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Objective: Unsuspected pulmonary embolism (UPE) has
been increasingly diagnosed as an incidental finding on
CT scans for routine staging in cancer patients. Previous
studies suggest that obesity is an independent risk factor
for venous thromboembolism in patients with malignant
tumors. In this study, we aimed to investigate the asso-
ciation between abdominal adipose tissue, especially
visceral adipose tissue (VAT) and the occurrence of UPE
in hospitalized patients with gastrointestinal cancer.
Methods: Routine contrast-enhanced chest and abdom-
inal CT scans of 1974 patients were retrospectively
assessed for the presence of UPE, of which 58 patients
were identified with UPE and 108 non-UPE patients
were selected as the non-UPE control group based on
several matching criteria. Abdominal adipose tissue was
measured by volumes of VAT and subcutaneous adipose
tissue (SAT) at the navel level.

INTRODUCTION

Pulmonary embolism (PE) and deep venous thrombosis
(DVT) together, known as venous thromboembolism
(VTE), is one of the most common and severe compli-
cations in patients with malignant tumors.! Thrombotic
eventis the second leading cause of death in cancer patients
(after cancer itself) and associated with lower short- and
long-term survival.>* A number of malignancies are
associated with increased risk of VTE, including gastroin-
testinal cancers and particularly adenocarcinoma.’

Results: VAT, SAT, indwelling venous catheters, surgery,
chemotherapy, and bed rest or immobilization were
associated with the occurrence of UPE. Higher VAT
volumes were associated with increased risk of UPE
(odds ratio: 1.96; 95% confidence interval: 1.25, 3.06; p
= 0.003) adjusting body mass index (BMI), bed rest or
immobilization, surgery, chemotherapy and smoking,
while SAT was not associated with UPE adjusting the
same confounders (p = 0.117). No statistical association
was found between BMI and UPE (p = 0.102).
Conclusion: Higher VAT rather than SAT is associated
with an increased risk of unsuspected pulmonary embo-
lism on routine CT scans in hospitalized gastrointestinal
cancer patients.

Advances in knowledge: Our findings indicate that VAT
is a stronger risk factor for unsuspected pulmonary
embolism than BMI and SAT in hospitalized patients with
gastrointestinal cancer.

In recent years, VTE has been increasingly diagnosed
as an incidental finding on CT scans for routine staging
in cancer patients. The incidence of VTE in patients
with malignancy varied from 0.6% to 7.8% in previous
studies.”'% These VTE events are referred to as “inci-
dental” or “unsuspected” VTE,''"!* and accordingly
incidental finding of PE on the routine chest CT exam-
ination is defined as unsuspected PE (UPE). According
to an estimation based on an epidemiological model in
Europe, 59% of the deaths resulting from PE failed to
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be diagnosed during life."* Previous studies suggest that UPE
shares a similar impact on long-term survival and recurrent
VTE compared to symptomatic PE.'® Unlike symptomatic PE,
currently available evidence of the risk factors and manage-
ment of UPE is still insufficient and controversial.'>!®

Obesity [body mass index (BMI) > 30 kg/mz] has been
reported as an independent risk factor of VTE in patients with
malignant tumors.!” Although BMI correlates well with total
body adiposity at the population level,'® there are consider-
able variations in adiposity distribution in individuals with
the same BML'? Previous studies have suggested that relying
solely on BMI could lead to misclassification of cardiometa-
bolic health risks.*>*! Abdominal adipose tissue is mainly
consisted of visceral adipose tissue (VAT) around the internal
organs inside the abdominal cavity, and subcutaneous adipose
tissue (SAT) underneath the skin. While both excess VAT and
SAT contribute to obesity, they are metabolically distinct fat
compartments.”> Previous studies indicated that VAT was
correlated with various diseases including cancer, cardiovas-
cular diseases and metabolic diseases.”>"** However, whether
abdominal adipose tissue is associated with an increased risk
of UPE has not been addressed yet. In this case-control study,
we investigated the risk factors of UPE in hospitalized patients
with gastrointestinal cancer, and particularly emphasized on
the potential association between UPE and different compart-
ments of abdominal adipose tissue.

METHODS

Study design and patients

This study was approved by the institutional review board and
the written informed consents of the patients were waived due to
its retrospective observational design.

We retrospectively analyzed the routine contrast-enhanced
chest and abdominal CT examinations of 1974 consecutive
hospitalized patients with gastrointestinal cancer who have
been admitted to The First Affiliated Hospital of Sun Yat-sen
University between January 2011 to September 2014. Two
experienced radiologists (one with 20 years’ experience and
the other with 2 years’ experience in clinical thoracic CT) who
were blinded to clinical data separately analyzed the CT images
of all the cases for the presence of PE. Diagnosis of PE was
made if they were in concordance, and cases with disagree-
ments were reviewed by a third radiologist (with more than 15
years” experience in clinical thoracic CT). Clinical files were
subsequently reviewed to determine the documented clinical
suspicion of PE in each case. The clinical suspicion of PE was
defined by the records documented by the referring clinician
with the indication of detection/exclusion of PE.

Considering the large number of potential risk factors for
UPE that needed to be adjusted during the analysis, and the
relatively small anticipating sample size of the UPE group,
non-UPE control cases were selected from the rest of the
cohort to match the UPE cases with a ratio of 2:1 by certain
rules. As age and cancer characteristics are associated with the
occurrence of UPE in cancer patients,” the matching rules

Xiao et al

for non-UPE controls were: age variation within 5 years, same
tumor site and pathological type, same tumor stage or higher
stage. To elaborate the matching rules, e.g. one 55-year-old
UPE patient with Stage II stomach adenocarcinoma was
matched with two non-UPE controls who were also suffered
from stomach adenocarcinoma, in Stage II or higher stage, and
aged between 50 and 60 years. When more than two non-UPE
cases met all the matching conditions, the two cases whose
ages were closest to the UPE case were selected.

Exclusion criteria were: patients complicated with non-di-
gestive tract malignancy; tumor had been removed for more
than 1 year or patient was in complete remission; outpatients;
patients with no pathological results of the tumor; images with
CT values lower than 100 Hounsfield unit in the contrast-en-
hanced pulmonary trunk® and/or with severe artifacts (e.g.
respiratory motion artifact, flow artifacts caused by pleural
effusion and/or atelectasis etc.),”’which were inadequate for
diagnosis; patients with ongoing anticoagulant therapy.

Clinical parameters

Detailed medical history and clinical records of both UPE
group and the non-UPE control group were reviewed, and
the following clinical parameters were collected: (1) base-
line information including age, sex, height, weight, BMI (kg/
m?), body surface area (BSA, m?) and performance status
(Zubrod/ECOG/WHO score).*? (2) Basic characteristics of
the tumor, including tumor site (esophagus, stomach, small
bowl, colon, rectum, pancreas or appendix), pathological type
(adenocarcinoma, squamous cell carcinoma, etc.), tumor stage
(TNM stage). (3) Clinical management, including indwelling
venous catheters within 3 months, surgery within 2 months,
chemotherapy within 30 days, and targeted cancer therapy
within 30 days. (4) VTE-related histories, including comor-
bidities (Charlson comorbidity index, CCI), smoking, alcohol
intake, bed rest or immobilization (entirely best rest >75%
within 2 weeks), varicose vein of lower extremity, history of
VTE. Smoking and alcohol intake were dichotomy variables
depicting both former and current users regardless of the
quantity of consumption.

Analysis of CT images and measurements of
abdominal adipose tissue

All subjects had undergone routine contrast-enhanced chest and
abdominal CT scan by 64-row spiral CT with a supine position.
All CT images were retrospectively reviewed using interactive
axial and multiplanar reformats at individual window settings
without prior knowledge of the clinical or radiological diagnosis.
The diagnostic criterion for PE was the presence of filling defect
within the contrast-enhanced pulmonary arterial tree in at least
two continuous thin-section images (Figure 1).

Abdominal adipose tissue was measured using post-pro-
cessing workstation (Vitrea, Vital Images, Minnetonka, MN).
According to previous studies,”*° adipose tissue was
measured on continuous axial slices at the navel level. The
volumetric raw data were reconstructed with a slice thickness
of 10 mm (Figure 2). Abdominal adipose tissue was defined by
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Figure 1. The diagnostic criterion for pulmonary embolism
was the presence of filling defect (white arrow) within the
contrast-enhanced pulmonary arterial tree on axial con-
trast-enhanced CT images.

CT attenuation ranging from —150 to —50 Hounsfield units. All
the pixels within this range of CT values were demonstrated
automatically in the selected slice. VAT and SAT areas were
manually labelled according to anatomy. SAT was defined by
the skin and the outer margin of abdominal muscles and fascia,
and VAT was delineated by the inner margin of the abdominal
wall and the anterior margin of the vertebral body (Figure 3).
After manually editing, VAT and SAT volumes (cm’) at the
navel level were automatically obtained in the post-processing
software, by multiplying the VAT and SAT areas with the
10 mm slice thickness.

Statistical analysis

Data were expressed as mean and standard deviation, median
and interquartile range, or percent frequency (proportion), as
appropriate. x* test was used for comparisons of qualitative data.
One-way analysis of covariance was utilized for comparisons of
VAT and SAT between UPE and non-UPE groups adjusting age
and BMI. Conditional univariable logistic regression analysis
was performed to evaluate the associations between UPE and the
potential risk factors. The associations of VAT and SAT with the
occurrence of UPE were evaluated with adjustment of possible
confounders using conditional multivariable logistic regression.

p value < 0.05 was considered statistically significant. All anal-
yses were performed using a standard statistical package (SPSS
for Windows, v. 20.0, SPSS Inc., Chicago, IL).

RESULTS

Characteristics of the UPE group and non-UPE
controls

None of the 1974 patients was under clinical suspicion of PE
when they underwent routine CT scans. 32 cases were excluded
due to poor image quality. Eight cases were excluded because
they were taking anticoagulant medications, and no sign of PE
was found in the CT scans of these patients. Among the rest
1934 patients, 58 patients (age from 35 to 88 years, 60.3% males)
were found to have UPE. During the enrollment of the non-UPE
matched subjects, four cases in the UPE group could not be

Figure 2. Abdominal adipose tissue was measured on contin-

uous axial slices at the navel level, by reconstructing the volu-
metric raw data with a slice thickness of 10 mm.

5

Figure 3. VAT and SAT volumes at the navel level were
obtained by the post-processing software. (a) VAT was
defined by the inner margin of abdominal wall and the ante-
rior margin of the vertebral body (blue). (b) SAT was defined
by the skin and the outer margin of abdominal muscles and
fascia (red). SAT,subcutaneous adipose tissue; VAT, visceral
adipose tissue.
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Table 1. Characteristics of the UPE group and non-UPE controls
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Total UPE group

Indexes (n=166) (n=58) Non-UPE control group (n = 108)
Age (y/o) 62.0 (58.0, 69.0) 62.00 (58.0, 68.0) 63.00 (58.0, 69.0)
Sex, n (%)

Male 113 (68.07) 35 (60.34) 78 (72.22)

Female 53 (31.93) 23 (39.66) 30 (27.78)
BMI, kg/m2 21.81£3.13 22.51£3.71 21.44 +£2.72
Performance status 1.0 (1.0,2.0) 1.0 (1.0,1.0) 1.0 (1.0,2.0)
Tumor site, n (%)

Esophagus 10 (6.02%) 4(6.90%) 6 (5.56%)

Stomach 75 (45.18%) 25 (43.10%) 50 (46.30%)

Small bowl 4(2.41%) 2 (3.45%) 2 (1.85%)

Colon 60 (36.14%) 20 (34.48%) 40 (37.04%)

Rectum 1(0.61%) 1(1.72%) 0 (0.00%)

Pancreas 16 (9.64%) 6(10.34%) 10 (9.26%)

Pathological type, n (%)

Adenocarcinoma 150 (90.36%) 50 (86.21%) 100 (92.59%)

Other type 16 (9.64%) 8(13.79%) 8(7.41%)
Tumor stage, n (%)

I 3(1.81%) 2(1.85%) 1(1.72%)

I 35 (21.08%) 4 (24.14%) 21 (19.44%)

it 62 (37.35%) 0 (34.48%) 42 (38.89%)

v 66 (39.76%) 3(39.66%) 43 (39.81%)
Metastasis, n (%)

Yes 134 (80.72%) 44 (75.86%) 90 (83.33%)

No 32(19.28% 4 (24.14%) 18 (16.67%)

Indwelling venous catheters<<3 months 51(30.72%

34 (58.62%) 17 (15.74%)

)
)
)
)

Surgery<<2 months 41 (24.70% 27 (46.55%) 14 (12.96%)
Chemotherapy<<30 days 17 (10.24% 11 (18.97%) 6 (5.56%)
Targeted cancer therapy<<30 days 3(1.81%) 2 (3.45%) 1(0.93%)
Charlson comorbidity index 5.0 (4.0, 8.0) 5.0 (4.0, 7.0) 5.5 (4.0, 8.0)

(
(

Smoking 45 (27.11%) 11 (18.97%) 34 (31.48%)
Alcohol intake 18 (10.84%) 6(10.34%) 12 (11.11%)
Bed rest or immobilization 30 (18.07%) 16 (27.59%) 14 (12.96%)
VTE history 2 (1.20%) 2(3.45%) 0(0.00%)

UPE, unsuspected pulmonary embolism; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; BMI, body mass index; VTE, venous

thromboembolism.

Note: Parametric variables are mean * standard deviation; non-parametric variables are median (interquartile range).

completely matched due to their rare tumor site and patholog-
ical type. Therefore, 108 cases (age 36-86 years, 72.2% males)
were enrolled in the non-UPE control group. The demographic,
tumor-related and clinical parameters are presented in Table 1.
There was no statistical difference in sex distribution between
the two groups (p = 0.118). Stomach (25 cases, 43.10%) and
colon (20 cases, 34.48%) were the most frequent tumor sites.

Adenocarcinoma was the main pathological type (86.21%). Most
subjects were in an advanced stage and a number of them had
metastasis (75.86%).

Compared with non-UPE control group, patients in the UPE
group had higher levels of SAT (202.38 + 91.39cm® vs 163.70 +
63.10cm’) and VAT (192.14 + 65.36cm’ vs 157.02 + 69.69 cm’)
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Table 2. Comparisons of abdominal adipose tissue between UPE group and non-UPE controls adjusting age and BMI

Non-UPE control group (n
Indexes Total(n = 166) UPE group(n = 58) =108) Fvalue p-value
VAT, cm® 169.29 + 70.05 192.14 + 65.36 157.02 + 69.69 6.789 0.01
SAT, cm?® 176.75 + 75.83 202.38 + 91.39 163.70 + 63.10 5.202 0.024

UPE, unsuspected pulmonary embolism; BMI, body mass index; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.

than the non-UPE group after adjustment for age and BMI
(Table 2).

Risk factors for the occurrence of UPE

Factors found to be associated with the occurrence of UPE in
univariable conditional logistic regression analysis were VAT, SAT,
indwelling venous catheters within 3 months, surgery within 2
months, chemotherapy within 30 days, bed rest or immobilization
(Table 3). BMI was not associated with the occurrence of UPE (p =
0.102). CCI, alcohol intake, smoking, targeted cancer therapy and
VTE history was not associated with the occurrence of UPE.

Associations between the occurrence of UPE and
VAT, SAT

As mentioned above, larger VAT volume was positively associated
with higher odds of UPE [odds ratio (OR): 1.44; 95% confidence
interval (CI) (1.12, 1.86); p = 0.005] in univariable logistic regres-
sion analysis (Table 3). After the adjustment of surgery within 2
months, chemotherapy within 30 days, bed rest and immobiliza-
tion, smoking and BMI, the OR of UPE increased to 1.96 [95% CI
(1.26, 3.06); p = 0.003] (Table 4). Each 50 cm’ increase of the VAT
volume at the navel level was associated with almost twofold risk
of the occurrence of UPE in hospitalized patients with gastrointes-
tinal malignancy. As for SAT, despite a positive association existed
between larger SAT and higher odds of UPE in univariable logistic
regression [OR: 1.29; 95% CI (1.04, 1.61); p = 0.023] (Table 3), the
statistical association was lost after adjusting the same confounders
of VAT [OR: 1.34; 95% CI (0.93, 1.94); p = 0.117] (Table 4).

Considering that excessive covariates could hamper the statis-
tical power of multiple regression models, not all potential

confounders were involved in the above analysis. Furthermore, if
other confounders including indwelling venous catheters within
2 months, CCI and alcohol intake were also involved the regres-
sion models, the correlations of VAT and SAT with UPE remained
essentially unaltered.

DISCUSSION

In this case-control study, we identified that large abdominal
adipose tissue, indwelling venous catheters, bed rest or immobili-
zation, surgery and chemotherapy were risk factors for the occur-
rence of UPE in hospitalized patients with gastrointestinal cancer.
Particularly, larger volumes of VAT rather than SAT was associ-
ated with higher risk of UPE when adjusting previously identified
confounders.

Associations between obesity, VAT and UPE

Obesity, conventionally evaluated by BMI, is a known indepen-
dent risk factor of VTE in cancer patients.*® Nevertheless, BMI
has not been found to be a risk factor for UPE in cancer patients
based on the current evidence.' Similarly, no statistical association
was found between BMI and the occurrence of UPE in our study.
Recent studies have demonstrated the distribution of adipose tissue
in obese patients may play a role in determining the untoward
effects other than obesity itself.’” Especially, VAT has been increas-
ingly shown to be a more important and correlated obese index
in metabolic disorders, cardiovascular disease, carcinoma, brain
tissue damage and inflammatory diseases.”****~* Our study
revealed that larger VAT, rather than SAT and BMI, was associated
with UPE event, indicating that VAT might have stronger impact
than BMI or SAT in the development of UPE in cancer patients.

Table 3. The associations between the occurrence of UPE and potential risk factors in conditional univariable logistic regression

analysis

Variables X p-value OR (95% CI)

VAT, cm’ 7.839 0.005 1.442 (1.117, 1.861)°
SAT, cm® 6.918 0.023 1.289 (1.035, 1.605)*
Indwelling venous catheters < 3 months 22.042 <0.0001 8.349 (3.443, 20.247)
Surgery <2 months 16.993 <0.0001 6.736 (2.720, 16.682)
Chemotherapy <30 days 5.436 0.0198 3.333(1.211,9.171)
Smoking 3.064 0.080 0.483 (0.214, 1.091)
Bed rest or immobilization 6.420 0.011 3.103 (1.292,7.452)
BMI, kg/m2 2.679 0.102 1.089 (0.983, 1.205)

BMI, body mass index;Cl, confidential interval, OR, odds ratio; SAT, subcutaneous adipose tissue;UPE, unsuspected pulmonary embolism;VAT,

visceral adipose tissue.
@With increment of 50 cm?.
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Table 4. Conditional multivariable logistic regression analysis for the associations of VAT and SAT with the occurrence of UPE

justing covariates -value o
Adjusting t X 1 OR (95% CI)
VAT, cm® Surgery <2 months 8.783 0.003 1.960 (1.256, 3.057)*
N Chemotherapy <30 days .
SAT, cm’ Bed rest or immobilization 2.461 0.117 1.343 (0.929, 1.940)
Smoking
BMI

BMI, body mass index; BSA, body surface area; OR, odds ratio;SAT, subcutaneous adipose tissue;UPE, unsuspected pulmonary embolism; VAT,

visceral adipose tissue.
aWith increment of 50 cm?.

The possible mechanisms for the relationship
between VAT and UPE

The pathophysiological pathways linking VAT and UPE are not
completely understood. However, several mechanisms could be
proposed based on previously published literature. Firstly, an
increased amount of abdominal visceral fat has been suggested to
play a role in disturbances in hemostasis and fibrinolysis. Fibrin-
ogen and plasminogen activator inhibitor 1 (PAI-1), as the most
important inhibitor of the fibrinolytic system, have been reported
to be associated with visceral obesity, with the most convincing
evidence found for the involvement of PAI-1.** VAT produces
more PAI-1 compared with SAT, and PAI-1 inhibits the degrada-
tion of fibrin clots, contributing to an increased atherothrombotic
risk.*® Secondly, inflammation may be a potential mechanism of
the relationship between VAT and UPE. VAT functions not only
as endocrine organ secreting hormones, but also as inflamma-
tory tissue secreting cytokines and chemokines.** It is biologically
active in producing proinflammatory cytokines (adipokines) such
as TNF-q, interleukin 6, interleukin 8, and leptin.*®* Elevation of
these cytokines was reported to be associated with increased VTE
risk.*® It has been found that obese people have more inflamma-
tory cells and mediums than people with normal weight.*” These
cytokines and accumulated inflammatory cells may influence
the vascular endothelium, resulting in endothelial damage and
dysfunction,” thus higher thrombosis risk. Thirdly, a recent study
suggested that immune activation and inflammatory adherence
existed throughout the formation of acute VTE. It was hypothe-
sized that VTE was the result of a biological filamentous mesh-like
structure formed when circulated allotype antigen cells were not
cleared effectively and timely in the presence of immune dysfunc-
tion.”! Relative studies provide new visual angle in the theoretical
knowledge of the impact of VAT on the genesis of VTE. However,
verification of the true mechanism requires further investigations.

Other risk factors for UPE in hospitalized patients
with gastrointestinal cancer

Besides VAT related variables, our study found that indwelling
venous catheters within 3 months, bed rest or immobilization,
surgery within 2 months and chemotherapy within 30 days were
risk factors for UPE in hospitalized patients with gastrointestinal
cancer, which were consistent with Donadini et al’s review data'”
and den Exter et al’s® results. However, in a similar prior study,”®
immobilization, the presence of a central venous line and chemo-
therapy within 30 days were not found as risk factors for UPE. This
different result might be attributed to the more specific patient
group in our study. Meanwhile, other risk factors such as physical
performance declination and VTE history which were identified in

several studies'> were of no statistical significance in our study. In

addition, some uncertain factors such as comorbidity, smoking and
alcohol intake were not correlated with UPE in our study either.
These might be attributed to an inadequate sample size.

Clinical implications for UPE prevention
Gastrointestinal cancer is a group of malignant tumors afflicting
a major portion of all the cancer patients worldwide. UPE were
increasingly detected in routine tumor staging CT scans due to both
the high sensitivity of multidetector CT and high incidence of PE
among these patients.'>> Even so, clinicians may fail in correctly
diagnosing fatal PE in up to 70% of hospitalized patients.”* There-
fore, the identification of the risk factors for UPE in cancer patients
is crucial for clinicians and radiologists to get better knowledge of
the prevention and diagnosis of PE. The most significant finding
in our study is that VAT is associated with UPE in cancer patients.
Since VAT volume can be managed by diet and exercises, this
finding may have clinical value for UPE prevention. Furthermore,
VAT measurements during tumor staging for high risk populations
(i.e. obese patients) could be recommended in clinical scenarios.

Limitations and conclusions

Limitations of our study include the retrospective design and the
single-center data. Another limitation is that the true risk of the
prevalence of UPE in this cohort may be underestimated due to the
routine contrast-enhanced CT protocol, which was not a dedicated
pulmonary angiogram. As abdominal fat distributions on male and
female are quite different,”>*® another limitation is that we did not
match the non-UPE cases by sex. However, since there was no statis-
tical difference in sex distribution between the UPE group (60.3%
male) and non-UPE control group (72.2% male), we expected that
the influence of sex on the associations of VAT and SAT with the
occurrence of UPE would be limited. Additional adjustment of
sex in our multiple regression models did not markedly change
the results (data not shown). Finally, our results were based on a
specific sample of hospitalized patients with gastrointestinal cancer.
Thus, the generalization of our findings requires further validation
by large-scale prospective investigations regarding patients with
various malignancies. However, considering the high prevalence
of underdiagnose of UPE, its impact on the survival of cancer
patients, and the lack of understanding of the prognostic value of
VAT in these patients, this study may inspire further investigations
in the mechanism of VAT's contribution in UPE.

In summary, our study indicated that abdominal adipose tissue,
indwelling venous catheters, bed rest or immobilization, surgery
and chemotherapy were risk factors for UPE in hospitalized
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patients with gastrointestinal cancer. Our findings revealed an
association between larger VAT and increased risk of UPE with
adjustment of previously identified confounders, suggesting that
VAT is a stronger risk factor for UPE than BMI and SAT in hospi-
talized patients with gastrointestinal cancer. Further investigation is
required for the underlying mechanisms of the association between

VAT and UPE.
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