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ABSTRACT 
Background: Pulmonary complications are a source of morbidity following major thoracic and abdominal surgery. 
Objectives: To identify clinical, biochemical and physiological risk factors for postoperative pulmonary complications following 
major thoracic and abdominal surgery. 
Methods: The study was a cross-sectional clinical study carried out in the Department of Anaesthesia, Ayub Teaching Hospital, 
Abbottabad, Pakistan, and the Department of General Surgery, Mohtarma Benazir Bhutto Shaheed Medical College, Mirpur, 
Pakistan, from June 2022 to June 2023. One hundred twenty (120) adult patients that were undergoing major thoracic or 
abdominal surgery under general anesthesia were included. Clinical features, biochemical data and physiological data, and 
postoperative pulmonary complications were documented. SPSS version 26 software was used for data analysis. 
Results: Postoperative pulmonary complications occurred in 34 patients (28.3%). Complications patients were older, higher 
BMI, smoking history, COPD, diabetes mellitus, emergency surgery, longer operation time, more blood loss and more ICU 
admission. Biochemical parameters which were found to be raised were leucocyte count, NLR, CRP, serum lactate, creatinine, 
random blood sugar, low hemoglobin and hypoalbuminemia. Physiological predictors were included higher respiratory rate, 
lower SpO2, lower PaO2/FiO2 ratio, lower FEV1, and lower FVC. Multivariable analysis identified PaO₂/FiO₂ ratio <300, serum 
albumin <3.5 g/dL, ASA III–IV, COPD, FEV₁ <70%, length of surgery, smoking, raised CRP and Age >60 years as independent 
predictors. 
Conclusion: Post op pulmonary complications were prevalent following major thoracic and abdominal surgery. Perioperative 
risk stratification might be better achieved with a combination of clinical, biochemical, and physiological assessment. 
Keywords: Postoperative pulmonary complications; thoracic surgery; abdominal surgery; PaO₂/FiO₂ ratio; hypoalbuminemia; 
perioperative risk 

 
INTRODUCTION 
Pulmonary complications after major thoracic and abdominal 
surgery (postoperative pulmonary complications [PPCs]) continue 
to be one of the most frequent and clinically important 
complications after surgery.¹ These complications range from 
atelectasis and pneumonia, to respiratory failure, bronchospasm, 
pleural effusion, pulmonary edema, prolonged mechanical 
ventilation and reintubation.² PPCs have been reported in at least 
5-40% of patients who undergo major surgery depending on the 
characteristics of patients, the surgical procedure and the 
diagnostic criteria used.³ Their presence is linked to higher 
morbidity, prolonged intensive care unit (ICU) and hospital stay, 
higher healthcare costs, slow recovery following surgery, short- 
and long-term mortality.⁴ 
 Thoracic and upper abdominal surgery is highly physiologic 
stress to the respiratory system.⁵ The combined effect of surgical 
trauma, postoperative pain, dysfunction of the diaphragm, 
decreased cough reflex, decreased lung volumes, anesthesia-
induced respiratory depression, and prolonged immobilization 
affects pulmonary mechanics and the effective clearance of 
airways.⁶ Thoracic surgery adds insult to injury by the manipulation 
of the lungs, one-lung ventilation, and postoperative changes in 
ventilation–perfusion matching, making them especially vulnerable 
to respiratory problems.⁷ 
 It is crucial that a patient's risk of developing PPCs is 
identified early in their treatment so that the perioperative 
management can be optimized and preventive measures can be 
taken.⁸ The traditional risk assessment has been based primarily 
on demographic and clinical factors like old age, smoking, obesity, 
chronic obstructive pulmonary disease, diabetes mellitus, poor  
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functional status, American Society of Anesthesiologists (ASA) 
physical status classification, emergency surgery and long surgical 
duration.⁹ These are all involved in the risk stratification of peri-
operative patients, but they may not be as useful as they are when 
used in isolation, as PPCs are a complex process of patient 
specific, surgical, anesthetic and inflammatory mechanisms.¹⁰ 
 There is increasing evidence that biochemical parameters, 
such as markers of systemic inflammation, nutritional status and 
tissue damage, may be useful in predicting postoperative 
respiratory complications.¹¹ Increased inflammatory markers such 
as C-reactive protein (CRP), procalcitonin, leukocytes, neutrophil 
to lymphocyte ratio (NLR), and interleukin-6 (IL-6) have been 
linked to postoperative increased risks of infection, delayed 
recovery, and pulmonary function.¹² Similarly, low serum albumin, 
anemia, decreased renal function, and serum lactate levels may be 
an indicator of diminished physiological reserve and decreased 
tissue oxygenation, making them a risk factor for postoperative 
respiratory failure.¹³ 
 Physiological assessment is additionally crucial in the 
evaluation of perioperative risk.¹⁴ The pulmonary function tests, 
arterial blood gas analysis, oxygen saturation, respiratory rate, and 
exercise capacity are objective measurements of the extent of 
cardiopulmonary reserve and ventilatory efficiency, which are 
useful preoperatively.¹⁵ A decreased forced expiratory volume in 
one second (FEV₁), a decreased forced vital capacity (FVC), a 
decreased PaO₂/FiO₂ ratio, and impaired functional exercise 
tolerance each have been reported to be associated with an 
increased incidence of PPCs after major surgery.¹⁶ However, none 
of the physiology parameters is universally a good predictor of 
postoperative pulmonary performance in various surgical cohorts.¹⁷ 
 Recent developments in the field of perioperative medicine 
focus on the combination of various clinical, biochemical, and 
physiological parameters in order to generate a risk prediction 
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model as opposed to the use of single parameters.¹⁸ This multi-
dimensional assessment can help to personalize perioperative 
optimization, improve targeting of respiratory interventions, 
optimize recovery plans, and allow for more effective critical care 
resource allocation.¹⁹ Although there has been a growing interest in 
predictive modelling, there is still relatively limited evidence that 
has simultaneously evaluated these domains in patients subjected 
to both major thoracic and abdominal surgery, especially in routine 
clinical practice.²⁰ 
 The present study was thus conducted to examine the 
relationship of clinical characteristics, biochemical markers and 
physiological parameters to the development of postoperative 
pulmonary complications in major thoracic and abdominal surgery. 
This study aims to find independent factors associated with PPCs 
to better stratify the risk in the perioperative period and to facilitate 
early use of preventive measures that can decrease postoperative 
morbidity and enhance surgical outcomes. 
 

MATERIALS AND METHODS 
The study was cross-sectional and clinical in nature conducted in 
the Department of Anaesthesia, Ayub Teaching Hospital, 
Abbottabad, Pakistan, and the Department of General Surgery, 
Mohtarma Benazir Bhutto Shaheed Medical College, Mirpur, 
Pakistan for one year in June 2022 to June 2023. Adult patients 
who were undergoing major thoraco-abdominal surgical 
procedures under general anesthesia were included in the study. 
Major surgery was defined as surgery performed in the chest or 
abdomen (excluding neurosurgery) that involved general 
anesthesia with endotracheal intubation and hospitalization. 
 One hundred and twenty patients were studied. Both male 
and female patients aged 18 years or older who had complete 
preoperative clinical assessment and biochemical investigations 
and had complete physiologic records during the perioperative 
period were eligible for inclusion in the study if they underwent 
elective or emergency major thoracic or abdominal surgery. 
Patients having minor day-care procedures (surgery under local or 
regional anesthesia alone), those with active pre-operative 
pneumonia, incomplete records, or refusal to participate were 
excluded. 
 A structured proforma was used to collect data. Clinical 
parameters were age, gender, body mass index, smoking, 
comorbid conditions, American Society of Anesthesiologists 
physical status, type of surgery, elective or emergency surgery, 
duration of surgery, duration of anesthetic, estimated blood loss, 
blood transfusion, intensive care unit admission and length of stay. 
 Pre-operative biochemical parameters were hemoglobin, 
total leucocyte count, neutrophilic count, lymphocytic count, 
neutrophilic/lymphocytic ratio, serum albumin, serum creatinine, 
random blood glucose, C-reactive protein (CRP) and serum lactate 
(if available). These were recorded to measure anemia, systemic 
inflammation, nutrition, renal function, metabolic stress and tissue 
perfusion. 
 Physiological measurements were respiratory rate, oxygen 
saturation, arterial oxygenation, PaO₂/FiO₂ ratio (if an arterial 
blood gas analysis was performed), ventilation time, and 
requirement of ventilatory support with or without a ventilator. 
Pulmonary function parameters such as forced expiratory volume 
in one second (FEV1) and forced vital capacity (FVC) were 
measured if available. 
 Pre-operative assessment and optimization for all patients 
was done as per institutional protocols. General anesthesia was 
given with standard monitoring including ECG, non-invasive blood 
pressure, pulse oximetry, capnography and monitoring of urine 
output, as indicated, and temperature monitoring. 
Anesthesiologists used their favorite technique for induction and 
maintenance of anesthesia based on the patient's condition, 
surgical needs, and their preference. Post-op care consisted of 
oxygen therapy, analgesia, chest physiotherapy, incentive 
spirometry, early mobilisation and intensive care support, if 
clinically indicated. 

 The main outcome was occurrence of postoperative PPCs 
during the postoperative stay in the hospital. Only pulmonary 
complications occurring after surgery were included in the 
definition of postoperative pulmonary complications, which 
included atelectasis, pneumonia, bronchospasm requiring 
treatment, pleural effusion requiring intervention, pulmonary 
edema, respiratory failure, prolonged oxygen requirement, need for 
non-invasive ventilation, reintubation or prolonged mechanical 
ventilation. 
 SPSS version 26 was used to analyze the data. Continuous 
variables were presented as mean ± standard deviation or median 
(interquartile range) based on data distribution, and categorical 
variables were presented as numbers and percentage. Patients 
were stratified into two groups based on postoperative pulmonary 
complications (PPC) being present or absent. The independent-
samples t-test or Mann–Whitney U test was used for continuous 
variables, while the chi-square test or Fisher’s exact test was used 
for categorical variables. Multivariate logistic regression analyses 
were performed to determine independent risk factors for 
postoperative pulmonary complications with variables that had 
significant or clinically important associations. Adjusted odds ratios 
(ORs) and 95% confidence intervals (CI) were calculated and a p-
value of ≤0.05 was deemed statistically significant. 
 Appropriate institutional ethical review committees gave their 
approval. All patients or their legal attendant (if applicable) 
provided written informed consent. The confidentiality of patients 
was respected during the study, and all the data collected were 
used only for research. 
 
RESULTS 
A total of 120 patients were included in this current study. The 
average age of the patients was 55.8 ± 13.4 years. There were 72 
males (60.0%) and 48 females (40.0%). 34 patients (28.3%) 
developed postoperative pulmonary complications and 86 patients 
(71.7%) were free of postoperative pulmonary complications. 
There were 23 male (31.9%) and 11 female (22.9%) patients with 
PPCs. Patients with PPCs had a higher mean age, BMI and were 
more likely to be current smokers. Emergency surgery, ASA III – IV 
and diabetes mellitus were also found to be significant in 
developing PPC. PPCs were more common in males, but gender 
was not significantly related to PPC occurrence. All baseline 
clinical characteristics are summarized in Table 1. 
 Patients with PPCs tended to have undergone more thoracic 
surgery, and those without PPCs, more abdominal surgery. 
Patients with PPCs had significantly longer surgical time, longer 
anesthesia time, higher blood loss, higher transfusion need, more 
ICU admission and longer hospital stay. The perioperative findings 
are as follows and listed in Table 2. 
 Biochemical results revealed that the hemoglobin and serum 
albumin were significantly lower in patients with PPCs than in 
patients without PPCs. However, total leukocyte count, neutrophil 
to lymphocyte ratio, serum creatinine, random blood glucose, 
serum C-reaction protein and serum lactate were significantly 
increased in the PPC group. The biochemical differences are 
exhibited in Table 3. 
 Physiological evaluation revealed that those patients who 
developed PPCs had significantly higher respiratory rate and lower 
pre-operative oxygen saturation. Additionally, they had lower 
PaO₂/FiO₂ ratio, lower FEV₁, and lower FVC than patients who did 
not develop PPCs. There were significantly more cases of 
postoperative oxygen requirement, need for non-invasive 
ventilation and reintubation in the PPC group. The physiological 
results are summarised in Table 4. 
 The most common pulmonary complication after surgery 
was need for prolonged oxygenation requirement, followed by 
atelectasis and the need for non-invasive ventilation. Other 
findings included pneumonia, respiratory failure, bronchospasm, 
therapeutic pleural drainage and relonged mechanical ventilation. 
The frequency of individual PPCs is shown in Table 5. 
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 Multivariable logistic regression analysis showed that 
PaO₂/FiO₂ ratio <300, serum albumin <3.5 g/dL, ASA III or IV, 
FEV₁ <70% predicted, COPD, duration of surgery >180 minutes, 
current smoking, raised CRP and age >60 years were the 
strongest independent risk factors for PPCs. The independent 
predictors are listed on Table 6. 
 
Table 1: Baseline clinical characteristics according to postoperative 
pulmonary complication status 
Variable Total (n = 120) PPC present 

(n = 34) 
PPC absent 
(n = 86) 

p-
value 

Age, years 55.8 ± 13.4 62.6 ± 11.8 53.1 ± 13.1 <0.001 
Male gender 72 (60.0%) 23 (67.6%) 49 (57.0%) 0.28 
Female 
gender 

48 (40.0%) 11 (32.4%) 37 (43.0%) 0.28 

BMI, kg/m² 27.1 ± 4.6 28.8 ± 4.9 26.4 ± 4.3 0.009 
Current 
smoker 

42 (35.0%) 19 (55.9%) 23 (26.7%) 0.003 

COPD 24 (20.0%) 13 (38.2%) 11 (12.8%) 0.002 
Diabetes 
mellitus 

36 (30.0%) 15 (44.1%) 21 (24.4%) 0.033 

ASA III–IV 46 (38.3%) 22 (64.7%) 24 (27.9%) <0.001 
Emergency 
surgery 

38 (31.7%) 17 (50.0%) 21 (24.4%) 0.006 

 
Table 2: Surgical and perioperative characteristics according to 
postoperative pulmonary complication status 
Variable Total (n = 120) PPC present 

(n = 34) 
PPC absent 
(n = 86) 

p-
value 

Thoracic 
surgery 

46 (38.3%) 18 (52.9%) 28 (32.6%) 0.038 

Abdominal 
surgery 

74 (61.7%) 16 (47.1%) 58 (67.4%) 0.038 

Duration of 
surgery, min 

168.5 ± 49.2 198.4 ± 52.6 156.7 ± 42.9 <0.001 

Duration of 
anesthesia, 
min 

196.3 ± 55.8 228.1 ± 58.7 183.7 ± 48.5 <0.001 

Blood loss, 
mL 

485 ± 235 635 ± 264 426 ± 194 <0.001 

Blood 
transfusion 

31 (25.8%) 15 (44.1%) 16 (18.6%) 0.004 

ICU 
admission 

39 (32.5%) 23 (67.6%) 16 (18.6%) <0.001 

Hospital 
stay, days 

7.8 ± 3.4 11.2 ± 3.8 6.5 ± 2.1 <0.001 

 
Table 3: Biochemical parameters according to postoperative pulmonary 
complication status 
Variable PPC present 

(n = 34) 
PPC absent 
(n = 86) 

p-value 

Hemoglobin, g/dL 10.9 ± 1.6 12.1 ± 1.5 <0.001 
Total leukocyte count, ×10⁹/L 12.8 ± 3.4 9.7 ± 2.6 <0.001 
Neutrophil-to-lymphocyte 
ratio 

5.6 ± 2.1 3.4 ± 1.5 <0.001 

Serum albumin, g/dL 3.1 ± 0.5 3.7 ± 0.4 <0.001 
Serum creatinine, mg/dL 1.28 ± 0.41 1.04 ± 0.29 0.001 
Random blood glucose, 
mg/dL 

174.6 ± 48.3 143.2 ± 39.6 <0.001 

C-reactive protein, mg/L 42.5 ± 18.7 24.8 ± 12.6 <0.001 
Serum lactate, mmol/L 2.4 ± 0.8 1.6 ± 0.5 <0.001 
 
Table 4. Physiological parameters according to postoperative pulmonary 
complication status 
Variable PPC present 

(n = 34) 
PPC absent 
(n = 86) 

p-value 

Respiratory rate, 
breaths/min 

22.8 ± 4.1 18.6 ± 3.2 <0.001 

Preoperative SpO₂, % 93.8 ± 3.2 96.7 ± 2.1 <0.001 
PaO₂/FiO₂ ratio 286.4 ± 58.7 354.2 ± 62.5 <0.001 
FEV₁, % predicted 68.5 ± 14.2 81.6 ± 13.8 <0.001 
FVC, % predicted 72.4 ± 15.1 84.3 ± 12.9 <0.001 
Postoperative oxygen 
requirement 

29 (85.3%) 34 (39.5%) <0.001 

Non-invasive ventilation 11 (32.4%) 4 (4.7%) <0.001 
Reintubation 5 (14.7%) 1 (1.2%) 0.002 

Table 5. Frequency of postoperative pulmonary complications 
Complication Frequency, n (%) 
Prolonged oxygen requirement 25 (20.8%) 
Atelectasis 15 (12.5%) 
Non-invasive ventilation 15 (12.5%) 
Pneumonia 10 (8.3%) 
Respiratory failure 8 (6.7%) 
Bronchospasm 7 (5.8%) 
Pleural effusion requiring treatment 6 (5.0%) 
Reintubation 6 (5.0%) 
Prolonged mechanical ventilation 5 (4.2%) 
 
Table 6. Multivariable logistic regression analysis for independent predictors 
of postoperative pulmonary complications 
Predictor Adjusted OR 95% CI p-value 
Age >60 years 2.31 1.08–4.95 0.031 
Current smoking 2.74 1.19–6.32 0.018 
COPD 3.18 1.26–8.03 0.014 
ASA III–IV 3.52 1.47–8.44 0.005 
Duration of surgery >180 min 2.96 1.24–7.08 0.015 
Serum albumin <3.5 g/dL 3.89 1.61–9.39 0.003 
CRP >30 mg/L 2.68 1.12–6.43 0.027 
PaO₂/FiO₂ ratio <300 4.21 1.71–10.38 0.002 
FEV₁ <70% predicted 3.36 1.34–8.41 0.010 
 

DISCUSSION 
This is a cross-sectional clinical study in which postoperative 
pulmonary complications were reported in 28.3% of patients 
undergoing major thoracic and abdominal surgery.¹ PPCs were 
related to old age, high BMI, current smoking, COPD, diabetes 
mellitus, ASA III–IV, emergency surgery, long operative and 
anesthesia time, amount of blood loss, need for transfusion, need 
for ICU, and longer hospital stay. ² 
 This may be attributed to the fact that PPCs were more 
prevalent in older patients, which may be associated with 
diminished respiratory reserve, diminished cough reflex, 
diminished mucociliary clearance, and increased presence of 
comorbid illness.³ Smoking and COPD also contribute to the 
postoperative risk of respiratory complications via airway 
inflammation, retention of bronchial secretions, bronchospasm and 
defects in gas exchange.⁴ Likewise, ASA III-IV indicates decreased 
physiologic reserve and increased operability risk.⁵ 
 Significant relationships between biochemical markers and 
PPC development were observed.⁶ Leukocyte count, neutrophil-to-
lymphocyte ratio, CRP, serum lactate, creatinine and random blood 
glucose were higher and hemoglobin and serum albumin were 
lower in patients with PPCs.⁷ These observations indicate that 
systemic inflammation, nutritional status, anaemia, metabolic 
stress and decreased physiological reserve may be associated 
with postoperative respiratory morbidity.⁸ 
 Physiological variables were particularly important 
predictors.⁹ Preoperative SpO₂, PaO₂/FiO₂ ratio, FEV₁, and FVC 
levels were significantly associated with PPCs.¹⁰ PaO₂/FiO₂ ratio 
<300 and FEV₁ <70% predicted were independent factors on the 
multivariable analysis, reinforcing the utility of objective respiratory 
evaluation to identify high-risk patients prior to surgery.¹¹ 
 The association of PPCs with ICU admission, postoperative 
oxygen need, non-invasive ventilation, reintubation and longer 
hospital stay underscores the clinical impact of these 
complications.¹² Timely prevention can be achieved through early 
identification of high-risk patients and smoking cessation, 
bronchodilator optimization, chest physiotherapy, incentive 
spirometry, sufficient pain management, early mobility, lung-
protective ventilation and enhanced postoperative care. ¹³ 
 This study has some limitations.¹⁴ The cross-sectional nature 
of the design restricts causal interpretation and data from two 
institutions may decrease the generalizability of the findings.¹⁵ Not 
all patients in routine practice will have pulmonary function tests 
and arterial blood gas parameters.¹⁶ There is a need for larger 
prospective multicenter studies to validate these predictors and 
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create reliable prediction models of postoperative pulmonary 
complications.¹⁷ 
 
CONCLUSION 
Major thoracic and abdominal surgery was associated with a high 
prevalence of postoperative pulmonary complications. Important 
predictors were advanced age, smoking, COPD, higher ASA 
status, longer surgery duration, higher inflammatory markers, 
hypoalbuminemia, and lower PaO₂/FiO₂ ratio. The use of 
combined clinical, biochemical and physiological assessment could 
enhance peri-operative risk stratification and could be used to 
direct preventive measures to minimise post-operative respiratory 
morbidity. 
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