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Abstract:

Background: Postoperative pulmonary complications (PPC) are the most common type of postoperative
complications among patients undergoing both cardiac and non-cardiac surgery including abdominal surgery.
Whether preoperative spirometry in non-thoracic surgery can predict postoperative pulmonary complications
(PPCs) is controversial.

Aim: The aim of the present study was to investigate whether preoperative spirometry results can predict the
occurrence of PPCs in patients who had undergone abdominal surgery.

Material and Methods: This was a single centre, inpatient, hospital based prospective observation study
involving 127 high risk patients undergoing major abdominal surgery. The incidence of the following
postoperative pulmonary complications was measured: atelectasis, pneumonia, pulmonary embolism, bronchitis
and acute respiratory failure. The association between PPC and the Pulmonary function test (PFT) were
specifically studied by these parameters: FEV1 (%) (Forced expiratory volume in 1 second), FVC (%) (Forced
vital capacity) and FEV1/FVC (%).

Results: A total of 18 patients (14.2%) developed PPC. The single most common PPC was pneumonia observed
in 9 (7.1%) patients followed by acute respiratory failure in 5 (3.9%) patients. In the present study, all
parameters of the PFT were significantly worse among the patients who developed PPC in comparison to those
who did not develop PPC. Among the FVC, FEV1, and FEVI/FVC; the value of FEVi/FVC differed most
significantly between the patients who developed PPC and who did not develop PPC.

Conclusion: Poor preoperative spirometry findings are associated with the development of PPCs among high-
risk patients undergoing abdominal surgery.
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Introduction

The term ‘Postoperative Pulmonary Complications’
(PPC) encompasses any type of complication
affecting the respiratory system after surgery [1].
Pulmonary complications during the postoperative
period result in delayed recovery and prolonged
stay in the postoperative ward, thereby increasing
the hospital expenditure.

It has been shown that patients experiencing
postoperative pulmonary complications have on
average 4-6 days longer stay in the postoperative
ward [2,3]. From an epidemiological point of view,
the pathologic conditions that increase the risk of
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PPC can be categorised into either patient-,
anaesthesia-, and surgery-related factor [4,5].
Among these factors, the type of surgery and
comorbidities of the patient are the predominant
determinants of PPC. The most immediate risk
factors for the development of PPC are related to
the surgical procedure viz. duration, location, and
type of surgical procedure [6,7].

The risk of having PPC is highest after General
Anaesthesia (GA) among all anaesthetic techniques
[8]. Collectively all these factors result in
impairment of critical respiratory functions leading
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to the development of one or other types of PPCs.
The decrease in Functional Residual Capacity
(FRC), along with abnormal regional distribution
of ventilation and reduction in cardiac output, leads
to Ventilation Perfusion (V/Q) mismatch in several
areas of the lung (in some lobes V/Q ratio is high
and in some lobes V/Q ratio is low). The high V/Q
ratio results in an increase in alveolar dead-space
leading to impairment of carbon dioxide
elimination, whereas the low V/Q ratio results in
impairment of oxygenation [9,10]. The factors that
are most easily identified (screened) that lead to
PPC are patient-related factors. Patient-related
determinants of PPC include old age, impaired
pulmonary function, substance abuse,
immunocompromised  status, and associated
comorbidities [6,7,11]. High-risk patients like
elderly patients (>60 years), chronic smokers and
patients with pre-existing lung diseases presenting
for upper abdominal laparotomy surgery are prone
to develop postoperative pulmonary complications
[6,7].

These life conditions are often associated with
disturbed  well-being, increased  morbidity,
worsened chances of survival, prolonged hospital
stays. The anaesthetic management of such patients
is challenging, it requires careful work up and care
to prevent the postoperative pulmonary
complications (PPCs) [10,12]. Thus, in this study,
we propose to compare the pattern of the
preoperative pulmonary function test results among
the patients who developed pulmonary
complications during the postoperative period vs.
those who did not develop complications. The
overarching aim of the present study was to
identify the determinants of development of
postoperative pulmonary complications.

Material and Methods

Study design and ethical statement: This was a
single centre, prospective, observational study
conducted at the Department of Anaesthesiology,
LN Medical College, and affiliated hospitals,
Bhopal for a duration of 18 months i.e. from March
2021 to August 2022. The study protocol was duly
approved by Institutional Ethics Committee, LN
Medical College, and affiliated hospitals, Bhopal
(Letter no. LNMC&RC/Dean/ 2021/Ethics/ 285
dated Feb 2, 2021).

Inclusion and exclusion criteria: The participants
were recruited into the study as per the following
inclusion criteria: patients giving valid consent,
patients aged >60 yrs., patients with chronic lung
disease (COPD, asthma), patients with interstitial
lung disease and patients who were chronic
smokers. The patients who underwent emergency
surgery, major abdominal surgery in last three
months and who did not gave consent to participate
in the study were excluded from the study.
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Sample size and data collection: For patient
recruitment, following statistical formula was used:
n=(z)*P (1-P) / d%, where n= sample size, z=1.96,
P=prevalence of upper abdominal laparotomy
surgeries in J.K. Hospital, Bhopal during a period
of 1 year, d = maximum random sampling error /
desired precision. Using this formula, the minimum
sample size was calculated as 113. During the
study period, 127 patients were recruited as per
inclusion and exclusion criteria. The data was
collected in a pre- approved proforma, which was
divided into 4 parts as follows: 1: Pre-anaesthetic
check-up details, 2: Pre-operative Pulmonary
Function Tests, 3: Intra-operative details, 4: Post-
operative details including PFTs and complications.

Study outcomes: Following postoperative
pulmonary  complications = were  measured:
atelectasis, pneumonia, pulmonary embolism,
bronchitis and acute respiratory failure. Diagnosis
of PPCs was based on the clinical features and
radiological examinations during the postoperative
period. Pulmonary function tests were measured by
following parameters: Forced vital capacity (FVC),
Forced expiratory volume @ 1 second (FEV1) and
FEV1/FVC using a spirometer during pre-operative
check-up and 48 hours after the completion of
surgery.

Study plan and procedure

Clinical examination and pre-operative check-
up: A day before the surgery, detailed clinical
examination of every patient was completed, this
was followed by appropriate laboratory and
radiological ~ investigations. @~ A  team  of
anaesthesiologists completed the pre-anaesthetic
check-up.

Preoperative PFT measurement: The spirometry
was conducted under the supervision of a
pulmonologist. If the results of the spirometry tests
were abnormal requiring medical attention, then
such patients were referred to the department of
pulmonary medicine for further management.

Intra-operative period: Upon arrival in the
operating room, the identity of the participant and
the consent were verified again; the preoperative
assessment was reviewed and updated.

Various monitors were attached to measure the
multiple vital parameters viz. pulse rate, non-
invasive blood pressure, pulse oximetry, cardiac
rhythm and body temperature during the intra-
operative period. Any instance of complication
including injury, bleeding, etc., was recorded. Total
time for the surgery (skin incision to skin suturing)
was noted.

Post-operative period: Predetermined clinical
parameters ~ were  monitored  during  the
postoperative period until discharge from the
hospital. The patient’s respiratory conditions were
assessed daily including a clinical examination of
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pulmonary symptoms like cough, dyspnoea,
excessive sputum production, chest pain, wheezing,
crackles, and fever > 38.5 C. A chest X-ray was
examined by a radiologist.

Post-operative PFT measurement: Similar to the
pre-operative period, the PFT was conducted after
48 hrs of surgery under the supervision of the
pulmonologist.

Statistical Analysis: All the data were collected in
a proforma and thereafter the data was entered into
Microsoft excel 2010. Comparison of continuous
variables was analysed using a student’s t-test.
Categorical variables were analysed using chi-
square test (¥?). A P-value <0.05 was considered
statistically significant.

Results

A total of 127 high risk patient participants with
COPD were included in the study. Post operatively
86% had no pulmonary complications, 9 (7.1%)
had pneumonia and 5 (3.9%) had acute respiratory
failure, 2 patients had atelectasis (1.6%) and one
patient each (0.9%) had embolism & bronchitis.

Most of the participants in the study were in the age
group of 71-80 years. The mean age of the
participants with pulmonary complications was
77.3 years and without complications was 71.6
years. Majority of the participants with post-
operative pulmonary complications were males
(77.8%). Overall majority of the participants were
obese (37.8%). Among the participants with
complications, most were overweight (44.4%) and
while among participants without complications
most were obese (39.5%). Overall, only 23.6%
patients were in ASA Grade I while among the
participants with complications none of them were
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in ASA Grade I and majority were in ASA Grade
IIT & IV groups (77.2%) (p=0.0494).

Overall, most of the participants had dyspnoea at
rest (40%), among the participants with
complications most had dyspnoea at exertion
(55.6%) (Table 1). Overall, only 33% of the
participants were independent and the rest were
either partially (37.8%) or completely (29.1%)
dependent. Among the participants with post-
operative pulmonary complications 16.7% were
independent and 83.4% dependent (p=0.0241).

All the participants with post-operative pulmonary
complications had history of steroid therapy before
surgery and among the participants with no
pulmonary complications 69.7% had steroid
therapy before surgery (p=0.006). Overall, most of
the participants had history of smoking >100
packs/year (27.6%) and also among the participants
without complications (30.3%); while among
participants ~ with  post-operative  pulmonary
complications most had a history of smoking 51-75
packs/year (38.9%) (Table 2). Distribution of study
participants based on PFT revealed that most of the
participants had FEV1: FVC ratio >0.60 (56.7%)
pre-operatively while among participants with
complications most had the ratio between 0.4-0.5
(p=0.001). The difference between the FEV;
between the participants who did and did not
develop PPC was statistically significant
(p=0.0003) (Table 3).

Comparison of pulmonary function tests before and
after surgery revealed that mean of FVC, FEV: and
FEVi: FVC was reduced post-operatively in
comparison to pre-operative values (p=0.002,
0.012, & <0.001 respectively) (Table 4).

Table 1: Descriptive Characteristics of participants (n = 127)

Age (Years) Pulmonary Complications p-value
No, n (%) | Yes, n (%)

Age

Mean (£SD) 71.6 (6.75) 77.3 (5.59) 0.008

Range 61 -82 66-84

Gender

Female 7 (6.4%) 4 (22.2%) 0.0272

Male 102 (93.6%) 14 (77.8%)

BMI

Mean (£SD) 28.1 (3.9) 27.5(4.9) 0.5302

Range 23.4-34.6 21.1-314

Obese 43 (39.5%) 5 (27.8%)

ASA Grade- 11

1 30 (27.5%) 0 (0.0%) 0.0494

11 22 (20.2%) 4 (22.2%)

111 21 (19.7%) 7 (38.9%)

v 36 (33.1%) 7 (38.9%)

Dyspnoea

No 33 (30.3%) 0 0.0632

At Exertion 33 (30.3%) 10 (55.6%)

At Rest 43 (39.5%) 8 (44.4%)
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Table 2: COPD associated factors among participants (n=127)
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Factors PPC
No Yes p-value
N (%) N (%)
Functional dependency
Independent 39 (35.8%) 3 (16.7%) 0.0241
Partially 36 (33.0%) 12 (66.7%)
Completely 34 (31.2%) 3 (16.7%)
Steroid therapy
No 33 (30.9%) 0(0.0) 0.006
Yes 76 (69.7%) 18 (100.0%)
Smoking (Pack per year)
<25 27 (34.8%) 0 (0.0%) 0.0412
25-50 17 (15.6%) 5(27.8%)
51-75 21 (19.3%) 7 (38.9%)
76-100 11 (10.1%) 4 (22.2%)
>100 33 (30.3%) 2 (11.1%)
Table 3: Distribution of study participants based on PFT (n=127)
PFT PPC p-value
No | Yes
FVC
Mean (SD) 3.3 (0.697) 2.8 (0.61) 0.0286
Range 24-3.8 21-34
FEV1
Mean (SD) 2.2 (0.59) 1.7 (0.51) 0.0003
Range 1.2-2.9 0.98-2.3
FEV1: FVC
Mean (£SD) 0.64 (0.119) 0.50 (0.068) <0.0001
Range 0.48 —0.78 0.41 -0.64

Table 4: Comparison of Pulmonary Function tests before and after surgery

PFT | Pre-operative | Postoperative | p-value

FVC

Mean 3.1 2.8 0.002

Range 2.90-3.90 1.7-3.7

FEVi

Mean 2.1 1.9 0.012

Range 1.1-2.9 0.9-2.6

FEV1: FVC

Mean 0.62 0.53 <0.001

Range 0.41-0.78 0.33-0.71

Discussion healthcare system. PPCs enhance PLOS in
In both cardiac and non-cardiac noncardiac patients, according to several studies

[13]. Improving our understanding of illness

postoperative pulmonary complications (PPCs)
constitute the main cause of mortality and raise
hospital care costs. PPCs have been associated with
more frequent ICU hospitalisations, hospital
readmissions, longer postoperative stays and
greater expenses. Patients with PPCs have an
estimated risk of hospitalisations that varies
greatly, ranging from 9.5 to 91% higher, and PPCs
can extend ICU stays by up to 72 times [1].

The Postoperative Length of Stay (PLOS) is a
common metric for determining the level of
morbidity and the financial impact on the
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severity, prediction and risk stratification can help
us better manage these potentially fatal
consequences by allowing us to plan appropriate
preventive interventions and deliver optimal
follow-up treatment. A key objective in this drive is
to improve informed consent prior to surgery,
direct clinical decision-making during the
perioperative period, and gauge the effectiveness
and safety of hospital treatment to reliably forecast
modifiable PPC risk. In view of this, we carried out
this study to observe the incidence of postoperative
pulmonary complications among 127 high risk
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COPD patients who underwent abdominal surgery
at our centre.

In the present study, 127 patients undergoing upper
abdominal laparotomy under general anaesthesia
were enrolled, out of which 18 patients (14.2%)
developed PPC. The most common PPC observed
was pneumonia in 9 (7.1%) patients followed by
acute respiratory failure, atelectasis, bronchitis and
embolism. None of the participants died secondary
to PPC or any other complications. In a Brazilian
study with 408 patients who underwent upper
abdominal surgery, 58 (14%) developed PPCs.
Pulmonary infection (pneumonia or
tracheobronchitis) accounted for 40 % of the
patients with PPCs. Sixty-five percent of these
patients developed acute respiratory failure with
prolonged intensive care treatment and
hospitalization [14]. Several other investigators
have reported PPCs in 4-14% patients following
different surgeries [15-22].

The main determinants of PPC include age, gender,
body mass index, preoperative PFT etc. The mean
age of the participants who did not develop PPC
was significantly lower in comparison to those who
developed PPC (71.6(£6.75) years vs. 77.3(£5.59)
years (p=0.008). Similar to our findings, others
have also reported that patients who developed
PPC were significantly older in comparison to
those who did not develop PPC after major surgery
[15-18, 23]. Most authors have attributed increased
incidence of PPC among elderly to the presence of
multiple morbidities. In our study, more than three-
fourth of all episodes of PPC were noticed among
the male participants (p=0.0272). Similar to our
findings, several other studies have also reported
that PPCs are more common among male patients
[16,17,24,25]. Many authors have attributed this to
increased prevalence and severity of smoking
among male participants.

The mean BMI of the participants who did and did
not develop PPC was not significantly different
(p>0.05). This may be due to the fact that the
patients in both groups were overweight. Majority
of the existing literature suggests that contrary to
popular belief, obesity does not appear to increase
the risk of pulmonary problems [5,26-30]. For
instance, in a case series of patients who underwent
gastric bypass surgery- the incidence of pneumonia
and atelectasis were similar in the obese and non-
obese patients [27]. More recently, no difference
was observed in the incidence of pulmonary
complications following laparoscopic
cholecystectomy between obese and non-obese
individuals [31]. In contrast to our findings, Yang
et al found that among 165,196 patients who had
underwent major abdominal surgery, 9595 patients
(5.8%) experienced PPCs. This was probably
because there was a statistically significant
difference in the BMI of the patients between both
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the groups [19]. Also, the difference in our findings
and that of Yang et al could be attributed to the
larger sample size with considerable variation in
the BMI of the patients.

All parameters of the PFT were significantly worse
among the patients who developed PPC in
comparison to those who did not develop PPC.
Among the FVC, FEV1, and FEVi: FVC ratio; the
value of the last parameter i.e., FEVi: FVC ratio
differed most significantly between the patients
who developed PPC and who did not develop PPC
(p<0.0001). Collectively, the existing literature is
divided or does not have clear cut evidence on the
utility of the spirometry to predict the occurrence of
PPC after surgery. Several other investigators have
also looked for importance of preoperative
spirometry testing for non-thoracic procedures. In
this context, preoperative spirometry test results
were useful for predicting the development of
postoperative  pneumonia in  patients who
underwent colorectal surgery [32], as well as
predicting PPC occurrence in obese individuals
following bariatric surgery [33]. Further, it was
observed that preoperative lower FVC was
associated with increased occurrence of PPCs after
laparoscopic abdominal surgery, while FEV: and
FEVI/FVC were not [15]. On the contrary, some
investigators showed that preoperative spirometry
measurements could not be utilised to stratify the
risk of PPC in elderly patients having laparoscopic
gastrectomy [34].

Preoperative spirometry provides the benefit of
detecting previously undiscovered lung illness, but
routine preoperative examinations are not advised
for patients undergoing non-thoracic surgery, with
the exception of those who have preoperative
asthma or COPD. Following this recommendation,
only patients who were old (>60 years), current
smokers, and those with a history of chronic
pulmonary  disease—all of whom  were
comparatively more susceptible to PPCs—were
subjected to preoperative spirometry testing [35-
37].

These conflicting findings may be explained by the
fact that PPC is affected by a variety of factors,
such as the type of surgery (laparotomy vs.
laparoscopy), the surgical site (upper or lower
abdomen), the intraoperative ventilator care
strategy, the postoperative lung care strategy, and
other patient characteristics. Therefore, a more
categorical criterion than that provided by the
existing guidelines must be used to assess if
preoperative spirometry is necessary. The results of
our study largely demonstrated that patients
undergoing laparoscopic abdominal surgery who
were already at high preoperative risk for these
complications had lower FVC% was related with a
greater likelihood of PPC development. More in-
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depth  population-based  studies should be
conducted in order to determine this demand.

Conclusions

Adverse events involving respiratory system were
the most common type of complications observed
during the postoperative period. In the present
study, most episodes of postoperative pulmonary
complications were seen among the patients having
severe or advanced disease of the lung. Most of the
high-risk patients with increased likelihood of
developing pulmonary complications during
postoperative period could be identified/ screened
preoperatively using spirometry. Lastly, major
abdominal surgery causes significant decline in the
pulmonary function indices.

Acknowledgement: The authors are thankful to the
Dean, JK Hospital & LN Medical College, Bhopal,
Madhya Pradesh, India for providing facilities and
permission to perform this study at this Institute.

References

1. Sabate S, Mazo V, Canet J. Predicting postop-
erative pulmonary complications: implications
for outcomes and costs. Curr Opin Anaesthe-
siol. 2014; 27(2):201-9.

2. Carey K, Stefos T, Zhao S, Borzecki AM,
Rosen AK. Excess costs attributable to postop-
erative complications. Med Care Res Rev.
2011; 68(4):490-503.

3.  Fuller RL, McCullough EC, Bao MZ, Averill
RF. estimating the costs of potentially prevent-
able hospital acquired complications. Health
Care Financ Rev. 2009; 30(4):17.

4. Nafiu OO, Ramachandran SK, Ackwerh R,
Tremper KK, Campbell DA, Stanley JC. Fac-
tors associated with and consequences of un-
planned post-operative intubation in elderly
vascular and general surgery patients. Eur J
Anaesthesiol. 2011; 28:220-4.

5. Smetana GW, Lawrence VA, Cornell JE. Pre-
operative pulmonary risk stratification for non-
cardiothoracic surgery: systematic review for
the American College of Physicians. Ann In-
tern Med. 2006; 144:581-95.

6. Qaseem T. Risk assessment for and strategies
to reduce perioperative pulmonary complica-
tions. Ann Intern Med. 2006; 145(7):553.

7. Qaseem A, Snow V, Fitterman N, Hornbake
ER, Lawrence VA, Smetana GW, et al. Risk
assessment for and strategies to reduce periop-
erative pulmonary complications for patients
undergoing noncardiothoracic  surgery: a
guideline from the American College of Physi-
cians. Ann Intern Med. 2006; 144(8):575-80.

8. Parker MJ, Handoll HH, Griffiths R. Anaes-
thesia for hip fracture surgery in adults.
Cochrane Database of Systematic Reviews.
2004(4).

Goyal et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Baxter WD, Levine RS. An evaluation of in-
termittent positive pressure breathing in the
prevention of postoperative pulmonary com-
plications. Arch Surg. 1969;98:795

Warner DO. Preventing postoperative pulmo-
nary complications: the role of the anesthesiol-
ogist. Anesthesiology. 2000; 92:1467—72.
Lawrence VA, Cornell JE, Smetana GW.
Strategies to reduce postoperative pulmonary
complications after noncardiothoracic surgery:
systematic review for the American College of
Physicians. ~Ann Intern Med.  2006;
144(8):596-608.

Chughtai M, Gwam CU, Mohamed N, Khlopas
A, Newman JM, Khan R, et al. The epidemiol-
ogy and risk factors for postoperative pneumo-
nia. J Clin Med Res. 2017;9:466.

Ali J, Weisel RD, Layug AB, Kripke BJ,
Hechtman HB. Consequences of postoperative
alterations in respiratory mechanics. Am J
Surg. 1974; 128:376-82.

Pereira ED, Fernandes AL, Ancao MD, Peres
CD, Atallah AN, Faresin SM. Prospective as-
sessment of the risk of postoperative pulmo-
nary complications in patients submitted to
upper abdominal surgery. Sao Paulo Med J.
1999; 117:151-60.

Oh TK, Park IS, Ji E, Na HS. Value of pre-
operative spirometry test in predicting postop-
erative pulmonary complications in high-risk
patients after laparoscopic abdominal surgery.
PLoS One. 2018; 13:1-10.

Yokota S, Koizumi M, Togashi K, Morimoto
M, Yasuda Y, Sata N, et al. Preoperative pul-
monary function tests do not predict the devel-
opment of pulmonary complications after elec-
tive major abdominal surgery: A prospective
cohort study. Int J Surg; 2020; 73:65-71.

Park HJ, Kim SM, Kim HR, Ji W, Choi CM.
The value of preoperative spirometry testing
for predicting postoperative risk in upper ab-
dominal and thoracic surgery assessed using
big-data analysis. J Thorac Dis. 2020;
12:4157-67.

Barisione G, Rovida S, Gazzaniga GM, Fon-
tana L. Upper abdominal surgery: Does a lung
function test exist to predict early severe post-
operative  respiratory complications? Eur
Respir J. 1997; 10:1301-8.

Yang CK, Teng A, Lee DY, Rose K. Pulmo-
nary complications after major abdominal sur-
gery: National Surgical Quality Improvement
Program analysis. J Surg Res. 2015; 198:441—
9.

Numata T, Nakayama K, Fujii S, Yumino Y,
Saito N, Yoshida M, et al. Risk factors of
postoperative pulmonary complications in pa-
tients with asthma and COPD. BMC Pulm
Med. 2018; 18:1-8.

International Journal of Pharmaceutical and Clinical Research

1147



International Journal of Pharmaceutical and Clinical Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Goyal et al.

Kocabas A, Kara K, Ozgur G, Sonmez H,
Burgut R. Value of preoperative spirometry to
predict postoperative pulmonary complica-
tions. Respir Med. 1996; 90:25-33.

Sankar A, Thorpe KE, Gershon AS, Granton
JT, Wijeysundera DN. Association of preoper-
ative spirometry with cardiopulmonary fitness
and postoperative outcomes in surgical pa-
tients: A multicentre prospective cohort study.
EClinicalMedicine. 2020; 23:100396.

Gupta H, Ramanan B, Gupta PK, Fang X,
Polich A, Modrykamien A, et al. Impact of
COPD on postoperative outcomes: results from
a national database. Chest. 2013;143(6):1599—
606.

Kaibara N, Iwai N, Nishimura O, Mizumoto K,
Kishi K, Hinohara T, et al. Pulmonary function
before and after abdominal surgery in the aged.
Jpn J Surg. 1981; 11:73-9.

McAlister FA, Bertsch K, Man J, Bradley J,
Jacka M. Incidence of and risk factors for pul-
monary complications after nonthoracic sur-
gery. Am J Respir Crit Care Med. 2005;
171:514-7.

Tjeertes EE, Hoeks SS, Beks SS, Valentijn T,
Hoofwijk AA, Stolker RJ. Obesity—a risk fac-
tor for postoperative complications in general
surgery? BMC Anesthesiol. 2015; 15(1):1-7.
Pasulka PS, Bistrian BR, Benotti PN, Black-
burn GL. The risks of surgery in obese pa-
tients. Ann Intern Med. 1986; 104:540-6.
Beresneva O, Hall J. Influence of body mass
index on outcomes in patients undergoing sur-
gery for diverticular disease. Surg open Sci.
2019; 1:80-5.

Pratschke E. Obesity and surgery. Fortschr
Med. 1992; 110:575-8.

Sucandy I, Attili A, Spence J, Bordeau T, Ross
S, Rosemurgy A. The impact of body mass in-

31.

32.

33.

34.

35.

36.

37.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

dex on perioperative outcomes after robotic
liver resection. J Robot Surg. 2020; 14:41-6.
Tiong L, Oh J. Safety and efficacy of a laparo-
scopic cholecystectomy in the morbid and su-
per obese patients. HPB (Oxford) 2015;
17:600.

Tajima Y, Tsuruta M, Yahagi M, Hasegawa H,
Okabayashi K, Shigeta K, et al. Is preoperative
spirometry a predictive marker for postopera-
tive complications after colorectal cancer sur-
gery? Jpn J Clin Oncol. 2017; 47:815-9.
McAllister DA, Wild SH, MacLay JD, Robson
A, Newby DE, MacNee W, et al. Forced ex-
piratory volume in one second predicts length
of stay and in-hospital mortality in patients un-
dergoing cardiac surgery: a retrospective co-
hort study. PLoS One. 2013; 8:e64565.

Huh J, Sohn TS, Kim JK, Yoo YK, Kim DK.
Is routine preoperative spirometry necessary in
elderly patients undergoing laparoscopy-
assisted gastrectomy? J Int Med Res. 2013;
41:1301-9.

Smetana GW. Strategies to reduce postopera-
tive pulmonary complications in adults. Up-
ToDAte 2022. Available from:
https://www.uptodate.com/contents/strategies-
to-reduce-postoperative-pulmonary-
complications-in-adults

Odor PM, Bampoe S, Gilhooly D, Creagh-
Brown B, Ramani Moonesinghe S. Periopera-
tive interventions for prevention of postopera-
tive pulmonary complications: systematic re-
view and meta-analysis. British Med J. 2020;
368.

Tegegne BA, Lema GF, Fentic DY, Bizuneh
YB. Perioperative risk stratification and strate-
gies for reducing postoperative pulmonary
complications following major surgery in re-
source limited areas: A systematic review. Int J
Surg Open. 2021; 30:100322.

International Journal of Pharmaceutical and Clinical Research

1148


https://www.uptodate.com/contents/strategies-to-reduce-postoperative-pulmonary-complications-in-adults
https://www.uptodate.com/contents/strategies-to-reduce-postoperative-pulmonary-complications-in-adults
https://www.uptodate.com/contents/strategies-to-reduce-postoperative-pulmonary-complications-in-adults

