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Abstract

Introduction: Oncology patients are predisposed to 
incidental-asymptomatic Pulmonary Embolism (PE) 
which has a substantial morbidity and mortality in 
untreated patients. As the cancer patients frequently 
undergo contrast enhanced Computed Tomography (CT) 
scanning for staging their primary disease, there is a 
higher chance of detecting unsuspected PE. 

Methodology: Our sample included a retrospective 
review of one-thousand consecutive oncology patients 
who had CT scan of the chest for reasons other than PE. 
We excluded females on oral contraceptives, patients who 
had a prior history of PE or deep veins thrombosis, and 
history of intensive care unit admission, surgery, trauma, 
or lower limb fractures within 6 months prior to the CT 
study. A positive case of incidental PE is considered if it 
was confirmed by CT pulmonary angiogram study within 
24 hours of the staging CT or if there is an agreement for 
positive PE by two experienced radiologists. The overall 
incidence of asymptomatic PE in cancer patients, rate of 
incidental PE in different types and stages of cancer, and 
location of the PE within the pulmonary vasculature are 
described. 

Results: 1000 cases included in the study, 588 females 
and 412 males. Incidental PEs were identified in 37 
patients (3.7%). The incidental PEs were more common 
in female, identified in 24 patients (4.1%), compared 
with 13 male patients (3.2%). Most incidental PEs were 
encountered in breast cancer, while lung cancer had 
the highest rate of incidental PE (11.3%). Most of the 
incidental PEs identified in patients with advanced stage 
of cancer with metastatic disease (stage 4) 27 patients 
(73%), 5 patients were in stage 3 (13.5%), and 5 patients 
were in stage 1 or 2. 

Discussion: The true incidence, prevalence, and 
mortality rates of incidental PEs in oncology patients 
is underestimated due to its silent nature. Since the 
mortality and morbidity are exceptionally high in cancer 
patients with incidental pulmonary embolism, staging CT 
chest examinations should include a meticulous search 
for incidental PE.

Conclusion: The rate of pulmonary embolism in oncology 
patients is higher in female and in the advanced stage 
of the disease. There are certain tumors associated with 
a higher rate of incidental PEs, which may be related to 
tumors characteristics or to its treatment. 

Keywords: Pulmonary embolism, oncology patients, risk 
factors, computed tomography, incidental findings 
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Introduction
The incidence of cancer in Saudi Arabia has considerably 

increased in the recent years (1). Deep vein thrombosis 
(DVT) and pulmonary embolism (PE), collectively known 
as venous thromboembolism (VTE). Malignancy is a 
major risk factor for venous thromboembolism (VTE) and 
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about 20% of all VTE are associated with cancer (2,3,4). The 
annual incidence of VTE is 0.5% in patients with cancer 
compared to 0.1% in general population (5,6). Many studies 
reported increased rate of incidental PE in oncology 
patients during routine CT scans (7, 5, 8). PE in oncology 
patients have a worse outcome and a 2.2-fold increase 
in mortality compared to other oncology patients without 
PE (9). Pulmonary embolism is the second cause of death 
among ambulatory cancer patients (10). 

Computed tomography (CT) scan is frequently used in 
the workup for cancer staging, screening for metastasis, 
or to check the response of cancer therapy. One of the 
advantages of using CT scan of the chest is the diagnosis 
of PE even if the patients are clinically asymptomatic. 
For that reason, there is a high probability that oncology 
patients might be diagnosed incidentally with PE during a 
routine chest CT study (11,12).

The current study estimates the rate and characteristics 
of incidental pulmonary embolism among cancer patients 
at princes Norah Oncology Center, King Abdul-Aziz 
Medical City (KAMC) in Jeddah, Saudi Arabia. 

Patients and Methods 

Study design: 

This is a single center retrospective cross sectional 
study using a non-probability consecutive sampling 
technique for selection of the patients. Local Institutional 
Review Boards (IRB) approved the study protocol. 1000 
consecutive patients identified for the study by searching 
the picture archive and communication system (PACS) 
for all ambulatory oncology patients older than 18 years 
of age who had a contrast enhanced CT of the chest for 
reasons other than PE from the first of January 2015 
till the end of March 2015 at Princess Norah Oncology 
Center, Jeddah, Saudi Arabia. Indications of chest CT were 
either for staging proposes, restaging metastatic workup, 
monitoring of therapeutic response, or surveillance. We 
excluded patients who had any time history of PE or deep 
veins thrombosis, additionally we excluded any patient 
with history of intensive care unit admission; surgery; 
trauma or lower limb fractures within the last 6 months 
prior to the CT study. Females using oral contraceptive at 
childbearing age were also excluded. Data were collected 
from electronic database (Best care and PACS), all the CT 
studies are reviewed by 2 experienced radiologists. 

Imaging Analysis and Protocol:

The CT scans were performed using three types of 
scanners: GE VCT 64 slice scanner, GE HD 64 scanner 
and Siemens 128 dual source CT scanner. The images 
are obtained at 2.5mm slice thickness with sagittal and 

coronal reformats in 3mm slice thickness. The staging CT 
studies were reviewed by two experienced radiologists 
who were blinded to the original reports. There was 
a consensus reading between the two radiologists 
regarding the evaluation of main, lobar and segmental 
branches of the pulmonary vasculature; however, the 
agreement between the 2 radiologists for the assessment 
of subsegmental branches was 78%. Additionally, 
assessment of the subsegmental branches was not 
diagnostic in 451 patients (45%) due to motion artifacts, 
poor contrast opacification or slice thickness (2.5mm). 

A total of 37 cases of incidental PEs identified in our 
patients. There were 3 cases of pulmonary embolism in 
the segmental branches that were missed in the original 
CT studies, with a consensus for PE diagnosis by 2 
experienced radiologists. 34 cases of incidental PEs were 
confirmed by CT pulmonary angiogram study within 24 
hours of staging CT chest. The studies are considered 
positive for incidental PEs if there is consensus reading 
between the 2 radiologists or confirmation of the PE by 
CT pulmonary angiogram study within 24 hours from 
the time of staging CT chest. A table was created that 
included type and stage of cancer, and type of PE based 
on the anatomical location. 

Statistical Analysis: 

For the analysis, categorical variables were 
summarized by frequencies and percentages, and 
continuous variables by means and standard deviations, 
or medians and interquartile ranges if their distributions 
were skewed. Variables with p value less than .05 were 
considered significant. The Incidence rate was calculated 
by dividing the number of PE cases over the number of 
patients who had CT chest during the three months of 
research period. All results were computed using IBM 
SPSS version 23.

Results 
A total of 1000 patients who had a pathologic 

confirmation of cancer were included in the study. Of the 
1000 patients, 588 were females and 412 were males. 
The mean age of the patients was 52±19 years. All 
patients were under active treatment with chemotherapy, 
hormonal therapy or radiotherapy. Various cancer 
types were included with breast cancer being the most 
commonly seen representing (23.6%) of our patients. 
Other types of cancers based on the site and the exact 
number of each type are shown in table 1. The positive 
incidental PE was identified in 37 patients (3.7%). The 
incidental PEs were relatively more common in female, 
identified in 24 patients with a rate of (4.1%), compared 
with 13 positive incidental PEs in male patients with a rate 
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of (3.2%). The anatomical locations of the 37 PE cases 
are shown in Figure 1. The highest rate of incidental PEs 
was encountered in patients with lung cancer (11.8%), 
followed by hepatobiliary and pancreatic cancer. Rates 
of incidental PE based on the type of cancer are shown 
in Table 2 and Figure 2. For the cancer stages, the 
majority of the incidental PEs were identified in patients 
with advanced stage (stage 4) of cancer with metastatic 
disease seen in 27 patients, 5 patients were in stage 
3, and 5 patients were either in stage 1 or 2 without 
radiological evidence of metastasis as shown in Figure 3.

Table 1. Patient demographics of total study group

Characteristics n

Male 
Female 
Mean age 
Cancer types
 Breast cancer
 Lung cancer
 Gastrointestinal cancer
  Esophageal cancer
  Stomach cancer
  Duodenal cancer
  Colorectal cancer
  Anal canal cancer
 Hematological malignancy
  Lymphoma
  Leukemia
  Multiple myeloma
 Head and neck cancer
  Laryngeal cancer
  Thyroid cancer
  Mandibular cancer
  Nasopharyngeal cancer
  Parotid tumor
  Parathyroid tumor
  Brain medulloblastoma
  Brain glioma 
 Gynecological malignancies
  Ovarian cancer
  Endometrial cancer
  Uterine cancer
 Hepatobiliary and pancreatic cancer
  Pancreatic cancer
  Hepatocellular carcinoma
  Gallbladder cancer
  Bile duct cholangiocarcinoma
 Urogenital tract tumors 
  Renal cell carcinoma
  Wilm’s tumor
  Bladder cancer
  Testicular tumor
  Prostate cancer
 Others (Sarcoma)
  Sarcomas
  Thymoma
  Melanoma
  Unknown metastatic adenocarcinoma
  Mesothiloma
  Neuroblastoma
  PNET of the mediastinum

412
588
52

236
51

224
10
22

6
183

3
213
181
31

1
67
17
18

5
21

1
1
2
2

88
32
38
18
24
11

8
2
3

52
21

2
13

9
7

45
34

2
2
2
3
1
1

Table 2. Rate of Incidental PE According to Cancer Type

Cancer type n (%)

Breast cancer
Lung cancer
Gastrointestinal cancer
Hematological malignancy
Head and neck cancer
Gynecological cancer
Hepatobiliary cancer
Urogenital tract tumor
Others (Sarcoma) 

7 (3%)
6 (11.8%)

6 (2.7%)
5 (2.3%)

4 (6%)
3 (3.4%)
2 (8.3%)
2 (3.8%)
2 (4.4%)

Figure 1. Incidental PE based on the anatomical location

Figure 2. Distribution of all patients based on type of cancer 
and the positive cases of incidental pulmonary embolism. 

Figure 3. Cancer stages for the positive PE cases 
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incidental PE compared to a slice thickness of 5 mm 
(14). In our study, the images were obtained at 2.5mm 
slice thickness with sagittal and coronal reformats in 
3mm slice thickness; however, we followed a strict 
criteria for incidental PE diagnosis by CT in which all of 
the positive patients are confirmed by thin slices (0.645 
mm) CT pulmonary angiogram studies within 24 hours 
of the staging CT chest. In our study, the vast majority 
of the incidentally detected pulmonary emboli were 
lobar and segmental, and this is probably related to the 
fact that sub-segmental pulmonary emboli are difficult 
to assess in studies not dedicated for assessment of 
pulmonary arteries, and to the fact that most of the large 
PEs in the main or large proximal pulmonary arteries are 
symptomatic. Inter-observer agreement on the diagnosis 
of subsegmental pulmonary emboli is dismal even in the 
CT pulmonary angiogram in symptomatic patients, with 
kappa coefficients ranging as low as 0.21–0.76 (16). 

This study does have some limitations that must 
be acknowledged. First, it is a retrospective study and 
therefore has a limitation of non-randomization. Second, 
we may have underestimated the rate of subsegmental 
pulmonary embolism due to the non-optimization of 
routine CT chest technique for assessment of pulmonary 
arteries. 

This paper could lead to future studies that perhaps 
leads to optimization of the techniques of staging CT chest 
in the high-risk oncology patients. Some of the features 
associated with higher risk of incidental pulmonary 
embolism in ambulatory oncology patients includes 
advanced stage of the disease, some types of cancers 
like lung and pancreato-biliary cancers, female gender, 
and patients on active treatment. 

Conclusion
Incidental pulmonary embolism is not uncommon 

in oncology patients and the actual rate might be 
underestimated particularly the rate of subsegmental 
embolism. The rate of incidental PE is higher in female. 
Certain tumors are associated with higher rates of 
pulmonary embolism, which can be related to tumors 
characteristics or to its treatment. The rate of pulmonary 
embolism is higher in the advanced stage of the disease.
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