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Abstract 

Background: Pulmonary embolism (PE) is a life-threatening condition or complication that continues to pose a significant risk of 
morbidity and mortality.  
Objectives: This study aims to identify the perioperative risk factors associated with PE and to examine its prevalence and consequences 
in patients who have undergone major surgery.   
Methods: This cross-sectional analytical study reviewed the medical records of 30 consecutive patients admitted to the general surgery 
ward who developed in-hospital PE. The study aimed to extract risk factors, including demographic and clinical features, such as body 
mass index (BMI), smoking history, hospitalization history, hypertension, cardiovascular complications, history of oral contraception pill 
(OCP) usage, diabetes, history of cancer, trauma, intensive care unit (ICU) hospitalization, and the type of surgery. 
Results: Among all PE patients, 19.7% had a normal BMI, and tobacco use was reported in 50% of these patients. Only 16.7% of PE 
patients had a history of OCP usage. Pulmonary and breast cancer were reported in 56.6% and 6.7% of PE patients, respectively. The most 
common comorbidities among PE patients were hypertension (23.3%), followed by cardiovascular issues (16.7%) and diabetes mellitus 
(6.7%). The majority of PE patients had ICU hospitalization (93.3%). Forty percent of PE patients experienced trauma, with 15% having 
hip with limb fractures, 13% experiencing chest trauma, and 12% having abdominal visceral trauma. Almost 30% of the PE patients who 
were admitted for general surgery and developed in-hospital PE died before discharge. 
Conclusion: PE is one of the most common adverse events after surgery, despite the use of thromboprophylaxis. The major risk factors in 
patients with postoperative PE were found to be old age, smoking history, trauma, and cardiovascular problems. 
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1. Background 

Venous thromboembolism (VTE), encompassing 
deep vein thrombosis (DVT) and pulmonary 
embolism (PE), represents a significantly perilous 
medical condition leading to considerable morbidity 
and mortality rates (1). The global impact of PE 
remains substantial, constituting a persistent health 
concern (2). The occurrence of misdiagnosis in 
cases of PE is not uncommon due to the potential 
overlap of symptoms with other pulmonary 
disorders, such as pneumonia or asthma, thereby 
posing the risk of adverse consequences (3). 
Furthermore, PE ranks among the most prevalent 
causes of vascular death subsequent to myocardial 
infarction and stroke while concurrently 
representing the foremost avoidable cause of 
mortality for hospitalized patients (4). 

Globally, almost 234 million major surgical 
interventions are conducted annually (5), and 
these procedures engender notable postoperative 
complications that inflict substantial morbidity, 
mortality, and economic strain on both patients 
undergoing surgery and healthcare systems (6, 7). 
Surgical interventions expose patients to an 
elevated risk of developing PE, a life-threatening 
complication associated with VTE that significantly 
contributes to postoperative challenges (9). 
Although some individuals with PE remain 
asymptomatic, others may experience fatal PE as 

the initial manifestation of thromboembolism (10). 
The incidence of pulmonary embolism varies 
within the range of 0.3% to 1.6% in the general 
population who undergo surgical procedures (11, 
12). Beyer et al. documented a 5.8% incidence of 
PE following prostate procedures in 2009 (13). 
Moreover, the occurrence of PE has been reported 
between 0.7% and 30% across all orthopedic 
surgical procedures and between 4.3% and 24% 
following hip fracture repair, primarily due to the 
anatomical disruption caused by the surgical site, 
which can impede venous return and induce stasis 
in the femoral vein (14). 

Despite the significant progress made in the 
diagnosis of PE, particularly with the introduction 
of advanced imaging techniques, such as multi-
detector computed tomography (CT) pulmonary 
angiography and ventilation-perfusion scintigraphy 
(15), PE continues to be the leading cause of 
preventable mortality among surgical patients, 
often remaining unnoticed (16).  

 

2. Objectives 

Therefore, the objective of this research was to 
identify the perioperative risk factors associated 
with PE, as well as examine its prevalence and 
consequences in patients who have undergone 
major surgery. The findings of this study will offer 
valuable evidence regarding the current 
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epidemiological landscape of PE following major 
surgical procedures, which can then be used to 
inform policymakers about the primary 
determinants of PE. Such insights will allow for the 
development of tailored control measures to 
effectively mitigate this burden. 

 

3. Methods 

The study was conducted under the Declaration 
of Helsinki and with approval from the Ethics 
Committee of Urmia University of Medical Sciences 
(IR.UMSU.REC.1400.281). 

This cross-sectional analytical study reviewed 
the medical records of 30 consecutive patients who 
were admitted to the general surgery ward and 
developed in-hospital PE between January 2021 
and December 2022 to extract risk factors, 
including demographic and clinical features. PE 
diagnostic criteria were clinical features, such as 
desaturation, respiratory distress, and investigation 
of DVT, which were evaluated by lower limb 
Doppler, ultrasonography, and CT angiography. All 
patients included in this study underwent CT 
angiography with a positive result for the diagnosis 
of PE. The research conducted in this study involved 
a retrospective analysis, consequently negating the 
need for informed consent. In this analysis, the 
exclusion criteria involved major risk factors, such 
as a history of VTE, a history of cancer, long-term 
immobilization, pregnancy, or objectively confirmed 
DVT or pulmonary thromboembolism. 

Demographic and clinical variables that were 
analyzed and collected included age (which was 
divided into four groups: under 20, 20-39, 40-59, 60 
years and above), body mass index (BMI), smoking 
history, hospitalization history, hypertension, 
cardiovascular complications, history of oral 
contraception pill (OCP) usage, diabetes, cancer 
history, trauma, ICU hospitalization, and the type of 
surgery (retroperitoneum surgery, exploratory 
laparotomy, cholecystitis, total abdominal 
hysterectomy [TAH], aortic surgery, arteriovenous 
fistula [AVF], arterial occlusion, pancreatitis trauma, 
and intestinal obstruction). All patients underwent 
prophylaxis for PE following the Japanese 

Guidelines (17) for the diagnosis, treatment, and 
prevention of PE until discharge. 

 
Statistical analysis 

Continuous variables were analyzed in the form 
of mean ± standard deviation, while categorical 
values were presented as absolute frequencies and 
percentages. The Chi-square test (or Fisher's exact 
test if needed) was utilized to compare the 
frequency of qualitative variables. The data were 
processed and analyzed using SPSS 21, and a p-
value less than 0.05 was considered significant. 

 

4. Results 

During the study period, 30 consecutive surgical 
patients who developed postoperative PE were 
identified out of all the surgical patients admitted to 
the general surgical ward. Table 1 provides a 
detailed distribution of demographic risk factors 
among patients with PE. The mean age of the 
patients with PE was 49.5±23.1 years (ranging from 
14 to 87), and the majority of them were males 
(n=17, 56.7%). All 30 PE patients received medical 
prophylaxis for PE before surgery. Among the PE 
patients, 19.7% had a normal BMI, and tobacco use 
was reported in 50% of them. Only 16.7% of PE 
patients had a history of OCP usage (Table 1).  

According to Table 2, pulmonary and breast 
cancer were reported in 56.6% and 6.7% of PE 
patients, respectively. The most common 
comorbidities among PE patients were 
hypertension (23.3%), followed by cardiovascular 
conditions (16.7%), and diabetes mellitus (6.7%). 
The majority of PE patients required ICU 
hospitalization (93.3%). As indicated in Table 2, 
20% of the PE patients underwent retroperitoneal 
surgery, and the distribution of other surgery-
related variables was similar among the PE patients. 
Forty percent of the PE patients were trauma 
patients, with 15% experiencing hip and limb 
fractures, 13% chest trauma, and 12% abdominal 
visceral trauma. Nearly 30% of the PE patients were 
admitted for general surgery and developed in-
hospital PE, resulting in death before discharge.

 
Table 1. Distribution of demographic risk factors of patients with PE 

n (%) Variables 

Gender 

17 (56.7) Male 

13 (43.3) Female 

49.5±23.1 Age (year) 

5 (16.7) ˂20 

6 (20) 20-39 

7 (40) 40-59 
12 (23.3) >60 
34.1±8.8 BMI (kg/ m2) 

0 (0) Underweight (<18.5 kg/m2) 
5 (16.7) Normal (18.5-24.9 kg/m2) 

20 (66.6) Overweight (25-29.9 kg/m2) 
5 (16.7) Obese (30-39.9 kg/m2) 
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0 (0) Morbidly obese (≥40 kg/m2) 
Tobacco use 

15 (50) Yes 
15 (50) No 

OCP usage 
5 (16.7) Yes 

25 (83.3) No 
 

Table 2. Distribution of clinical risk factors of patients with PE 
Variables n (%) 
ICU hospitalization 
Yes 28 (93.3) 
No 2 (6.7) 
Hospitalization history 
Yes 22 (73.4) 
No 8 (56.6) 
Mortality 
Yes 9 (30) 
No 21 (70) 
Cancer history 
Breast cancer 
Yes 2 (6.7) 
No 28 (93.3) 
Pulmonary cancer 
Yes 17 (56.6) 
No 13 (43.4) 
Major trauma 
Chest 
Yes 4 (13) 
Abdominal visceral 
Yes 3 (12) 
Hip fracture with a limb fracture 
Yes 5 (15) 
No 18 (60) 
Pancreatitis 
Yes 1 (3.3) 
No 29 (96.7) 
Hypertension 
Yes 7 (23.3) 
No 23 (76.7) 
Cardiovascular 
Yes 5 (16.7) 
No 25 (83.3) 
Diabetes mellitus  
Yes 2 (6.7) 
No 28 (93.3) 
Surgery types  
Retroperitoneum surgery 6 (20) 
Exploratory laparotomy 4 (13.3) 
Cholecystitis 4 (13.3) 
TAH 3 (10) 
Aortic surgery 3 (10) 
AVF 3 (10) 
Arterial occlusion 3 (10) 
Intestinal obstruction 4 (13.3) 

 

5. Discussion 

Despite advancements in medical knowledge 
and treatment modalities, there has been a minimal 
change in the occurrence of PE over the past three 
decades (18). It is crucial for healthcare providers 
to recognize the risk factors associated with PE and 
implement preventive measures for surgical 
patients (19). This study revealed that the majority 
of the patients were aged 60 and above (40%) and 
male (56.7%). Although PE can affect individuals of 
all ages, the risk escalates after reaching the age of 
60 due to age-related factors, such as muscular 

weakness, venous insufficiency, endothelial 
dysfunction, frailty, reduced mobility, and systemic 
diseases (20). These physiological alterations 
intensify the respiratory workload, lead to 
ventilation/perfusion imbalances, and hinder 
effective coughing, thereby contributing to 
atelectasis, aspiration, and pneumonia (21). 

Previous studies have established a correlation 
between tobacco use, specifically consuming more 
than one pack per day, and the occurrence of PE 
(22). Our findings supported this, revealing that 
50% of patients were smokers. This association can 
be attributed to the impact of smoking on blood 
coagulability, impairment of endothelial function, 
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and suppression of fibrinolysis (23). Consequently, 
it is reasonable to posit that smoking contributes to 
an elevated risk of PE. Conversely, several large-
scale population cohorts, including the HUNT2 
Study (24), Physicians' Health Study (25), 
Framingham Study (26), and Longitudinal 
Investigation of Venous Thromboembolism Study 
(27), have reported no discernible increase in the 
incidence of PE associated with smoking status. 

The findings of our study demonstrated that 
50% of the participants had a BMI above the normal 
range. In terms of identifying the risk of PE, BMI 
values exceeding 25 (26, 28) or 30 (29) have been 
considered risk factors. A study conducted by Ageno 
et al. (28) demonstrated that individuals with 
obesity were approximately twice as likely to 
develop both PE and DVT compared to those with 
normal weight. However, Wang et al. (30) observed 
no significant disparity in the incidence of PE 
between normal-weight and obese patients 
undergoing general surgery, emphasizing the need 
for heightened caution, specifically during 
abdominal hernia repairs in obese individuals. 
Özkaya et al. (31) identified a history of DVT and 
obesity as the most prevalent individual risk factors 
for DVT encountered by surgeons in Turkey. 

In the present study, the most common 
comorbidities of PE patients were reported to be 
hypertension, followed by cardiovascular 
conditions. Additionally, diabetes mellitus, 
pulmonary cancer, and breast cancer were reported 
in 56.6%, 6.7%, and 6.7% of PE patients, 
respectively. The occurrence of PE was found to be 
common in individuals with any type of cancer, and 
its incidence was observed to increase due to 
various factors, such as surgery, chemotherapy, 
radiotherapy, and disease progression (32). 
Previous research has consistently demonstrated a 
significant association between pre-treatment 
coagulation abnormalities in cancer patients and 
their overall survival (33). Consequently, all 
patients who received prophylactic treatment 
experienced the development of PE during the 
postoperative period. 

According to the findings, it was observed that 
20% of patients diagnosed with PE underwent 
retroperitoneal surgery. Likewise, previous studies 
have primarily documented cases of PE-related 
retroperitoneal surgery within the urological 
domain, with testicular tumor thrombus identified 
as the leading cause of PE thrombi rather than 
thrombi originating from the lower limbs (34). 
Moreover, in a specific case study investigating PE 
subsequent to retroperitoneal tumor surgery, 
potential factors contributing to the development of 
this potentially fatal condition in the patient were 
explored. These factors included direct compression 
of the retroperitoneal vessels by large pelvic 
radiation therapy, which resulted in greater 

complications compared to intraperitoneal tumors 
alone (35).  

In the present study, exploratory laparotomy, 
cholecystitis, and intestinal obstruction exhibited 
similar occurrence rates among patients diagnosed 
with PE. Conversely, PE occurrences were not 
documented following laparoscopic 
cholecystectomy. Pathophysiological mechanisms 
that could potentially contribute to the occurrence 
of PE include hindrance to venous outflow during 
surgical pneumoperitoneum and activation of the 
coagulation system (36). Furthermore, another 
study corroborates our findings by indicating a 
greater incidence of PE following laparoscopic 
cholecystectomy compared to open 
cholecystectomy (37). 

The investigation of patients with PE revealed 
the presence of various surgeries, including TAH, 
aortic surgery, AVF, and arterial occlusion surgeries. 
Aortic surgery is known to carry an elevated risk of 
venous thromboembolism due to increased 
thrombin generation and activity, as well as fibrin 
turnover associated with aortic arch surgery and 
extracorporeal circulation (38). Another study 
emphasizes that AVF thrombosis should be 
considered a significant clinical event (39). 
Consequently, surgery and prolonged 
immobilization are widely recognized as risk factors 
for thromboembolism. Despite the implementation 
of routine thromboembolism prophylaxis, 
pulmonary embolism was frequently observed in 
our study. 

After conducting a comprehensive literature 
review, we observed a growing trend in the early 
detection of PE following traumatic injuries (40). 
Our findings align with this trend as 40% of PE 
cases in our study involved patients who had 
experienced trauma. Several studies have identified 
various injury characteristics that serve as 
predictors for the timing of PE occurrence in 
trauma patients. Notably, specific injury patterns, 
such as spinal cord injuries, traumatic brain 
injuries, lower extremity fractures, and severe chest 
trauma, have been recognized as risk factors for the 
development of PE (41). 

In our study, approximately 30% of PE patients 
admitted for general surgery experienced in-
hospital PE-related deaths prior to discharge. These 
results are consistent with earlier findings 
indicating that untreated cases of diagnosed PE 
exhibit a mortality rate of around 30%. However, 
when early diagnosis and treatment are 
implemented, the mortality rate significantly 
decreases to 2-8% (35). This outcome parallels 
other research that has identified an association 
between PE development and mortality, 
particularly within a 30-day period (42, 43). It is 
important to note that our analysis focused solely 
on in-hospital mortality rates. Nonetheless, these 
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findings underscore the necessity of implementing 
preventive measures for PE to reduce patient 
mortality and improve overall health outcomes.  

 
Limitations 

The present study has several limitations, 
including the retrospective nature of data collection 
from the medical records of the patients, the small 
sample size, the short study period, and being 
single-centered. Therefore, a large-scale, 
prospective, randomized controlled trial with a long 
follow-up is needed to confirm the results. 

 

6. Conclusion 

Perioperative thromboprophylaxis is crucial to 
avoid complications with PE. Despite the 
implementation of thromboprophylaxis in this 
study, PE continues to be one of the most common 
adverse events following surgery. Old age, smoking 
history, trauma, and cardiovascular problems are 
major risk factors in patients with postoperative PE. 
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