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ABSTRACT

Background. A cancer patient slated for abdominal sur-
gery is considered to be at moderate to high risk for
developing venous thromboembolism (VTE), but the
incidence is quite low in Korean patients. Most risk
assessment models and recommendations for VTE man-
agement are from Western reports, however they possibly
overestimate the risk of VTE in the Korean population.
Methods. We retrospectively reviewed the medical
records of 1966 patients who were diagnosed with
abdominal organ cancer and required surgical treatment.
Results. Each patient was rated using the Caprini risk
scoring model. The mean score was 7.5 & 0.7 points;
98.4% of patients were classified as high risk for VTE.
Symptomatic VTE occurred in eight patients, and the
overall incidence was 0.4%. The mean Caprini score for
VTE patients was 8.8 £ 1.9 points. In the group with
scores between 5 and 9 points, the incidence was 0.3-0.5%,
while in patients with scores > 10 points, the incidence of
VTE was found to be 1.12%.

Conclusions. The risk stratification system in the Caprini
scoring model needs to be modified based on the actual
incidence in the Korean population.
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Abdominal organ surgery and the presence of malig-
nancy are major risk factors for venous thromboembolism
(VTE). Malignancy induces a hypercoagulable state by
enhancing tissue factor exposure, producing cancer pro-
coagulant, and promoting platelet activation and
aggravation. Surgery contributes to VTE development by
stimulating the hemostatic system and subendothelial tis-
sue factor exposure.'” Additional common conditions
present in surgical cancer patients that affect VTE devel-
opment include advanced age, an indwelling central venous
catheter, or decreased mobility. The risk factors attributed
to VTE development have been relatively well-identified in
previous studies.

The Caprini risk scoring system is a representative VTE
risk assessment model that is widely used throughout the
world, including Asian countries.*® However, the inci-
dence of VTE was substantially lower in Asian patients
than expected, even in moderate- to high-risk groups.®™'*
The correlation between racial difference and VTE inci-
dence has been reported in several studies. According to
nationwide database analyses, the VTE incidence from
Western reports was 0.1-0.2% in the general population
and 1.3—4% in cancer patients, whereas Asian reports had a
much lower VTE incidence of 0.0088-0.013% in the
general population and 0.2-0.67% in cancer patients.’™"
White and Keenan compared VTE incidence among dif-
ferent ethnic groups living in California and found that the
incidence was strikingly lower in the Asian group.?’

Application of the Caprini risk scoring system without
racial consideration can be problematic for Asian patients
based on two aspects. First, it is possible to overestimate
the risk of VTE and perform unnecessary anticoagulation
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in Asian patients. Second, many Asian physicians do not
follow recommended VTE prophylaxis using anticoagula-
tion because mechanical prophylaxis is believed to be
sufficient to prevent VTE in Asian patients. However, there
is no consensus or consolidated report on the extent of VTE
risk overestimation in Asian populations, or whether it is
safe to deviate from the standard recommendations.?' In
this study, we assessed the incidence of VTE and the
robustness of the Caprini risk scoring model in a Korean
cancer patient cohort that was scheduled for abdominal
surgery.

METHODS
Patient and Data Selection

We retrospectively reviewed the medical records of
patients from two clinical departments (General Surgery
and Gynecology) who were diagnosed with abdominal
organ cancer and required surgical treatment between
January 2013 and December 2014. We defined the criteria
for patient selection (Fig. 1), and included all types of
surgery if the primary lesion was resected, even if it was
palliative surgery (grossly margin-positive resection or
tumor reduction surgery). Surgeries conducted solely for
biopsy or stage assessment were excluded from this study.
A local tumor excision (via an endoscopic or transanal
approach) performed in early-stage cancer without node
metastasis was also excluded from this study. Surgeries for
cancer recurrence or secondary cancer in patients already

FIG. 1 Inclusion and exclusion
criteria. Overall, 1966 patients
were enrolled in the study after
excluding 260 patients

awaiting surgery

* Cancer type

Esophagus
Stomach
Duodenum
Pancreas
Liver
Biliary tract
Small bowel
Appendix
Colon
Rectum

Inclusion Criteria Exclusion Criteria

« Patients who were diagnosed with

abdominal organ cancer and were

- Curative major surgery
- Palliative major surgery

: R2 resection, tumor reduction

diagnosed with, and treated for, primary abdominal organ
cancer were not included.

We collected general medical information and specific
data based on items from the Caprini risk scoring system
(Fig. 2).*

1. General Medical Information: Age, sex, body mass
index (BMI), past history (varicose veins, throm-
bophilia, deep vein thrombosis [DVT] or pulmonary
thromboembolism [PTE], acute myocardial infarction,
irritable bowel syndrome, lung disease, abortion, hor-
monal therapy), significant medical history within
1 month (admission, prior major surgery, congestive
heart failure, sepsis, trauma, lung disease, cast, spinal
cord injury, paralysis, stroke), family history of
thrombosis, and laboratory findings evaluating coagu-
lation status (protein C, protein S, lupus anticoagulant,
homocysteinemia, anticardiolipin antibody, prothrom-
bin 20210A mutation, Factor V Leiden mutation).

2. Cancer-Related Information: Cancer type, regional
invasion, distant metastasis, resection margin (RO, R1,
R2), cancer stage, patient survival, complications.

3. Surgery-Related Information: Hospital stay (preoper-
ative and postoperative), operation time, type of
surgery (laparotomy or laparoscopic approach),
indwelling central venous catheter, stay in the inten-
sive care unit, complications.

4. Vte-Related Information: Symptomatic VTE episode,
VTE prophylaxis, diagnosis modality, treatment.

This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital (XC15RIMI0058).

* Age <18 (n=3)
 Minor surgery (n=174%)
- Staging surgery
- Surgery for biopsy
- Local excision
* Primary tumor recurrence or previous

another abdominal organ malignancy

Anus

Adrenal gland
Endometrium
Ovary

Cervix

Lymphoma
Sarcoma
Neuroendocrine
tumor

(n=122%)

* Duration of follow-up <6 months

* 39 patients fit both criteria 2 and 3
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Each Risk Factor Represents 1 Point

Each Risk Factor Represents 2 Points

O Age 41-60 years O Age 60-74 years

O Minor surgery planned O Arthroscopic surgery

O History of prior major surgery (< 1 month) O Malignancy (Present or previous)

O Varicose veins O Major surgery (> 45 minutes)

O History of inflammatory bowel disease 0 Laparoscopic surgery (> 45 minutes)

O Swollen legs (current) O Patient confined to bed (> 72 hours)

0 Obesity (BMI > 25) O Immobilizing plaster cast (< 1 month)

0 Acute myocardial infarction O Central venous access

0 Congestive heart failure (< 1 month)

0 Sepsis (< 1 month)

0 Serious lung disease incl. pneumonia (< 1 Each Risk Factor Represents 5 Points
0 Xlg Irll(t)ll}l)n al pulmonary function (COPD) O El.ectlve major lower extrmity arthroplasty
0 Medical patient currently at bed rest O Hip, pelvis or leg fracture (< 1 month)

o Other risk O Strokg (< 1 month)

factors 0 Multiple trauma (§ 1 month) .
0 Acute spinal cord injury (paralysis)(< 1
month)

0 Age over 75 years For Women Only(Each Represents 1 Point)
O History of DVT/PE .

0 Family history of thrombosis* 0 Oral contraceptives or hormone

0 Positive Factor V Leiden replacement therapy

0 Positive Prothrombin 20210A O Pregnancy or postpartum (< 1 month)

0 Elevated serum homocysteine O History of unexplained stillborn infant,

O Positive lupus anticoagulant recurrent spontaneous abortion (>3),

O Elevated anticardiolipin antibodies premature birth with toxemia or growth-
O Heparin-induced thrombocytopenia (HIT) restricted infant

O Other congenital or acquired thrombophilia

If yes:

Type .
*most frequently missed risk factor TOtal RISk Factor Score

FIG. 2 Caprini risk scoring model. We retrospectively scored the VTE risk of all patients using this model. VTE venous thromboembolism, BMI
body mass index, COPD chronic obstructive pulmonary disease, DVT deep vein thrombosis, PE pulmonary embolism

Definition and Procedures confirmed DVT or PTE by duplex ultrasonography (DUS)
for the upper or lower extremities, or computed tomogra-

Symptomatic VTE that developed within 6 months after ~ phy (CT) angiography for the upper and lower extremities
surgery was included. Symptomatic VTE indicated patient- or pulmonary arteries. DVT was defined as thrombosis in
reported symptoms such as limb swelling or dyspnea, and the iliac, femoral, popliteal, tibial, peroneal, or calf veins.
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Thrombosis in the splanchnic or renal veins without any
symptoms, and identified upon regular imaging evaluation,
was excluded, as was any thrombosis that showed a pos-
sibility of having developed because of surgical
manipulation (e.g. superior mesenteric vein thrombus after
total pancreatectomy). On the upper extremity, radial,
ulnar, brachial, axilla, subclavian or internal jugular veins,
thrombosis was counted, with the exception of thrombosis
that was obviously catheter-related. DUS was the preferred
extremity DVT diagnosis modality, however CT angiog-
raphy was selected when DUS was not sufficient due to
severe limb swelling or if assessment of a proximal vein
such as the iliac vein or inferior vena cava, subclavian vein,
or superior vena cava, was needed. D-dimer was not
included as a diagnostic criterion.

Mechanical prophylaxis was performed by either a sin-
gle method or a combination of two methods: a gradual
compression stocking with an ankle pressure of
20-30 mmHg, or a pneumatic compression device com-
posed of three segmental compressors (ankle, calf, and
thigh). Mechanical prophylaxis was started on the day of
operation and maintained until the patient was ambulatory.

Pharmacological prophylaxis was performed using low
molecular-weight heparin (1 mg/kg, once daily) based on
the American College of Clinical Pharmacy (ACCP)
guidelines.

Analysis

This was a retrospective study, therefore we reviewed
the preoperative medical records and rated the risk of VTE
development using the Caprini risk scoring system. We
also reviewed postoperative medical records to determine
VTE development. Patients were categorized according to
Caprini score, and VTE incidence was calculated for each
group. Finally, we compared these results with those
described in the 9th ACCP guidelines,”” and compared the
characteristics of all patients with those of VTE patients.
VTE-related mortality was assessed by acquiring 3-month
and overall mortality rates. The data are presented as
mean =+ standard deviation or percentages.

RESULTS
Venous Thromboembolism (VTE) Risk Assessment

Overall, 2232 patients were included, 266 of whom were
excluded based on the presented criteria (Fig. 1). Finally,
1966 patients were included and analyzed.

The mean age was 60 years, and 93% of patients
received 1-3 additional points based on their age (Table 1).
Sixty-two percent of patients had a history of central

venous catheter indwelling. In addition, there were also
other risk factors, such as obesity, immobilization, recent
medical problems, and past history.

Colorectal cancer (36%) and stomach cancer (32%)
were common, and 11% of patients presented in the
advanced stages, with regional invasion or distant metas-
tasis (in 14 patients each) (Table 2). Laparotomy and
laparoscopic surgery proportions were similar, with a mean
operation time of approximately 4 h (Table 3).

We scored each patient using the Caprini risk scoring
model. The mean score was 7.5 + 0.7 points; 98.4% of
patients received more than 5 points, and were therefore
classified as high risk for VTE development and required
pharmacological prophylaxis (Fig. 3). However, in prac-
tice, 97% of patients underwent mechanical prophylaxis,
while no patients received pharmacological prophylaxis
(Fig. 4).

VTE Incidence and Characteristics

Symptomatic VTE occurred in eight patients, and the
overall incidence was 0.4%. We compared the character-
istics of these eight VTE patients with those of the entire
cohort of 1966 patients (Table 1). Among the VTE
patients, female sex and advanced age were common.
There was one colorectal cancer patient, three stomach
cancer patients, and four ovarian cancer patients; regional
invasion or distant metastasis were more common (four
cases, 50%). Most of the surgeries were performed by
laparotomy (75%) and had longer operation times
(Table 3). In most cases, VITE was diagnosed within
1 month after surgery, but a delayed form of VTE was
identified as late as 6 months after surgery (Table 4). Iso-
lated calf vein thrombosis was the major type of VTE
(n = 4), but proximal vein involvement was observed in
three patients (one popliteal VTE and two iliac VTEs). One
patient with iliac vein thrombosis was also diagnosed with
PTE, while another patient presented with isolated PTE
without DVT.

The mean Caprini score was 8.8 £ 1.9 points, which
was more than 1 point higher than the mean score of the
overall cohort of 1966 patients. We subanalyzed VTE
incidence based on Caprini scores (Fig. 5). In the group
with scores between 5 and 9 points, one or two cases of
VTE developed, and the incidence was 0.3-0.5%, which
corresponded to the incidence of the group with a low risk
for VTE, according to the 9th ACCP guidelines. There was
no obvious incidence discrepancy as the Caprini score
increased. VTE did not develop in patients with scores
lower than 5 points. On the contrary, in patients with
scores > 10 points, the incidence of VTE was found to be
1.12%, which was consistent with the moderate- to high-
risk group based on the ACCP guidelines.
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TABLE 1 Preoperative

1e0p _ Total [N = 1966] VTE [n = 8]
general medical information
from a tota.l of 1966 patients and Male 1048 (53.3) 1 (12.5)
8 VIE patients Age, years 60.7 & 12.6 (18-91) 65.3 & 11.1 (46-83)
<40 130 (6.6) 0
41-60 828 (42.1) 3 (37.5)
61-74 711 (36.1) 4 (50)
> 15 297 (15.1) 1(12.5)
BMI, kg/m? 23.59 + 3.3 (15-44.7) 23.11 + 4.0 (17.5-28.9)
> 25 612 (31.1) 2 (25)

Hospital stay, days
Postoperative

ICU > 3 days

Central venous catheter

Medical problem within 1 month*

Past history
VTE
Myocardial infarction
Irritable bowel disease
Lung disease”

Caprini score

14 + 103 (4-162)
11 + 8.9 (3-157)

21.6 £ 14.8 (5-49)
18.3 £ 14.2 (5-46)

307 (15.6) 2 (25)
1227 (62.4) 6 (75)
25 (1.2) 1 (12.5)
4 (0.2) None
21 (1) None
2 (0.1) None
45 (2.25) None

7.5 £ 0.7 (4-15)

8.8 + 1.9 (5-11)

Categorical variables are expressed as n (%) and numerical variables are expressed as mean £ SD (range)

VTE venous thromboembolism, BMI body mass index, ICU intensive care unit, SD standard deviation,
COPD chronic obstructive pulmonary disease

?Any medical problem within 1 month prior to admission (prior admission for major surgery, congestive
heart failure, sepsis, trauma, lung disease, cast, spinal cord injury, paralysis, or stroke, etc.)

®Abnormal pulmonary function (COPD), pneumonia

Outcome

Seven of eight VTE patients received anticoagulation
therapy for 3-6 months; the remaining patient did not
receive anticoagulation because of the small thrombus
burden and a tendency to bleed, but did receive serial
imaging surveillance instead. The mean follow-up time
was 24 months (range 17-35 months). No major or minor
complications were associated with anticoagulation, and
none of the patients presented with thrombus propagation
or recurrence during follow-up. Only one of eight VTE
patients expired 18 months after surgery due to pneumo-
nia; there were no cases of VTE-related mortality.

DISCUSSION

This study evaluated the incidence and characteristics of
VTE after abdominal surgery in Korean cancer patients.
We aimed to determine the consequences of insufficient
prophylaxis and deviation from the standard recommen-
dations for VTE prevention following surgery. We reached
three conclusions. First, the Korean population exhibits a
considerably low incidence of VTE compared with the
Western population, and mechanical prophylaxis can be an

effective and safe method for VTE prevention. Second,
patients with a Caprini risk score of 10 points or higher are
definitely considered high risk for VTE development, and
pharmacological prophylaxis must be considered. Third,
the Caprini risk scoring system for patient risk stratification
requires modification when applied to the Korean
population.

We postulated that these findings may be associated
with racial differences. Factor V Leiden mutation, resulting
in hypercoagulation, has never been reported in the Korean
population, and a relatively low prevalence of morbid
obesity may contribute to the lower VTE incidence in the
Korean population.”>** White and Keenan reported a racial
difference in VTE development, even among subjects who
lived in the same region.*”

Although it occurs at a fairly low incidence, VTE is a
definite problem in the Korean population. Based on a
recent report, the incidence of VTE in the Korean popu-
lation is on the rise, as are disease- and treatment-related
costs, complications, and mortality.g‘B’14 Therefore, every
patient should be evaluated for risk factors and be managed
with the appropriate prophylaxis method. In our experi-
ence, items on the Caprini risk scoring system were clear,
easy to check, and a relatively good fit for the Korean
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TABLE 2 Cancer-related information from a total of 1966 patients

Total [N = 1966] VTE [n = 8]
Cancer type
Colon 717 (36.5) 1 (12.5)
Stomach 639 (32.5) 3(37.5)
HCC 103 (5.2) 0
Biliary 102 (5.2) 0
Ovary 99 (5.0) 4 (50)
Endometrium 81 (4.1) 0
Cervix 69 (3.5) 0
Pancreas 56 (2.8) 0
Duodenum 23 (1.2) 0
Sarcoma 21 (1.0) 0
Lymphoma 19 (0.97) 0
Neuroendocrine tumor 16 (0.81) 0
Others 21 (1.0) 0
Cancer stage®
Localized 1751 (89.1) 4 (50)
Regional invasion 119 (6.1) 2 (25)
Distant metastasis 110 (5.6) 2 (25)
Resectability
Curative resection 1920 (97.6) 7 (87.5)
Palliative resection 46 (23.4) 1

All variables are categorical and are presented as n (%)
VTE venous thromboembolism, HCC hepatocellular carcinoma

*Fourteen patients had both regional invasion and distant metastasis

population; however, we believe that the risk stratification
system in the Caprini scoring system must be modified
based on the actual incidence in the Korean population.
Based on our presented results, we verified that in
patients with Caprini scores of 5-9 points, the real inci-
dence of VTE was lower than 0.5%, and that this
corresponded to a low risk for VTE. Thus, the Caprini risk
scoring system and the 9th ACCP guidelines overestimate
the real risk of VTE in the Korean population. We were

M. Kim et al.
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FIG. 3 Patient distribution based on Caprini scores. More than 98%
of patients received scores of more than 5 points based on the Caprini
scoring system, which corresponds to high-risk for VTE development.
SD standard deviation, VTE venous thromboembolism

unable to assess incidence discrepancies among different
scores, and believe that this could be associated with the
small number of VTE episodes. There was a definite dif-
ference between the group with scores lower than 5 points
and the group with scores higher than 10 points. No VTE
occurred in patients with scores lower than 5 points, and a
relatively high incidence (1.12%) was recorded in patients
with scores higher than 10 points. According to the 9th
ACCP guidelines and the references cited therein, the
moderate-risk group is defined as exhibiting a VTE inci-
dence of more than 1%, while the high-risk group is
defined as exhibiting a VTE incidence of more than 1.9%.
Therefore, Korean patients with more than 10 points have a
moderate to high risk for VTE. We might conclude that
most Korean surgical cancer patients would effectively
prevent VTE by mechanical prophylaxis, but if the patient
has obvious multiple risk factors and a score of more than
10 points based on the Caprini risk scoring system, he/she
has to be considered for pharmacological prophylaxis.
However, definite conclusions cannot be drawn from
this study due to limitations of a small sample size of only
eight patients and the inability to obtain statistical signifi-
cance. Therefore, we were not able to calculate p-values or

TABLE 3 Surgery-related

information from a total of 1966 Total [V = 1966] VIE [n =8
patients and 8 VTE patients Laparotomy surgery 953 (48.5) 6 (75)
Operation time, min 237.8 £ 101.9 (70-1045) 281.6 £+ 158 (165-580)
< 120 103 (5.2) 0
121-180 555 (28.2) 3 (37.5)
181-240 566 (28.8) 2 (25)
241-300 340 (17.3) 0
> 301 404 (20.5) 3(37.5)

Categorical variables are expressed as n (%) and numerical variables are expressed as mean £ SD (range)

VTE venous thromboembolism, SD standard deviation
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None No. of 4
58 patient
3
Gradual )
Compression
stocking
355 1
0 0 0
<4 5 6 7 8 9 > 10Score
No. of pts. 31 201 323 481 396 269 266
Incidence (%) 049 030 0 0.50 037 112

13 patients received
dual mechanical prophylaxis

* None of the patients received pharmacological prophylaxis

FIG. 4 Perioperative VTE prophylaxis methods. Ninety-seven
percent of patients received mechanical prophylaxis for VTE
prevention, and none of the patients received pharmacological
prophylaxis. VTE venous thromboembolism

TABLE 4 VTE-related information for 8 patients

VTE prophylaxis

None 1(12.5)
Mechanical 7 (87.5)
VTE diagnosis, POD 36 + 48.1 (8-150)
Within 1 month 6 (75)
1-3 months 1(12.5)
3—-6 months 1(12.5)
VTE site
Calf 4 (50)
Popliteal vein 1(12.5)
External iliac vein 2 (25)
Pulmonary artery only 1 (12.5)

Categorical variables are expressed as n (%) and numerical variables
are expressed as mean + SD (range)

VTE venous thromboembolism, POD postoperative day

risk ratios. We plan to analyze more patients in order to
increase the sample size and achieve statistical significance
for further investigation.

In the current study, we evaluated the risk of VTE
according to items on the Caprini risk scoring model;
however, the effect of cancer type or stage for VTE
development was not assessed. In the National Compre-
hensive Cancer Network and American Society of Clinical
Oncology guidelines, cancer type and stage are very
important risk factors for VTE development.”>° In the
present study, compared with the overall group of 1966
patients, VTE was common in patients with stomach or
ovarian cancer, as well as in those with advanced-stage

FIG. 5 VTE incidence based on Caprini scores. Patients who scored
between 5 and 9 points based on the Caprini risk scoring system had a
VTE incidence of lower than 0.5%. With scores lower than 5 points,
no VTE was observed, however with scores higher than 10 points, an
increased incidence of more than 1% was observed. This
corresponded to a moderate to high risk of VTE development. VTE
venous thromboembolism

cancer. The eight VTE patients had advanced-stage cancer
and underwent highly invasive surgery, and we predict that
this could be associated with VTE development, but further
investigation is required to reach this conclusion.

Another limitation of this study was its retrospective
design. Information on coagulation factors, past history,
family history, and physical examination was insufficient
because an evaluation was not performed or was omitted
when taking the patients’ history. As a result, the Caprini
score could be underestimated in patients in this study.

In the present study, we aimed to assess the real risk of
VTE and the necessity for pharmacologic prophylaxis in
Asian patients who were relatively healthy and had
recently performed casual activity with moderate to high
levels of risk factors. We excluded patients who received
minor surgery (operation time < 45 min based on the
Caprini scoring system) because we did not consider this to
be a major risk factor. In a patient who has undergone
surgery due to cancer recurrence or secondary cancer
development, he/she is already fragile and could have other
factors increasing the risk of VTE, such as chemotherapy,
radiotherapy, hormonal therapy, or decreased mobility,
therefore we excluded these patients. Furthermore, we
focused on VTE caused by systemic coagulopathy, and did
not include specific thrombosis due to direct intimal injury
(surgical manipulation or catheter-related).

Based on recent reports, the incidence of VTE in Asia is
on the rise, which may be related to improved diagnosis
and increased awareness of the disease.”'>'* The actual
incidence of VTE in the Korean population may be higher
than currently estimated. Careful risk assessment, identifi-
cation of high-risk patients, and effective and proper
prophylaxis to prevent VTE in the Korean population is
necessary.
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