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ABSTRACT

Background: The aim of this study was to evaluate the postoperative pulmonary complications (PPCs)
following abdominal surgery.

Materials and Methods: This prospective observational study was conducted at a tertiary care
hospital involving 90 patients undergoing abdominal surgery. Preoperative data, including
demographic information, comorbidities, smoking history, and pulmonary function tests (spirometry
and arterial blood gases), were collected. Postoperative complications, including atelectasis,
pneumonia, ARDS, pulmonary embolism, and respiratory failure, were monitored.

Results: A total of 35.56% of patients developed PPCs, with atelectasis being the most common
(13.33%). Smoking history, older age, and comorbidities like hypertension and diabetes were
significantly associated with the development of PPCs. Abnormal preoperative spirometry results
were linked to a higher risk of PPCs (p = 0.034). The need for respiratory support was significantly
higher in PPC patients, with 16.67% requiring supplemental oxygen and 5.56% needing mechanical
ventilation.

Conclusion: This study identifies key risk factors for PPCs in abdominal surgery patients, including
older age, smoking, and preoperative pulmonary dysfunction. These findings suggest that careful
preoperative assessment and management of comorbidities and pulmonary function may reduce the
incidence of PPCs and improve patient outcomes.

Keywords: Postoperative Pulmonary Complications, Abdominal Surgery, Smoking, Comorbidities,
Pulmonary Function.

INTRODUCTION perforated viscera, bowel obstructions,

Postoperative pulmonary complications (PPCs)
remain one of the most significant sources of
morbidity and mortality following abdominal
surgery. These complications encompass a
broad spectrum of respiratory issues, ranging
from mild hypoxemia and atelectasis to severe
conditions such as pneumonia, acute
respiratory distress syndrome (ARDS), and
respiratory failure, all of which can prolong
hospitalization, increase healthcare costs, and
decrease quality of life for patients. The
evaluation and understanding of PPCs after
abdominal surgery are essential, given the
complexity and high risk associated with these
procedures, especially in critically ill patients or
those with pre-existing respiratory conditions.!
abdominal surgery, by its nature, often involves
acute and urgent interventions that can be
complicated by underlying patient factors such
as advanced age, comorbidities, and the
severity of the presenting condition. These
surgeries include procedures for conditions like

ruptured aneurysms, or trauma, where time
constraints and the need for immediate surgical
correction often take precedence over
optimizing preoperative respiratory function.
Such urgency can lead to poor perioperative
pulmonary care, heightening the risk of PPCs.
The interplay of factors contributing to
respiratory compromise in the postoperative
phase is multifactorial and may include the
nature of the surgery, patient-specific factors,
and the quality of perioperative care.? Several
mechanisms may contribute to PPCs after
abdominal surgery. Abdominal surgery often
involves general anesthesia, mechanical
ventilation, and manipulation of the abdominal
organs, all of which can affect diaphragmatic
function and lead to decreased Ilung
compliance, impaired gas exchange, and
diminished pulmonary clearance. The pain
associated with abdominal surgery can also
discourage deep breathing and coughing, which
are vital for clearing secretions and preventing

125| International Journal of Pharmacy Research & Technology | Jan - June 2024 | Vol 14 | Issue 1



Dr. Prince Gupta et al / Postoperative Pulmonary Complications in Patients Undergoing Abdominal

atelectasis. The resulting hypoventilation can
further predispose patients to develop
pneumonia or other pulmonary infections,
especially if their immune response is already
compromised by underlying conditions or
surgical  stress.®>  Additionally, patients
undergoing abdominal surgery are often older
adults, a population that may already have
diminished pulmonary function due to aging
and the presence of chronic obstructive
pulmonary disease (COPD), asthma, or
cardiovascular disease. The physiological
changes that accompany aging, such as
decreased chest wall compliance, reduced
respiratory surgery, can further compromise
immune function and wound healing, making
these patients more susceptible to infection,
including pneumonia.*Another key factor that
contributes to the occurrence of PPCs is the
timing of the surgical intervention. Delays in
surgery, whether due to diagnosis, patient
stabilization, or other clinical factors, can
worsen the patient’s overall clinical condition.
This can predispose individuals to systemic
inflammatory responses, hypoxia, and other
conditions that negatively affect the pulmonary
system. For example, in cases of bowel
perforation or ruptured abdominal aneurysm,
the release of bacterial contents or toxins into
the bloodstream can lead to sepsis, which in
turn increases the likelihood of respiratory
failure. Furthermore, the longer a patient is
under general anesthesia or requires
mechanical ventilation, the greater the risk of
developing respiratory complications.> The
presence of comorbid conditions such as
obesity, diabetes, and cardiovascular diseases
are also significant contributors to PPCs.
Obesity, in particular, is a known risk factor for
respiratory complications due to factors such as
reduced functional residual capacity, impaired
diaphragm movement, and increased airway
resistance. Diabetic patients are more likely to
develop postoperative infections, including
pneumonia, due to impaired immune function
and poor wound healing. Additionally, the use
of medications such as opioids and sedatives,
which are common in the postoperative setting,
can depress respiratory drive and contribute to
the development of hypoventilation, further
increasing the risk of PPCs.® Given the
multifactorial nature of PPCs, evaluating their
occurrence and impact following abdominal
surgery requires a comprehensive approach.
Clinicians must assess a range of preoperative,
intraoperative, and postoperative factors that
could contribute to respiratory compromise.

Surgery

Preoperative assessments may include a
thorough review of the patient’s medical
history, including respiratory and cardiovascular
diseases, functional status, nutritional status,
and any history of smoking or alcohol use.
Intraoperatively, attention should be paid to
minimizing the duration of anesthesia and
mechanical ventilation, optimizing analgesia to
prevent respiratory depression, and ensuring
proper positioning of the patient to facilitate
lung expansion. Postoperatively, early
mobilization,  pulmonary  hygiene, and
respiratory physiotherapy can help mitigate the
risk of respiratory complications.’

AIM AND OBJECTIVES

The aim of this study was to evaluate the
postoperative pulmonary complications (PPCs)
following abdominal surgery.

MATERIALS AND METHODS

Study Design

This study was designed as a prospective
observational study to evaluate the
postoperative pulmonary complications (PPCs)
following abdominal surgery.

Study Population

A total of 90 patients who underwent abdominal
surgery at a tertiary care hospital were included
in the study. All participants were enrolled
consecutively based on predefined inclusion
and exclusion criteria.

Study Place

The study was conducted in the Department of
General Surgery, in Rama Medical College
Hospital & Research Centre, Hapur, Uttar
Pradesh, India.

Study Duration

The study was conducted over a period of One
year from March 2023 to Feb 2024, including
patient enroliment, intervention, follow-up, and
data analysis.

Ethical Considerations

Ethical approval was obtained from the
Institutional Review Board/Ethical Committee
prior to study commencement. Written
informed consent was obtained from all
participants before inclusion in the study,
ensuring voluntary participation.  Patient
confidentiality was maintained throughout the
study.

Inclusion Criteria
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Patients meeting the following criteria were
included in the study:

Aged 18 years or older.

Underwent abdominal surgery.

Types of surgeries included:
Appendectomy

Cholecystectomy

Bowel resection

Surgeries related to traumatic and non-
traumatic abdominal conditions.

Exclusion Criteria

Patients were excluded if they had any of the

following conditions:

e Pre-existing chronic pulmonary diseases
(e.g., chronic obstructive pulmonary
disease, asthma, interstitial lung disease).

e Underwent elective surgery.

e Pregnant women.

e History of recent pulmonary infections or
pulmonary embolism.

e Refusal to participate in the study.

METHODOLOGY/PROCEDURE

Preoperative Data Collection

Baseline demographic and clinical

characteristics were recorded, including:

e Age, gender, body mass index (BMI).

e Comorbidities such as diabetes mellitus,
hypertension, cardiovascular diseases.
Smoking history.

Preoperative pulmonary function assessed
using spirometry and arterial blood gas
(ABG) analysis.

Surgical Technique

All surgical procedures were performed by

experienced surgical teams following standard

institutional protocols.

e A general anesthesia approach was used
for all patients.

e The type of surgery, duration, and
intraoperative complications were
recorded.

Postoperative Monitoring and Care

Patients were monitored in the intensive care
unit (ICU) or general surgical ward, depending
on their clinical condition. Standard
postoperative care protocols were followed,
including respiratory physiotherapy and oxygen
therapy as needed.

Outcome Measures
Postoperative pulmonary complications (PPCs)
were defined as any pulmonary condition

occurring within 7 days post-surgery. The

following PPCs were evaluated:

e Atelectasis

e Pneumonia

e Acute respiratory distress syndrome
(ARDS)

e Pulmonary embolism

e Respiratory failure

The diagnosis of PPCs was based on clinical

symptoms, imaging, and laboratory tests.

e Pneumonia was diagnosed based on clinical
signs and radiographic findings.

e Atelectasis was confirmed by imaging and
clinical manifestations.

e Respiratory failure was defined by the need
for mechanical ventilation.

Investigations

1. Clinical Assessments

e Respiratory rate, oxygen saturation (SpO.,),
arterial blood gases (ABG).

e Symptoms of cough, expectoration, fever,
dyspnea.

e Pulmonary auscultation findings (crackles,
wheezing, reduced breath sounds).

2. Radiological Investigations

e Chest X-ray (CXR) for pneumonia,
atelectasis, pleural effusion, or pulmonary
edema.

e Computed Tomography (CT) Chest (if
needed) for detailed imaging of pulmonary
conditions.

. Microbiological Investigations
Sputum Gram stain& culture.
Blood culture for bacteremia or sepsis.
Endotracheal  aspirate  culture  (for
ventilated patients).
e Bronchoalveolar lavage (BAL) culture for
lower respiratory tract infections.
e Acid-Fast Bacilli (AFB) staining & culture for
tuberculosis screening.
e PCR for respiratory viruses (influenza,
COVID-19, RSV).

o o o W

N

. Pulmonary Function Tests (if applicable)
Peak Expiratory Flow Rate (PEFR) or
Spirometry for lung function assessment.

o

. Laboratory Investigations

e Complete Blood Count (CBC) for
infection/inflammation markers.

e C-reactive protein (CRP) &Procalcitonin for

bacterial infection and systemic

inflammation.
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e D-dimer (if
suspected).

pulmonary  embolism

Statistical Analysis

Data were analyzed using SPSS version 22.0.

Descriptive statistics were used to summarize

patient demographics and clinical

characteristics.

e The incidence of PPCs was calculated as the
proportion of patients developing at least
one PPC.

e Comparative analysis between patients
with and without PPCs was performed
using: Chi-square test for categorical
variables.

e T-tests or Mann-Whitney U tests for
continuous variables, depending on data
distribution.

e A p-value < 0.05 was considered
statistically significant.

RESULT

Table 1: Demographic Characteristics of the Study Population

Characteristic Number (n=90) | Percentage (%) p-value
Age (Mean £ SD) 48.2 £ 12.5 - -
Gender

Male 52 57.78

Female 38 42.22 0.345
Comorbidities

Hypertension 35 38.89

Diabetes 26 28.89 0.12
Cardiovascular diseases 18 20
Smoking History

Smokers 25 27.78

Non-smokers 65 72.22 0.045

Table 1 show the mean age of the 90 patients
included in the study was 48.2 + 12.5 years.
The age distribution did not show a significant
difference between the groups with and without
postoperative pulmonary complications (PPCs).
In terms of gender, 52 (57.78%) of the patients
were male, and 38 (42.22%) were female. The
p-value of 0.345 indicates no statistically
significant difference in the distribution of
gender between those with and without PPCs.
Regarding comorbidities, 38.89% (35 patients)

had hypertension, 28.89% (26 patients) had
diabetes, and 20.00% (18 patients) had
cardiovascular diseases. The p-value of 0.120
suggests that comorbidities were not
significantly different between those who
developed PPCs and those who did not.
Smoking history was a significant factor, with
27.78% (25 patients) being smokers. A p-value
of 0.045 indicates that smoking history
significantly influences the development of
PPCs.

Table 2: Surgical Procedures and Intraoperative Characteristics

Characteristic | Number (n=90) | Percentage (%) | p-value
Type of Surgery
Appendectomy 30 33.33
Cholecystectomy 28 31.11 0.21
Bowel resection 22 24.44 )
Other abdominal surgeries 10 11.11
Surgery Duration (Mean + SD) 120.5 + 35.0 - -
Intraoperative Complications
Bleeding 5 5.56
Organ injury 3 3.33 0.055
None 82 91.11

Table 2 show the study included various types
of abdominal surgeries: 33.33% (30 patients)
underwent appendectomy, 31.11% (28
patients) had cholecystectomy, 24.44% (22
patients) underwent bowel resection, and

11.11% (10 patients) had other abdominal
surgeries. The p-value of 0.210 suggests no
significant difference in the type of surgery
between patients who developed PPCs and
those who did not. The average surgery

128| International Journal of Pharmacy Research & Technology | Jan - June 2024 | Vol 14 | Issue 1



Dr. Prince Gupta et al / Postoperative Pulmonary Complications in Patients Undergoing Abdominal
Surgery

duration was 120.5 £ 35.0 minutes. There were
5 cases (5.56%) of bleeding and 3 cases
(3.33%) of organ injury reported during the
surgeries. The majority of patients (91.11%)
did not experience any intraoperative

complications. A p-value of 0.055 indicates no
statistically significant relationship between
intraoperative ~ complications  and the
development of PPCs.

Table 3: Preoperative Pulmonary Function

Characteristic | Number (n=90) | Percentage (%) | p-value
Preoperative Spirometry
Normal 55 61.11
Abnormal 35 38.89 0.034
Preoperative Oxygen Saturation
> 95% 65 72.22 0.12
< 95% 25 27.78 '

Table 3 show the preoperative pulmonary
function was assessed using spirometry, and
61.11% (55 patients) had normal results, while
38.89% (35 patients) showed abnormal
spirometry results. The p-value of 0.034
suggests that  preoperative  spirometry
abnormalities were associated with an
increased risk of developing PPCs. Regarding

preoperative oxygen saturation, 72.22% (65
patients) had oxygen saturation levels greater
than 95%, while 27.78% (25 patients) had
levels less than 95%. The p-value of 0.120
indicates no significant difference in oxygen
saturation levels between patients with and
without PPCs.

Table 4: Postoperative Pulmonary Complications (PPCs)

Posto%f;t;\lliiaili:‘l)ronary Number (n=90) Percentage (%) p-value
Any PPCs 32 35.56 -
Type of PPCs
Atelectasis 12 13.33
Pneumonia 8 8.89
ARDS 6 6.67 0.012
Pulmonary embolism 4 4.44
Respiratory failure 2 2.22
Need for Respiratory Support
Supplemental oxygen 15 16.67 0.005
Mechanical ventilation 5 5.56 )

Table 4 show the Overall, 35.56% (32 patients)
developed at least one postoperative
pulmonary complication. The most common
PPC was atelectasis, which occurred in 13.33%
(12 patients) of the study population, followed
by pneumonia in 8.89% (8 patients), acute
respiratory distress syndrome (ARDS) in 6.67%
(6 patients), pulmonary embolism in 4.44% (4
patients), and respiratory failure in 2.22% (2
patients). The p-value of 0.012 indicates that

the type of PPCs varies significantly between
the patients with and without PPCs. The need
for respiratory support was also assessed, with
16.67% (15 patients) requiring supplemental
oxygen and 5.56% (5 patients) needing
mechanical ventilation. The p-value of 0.005
suggests that the need for respiratory support
was significantly higher in patients who
developed PPCs.

Table 5: Association between Demographic Factors and Development of PPCs

Characteristic PPCs Present (n=32) | PPCs Absent (n=58) p-value
| _Age in years (Mean * SD) 52.3 + 13.2 45.1 + 11.6 0.043
Gender
Male 18 (56.25%) 34 (58.62%) 0.21
Female 14 (43.75%) 24 (41.38%)
Comorbidities
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Hypertension 18 (56.25%) 17 (29.31%) 0.015
Diabetes 12 (37.50%) 14 (24.14%)
Cardiovascular diseases 8 (25.00%) 10 (17.24%)
Smoking Histo
Smokers 10 (31.25%) 15 (25.86%) 0.025
Non-smokers 22 (68.75%) 43 (74.14%)

Figure I: Gender wise distribution of the patients

PPCs Present (n=32)

PPCs Absent (n=58)

m Male

M Female

Table 5 and figure I, show the association
between demographic factors and the
development of PPCs. The mean age of patients
with PPCs was 52.3 + 13.2 years, compared to
45.1 £+ 11.6 years in patients without PPCs. The
p-value of 0.043 indicates that older age was
significantly associated with the development of
PPCs. The gender distribution between those
with PPCs and those without PPCs was not
significantly different (p-value 0.210). However,
there were significant associations between

PPCs and comorbidities. Hypertension was
more prevalent in patients with PPCs (56.25%)
compared to those without PPCs (29.31%),
with a p-value of 0.015. Similarly, diabetes was
more common in the PPC group (37.50%) than
in the non-PPC group (24.14%), with a p-value
of 0.025. Smoking history also showed a
significant association with PPCs, as 31.25% of
patients with PPCs were smokers, compared to
25.86% in the non-PPC group (p-value 0.025).

Table 6: Postoperative Clinical Symptoms and Lab Findings in Patients with PPCs

Characteristic | Number (n=32) | Percentage (%) | p-value
Clinical Symptoms
Cough 18 56.25
Dyspnea 22 68.75
Fever 15 46.88 0.034
Chest Pain 8 25
Laboratory Findings
Elevated white blood cell count 18 56.25
Elevated C-reactive protein levels 20 62.5 0.025
Abnormal arterial blood gases 10 31.25

Table 6 show the clinical symptoms and
laboratory findings in patients who developed
PPCs. The most common clinical symptoms
were dyspnea (68.75%, 22 patients) and cough
(56.25%, 18 patients). Fever was present in
46.88% (15 patients), and chest pain in
25.00% (8 patients). The p-value of 0.034
indicates that these clinical symptoms were
significantly associated with the development of
PPCs. Laboratory findings showed that 56.25%
(18 patients) had an elevated white blood cell

count, 62.50% (20 patients) had elevated C-
reactive protein levels, and 31.25% (10
patients) had abnormal arterial blood gases.
The p-value of 0.025 indicates that these
laboratory findings were significantly associated
with the development of PPCs.

DISCUSSION

The mean age of the study population was 48.2
+ 12.5 years, with a slightly higher proportion
of males (57.78%) compared to females
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(42.22%). These demographic findings are in
agreement with those of Maitre et al. (2018),
who found a similar male-to-female ratio (55%
male) and mean age (47.9 years) in a cohort of
surgery patients.® In that study, the male
predominance was attributed to the higher
incidence of traumatic abdominal injuries in
males. Comorbidity data from this study also
revealed hypertension (38.89%) and diabetes
(28.89%) as common conditions, which are
consistent with the findings of Langer et al.
(2017), who reported similar comorbidity rates
in abdominal surgery patients (hypertension
37%, diabetes 29%).° The significant
association between smoking history and the
development of postoperative pulmonary
complications (PPCs) in this study (p-value
0.045) aligns with findings from Bilello et al.
(2016), which demonstrated that smoking
history was a significant risk factor for PPCs
following abdominal surgery. Smoking may
contribute to impaired pulmonary function and
an increased risk of respiratory complications.°
The study included a range of surgical
procedures, with appendectomy (33.33%) and
cholecystectomy (31.11%) being the most
common. This distribution mirrors the findings
of Sun et al. (2017), who reported that
appendectomy (36%) and cholecystectomy
(30%) were the most frequently performed
procedures in their cohort of abdominal
surgeries.!! Intraoperative complications, such
as bleeding (5.56%) and organ injury (3.33%),
were relatively low, which is consistent with the
results reported by Kato et al. (2015), who
found that only 6% of patients in their study
developed intraoperative complications.!? The
lack of significant correlation between
intraoperative complications and the
development of PPCs (p-value 0.055) in this
study is in line with findings from Johnson et al.
(2016), who did not observe a direct association
between intraoperative events and PPCs. This
suggests that other postoperative factors may
play a more substantial role in PPC
development.? This study found that 38.89%
of patients had abnormal preoperative
spirometry results, which were significantly
associated with the development of PPCs (p-
value 0.034). Similar findings were reported by
Ueno et al. (2016), who observed a 40% rate
of abnormal preoperative spirometry among
patients who developed PPCs.!* Their study
highlighted the importance of assessing
pulmonary function preoperatively, as abnormal
spirometry findings were strongly correlated
with an increased incidence of PPCs following

Surgery

major abdominal surgery. The finding of no
significant difference in oxygen saturation levels
between groups (p-value 0.120) contrasts with
a study by Kawashima et al. (2018), where
oxygen saturation levels below 95% were
significantly associated with increased PPC risk.
The lack of significance in this study could
reflect the relatively high percentage of patients
with normal oxygen saturation preoperatively
(72.22%), which may have diluted the
observed effect.!> In this study, 35.56% of
patients developed PPCs, with atelectasis being
the most common (13.33%). These findings are
comparable to those of Ergin et al. (2015), who
reported a PPC incidence of 33% in their cohort
of abdominal surgery patients, with atelectasis
being the most common complication.!6 In that
study, atelectasis was also the leading cause of
respiratory failure postoperatively. The need for
respiratory support, including supplemental
oxygen (16.67%) and mechanical ventilation
(5.56%), was significantly higher in patients
with PPCs (p-value 0.005). This result is
consistent with a study by Greenberg et al.
(2017), which found that 18% of patients with
PPCs required supplemental oxygen, and 6%
needed mechanical ventilation. The higher
incidence of PPCs in this study compared to
others may be related to the specific
characteristics of the patient cohort, such as the
presence of preoperative pulmonary
dysfunction.!” The association between older
age and the development of PPCs was
statistically significant (p-value 0.043), with the
mean age of patients with PPCs being 52.3 +
13.2 years. These results align with findings
from Ding et al. (2016), who reported that older
age was a significant risk factor for PPCs, with
an average age of 55.7 years in their PPC
group.®* In contrast, gender was not
significantly associated with PPCs in this study
(p-value 0.210), similar to the findings of
Zimmermann et al. (2015), who also reported
no significant difference in gender distribution
between patients with and without PPCs.'®
Comorbidities such as hypertension (56.25%)
and diabetes (37.50%) were significantly more
prevalent in patients with PPCs, and this finding
is consistent with studies by Wagner et al.
(2017), who observed similar associations
between these comorbidities and increased PPC
risk.20 Smoking history, which was associated
with PPCs in this study (p-value 0.025), also
correlates with findings from McElroy et al.
(2014), who showed that smokers had a higher
incidence of respiratory complications after
surgery.?! Dyspnea (68.75%) and cough
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(56.25%) were the most common clinical
symptoms in patients with PPCs, and these
findings are similar to those reported by Kanj et
al. (2017), who found that dyspnea and cough
were common in PPC patients.?? Laboratory
findings, such as elevated white blood cell count
(56.25%) and C-reactive protein levels
(62.50%), were also observed in this study,
which is consistent with the results of Noda et
al. (2016), who reported a significant increase
in white blood cell count and C-reactive protein
levels in PPC patients. Elevated inflammatory
markers are often indicative of infection or
inflammation, which can contribute to the
development of PPCs. The significant
association between abnormal arterial blood
gases (31.25%) and PPCs in this study (p-value
0.025) further supports the importance of
monitoring  for  respiratory  dysfunction
postoperatively, as abnormalities in arterial
blood gases have been shown to predict PPCs
in several other studies.??

CONCLUSION
In conclusion, this study highlights the
significant risk factors associated with

postoperative pulmonary complications (PPCs)
following abdominal surgery. The findings
emphasize the importance of preoperative
assessments, particularly pulmonary function
tests and comorbidity management, in
identifying high-risk patients. Older age,
smoking history, and comorbid conditions like
hypertension and diabetes were identified as
key predictors of PPCs. Additionally, abnormal
preoperative spirometry and the need for
respiratory support postoperatively were
strongly correlated with the development of
complications.
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