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Exploration of high-risk factors for pulmonary embolism in
patients undergoing postoperative anti-thrombotic therapy among
gynecologic oncology surgery: a retrospective study
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Background: The aim of this study was to find the high-risk factors of patients undergoing postoperative
anti-thrombotic therapy that had a pulmonary embolism (PE).

Methods: In this retrospective analysis, a total of 35 patients with gynecologic oncological surgery were
included from April 3, 2013, to January 12, 2018. Variable characteristic selection (Boruta’s method), binary
logistic regression (Fifth’s method), and elastic network analysis were used to establish models and screen the
high-risk factors. The decision curve analysis (DCA) was used to discriminate differences on these models as
well.

Results: Three models were established, and the clinical efficiency of these three models was similar.
Within the risk range of 0.1-0.3, the elastic network model was shown to have a good net benefit rate. The
preoperative cholesterol levels were selected in all three models. The high-risk factors that were selected in
both models were operative time, preoperative fibrinogen level, crystal rehydration on the day of surgery
in the ward, a preoperative low-density lipoprotein (LDL) level, deep venous catheters, and presence of
colloids. Other factors included crystal fluid intake during surgery, age, and chemotherapy before surgery.
Conclusions: Positive anti-thrombotic therapy may be required among the patients with increased risk
and further research might be needed to verify high-risk factors.
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Introduction Network (NCCN) (3) Guidelines for Cancer-Associated

. . Venous Thromboembolic Disease and the European
Gynecologic oncology patients may develop deep venous

thrombosis (DVT) and severe pulmonary embolism (PE) Guidelines on perioperative venous thromboembolism

after surgery. About 37.9% of patients with postoperative (VTE) prophylaxis (4), patients with gynecological surgery

gynecologic cancer have DVT (1). The risk of DVT in

gynecologic patients undergoing surgery ranges from 7% to

45%, and in 1% of these patients, fatal PE may occur (2).
According to the National Comprehensive Cancer
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should be treated with thromboprophylaxis. However,
despite sufficient prophylactic anticoagulation therapy,
there are still patients developing PE. Such cases have been

confirmed in orthopedic diseases; however, few related
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reports on gynecology exist.

In our clinical practice, our department found that
even if patients with a Caprini Score (5) of 3 or more
undergo postoperative thromboprophylaxis such as low
molecular weight heparin (LMWH) injections and other
mechanical methods of prophylaxis, patients still experience
a symptomatic PE. Also, the number of these patients
increased from the previous year. Most patients did not
pass gas/have flatulence within three days after surgery.
Getting out of bed after surgery was not always easy for
these patients, and patients with pulmonary disease are
often bedridden for 3 or more days (20-26%) (6). Parvizi
et al. reported that 80% of PE occurred within three days
of surgery (7). At this time, these patients had discomfort
such as flatulence and pain, which may have resulted in
chest tightness, tachycardia, and shortness of breath.
These symptoms are usually more obvious than the pain
or tenderness in the patient’s legs and are easily confused
with the symptoms of patients with PE. Symptoms may
be more easily identified if a patient has a PE or a lower
extremity deep vein thrombosis after flatulence. It is more
important to find high-risk patients within three days after
surgery. In order to determine the risk factors for patients
who still have PE within three days after surgery—although
those patients received thromboprophylaxis immediately
after surgery—we conducted a retrospective single-center
study. These patients underwent pulmonary computed
tomography angiography (CTA) examination for suspicious
PE after surgery.

Methods
Ethics statement

"This study was approved by the Ethics Committee of Fujian
Cancer Hospital (approval number: YKT2018-012-01), and
complied with the Declaration of Helsinki.

Patient population

This is a retrospective study. The records of patients
undergoing gynecologic oncology surgery for benign or
malignant tumors at the Fujian Cancer Hospital were
retrieved from the hospital information system, between
April 3t, 2013, and January 12, 2018. PE was confirmed by
the patients’ symptoms combined with pulmonary CTA
within three days after surgery. These patients sometimes
showed only chest tightness, abnormal breathing, and
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abnormal heart rhythms.

Inclusion criteria

We included patients in this study if they satisfied the
following criteria: (I) patients undergoing postoperative
thromboprophylaxis such as antithrombotic drug injection,
early mobilization, compression stockings, and intermittent
pneumatic compression (IPC); (II) within three days after
the operation, pulmonary CTA examination was performed
because of chest tightness, chest pain, dyspnea, no obvious
cause of rapid heart rate, or syncope; (III) the Caprini
score was 3 or more; (IV) patients underwent surgery in
our department were diagnosed with benign or malignant
tumors before surgery.

Exclusion criteria

We excluded patients if they meet at least one of the
following criteria: (I) previously used oral contraceptives or
hormone replacement therapy; (II) patients had preoperative
varicose veins in the lower limb, lower extremity edema,
or upper or lower limb thrombosis; (III) patients did not
undergo venous ultrasonography to exclude thrombosis
of the lower extremities before surgery; (IV) patients had
cerebral infarction, PE, or atherosclerosis before surgery;
(V) patients also underwent gastrointestinal surgery during
hospitalization, or eventually gave up treatment; (VI)
patients did not undergo gynecological pelvic surgery, such
as a vulvar surgery.

Thromboprophylaxis treatment

All patients wore graduated compression stockings (GCS)
before entering the operating room. Stockings were re-
applied postoperatively before leaving the hospital. All
patients received VTE prophylaxis with intermittent
pneumatic compression (IPC) devices from the first
postoperative day.

Due to concerns about the risk of postoperative bleeding,
no patients received treatment with preoperative chemical
prophylaxis (CP). All thromboprophylaxis drugs were used
on the first postoperative day. Among the 35 patients who
used postoperative antithrombotic drugs, 18 patients were
LMWH, 15 were treated with dalteparin sodium, and 2
patients were treated with argatroban.

LMWH was subcutaneously injected in the abdomen
(4,250 IU once daily). Dalteparin sodium was subcutaneously
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injected in the abdomen at a dose of 200 IU/kg of body
weight once daily. Argatroban was injected intravenously at
an initial infusion rate of 0.5 mg/kg/minute.

Variables included in analysis

The end-point event was a PE within 3 days after surgery. A
total of 28 variables were included for analysis and are listed
in Tuble 1.

The variables of fibrinogen, D-Dimer, triglyceride,
total cholesterol, high-density lipoprotein, low-density
lipoprotein (LDL), apolipoprotein Al, and apolipoprotein
B refer to preoperative examination results.

Statistical analysis

Data were analyzed with the use of the R statistical software
(version 3.4.1; The R Project for Statistical Computing,
Institute for Statistics and Mathematics, R Core Team,
version 3.4.1).

Shapiro-Wilk’s test was performed to assess the normality
of the data. Clinical characteristics were summarized by site
using the median [interquartile range (IQR)] or percentage
(composition ratio), as appropriate. The Kruskal-Wallis test
was used to compare the medians among the groups of data.
Fisher’s exact test was used to detect group differences using
frequency (count) data.

We used the three commonly used methods for feature
selection to select the high-risk factors for thromboembolism.

Method 1: a method based on the random forest
classifier (8) to identify features which are in some
circumstances relevant, i.e., all-relevant features;
implemented in the R package, “Boruta”.

Method 2: variable selection using logistic regression and
penalized likelihood ratio test (9,10), implemented in the
R package, “logistf”. Compared to the ordinary maximum
likelihood estimation in logistic regression, this method
solves the separation problem by penalizing the likelihood
with Jeffreys prior and therefore is suitable for the small and
sparse datasets in our study.

Method 3: a method based on Elastic Net (11),
implemented in R package, “GLMnet” where the Elastic
Net addresses the problem of over-regularization by
balancing between LASSO and ridge penalties.

Model selection criteria like the Bayesian Information
Criterion (BIC) (12) and the Akaike Information Criterion
(AIC) (13) were often used to choose between models.
However, models selected with BIC or AIC may not be
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practical for clinicians. To compare the three predictive
models with identified high-risk factors and to assess the
clinical usefulness of these models, we used decision curve
analysis (DCA) proposed by Vickers et 4l. (14,15). DCA is
a method for evaluating and comparing prediction models
that incorporate clinical consequences, requires only the
data set on which the models are tested, and can be applied
to models that have either continuous or dichotomous
results. The decision curve is generated by plotting the net
benefit (NB) against the threshold probability of a disease or
event, where NB is defined as the true-positive prediction
rate subtracted by the false-positive rate with a weight of the
relative harm of a false-positive and a false-negative result.
DCA is shown to have advantages over other commonly
used measures and techniques.

We used a clinical impact plot (16) to show the estimated
number of cases that would be associated with high risk
for each risk threshold, visually showing the proportion of
those who are cases of true positives. P values of <0.05 were
considered significant statistically.

Results

A total of 67 patients underwent a pulmonary CTA
examination in the last 5 years. A final screening of 35
patients out of 67 patients was analyzed according to the
aforementioned criteria (Figure I). Eventually, 35 patients
(from April 3, 2013, to January 12, 2018) were included
in the analysis according to the inclusion criteria. There
were 10 patients in the PE group and 25 patients in non-
PE group. The detailed data for these characteristics is
summarized in . Among the 35 patients, 10 had PE, 25 had
no PE, and 1 died because of PE. The measurement data
did not satisfy the normality and were expressed by the
median and IQR. Homogeneity testing was carried out for
the count data. Levene’s test showed that variances were
unequal across the groups.

As shown in Table 1, the baseline levels of both the
thrombotic and non-thrombotic patients show differences
in age, operative time, intraoperative rehydration, total
cholesterol levels, LDL levels deep, venous catheterization,
and diagnose. However, the statistical methods we used
were based on the logistic regression method (17), a mixture
of the lasso and ridge regression (18), and the Boruta
method (8,19); all methods were tested for bias correction.

To achieve the best prediction for the high-risk factors,
we tested several prediction methods (Boruta, logistf,
and GLMnet). We used the Boruta package to select the
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Table 1 Baseline characteristics of the patients
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Clinical characteristics With thromboprophylaxis (n=10) Without thromboprophylaxis (n=25) P
Age, years 49.00 (45.25, 52.00) 54.000 (51.000, 60.000) 0.04
Operative time, minutes 161.50 (151.00, 210.00) 225.00 (197.00, 258.00) 0.01
Intraoperative crystalloids, mL 2,375.00 (2,000.00, 2,500.00) 2,500.00 (2,500.00, 2,600.00) 0.04
The input of surgery day, mL 3,339.00 (3,200.25, 3,921.50) 3,141.00 (2,727.00, 3,658.00) 0.10
The output of surgery day, mL 2,005.00 (1,431.25, 2,600.00) 1,950.00 (1,495.00, 2,190.00) 0.57
Urine volume, mL 1,910.00 (1,387.50, 2,600.00) 1,750.00 (1,350.00, 2,050.00) 0.42
Crystalloids in the ward, mL 2,400.00 (1,912.50, 3,062.50) 1,600.00 (1,200.00, 2,350.00) 0.06
Colloids, mL 500.00 (0.00, 1,000.00) 1,000.00 (500.00, 1,000.00) 0.26
Fibrinogen, pg/L 2.81 (2.65, 3.86) 3.52 (3.27, 4.10) 0.09
BMI, kg/m® 24.51 (22.34, 25.96) 24.47 (22.77,27.18) 0.81
PLT, x10%/L 240.50 (227.50, 297.50) 267.00 (235.00, 338.00) 0.43
D-Dimer, pyg/mL 0.36 (0.30, 0.54) 0.50 (0.383, 0.76) 0.28
Triglyceride, mmol/L 1.44 (1.01, 1.82) 1.47 (1.25,2.12) 0.72
Cholesterol, mmol/mL 4.52 (4.17, 5.66) 5.95 (5.09, 6.37) 0.01
High density lipoprotein, mmol/mL 1.32 (0.99, 1.36) 1.30 (1.17, 1.45) 0.50
Low density lipoprotein, mmol/mL 3.13 (2.70, 3.79) 4.05 (3.39, 4.40) 0.02
apolipoprotein A1, g/L 1.25(1.13, 1.38) 1.30 (1.20, 1.40) 0.28
apolipoprotein B, g/L 1.00 (0.83, 1.18) 1.10 (1.00, 1.30) 0.13
Use colloids 0.08
No 5[50] 4[16]
Yes 5[50] 21 [84]
Use amino acid 0.26
No 8 [80] 14 [56]
Yes 2 [20] 11 [44]
Use lipid emulsion 1.00
No 8[80] 20 [80]
Yes 2 [20] 5 [20]
Postoperative hemostatic drugs 1.00
No 5[50] 14 [56]
Yes 5 [50] 11 [44]
Preoperative chemotherapy 0.11
No 9[90] 14 [56]
Yes 1[10] 11 [44]

Table 1 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 1 (continued)
Clinical characteristics With thromboprophylaxis (n=10) Without thromboprophylaxis (n=25) P
Deep venous catheterization 0.03
No 5[50] 3[12]
Yes 5[50] 22 [88]
Diagnose 0.04
Benign tumor 4 [40] 28]
Cervical cancer 4 [40] 18 [72]
Endometrial cancer 1[10] 5[20]
Qvarian cancer 1[10] 0[0]
Laparoscopic surgery 0.38
No 7[70] 21 [84]
Yes 3[30] 4[16]

Data mean median (IQR) or n [%]. BMI, body mass index; PLT, platelets.

2013.4.3t0 2018.1.12
67 patients underwent pulmonary CTA examination
after gynecological surgery

\ 4

0 patients were ruled out because:
(I) Previous uses of oral contraceptives use or hormone replacement therapy.

\ 4

surgery.

27 patients were ruled out because:

(Il) 8 patients who had preoperative varicose veins in the lower limb, lower extremity
edema, upper or lower limb thrombosis;

(Ill) 14 patients who did not undergo venous ultrasonography to exclude the thrombosis
of the lower extremities before surgery;

(IV) 5 patients who had cerebral infarction, pulmonary embolism, atherosclerosis before

\ 4

gave up treatment;

5 patient was ruled out because:
(V) 3 patients also underwent gastrointestinal surgery during hospitalization, or eventually

(V1) 2 patients did not undergo gynecological pelvic surgery, such as a vulvar surgery.

\/

35 patients were included

Figure 1 Patients ruled out by exclusion criteria.

variables and risk factors and screened out age, operative
time, fibrinogen, crystalloids in the ward, total cholesterol,
LDL, and deep venous catheterization (Figure 2). The
risk factors screened out by the logistf package were
colloids and total cholesterol. Risk factors identified
by using a machine learning approach (“GLMnet”
package) included intraoperative crystalloids, operative

© Annals of Translational Medicine. All rights reserved.

time, colloids, fibrinogen, crystalloids in the ward, total
cholesterol, LDL, preoperative chemotherapy, and deep
venous catheterization. The high-risk factor included
in all three models is total cholesterol. The high-risk
factors included in the two models are operative time,
fibrinogen, crystalloids in the ward, LDL, deep venous
catheterization, and colloids. We use the Venn diagram

atm.amegroups.com Ann Transl Med 2019;7(7):143
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Figure 2 Risk factors identified by Boruta.

and UpSet diagram (20) to show the intersection of high-
risk factors in different models (Figure 3).

A comparison of the differences was performed using the
AIC; the AIC values of the Boruta model, logistf model, and
the elastic network model were 41.516, 33.997, and 44.170,
respectively. It was revealed that the logistf model was
superior. However, we paid high attention to the evaluation
and comparison prediction models in these clinical
scenarios; thus we used DCA to assess the differences in the
clinical benefits between the mentioned models.

The differences in the clinical benefits of the three
models using DCA discriminant models are shown in
Figure 44. The gray-thin line in the graph represents that
all patients having PE (all); The horizontal line with the
vertical axis of 0 is the net benefit trend for patients without
PE. The net benefit trends of the Boruta model, the logistf
model, and the elastic network model are modl, mod2,
and mod3, respectively. DCA showed that model 3 might
result in superior net benefits between thresholds of 0.10
and 0.50 for prediction of postoperative PE. Meanwhile,
the prediction performances of the different methods were
similar, with model 3 (elastic network model) marginally
outperforming the others. Figure 4B,C,D shows the clinical
impact curve for the risk model. Of 1,000 patients, the
heavy red solid line shows the total number who would be
deemed high risk for each risk threshold. The thin red line
shows a 95% confidence interval (CI). The blue dashed line
shows how many of those would be true positives (cases).
The blue thin dashed line shows 95% CI. The graph shows
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an estimated high-risk value for each risk threshold and
shows the proportion of the true positives. For example, if
a 20% risk threshold was used, then out of 1,000 patients
screened, about 600 would be deemed high-risk patients
in model 1, >600 patients would be deemed so in model 2,
and <600 patients would be deemed so in model 3. About
400 of these true PE cases were found in all three models.
Model 3 may be superior.

Discussion

The main purpose of this study was to investigate the
risk factors for thromboembolism in gynecologic cancer
patients who had undergone routine postoperative
thromboprophylaxis. We proposed three models to find
the high-risk factors. The high-risk factor included in all
three models is the total cholesterol. The high-risk factors
included in the two models are fibrinogen, LDL, operation
time, deep venous catheterization, crystalloids in the ward,
and colloids. PE may be persistent among the patients
with these factors even with prophylactic anticoagulants.
We suppose that the patients with these high-risk factors
may require direct antithrombotic therapy or more active
therapy after surgery.

Multivariate models can handle large numbers of
covariates (confounders). Our study uses exactly three of
them. When there is a baseline imbalance between two
groups, the regression model in effect adjusts the outcome
of the values to account for the differences in the baseline
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Age

BN Preoperative chemotherapy
Intraoperative crystalloids
Operative time
Fibrinogen
Crystalloids in the ward

LDL
Deep venous catheterization
Colloids I

Total cholesterol

A Model 1 (Boruta), Model 2 (logistf), Model 3 (GLMnet) B

Q>

Figure 3 Risk factors identified by three models. (A) Venn diagram; (B) UpSet diagram shows the number of occurrences of characteristics
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Figure 4 The difference in the clinical benefit of the 3 models. (A) DCA of the three models. The solid grey line is the net benefit when
considering all women at high risk and the horizontal black line when considering no women at high risk. The vertical axis displays
a standardized net benefit. DCA showed that model 3 might result in superior net benefits between thresholds of 0.10 and 0.50 for
prediction of postoperative PE. (B,C,D) Clinical impact curve for the risk model. Of 1,000 patients, the heavy red solid line shows the total
number who would be deemed high risk for each risk threshold. The thin red line shows 95% CI. The blue dashed line shows how many
of those would be true positives (cases). The blue thin dashed line shows 95% CI. For example, if a 20% risk threshold was used, then of
1,000 patients screened, about 600 would be deemed high-risk patients in model 1, >600 patients would be deemed so in model 2, and
<600 patients would be deemed so in model 3. About 400 of these true PE cases were found in all three models. Model 3 may be superior.

DCA, decision curve analysis.

covariate (21). Therefore, the individual variables in Tuble 1
are not balanced and do not affect the final analysis results.
There are numerous statistical methods used for finding
high-risk factors, and the results of these methods may be
different. At the same time, the prognostic model with the
clinical benefit is also different. Therefore, we assumed
that the common high-risk factors derived from different
statistical methods would be the most high-risk factors.
We also analyzed the clinical utility of different models and

© Annals of Translational Medicine. All rights reserved.

evaluated the clinical applicability of the risk factors derived
from these models.

Although the logistf model has the lowest AIC value, its
clinical effect may not be as good as the other two models
based on DCA results. The presence of high-risk factors in
multiple models deserves our attention.

Serum lipids may contribute to the development of
DVT. Vayi et al. (22) conducted a case-control study and
found that in 143 DVT patients, idiopathic DVT patients

atm.amegroups.com Ann Transl Med 2019;7(7):143
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had higher cholesterol levels than secondary patients.
Mi et al. found in their systematic review that total
cholesterol was significantly higher in VTE patients (23).
Lipoproteins are macromolecular complexes that are
essential for the transport of cholesterol and triglycerides
in the blood. As one of the members, LDL is utilized
to deliver dietary and liver triglycerides and cholesterol
to peripheral tissues. Very low-density lipoproteins
(VLDL) and LDL increase platelet cholesterol levels and
stimulate platelet activation (24). Analysis of human VLDL
and LDL proteins revealed that 25% of the protein’s active
functional pathways are associated with coagulation and
hemostasis in both granules. Platelet aggregation requires
the participation of fibrinogen (25). IIb 3 binds fibrinogen
and other ligands by fibrinogen-dependent pathways that
lead to platelet aggregation (26).

Operative time and deep venous catheterization are the
risk factors as determined by Caprini (5) and The American
College of Obstetricians and Gynecologists (ACOG)
Practice Bulletin No. 84 (27). According to the Caprini
score, central venous access presents 1-point, operative
time >60 minutes presents 2-point and >180 minutes
presents 5-point. When the score was 3 or more, the patient
was at high risk, and VTE was observed >0.97% among
these patients.

In addition to intraoperative fluid replacement,
postoperative rehydration in the ward is also very important,
and insufficient rehydration leads to blood concentration,
resulting in an increased risk of thrombosis. The safe use
of starch in the perioperative period has been questioned.
No evidence using colloidal resuscitation reduces the risk
of death, and the use of hydroxyethyl starch may increase
mortality (28). In our study, the postoperative colloidal
fluid infusion was also found to be a high-risk factor. Some
patients may have lower blood pressure after surgery. Thus,
the colloid is added, probably because of the increase in
colloid osmotic pressure leading to blood concentration.

D-dimer was not included in high-risk factors, probably
because these patients were abnormal in D-dimer; therefore,
they were ignored by the risk model. Patients with these
high-risk factors may need more proactive methods in
preventing thrombosis or early intervention before surgery.
Reasonable treatments require randomized clinical trials
or more research to be conducted. It is noteworthy that
the surgical bases of rehydration and supplementation
of colloidal fluids have also become a high-risk factor,
prompting us to standardize the rehydration methods for
patients.

© Annals of Translational Medicine. All rights reserved.
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There were some limitations to this study. Firstly, this
study used pulmonary CTA as a method for diagnosing PE.
PE diagnosed by pulmonary CTA may be overdiagnosed.
The rate of positive diagnosis of PE on pulmonary CTA
varies from 14% to 22% (29). However, this technique is
mature in our hospital, and it is more appropriate for disease
judgment and timely clinical treatment in emergencies.

Our hospital did not previously screen patients
with hereditary thrombophilia. Therefore, the lack of
identification of patients with thrombophilia is a defect in
this study. Due to the low proportion of Chinese women
who smoke, this factor was not collected in the medical
history review.

This study aimed to identify possible high-risk factors.
A real-world study is required to verify these factors.
Meanwhile, even among those high-risk factors were
verified, it is not still clear what the effect of each factor
on the patients is. Due this remaining uncertainty, the
mechanism of adopting a more effective treatment to
prevent thrombosis still requires further research.
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