung injury (ALI) represent an extremely serious and
devastating complication, necessitating invasive mechanical
ventilation (IMV); among these, patients developing acute
respiratory distress syndrome (ARDS) post-pneumonectomy
have an increased mortality rate (20-50%) (5-7).

The first definition of ALI was given by American —
European Consensus Conference, to indicate a “syndrome
of inflammation and increased permeability with pulmonary
oedema” and several clinical — radiological alterations, not
correlated to left atrial or pulmonary capillary hypertension.
Berlin definition of ARDS in 2012 (8), modified by Kigali
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Table 1 Risk factors for the development of ARDS after pneumonectomy

Paper Type of report/year  Age (>60) Sex (M) Smoking Cardiac or re.sg.)iratory CCl Right-side Respire.ltory
comorbidity function

Kutlu et al. (10) Original paper/2000 <0.01 <0.01 NI NI NI NI NI
Ruffini et al. (11) Original paper/2001 NI NI NI NI NI NS NI
Alam et al. (12) Original paper/2007 NI NS 0.08 NI NI NS 0.01
Jeon et al. (13) Original paper/2009 0.08 NS NS 0.08 NI NS NS
Kim et al. (14) Original paper/2010 0.001 0.05 0.01 NS NI NS <0.01
Licker et al. (15) Original paper/2003 0.023 NI <0.001 NS NI NI 0.003
Blanc et al. (16) Original paper/2019 0.003 NS NS 0.65 0.007 0.0001 NS

We reported the value of multivariate analysis. If not available, the P value is referred to univariate analysis. NS, not significant; NI, not

investigated; CCI, Charlson Comorbidity index; ARDS, acute respiratory distress syndrome.

in 2016 (9), consisted in a respiratory failure during 1 week,
linked to a known insult or new/worsening respiratory
symptoms, associated to unilateral opacities on chest
radiograph or CT, not related to cardiac disfunction or
volume overload (echocardiography is mandatory to exclude
hydrostatic oedema if no risk factor is present). According
with these last data, ARDS was defined by the absence
of hydrostatic or cardiogenic pulmonary oedema and
partial pressure of arterial oxygen and fraction of inspired
oxygen (Pa0,/Fi0,) 300 mmHg or less, with 3 categories
of severity: mild 200 mmHg < PaO,/FiO,<300 mmHg),
moderate (100 mmHg < PaO,/Fi0,<200 mmHg) and severe
(PaO,/FiO,<100 mmHg).

In different series reported in literature, ARDS after lung
resection occurred in 1% to 8% of patients; mortality rate
ARDS-related range from 30% to 80%. This last aspect
explains the importance of this life-treating condition
and the role of prevention and of an immediate treatment
(4-6,10-16).

The cause of lung injury in these patients is not really
clear; the association between pneumonectomy and ARDS
and study of risk factors are still argument of debate. At
present, few studies have attempted to define the pre-
, peri- and post-operative risk factors for developing ALI
and ARDS after pneumonectomy. Furthermore, some of
these studies were conducted in the last decades, with a
small cohorts of patients, and they don’t investigate about
all prognostic data. We have reviewed literature in order to
clarify the most important and significative risk factors in
the developing of ARDS after pneumonectomy for a correct
pre-, peri- and post-operative management.
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Risk factors

Development of ALI and ARDS after pneumonectomy is
closely linked to any direct or indirect pulmonary insult.
Generally, the response of pulmonary endothelium to these
insults, the augmentation of endothelium permeability, the
growth of reactive oxygen species (ROS) and generally the
increase of inflammation is probably responsible of post-
operative pulmonary oedema, representing the first step of

ALI and ARDS (Tible 1).

Age/sex

Several authors agree that age >60/65 years and male
sex represent a factor risk to develop ARDS post
pneumonectomy (10,14-16).

Comorbidities (diabetes, COPD and cardiac,
smoking)

Association between comorbidities (COPD, smoking,
diabetes, alcohol assumption >60 g of ethanol per day) and
postoperative complication is known. COPD, diabetes and
smoking are related with an increased rate of postoperative
infections, pneumonia, bleeding with subsequent peri- and
post-operative transfusion, cardiopulmonary insufficiency.
All of these conditions are considered as risk factors
for ARDS (2,15,16). Particularly, smoking and alcohol
assumption probably leads to a depletion of glutathione
surfactant production and to an alteration in epithelial cell
permeability with an increased vulnerability to infectious
complications (15,17).
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Charlson comorbidity index (CCIl)
The CCI, descripted for the first time in 1987 (18), includes

numerous clinical conditions and assess their relevance in
the prediction of 1-year mortality. The score analyses 17
comorbidities and a weighted score is assigned to each of
them. The cumulative sum of every score is an indicator
of disease and a strong estimator of mortality. Blanc and
colleagues report the association with a higher CCI (6 vs. 7,
P>0.001) and postpneumonectomy ARDS (16).

Right-side pneumonectomy

Right-side is an important risk factors for complication
after pneumonectomy, especially for broncho-pleural
fistula and early ARDS (16,19). Right lung is normally
predominant in terms of perfusion and ventilation and
postoperative pulmonary arterial pressure is higher after
right than left pneumonectomy. Different reports (20,21)
demonstrated that pulmonary arterial pressure had higher
values after right as opposed to left pneumonectomy.
Particularly, right pneumonectomy causes a secondary
pulmonary hypertension lied to a decrease of the pulmonary
capillary bed and consequently a higher pulmonary vascular
resistence, responsible of ALI or ARDS. In light of this,
preoperative evaluation made by echocardiography and
lung perfusion scan is mandatory. These non-invasive tests,
even if not sensitive enough, could help to evaluate a correct
pre-operative assessment; Fee and colleagues (21) suggest
a right heart catheterization at rest and during exercise to

predict postoperative ARDS.

Pre-operative functional assessment (FEV1,
DLCO, perfusion of resected lung)

According to various reports, post-operative FEV1%
or DLCO ppo represent an important risk factors for
complication after lung surgery, especially for ARDS post
pneumonectomy (11,12,14,16).

Alam et al. (12) demonstrate that there was an augmentation
of lung damage associated to a reduction in postoperative
lung function. Other authors (11,14-16) showed a significant
association between FEV1-ppo and postoperative ARDS.

Kim et al. (14) reported another interesting point about
respiratory functionality: the percentage for perfusion
fraction of resected lung; perfusion fraction level superior to
35% was related with higher occurrence of ARDS and early
mortality than perfusion inferior to 35%. If the perfusion
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in resected lung is already low, rebound effect linked to
reduction of vascular bed and following postoperative
pulmonary hypertension in the other lung will be reduced.

MV

The role of IMV on development of ARDS has been
discussed in different papers (11,14,16). The pathogenetic
mechanism of barotrauma in invasive ventilation is linked
to stretch-activated cation channels, upregulation of
inflammatory cytokines, augmentation of oxygen-derived
free radicals and activated neutrophils. These events
favourite micro-vascular alveolar permeability.

The protective role of low Tidal volume, low plateau
pressure and positive end-expiratory pressure (PEEP) for
ARDS have been demonstrated and confirmed by clinical
studies in animal models (15,22).

Ruffini er al. (11) suggest the “lung protective strategies”
consisting of a reduced tidal volume (<10 mL/kg), pressure-
controlled ventilation and PEEP, for limit peak alveolar
pressures and assuring maximum alveolar recruitment.
The authors recommend periodic volume recruitment
manoeuvres with temporary increases of PEEP and a
constant tidal volume, maintained for two ventilatory cycles
every 30 minutes. This particular ventilation way could assure
an elevating distending pressure only for a limited time.

Other studies (16,23) have also suggested that a Tidal
volume of 6 mL/kg of Tidal volume and plateau pressure
>25 cmH,O could raise the danger of postoperative lung
damage. Licker ez a/. (15) used a barotrauma index, focusing
on duration of ventilation, increased inspiratory pressure
(>10 cmH,0O) that represents the strongest risk factor for
ALI and ARDS. Generally, fraction of inspired oxygen
(FiO,) should range between 30-100% in order to reach a
PaCO,-level of 30-45 mmHg and oxygen saturation >92%,
in order to avoid bigger peak inspiratory pressure (PIP)
(>50 cmH,0) and gas trapping at end expiration.

However, these values and cut-off are still argument of
debate. Generally speaking, all the reports agree on the
protective role of low tidal volume and plateau pressure,
applying PEEP during intraoperative IMV.

Fluid infusion during anaesthesia and cardiac
preload

The effect of perioperative fluid administration has
been poorly investigated in major lung resection but is
an important contributory factor in the development of
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postoperative lung injury. An association between ALI and
excessive fluid intake have been demonstrated in several
reports (10,12,15,24).

Licker and colleagues (15) suggest that the administration
of large quantities of fluids (<4 L) in the first 24 hours, can
favourite the ALI/ARDS in the following 72 hours after
surgery. Another report identifies in patients who developed
lung injury, a significantly higher median of received
perioperative fluids than those in the control group (2,775 vs.
2,500 M, P=0.05). The same report demonstrates an odds
ratio of 1.2 per increase of 500 mL of perioperative fluid
administration.

After pneumonectomy occurs an increase in pulmonary
vascular resistance and a reduction of lymphatic drainage
(10,25); in addition, after lung amputation, the average
blood flow increases from two to six times and the
remaining lung is subjected to an excessive intravascular
volume. In addition, surgical stress response can hurt
capillary endothelium and augment protein-rich fluid into
interstitium and alveolar space (15,23,26); this condition,
associated with previous comorbidity (BPCO, radiotherapy,
surgical dissection) can further aggravate postoperative lung
oedema. In the view of this, perioperative fluid overload
may deteriorate this condition, favouriting ALI and ARDS.

Pulmonary artery diameter

In a recent report, Peretti and colleagues (27) reported the
relationship between normalized pulmonary artery diameter
(for body surface area) and respiratory failure and ARDS
post-pneumonectomy. Multivariate analyses show that
higher nPAD is independently associated with need of IMV,
and occurrence of ARDS. However, echocardiographic
estimates of pulmonary pressures don’t show an association
with the ARDS

Conclusions

ALI and ARDS are closely linked to any direct or indirect
pulmonary insult, responsible of endo-alveolar oedema. An
inappropriate fluid infusion during or after surgery, may
be exacerbate endo-alveolar oedema and encourage the
development of ALI and ARDS.

There are few reports in literature concerning ARDS
post pneumonectomy. It is clear that IMV, peri and
postoperative fluid infusion and comorbidities represent
the crucial aspects to evaluate for the correct prevention
and management of this complication. For this reason,

© Shanghai Chest. All rights reserved.
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the best management of these patients should be managed
by a multidisciplinary team made by thoracic surgeons,
respiratory physicians, anaesthesiologists, physiotherapists
and nurses dedicated in ICUs.
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