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BACKGROUND 
Post-operative pulmonary complications (POPCs) 
remain one of the leading causes of perioperative 
morbidity and mortality worldwide, particularly 
following major abdominal and thoracic surgeries 
(Odor et al., 2020; Ashraf et al., 2024). They 
encompass a range of respiratory conditions 
including pneumonia, atelectasis, respiratory 
failure, bronchospasm, and pleural effusion, all of 

which can significantly prolong hospital stay, 
increase healthcare costs and worsen patient 
outcomes (Miskovic et al., 2017; Lee & Lee, 2025). 
Globally, POPCs occur in approximately 7 – 30% of 
patients undergoing major surgery, accounting for 
nearly one-quarter of all postoperative deaths 
within the first week after surgery (Kelkar, 2015; 
Lee & Lee, 2025; Raffa et al., 2025). Their impact is 
especially pronounced in abdominal procedures, 
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Background: Post-operative pulmonary complications 
(POPCs) are a major cause of morbidity and prolonged 
hospital stay following abdominal surgery. In low-
resource settings, the predictive utility of routine pre-
operative tests like spirometry and chest radiography 
remains underexplored. This study evaluated the role of 
these investigations in predicting POPCs in a Nigerian 
tertiary hospital. 
Methods: A prospective observational study was 
conducted with 100 patients scheduled for elective 
abdominal surgery. Participants underwent pre-operative 
spirometry and chest radiography. They were followed 
for seven days post-operatively for the occurrence of 
POPCs, defined by standard clinical and radiological 
criteria. 
Results: Over half of the patients (56, 56.0%) had 
abnormal spirometry, primarily a restrictive pattern (46, 
46.0%). Pre-operative chest radiographs were abnormal 
in 34 (34.0%) of patients. Radiographic findings of fibrosis 
and hyperinflation were significantly associated with the 
development of POPCs. Among patients with fibrosis, 6 
(75.0%) developed POPCs compared to 33 (35.8%) 
without (p=0.033). Similarly, 5 (83.3%) patients with 
hyperinflation developed POPCs versus 34 (36.1%) 
without (p=0.028). Patients with fibrosis most frequently 
developed hypoxemia with infiltrates and pneumonia, 
while those with hyperinflation commonly had non-
productive cough and pneumonia. 
Conclusion: Pre-operative spirometry and chest 
radiography are valuable tools for identifying patients at 
high risk for POPCs. A restrictive pattern on spirometry, 
along with radiographic evidence of fibrosis or 
hyperinflation, are significant predictors. Their routine 
use in pre-operative assessment can facilitate early risk 
stratification and guide preventive care, potentially 
improving surgical outcomes in resource-limited settings. 
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where factors such as diaphragmatic dysfunction, 
postoperative pain and impaired cough reflex 
contribute to compromised pulmonary function 
(Colucci et al., 2015; Liu et al., 2024). 
Pre-operative pulmonary evaluation serves as a 
critical step in identifying patients at risk for these 
complications. Spirometry, a simple and cost-
effective tool, provides objective quantification of 
lung function through indices such as the forced 
expiratory volume in one second (FEV₁) and forced 
vital capacity (FVC). Studies from high-income 
countries have consistently shown that reduced 
spirometric parameters are independently 
associated with a higher incidence of POPCs, 
prolonged mechanical ventilation and extended 
hospital stay (Young & Farmer, 2017; Chang et al., 
2023). Similarly, pre-operative chest radiography, 
though sometimes criticized for overuse, can 
reveal structural abnormalities like hyperinflation, 
fibrosis, cardiomegaly and pleural effusion that 
may predispose patients to postoperative 
respiratory compromise (Young & Farmer, 2017). 
In Africa, where surgical safety infrastructure and 
perioperative monitoring remain limited, the 
burden of postoperative complications, including 
pulmonary events, is disproportionately high. 
Reports from tertiary hospitals in Ghana and 
Ethiopia indicate POPC rates ranging from 6% to 
25%, with pneumonia and atelectasis being the 
most frequent (Wulff et al., 2021; Admass et al., 
2023). The limited use of objective pre-operative 
pulmonary assessments, coupled with the high 
prevalence of undiagnosed chronic lung disease 
and poorly controlled comorbidities, often hinders 
early risk stratification in these settings.  
In Nigeria, postoperative pulmonary complications 
represent a growing challenge in surgical practice, 
with incidences reported between 33% and 52% in 
major abdominal surgeries (Ufoaroh et al., 2019; 
Gebeyehu et al.,2022). Most hospitals rely 
primarily on routine chest X-rays and clinical 
evaluation, while pre-operative spirometry 
remains underutilized due to constraints in 
equipment availability, time and trained personnel. 
Yet, evidence suggests that combining spirometric 
findings with radiographic assessment may 
enhance predictive accuracy, enabling better 
patient selection for prehabilitation, chest 
physiotherapy and intensive postoperative 
monitoring (Hardatt et al., 2024). 
This study, therefore, aimed to evaluate the role of 
pre-operative spirometry and chest radiography in 
predicting postoperative pulmonary complications 
among patients undergoing abdominal surgery in a 
Nigerian tertiary hospital. The findings will 
contribute to local evidence supporting the 

integration of objective pulmonary evaluation into 
pre-operative protocols and may guide context-
specific recommendations for perioperative 
respiratory care in low-resource surgical settings 
 
 
 
 
 
MATERIALS AND METHODS 
Study Design 
This was a hospital-based prospective 
observational study conducted among consenting 
adult patients scheduled for elective abdominal 
surgery at the University of Benin Teaching 
Hospital (UBTH), Benin City over an 8-month 
period. 
 
Study Area 
The University of Benin Teaching Hospital is a 600-
bed tertiary hospital located in Benin City, Edo 
State, South-South Nigeria. It serves as a major 
referral center for Edo and neighbouring states 
including Delta, Kogi, Ondo, and Bayelsa, 
providing tertiary care to a population exceeding 
10 million. Elective abdominal surgeries are 
routinely performed weekly by the general surgery, 
urology and obstetrics and gynaecology units 
across four general surgery wards. 
 
Study Population 
The study population comprised adult patients 
(≥18 years) booked for elective abdominal 
surgeries during the study period. Inclusion criteria 
were consenting adults undergoing elective upper 
abdominal surgery. Exclusion criteria included 
emergency procedures, patients with impaired 
consciousness, obstetric or gynaecologic surgeries, 
urogenital and extra-abdominal operations. 
 
Sample Size and Sampling Technique 
The sample size was calculated using Fisher’s 
formula with a POPC prevalence of 52%, yielding n 
= 383.5. Applying a finite population correction 
factor (N = 121, based on 2021 UBTH surgical 
register), a minimum sample of 77 was derived. 
Allowing for 10% attrition increased the target to 
84, but 100 participants were ultimately enrolled to 
enhance study power. Participants were selected 
using consecutive sampling. 
 
Data Collection 
Data were collected using a structured interviewer-
administered questionnaire adapted from the 
Medical Research Council respiratory 
questionnaire. Information on sociodemographics, 
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smoking, alcohol use, comorbidities and 
respiratory symptoms was obtained via a 
structured questionnaire adapted from the MRC 
respiratory tool. Clinical parameters (blood 
pressure, oxygen saturation, respiratory rate, 
weight and height) were recorded. 
Pre-operative spirometry was performed using a 
Sibelmed Datospir Mod 120 spirometer following 
ATS standards. Parameters included FEV₁, FVC, 
and FEV₁/FVC ratio, categorized as normal, 
obstructive, restrictive or mixed. Chest radiographs 
taken within 72 hours before surgery were 
interpreted by a consultant radiologist for 
abnormalities such as hyperinflation, fibrosis or 
effusion. Baseline serum albumin and urea levels 
were also obtained. 
Patients were followed postoperatively for seven 
days. POPCs were diagnosed based on standard 
clinical and radiologic criteria, including 
fever >37.5°C, tachypnea >20/min, hypoxia (SpO₂ 
<95%) or new chest infiltrates. 
 
Data Analysis 
Data were analyzed using SPSS version 26.0. 
Categorical variables were summarized as 
frequencies and percentages, while continuous 
variables were presented as means and standard 
deviations. Associations between categorical 
variables were tested using the Chi-square or 
Fisher’s exact test, and continuous variables using 
Student’s t-test. Variables significant at the 
univariate level were entered into multivariate 
logistic regression to identify independent 
predictors of POPCs. Results were reported as odds 
ratios (OR) with 95% confidence intervals (CI), and 
statistical significance was set at p ≤ 0.05. 
 
Ethical Considerations 
Ethical approval was obtained from the UBTH 
Ethics and Research Committee. Written informed 
consent was secured from all participants. 
Confidentiality, autonomy and voluntary 
participation were ensured. All procedures and 
investigations were conducted at no additional 
cost to the patients. 
 
RESULTS 
Pulmonary Function by Age and Sex (Table 1) 
Among the 100 participants assessed, spirometric 
indices showed an age-related decline in both 
sexes. 
In males, the mean FEV₁ decreased progressively 
from 3.12 ± 1.2 L among those aged 31–40 years to 
2.06 ± 0.4 L in those above 60 years, while the 
mean FVC declined from 3.78 ± 0.7 L to 2.75 ± 0.6 L 
across the same age range. The mean FEV₁/FVC 

ratio also reduced slightly from 0.90 ± 0.2 in the 
youngest group to 0.75 ± 0.1 among those older 
than 60 years. Also, PEF declined from 458.3 ± 
102.1 L/min in the 41–50-year group to 321.0 ± 82.6 
L/min after 60 years. 
Among females, a similar pattern was observed. 
The mean FEV₁ decreased from 2.41 ± 0.3 L in those 
aged 31–40 years to 1.47 ± 0.2 L among participants 
above 60 years, while FVC declined from 2.94 ± 0.4 
L to 1.94 ± 0.4 L. The mean FEV₁/FVC ratio 
remained relatively stable across age groups (0.78–
0.85), whereas PEF showed a steady reduction 
from 365.7 ± 55.4 L/min to 236.0 ± 40.9 L/min 
beyond 60 years. 
Overall, participants aged ≤ 60 years had higher 
mean FEV₁ (2.25 ± 0.5 L) and FVC (2.77 ± 0.6 L) 
compared with those aged > 60 years (1.81 ± 0.5 L 
and 2.43 ± 0.7 L, respectively). The FEV₁/FVC ratio 
and PEF were also slightly lower among the older 
age group (0.76 ± 0.1 and 296.1 ± 79.5 L/min, 
respectively). 
 
Spirometry Pattern of the Participants  
Nearly half of the participants (44; 44.0%) 
demonstrated normal spirometry (FEV₁/FVC > 0.7), 
while a slightly higher proportion (56; 56.0%) had 
abnormal spirometric findings. Among those with 
abnormal results, the restrictive pattern 
predominated, occurring in 46 (46.0%) of all 
participants, followed by the obstructive pattern in 
6 (6.0%) and a mixed pattern in 4 (4.0%). 
 
Pre-operative Chest Radiograph Findings  
Two-thirds of the participants (66; 66.0%) had 
normal pre-operative chest radiographs, while 34 
(34.0%) showed abnormal findings. Among the 
abnormal films, aortic unfolding was the most 
common, observed in 19 (55.9%) cases, followed 
by fibrosis in 8 (23.5%), hyperinflation in 6 (17.6%), 
and cardiomegaly in 5 (14.7%). Less frequent 
findings included pleural effusion 4 (11.8%), 
tracheal deviation 2 (5.9%), hilar opacities 1 (2.9%), 
cannon ball infiltrate 1 (2.9%), and lung volume loss 
1 (2.9%). 
 
Association Between Chest Radiographic 
Findings and Post-operative Pulmonary 
Complications  
Certain pre-operative radiographic abnormalities 
were significantly associated with the occurrence 
of postoperative pulmonary complications 
(POPCs). Patients with fibrotic changes on chest 
radiography had a significantly higher rate of 
POPCs (75.0%) compared to those without (35.8%; 
p = 0.033). Similarly, the presence of hyperinflation 
was strongly associated with postoperative 
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complications (83.3% vs. 36.1%; p = 0.028). Other 
findings such as aortic unfolding, cardiomegaly, 
pleural effusion, tracheal deviation and hilar or 
cannon ball opacities were not significantly related 
to POPCs (p > 0.05). 
 
Pattern of Post-operative Complications Among 
Patients with Fibrosis and Hyperinflation 
A total of 8 participants (8.0%) had radiographic 
evidence of fibrosis, while 6 (6.0%) showed 
hyperinflation. Among those with fibrosis, 
hypoxemia with crepitations and bilateral 
infiltrates was the most frequent postoperative 

complication, occurring in 3 (3.0%) patients, 
followed by pneumonia in 2 (2.0%), and productive 
cough with crepitations in 1 (1.0%). Two patients 
(2.0%) with fibrosis had no postoperative 
respiratory symptoms. 
In contrast, among patients with hyperinflation, 
non-productive cough was the predominant 
postoperative complication 3 (3.0%), followed by 
pneumonia 2 (2.0%). Only 1 patient (1.0%) with 
hyperinflation remained asymptomatic 
postoperatively. 
 

 
Table 1: Baseline Lung Function of The Participants  

Figure 1: Bar in pie chart showing spirometry pattern of respondents 

Variable Frequency 
(n = 100)  

FEV1(L) 
Mean ± S.D 

FVC(L) 
Mean ± S.D 

FEV1/FVC(L) 
Mean ± S.D 

PEF(L) 
Mean ± S.D 

Age (Years)      
Male      
20-30 2 1.83 ± 0.4 2.03 ± 0.1 0.90 ± 0.2 293.00 ± 8.5 
31-40 2 3.12 ± 1.2 3.38 ± 0.8 0.82 ± 0.01 432.50 ± 79.9 
41-50 7 2.89 ± 0.4 3.78 ± 0.7 0.81 ± 0.1 458.30 ± 102.1 
51-60 16 2.16 ± 0.4 2.76 ± 0.6 0.76 ± 0.1 356.50 ± 79.2 
> 60 14 2.06 ± 0.4 2.75 ± 0.6 0.75 ± 0.1 321.00 ± 82.6 
Female      
20-30 8 2.19 ± 0.5 2.70 ± 0.5 0.85 ± 0.1 333.00 ± 72.8 
31-40 15 2.41 ± 0.3 2.94 ± 0.4 0.82 ± 0.1 365.67 ± 55.4 
41-50 18 2.14 ± 0.4 2.64 ± 0.7 0.82 ± 0.1 334.8 ± 63.5 
51-60 9 1.81 ± 0.2 2.21 ± 0.4 0.79 ± 0.1 279.60 ± 42.2 
> 60 9 1.47 ± 0.2 1.94 ± 0.4 0.78 ± 0.1 236.00 ± 40.9 
Total      
≤ 60 77 2.25±0.5 2.77±0.6 0.81±0.1 340.93±76.8 
> 60 23 1.81±0.5 2.43±0.7 0.76±0.1 296.12±79.5 

44 (44.0%)

46 (46.0%)

6 (6.0%)

4 (4.0%)

56 (56.0%)

Normal

Restrictive

Obstructive

Mixed
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Table 2: Pre-Operative Chest Radiograph Findings 
Findings  Frequency (n = 100) Percentage (%) 
Normal 66 66.0 
Abnormal chest radiographic findings* (n = 34)   
Aortic unfolding 19 55.9 
Fibrosis 8 23.5 
Hyperinflation 6 17.6 
Cardiomegaly 5 14.7 
Pleural effusion 4 11.8 
Tracheal deviation 2 5.9 
Hilar opacities 1 2.9 
Cannon ball infiltrate 1 2.9 
Lung volume loss 1 2.9 

*Multiple responses 
 
Table 3: Association Between Chest Radiographic Findings and Post-operative Pulmonary Complications 

Features POCPs Test of significance p-value 
Present 

n (%) 
Absent 

n (%) 
  

Aortic unfolding     
Yes 10 (52.6) 9 (47.4) 2.131a 0.190 
No 29 (35.8) 52 (64.2)   
Fibrosis     
Yes 6 (75.0) 2 (25.0) 5.053b 0.033 
No 33 (35.8) 59 (64.2)   
Hyperinflation     
Yes 5 (83.3) 1 (16.7) 7.273b 0.028 
No 34 (36.1) 60 (63.9)   
Cardiomegaly     
Yes 2 (40.0) 3 (60.0) 0.009b 0.632 
No 37 (38.9) 58 (61.1)   
Pleural effusion     
Yes 3 (75.0) 1 (25.0) 2.421b 0.294 
No 36 (37.8) 60 (62.2)   
Tracheal deviation     
Yes 1 (50.0) 1 (50.0) 0.125b 0.618 
No 38 (38.7) 60 (61.3)   
Hilar opacities     
Yes 1 (100.0) 0 (0.0) 1.648b 0.380 
No 38 (38.3) 61 (61.7)   
Cannon ball infiltrate     
Yes 1 (100.0) 0 (0.0) 1.648b 0.380 
No 38 (38.3) 61 (61.7)   
Lung volume loss     
Yes 1 (100.0) 0 (0.0) 1.648b 0.380 
No 38 (38.3) 61 (61.7)   

achi square test, bFischer’s exact test 
Table 4: Pattern of Post-operative Complications Among Patients with Fibrosis and Hyperinflation 

  

Features Hypoxemia + 
Crepitation + 

Bilateral 
Infiltrates 

n (%) 

Pneumonia 
 
 
 

n (%) 

Productive 
Cough + 

Crepitation 
without 

pneumonia 
n (%) 

Non-
Productive 

Cough Only 
n (%) 

Productive 
Cough Only 

n (%) 

None 
n (%) 

Fibrosis 3 (37.5) 2 (12.5) 1 (12.5) 0 (0.0) 0 (0.0) 2 (12.5) 

Hyperinflation 0 (0.0) 2 (33.3%) 0 (0.0) 3 (50.0) 0 (0.0) 1 (16.7) 
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DISCUSSION 
This study assessed pre-operative pulmonary 
function, chest radiographic patterns and their 
relationship with postoperative pulmonary 
complications (POPCs) among surgical patients. 
Nearly half of the participants exhibited abnormal 
spirometric findings, with restrictive defects 
predominating. This aligns with reports by Oloyede 
et al. (2023) in Katsina and Owusu et al. (2024) in 
South Africa, where restrictive patterns were also 
the most frequent spirometric abnormality among 
patients. The finding may reflect underlying 
chronic lung changes, obesity or reduced physical 
activity common among middle-aged and elderly 
populations. Clinically, this highlights the need for 
preoperative pulmonary evaluation to identify 
individuals at risk for compromised postoperative 
recovery. 
Radiographically, one-third of patients 
demonstrated abnormalities, most notably aortic 
unfolding, fibrosis, and hyperinflation. This is 
higher than previous studies documented by 
Akinola et al. in Lagos and van Vugt et al. (2012) in 
Europe, where chest radiographs revealed 
incidental findings in 10–20% of respondents. The 
high proportion of findings and aortic unfolding in 
this study likely reflects age-related vascular 
changes rather than active diseases. 
A key observation in this study was the strong 
association between preoperative fibrosis and 
hyperinflation with POPCs, where 75.0% and 83.3% 
of affected patients respectively developed 
complications. Comparable findings were reported 
by Shafiek et al. (2016) in Spain, who identified 
chronic lung changes as independent predictors of 
postoperative pulmonary morbidity. The presence 
of fibrosis or hyperinflation likely represents 
reduced pulmonary reserve, impaired gas 
exchange and poor mucociliary clearance, all of 
which predispose to hypoxemia, pneumonia, and 
prolonged hospital stay. 
Among those with fibrosis, hypoxemia with 
bilateral infiltrates and pneumonia were 
predominant postoperative complications, 
mirroring findings from Liu et al. (2021) in the 
United States and China. In patients with 
hyperinflation, nonproductive cough and 
pneumonia were common, consistent with the 
obstructive physiology typically associated with 
chronic airflow limitation. These complications are 
clinically significant, as even mild respiratory 
compromise can delay recovery and increase 
perioperative risk. 
Overall, the study emphasizes that simple 
preoperative spirometry and chest radiography 
remain valuable screening tools, particularly in 

low-resource settings. Routine interpretation of 
these tests by anaesthetists and surgeons could 
facilitate early identification of high-risk patients 
and enable targeted preventive strategies such as 
preoperative physiotherapy, bronchodilator 
optimization and careful postoperative 
monitoring. 
 
CONCLUSION 
Restrictive spirometric patterns, pulmonary 
fibrosis, and hyperinflation were identified as 
strong predictors of postoperative pulmonary 
complications in this cohort. Routine preoperative 
spirometry and chest radiography provide 
valuable, low-cost methods for detecting patients 
at high risk of respiratory complications. Their 
incorporation into preoperative protocols could 
significantly enhance surgical safety, particularly in 
elderly and comorbid populations. 
 
RECOMMENDATIONS 
1. Preoperative pulmonary function testing and 

chest radiography should be routinely 
performed in elective surgical patients, 
especially those above 50 years or with a 
smoking history. 

2. Patients with identified pulmonary 
abnormalities should receive preoperative 
respiratory physiotherapy, optimization of 
comorbidities, and enhanced postoperative 
monitoring. 

3. Future studies with larger, multicenter cohorts 
and extended postoperative follow-up are 
recommended to validate these findings and 
assess long-term pulmonary outcomes. 

 
LIMITATIONS 
This study was limited by its relatively small sample 
size and single-centre design, which may limit 
generalizability. Also, postoperative follow-up was 
confined to the immediate perioperative period, 
and longer-term outcomes such as late-onset 
pulmonary dysfunction were not assessed. Despite 
these limitations, the study provides useful data 
emphasizing the predictive value of simple 
preoperative assessments in identifying at-risk 
surgical patients. 
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