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ABSTRACT

Background. The risk factors and incidence of venous

thromboembolism (VTE) are not well defined in patients

undergoing cytoreductive surgery and hyperthermic

intraperitoneal chemotherapy (CRS/HIPEC). We sought to

characterize the incidence, risk factors, and pharma-

cothromboprophylaxis strategies for VTE after CRS/

HIPEC.

Patients and Methods. We performed a retrospective

study of CRS/HIPEC procedures at our institution from

8/2007 to 11/2017, examining the 60-day VTE incidence.

Baseline, potential risk factor, and prevention strategy data

were collected. Univariate and multivariate regression

analysis was used to determine risk factors associated with

60-day VTEs.

Results. We identified 25 60-day VTEs among 447 CRS/

HIPEC procedures (5.6%). VTEs were discovered on

median postoperative day 20 (range 2–59); pulmonary

emboli (68%) were the most common type of VTE. The

60-day VTE rate was 10.2% before versus 4.9% after ini-

tiation of a policy to discharge patients on

pharmacothromboprophylaxis (p = 0.10). Patients with

60-day VTEs had longer average length of stay (14 vs.

11 days, p = 0.01) and higher 60-day mortality rate (4%

vs. 0.2%, p = 0.02) than those without VTEs. Caprini score

(odds ratio [OR] 1.53, 95% confidence interval [CI]

1.10–2.15, p = 0.01), preoperative serum albumin level

(OR 0.40, 95% CI 0.16–1.00, p = 0.05), and 60-day non-

VTE serious morbidity (OR 3.45, 95% CI 1.25–9.51,

p = 0.02) were risk factors associated with 60-day VTEs

on multivariate analysis.

Conclusions. VTEs are relatively common after CRS/

HIPEC and are associated with high Caprini scores, low

serum albumin levels, and additional inpatient comorbidi-

ties. They result in longer length of stay and higher

mortality rate. Compliance with current guidelines for

extended postoperative thromboprophylaxis was likely

associated with reduced VTE rate.

Surgery is a major risk factor for venous thromboem-

bolisms (VTEs).1,2 Malignancy and extensive cancer

surgery further increase the risk of VTEs by two to three

times compared with noncancer surgery3,4 due to the pro-

thrombotic pathways engendered by malignancy and the

hypercoagulability induced by surgery.5 Despite thrombo-

prophylaxis, the risk of VTEs after cancer surgery remains

1–7%.3,4,6

Cytoreductive surgery followed by hyperthermic

intraperitoneal chemotherapy (CRS/HIPEC) involves

removal of peritoneal metastases and intraperitoneal per-

fusion with heated chemotherapy. This procedure often

involves extensive resection of the tumor burden—a known

risk factor for VTEs.7–9 CRS/HIPEC is performed for

various malignancies, including mesothelioma and peri-

toneal metastases from appendiceal and colorectal cancer,

and is associated with a 30–50% VTE risk in the absence of

prophylaxis.10,11
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There are established guidelines regarding perioperative

pharmacological and mechanical thromboprophylaxis for

cancer surgery.12 However, there continues to be incon-

sistent compliance with these guidelines, with as few as

2.1% of surgical oncology patients receiving preoperative

subcutaneous heparin.13

There are few studies characterizing VTEs and their risk

factors in patients post-CRS/HIPEC. Small studies have

reported PE incidence of up to 4.4%14 and overall VTE

incidence of 10–13.5%.7,15 Risk factors previously identi-

fied include disease burden, blood transfusion, and extent

of surgery.15 These studies were limited by small sample

size and nonstandard thromboprophylaxis measures.

Hence, we sought to study the incidence, risk factors, and

impact of consistent perioperative pharmacothrombopro-

phylaxis on VTE rates in a larger sample size of this

population within 60 days to capture only events associ-

ated with surgery.

PATIENTS AND METHODS

Design and Eligibility

This was an IRB-approved, retrospective, single-insti-

tution, case–control study of patients undergoing CRS/

HIPEC at our institution from August 2007 to November

2017, to determine the incidence, prevention strategies,

management, and risk factors associated with VTEs within

60 days of surgery. Patients who: (1) were on therapeutic

anticoagulation at time of surgery, (2) had existing VTE at

time of surgery, (3) were discharged with anticoagulation

for a non-VTE reason, or (4) had a non-VTE-related

inpatient mortality were excluded.

Operative Details

All patients underwent CRS followed immediately by

HIPEC per the standardized technique performed at our

institution.16 The extent of peritoneal metastases was

assessed at time of surgery and recorded according to the

Peritoneal Cancer Index (PCI).17 The completeness of

cytoreduction score (CC score) was used after cytoreduc-

tion to assess residual, unresected disease.18 HIPEC was

subsequently performed using a closed-abdomen perfusion

technique with 3–6 L warmed perfusate and intraperitoneal

chemoperfusion for 90 min with goal intraperitoneal

hyperthermia of 42 �C. Patients with appendiceal, col-

orectal, and small bowel primary tumors were given

10 mg/L perfusate of intraperitoneal mitomycin C. Patients

with mesothelioma and ovarian cancer were dosed with

50 mg/m2 cisplatin and 15 mg/m2 doxorubicin. Visceral

resections were defined as colon resection, small bowel

resection, appendectomy, anatomic hepatic resection

(segmentectomy or lobectomy), pancreatectomy, chole-

cystectomy, hysterectomy and/or oophorectomy, partial or

total gastrectomy, or splenectomy.

Perioperative Pharmacothromboprophylaxis

Administration

Patients generally received subcutaneous heparin pre-

operatively and were started on

pharmacothromboprophylaxis on postoperative day 1

unless there were contraindications to this (i.e., bleeding or

significant concern for bleeding). Pharmacothrombopro-

phylaxis consisted of either low-molecular-weight heparin

(enoxaparin 30 mg twice daily or 40 mg once daily),

unfractionated heparin, or fondaparinux based on the

patient’s renal function or concern for heparin-induced

thrombocytopenia (HIT) and was continued daily unless an

interruption was clinically indicated (i.e., concern for

bleeding or additional procedures). Upon discharge, some

patients in the cohort were prescribed 14 additional days of

pharmacothromboprophylaxis.

Data Collection

Patient data were obtained by review of physical and

electronic medical records, including demographic data

and preoperative, operative, and postoperative variables.

VTEs were defined as any deep venous thrombosis (DVT),

pulmonary embolus (PE), or portal–splenic–mesenteric

vein thrombosis (PSMVT) within 60 days of surgery.

These were discovered due to presentation of symptoms or

incidentally on imaging performed for other reasons.

Superficial vein thrombi were not included as VTEs.

Additional VTE-associated variables were collected,

including preoperative subcutaneous heparin (SQH)

administration, discharge on pharmacothromboprophy-

laxis, presence and timing of VTE, method of VTE

diagnosis, and VTE treatment. Caprini scores were calcu-

lated using the 2005 Caprini Risk Assessment Model.19 In

addition, a year-matched analysis was done to compare

dosing and duration of inpatient pharmacothrombopro-

phylaxis administration in VTE and non-VTE patients.

Statistics

Baseline demographic, preoperative, intraoperative, and

postoperative details were compared between patients

sustaining VTEs and those who did not using univariate

and multivariate regression models. Variables with

p value\ 0.20 on univariate analysis were included in

multivariate models. Receiver operating characteristic

(ROC) curves were created for continuous variables
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significant on multivariate analysis; the Youden index was

used to identify a cutoff to convert to dichotomous vari-

ables. Univariate analysis was used to compare year-

matched pharmacothromboprophylaxis administration.

Additional comparisons of dichotomous variables were

performed using Chi squared analyses, and Student’s t test

was used to compare continuous variables. All statistical

analyses were performed using SPSS Statistics version 25.0

(IBM, Armonk, New York).

RESULTS

Enrollment and Demographic Data

A total of 478 CRS/HIPEC cases were performed at our

institution within the study period. Of these, 447 were

included based on eligibility criteria (Fig. 1). Table 1 lists

demographic details for the entire cohort.

Of 394 CRS/HIPEC cases, 393 (99.7%) were given

pharmacothromboprophylaxis postoperatively: 390 (99%)

were given low-molecular-weight heparin and 3 (1%) were

given subcutaneous heparin, while 1 (0.3%) refused phar-

macothromboprophylaxis. Postoperative prophylactic

details were missing in 53 (11.9%) patients.

Pharmacothromboprophylaxis and Venous

Thromboembolism

Of the 447 CRS/HIPEC procedures, there were 25 cases

(5.6%) of venous thromboembolism within 60 days of

surgery; 17 (68%) of these occurred within 30 days. VTEs

were diagnosed on median postoperative day 20 (range

2–59). Nine (36%) VTEs occurred during the inpatient

admission, on median postoperative day 8 (range 2–17),

while 16 (64%) occurred in patients after discharge and

were diagnosed on median postoperative day 28 (range

9–59). VTE by type included 17 (68%) with PE, 5 (20%)

with DVT, and 3 (12%) with PSMVT. Nineteen (76%)

were diagnosed due to symptoms: 14 (56%) on computed

tomography (CT) with PE protocol, 4 (16%) on Doppler

ultrasound, and 1 (4%) on CT of abdomen/pelvis. Five

(20%) were found incidentally on non-PE CT, and one

(4%) was found on autopsy. Of the incidentally found

VTEs, two were PEs and two were portal–splenic–me-

senteric vein thromboses (PSMVT). Patients with VTEs

had longer length of stay (mean postoperative day 14 vs.

11, p = 0.01) and higher 60-day mortality rate (4% vs.

0.2%, p = 0.02) than those without VTEs. The mortality in

the VTE group was a result of the VTE.

A policy change was made in February 2010 to dis-

charge all patients post-CRS/HIPEC with 14 days of

additional pharmacothromboprophylaxis, which consisted

of low-molecular-weight heparin in 327 of 447 (73%) cases

(Supplemental Figure). The 60-day VTE rate decreased

from 10.2 to 4.9% after this policy was instituted (p = 0.10,

Fig. 2).

Excluding nine patients with inpatient VTEs, patients

discharged with pharmacothromboprophylaxis had lower

60-day VTE rates than those not discharged with phar-

macothromboprophylaxis (2.4% vs. 8.2%, respectively,

p = 0.01). Of the 16 patients who developed VTE after

discharge, 8 were not discharged with pharmacothrombo-

prophylaxis and developed a VTE a median of 9 days after

discharge (range 2–35 days), compared with a median of

29.5 days after discharge (range 7–46 days) among those

patients discharged with pharmacothromboprophylaxis

(p = 0.03). Four of 339 (1.2%) patients discharged with

pharmacothromboprophylaxis were readmitted for bleed-

ing versus none of 99 patients who were not discharged on

pharmacothromboprophylaxis (p = 0.28).

There was a lower rate of discharge on pharma-

cothromboprophylaxis in patients with VTE after discharge

compared with non-VTE patients (50% vs. 78%; p = 0.01)

after excluding those patients discharged on therapeutic

anticoagulation for VTEs sustained during their admission.

478 total HIPEC cases from
8/3/2007 to 11/30/2017

447 HIPEC cases met
eligibility criteria for study

31 excluded cases
- On anticoagulation at time of surgery for non-VTE
   reason(19)
- VTE at time of surgery (4)
- Discharged with anticoagulation for non-VTE reason (6)
- Inpatient mortality (2)

FIG. 1 Study eligibility flow

diagram
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Risk Factors Associated with Postoperative Venous

Thromboembolism

Univariate and multivariate logistic regression analyses

were performed to determine potential risk factors associ-

ated with 60-day VTEs (Table 2). On univariate analysis,

remote history of VTE (OR 3.70, 95% CI 0.99–13.73,

p = 0.05), Caprini score (OR 1.46, 95% CI 1.10–1.94,

p = 0.01), preoperative serum albumin (OR 0.41 for albu-

min level as continuous variable, 95% CI 0.18–0.96,

p = 0.04), operative time[ 420 min (OR 2.77, 95% CI

1.14–6.78, p = 0.03), and 60-day non-VTE Clavien–Dindo

morbidity (OR 2.69, 95% CI 1.07–6.75, p = 0.04) were

significantly associated with VTE. On multivariate analy-

sis, Caprini score (OR 1.53, 95% CI 1.10–2.15, p = 0.01),

serum albumin (OR 0.40, 95% CI 0.16–1.00, p = 0.05),

and 60-day non-VTE Clavien–Dindo morbidity grade C 3

(OR 3.45, 95% CI 1.25–9.51, p = 0.02) were associated

with VTE. Remote history of VTE was not included in the

multivariate model as it is included in the Caprini score.

TABLE 1 Patient baseline data
Characteristic n (%) or median (range)

Gender

Male 200 (45%)

Female 247 (55%)

Age (years) 54 (20–86)

BMI (kg/m2) 26 (17–56)

Serum albumin (g/dL) 4.3 (2.4–5.2)

Caprini score 8 (6–13)

Preoperative chemotherapy/biologic therapy1 56 (13%)

Yes 109 (24%)

No 332 (74%)

Unknown 6 (1%)

Primary tumor site

Appendix 295 (66%)

Colon/rectum 91 (20%)

Peritoneum (mesothelioma) 39 (9%)

Ovary 5 (1%)

Small bowel 6 (1%)

Gastric 5 (1%)

Other 4 (1%)

Unknown 2 (0.5%)

PCI

0–9 146 (33%)

10–19 215 (48%)

20–29 81 (18%)

30–39 4 (1%)

Unknown 1 (0.2%)

CC score

0 339 (76%)

1 88 (20%)

2 19 (4%)

3 1 (0.2%)

No. viscera resected 2 (0–10)

No. anastomoses 1 (0–6)

EBL (cc) 150 (0–3000)

Operative time (min) 420 (194–935)

BMI body mass index; PCI peritoneal carcinomatosis index; CC completeness of cytoreduction; EBL

estimated blood loss
1Within 3 months prior to surgery
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Albumin levels\ 4.2 g/dL had a markedly increased VTE

rate compared with those C 4.2 g/dL (OR 2.75, 95% CI

1.12–6.70, p = 0.03), and Caprini scores greater than 9 also

increased risk of VTE (OR 2.53, 95% CI 1.05–6.11,

p = 0.04) based on ROC curve analysis. A more refined

multivariate model was constructed using these variables

(Table 3); Caprini score[ 9 (OR 2.86, 95% CI 1.07–7.64,

p = 0.04), serum albumin\ 4.2 g/dL (OR 2.99, 95% CI

1.20–7.45, p = 0.02), and 60-day non-VTE Clavien–Dindo

morbidity C 3 (OR 4.24, 95% CI 1.56–11.50, p = 0.01)

were significantly associated with VTE. BMI C 25 kg/m2

(OR 2.32, 95% CI 0.91–5.93, p = 0.08) or obesity with

BMI C 30 kg/m2 (OR 1.83, 95% CI 0.78–4.27, p = 0.16)

did not reach statistical significance for risk of VTE.

We further explored the relationship of serious (grade

C 3) Clavien–Dindo non-VTE morbidities in cases with

VTEs and found that six of seven (86%) of them had the

non-VTE complication prior to diagnosis of the VTE.

These non-VTE Clavien morbidities consisted of small

bowel perforation, small bowel obstruction, abscess or fluid

collection requiring percutaneous drainage, gastric perfo-

ration, and infection.

Risk Factors Associated

with Pharmacothromboprophylaxis

Patients with VTEs had no different rates of missed or

delayed inpatient pharmacothromboprophylaxis adminis-

tration than 25 non-VTE year-matched patients (60% vs.

56%, p = 0.26, and 16% vs. 12%, p = 0.58, respectively).

Additionally, the type of pharmacothromboprophylaxis

(i.e., enoxaparin, SQH, or fondaparinux) on which patients

were discharged was not associated with VTE risk.

DISCUSSION

Patients undergoing cancer surgery have high risk of

venous thromboembolism. However, the incidence of VTE

and associated risk factors are not well defined for patients

undergoing CRS/HIPEC. Our study shows a 5.6% 60-day

postoperative VTE rate in this population, similar to reports

of a 1–7% rate for other surgical oncologic procedures.4,6

Given the added risk factors of high tumor burden and

extensive surgery in patients undergoing CRS/HIPEC, one

might expect the VTE rates to be higher in this population.

In fact, prior studies have found a 10–13.5% VTE rate after

CRS/HIPEC.7,15

The rates we report may be lower than those previously

reported because of different inclusion criteria (i.e., other

studies had an undefined postoperative period during which

VTEs were considered) or longer interval of pharma-

cothromboprophylaxis. We limited VTE incidence to

60 days after surgery, as longer follow-up time may cap-

ture underlying malignancy or subsequent systemic

therapy-related VTEs rather than those related to surgery.

Another difference in our study from prior reports involves

the type of VTE discovered. Portal–splenic–mesenteric

vein thromboses (PSMVT) were the most common type of

VTE in previous studies, whereas PE was most common in

our study.7,15 PSMVTs are often associated with intraab-

dominal complications, which were relatively uncommon

in our cohort.20

Despite the relatively low rate of VTE in our study,

postoperative VTE was associated with a 4% 60-day

mortality rate—nearly 20-fold higher than in those without

VTE. This highlights the importance of mitigation strate-

gies to reduce the VTE rate as much as possible. The

introduction of a policy to discharge patients on pharma-

cothromboprophylaxis significantly impacted the 60-day
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TABLE 2 Univariate and multivariate logistic regression of potential VTE risk factors

Patient variable (n) 60-Day VTE n (%) Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Gender

Male (200) 10 (5.0) 1.23 (0.54, 2.80) 0.62

Female (247) 15 (6.1)

Age (years) 1.01 (0.98, 1.05) 0.43

BMI (kg/m2)1 1.05 (0.99, 1.12) 0.09

Current smoker

Yes (13) 1 (7.7) 1.42 (0.18, 11.4) 0.74

No (432) 24 (5.6)

Unknown (2) 0

ASA class 0.62 (0.19, 2.04) 0.43

II (49) 3 (6.1)

III (303) 13 (4.3)

IV (8) 0

Unknown (87) 9 (10.3)

CCI = 0

Yes (75) 3 (4.0) 0.66 (0.19, 2.27) 0.51

No (372) 22 (5.9)

Remote VTE2

Yes (18) 3 (16.7) 3.70 (0.99, 13.73) 0.05

No (429) 22 (5.1)

Caprini score 1.46 (1.10, 1.94) 0.01 1.53 (1.10, 2.15) 0.01

Primary tumor site 0.78 (0.49, 1.23) 0.28

Appendix (295) 18 (6.1)

Colorectal (91) 5 (5.5)

Peritoneum (mesothelioma) (39) 1 (2.6)

Ovary (5) 1 (20)

Small bowel (6) 0

Gastric (5) 0

Other (4) 0

Unknown (2) 0

Serum albumin (g/dL) 0.41 (0.18, 0.96) 0.04 0.40 (0.16, 1.00) 0.05

Prior resection

Yes (328) 21 (6.4) 1.95 (0.66, 5.80) 0.23

No (118) 4 (3.4)

Unknown (1) 0

Prior CRS/HIPEC

Yes (25) 1 (4) 0.70 (0.09, 5.43) 0.74

No (411) 23 (5.6)

Unknown (11) 1 (9.1)

Preoperative chemotherapy/biologic therapy3

Yes (109) 6 (5.5) 1.02 (0.39, 2.63) 0.97

No (332) 18 (5.4)

Unknown (6) 1 (16.7)

Preoperative SQH

Yes (407) 21 (5.2) 0.49 (0.16, 1.50) 0.21
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VTE rate, decreasing it from 10 to 4.9% after utilization of

this policy. This policy was initiated in 2010 after some

instances of postdischarge VTE in our CRS/HIPEC

patients. This policy is in accordance with established

guidelines indicating the need for a total of 4 weeks of

pharmacothromboprophylaxis in high-risk patients after

abdominal or pelvic surgery for cancer.2,21 Given that

patients have an average length of stay of nearly 2 weeks,

discharging them on 14 days of pharmacothrombopro-

phylaxis fulfills this duration. Hence, the efficacy and

safety of this approach in the current study could indicate

this duration as the recommended regimen after CRS/

HIPEC. Our current protocol is shown in Supplemental

Table 1.

However, we did not include discharge on pharma-

cothromboprophylaxis as a variable in our models, as in

36% of patients with VTEs, it occurred as an inpatient, and

these patients were discharged on therapeutic anticoagu-

lation. Discharging patients with pharmacothrombo-

prophylactic agents did have a significant effect on

reducing the rate of postoperative VTEs after discharge

(8.2% 60-day VTE rate without outpatient pharma-

cothromboprophylaxis vs. 2.4% with), and those patients

not discharged with pharmacothromboprophylaxis sus-

tained their VTE much sooner after discharge (median of

9 days) than those on pharmacothromboprophylaxis (me-

dian of 29.5 days). Only 11 of 25 (44%) VTEs in our study

occurred while the patients were receiving pharma-

cothromboprophylaxis, of whom 8 had at least one

significant risk factor. This could indicate the need for

more active VTE surveillance, i.e., screening ultrasound

examinations or low threshold for other diagnostic testing

in these patients.

TABLE 2 continued

Patient variable (n) 60-Day VTE n (%) Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

No (40) 4 (10)

PCI 1.39 (0.81, 2.39) 0.24

0–9 (146) 5 (3.4)

10–19 (215) 16 (7.4)

20–29 (81) 2 (2.5)

30–39 (4) 2 (50)

Unknown (1) 0

EBL[ 150 cc

Yes (259) 15 (5.8) 1.73 (0.76, 3.94) 0.19 0.90 (0.30, 2.68) 0.85

No (188) 10 (5.3)

Operative time[ 420 min

Yes (221) 18 (8.1) 2.77 (1.14, 6.78) 0.03 2.58 (0.82, 8.15) 0.11

No (226) 7 (3.1)

Intraoperative transfusion

Yes (49) 2 (4.1) 1.01 (0.22, 4.60) 0.99

No (320) 13 (4.1)

Unknown (78) 10 (12.8)

No. viscera resected 1.28 (0.99, 1.66) 0.06 1.00 (0.70, 1.44) 0.98

No. anastomoses 1.00 (0.65, 1.56) 0.99

60-Day non-VTE CD Gr. 3–4

Yes (60) 7 (11.7) 2.69 (1.07, 6.75) 0.04 3.45 (1.25, 9.51) 0.02

No (385) 18 (4.7)

Unknown (2) 0

VTE venous thromboembolism; OR odds ratio; CI confidence interval; BMI body mass index; CCI Charlson comorbidity index; SQH subcu-

taneous heparin; PCI peritoneal carcinomatosis index; EBL estimated blood loss; CD Clavien–Dindo complication
1BMI not included in multivariate analysis due to its inclusion in calculating the Caprini score itself
2Greater than 1 month prior to and no longer present at time of surgery. Not included in multivariate model as it is incorporated in the Caprini

score
3Within 3 months prior to surgery
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We found no significant increase in bleeding compli-

cations in those discharged on anticoagulants, further

supporting its safety as well as efficacy in preventing

VTEs. Our finding of a reduced postoperative VTE rate

with discharge on pharmacothromboprophylaxis is con-

cordant with published prospective studies.20,22

Inpatient VTEs occurred on median postoperative day 8

(range 2–17) versus those that happened after discharge on

median postoperative day 28 (range 9–59). Given that

postoperative pharmacothromboprophylaxis is prescribed

for 14 days and the median length of stay for all patients is

9 days (range 2–36 days), perhaps there is a temporal

association of hypercoagulability with pharmacothrombo-

prophylaxis discontinuation which could indicate the need

for prolonging postoperative pharmacothromboprophylaxis

in patients with identified risk factors.

Decreased serum albumin was a significant risk factor

associated with VTEs upon univariate analysis. Serum

albumin is correlated with overall poor health and a

hyperinflammatory state that could contribute to the

hypercoagulability observed in patients with otherwise no

signs of nephrotic protein wasting.23 After cancer surgery,

it has been shown to be a risk factor for postoperative

complications24 and poor prognosis. In the general popu-

lation, studies have shown an association with decreased

serum albumin and increased risk of VTEs as well as

overall mortality.25

Having a serious non-VTE Clavien–Dindo complication

within 60 days of surgery was significantly associated with

VTEs upon univariate analysis. We found that most non-

VTE serious complications occurred prior to the VTE,

suggesting a causal relationship, but this would have to be

further studied.

The Caprini score was also significantly associated with

VTE; patients with VTEs had a median Caprini score of 9

(range 7–12) compared with 8 (range 6–13) in non-VTE

patients. Previous studies have shown the Caprini score to

be significantly associated with VTEs after abdominal

cancer surgery.20 The Caprini score was originally based

on a sample of general, vascular, and urological surgery

patients and later validated in plastic surgery patients,

suggesting that it might underestimate the risk after

abdominal/pelvic cancer surgery.2,19,26 There are no prior

studies showing this association between Caprini score and

CRS/HIPEC. All patients after CRS/HIPEC in our study

were already at high risk at baseline (Caprini score C 5).

Previous studies have shown that Caprini score[ 8 puts

patients at ‘‘superhigh’’ risk with a 11.3% VTE risk.2,27 We

found a significantly increased risk of VTE in patients with

Caprini score[ 9 with a 11% VTE rate. Our study sup-

ports use of this risk assessment model in the post-CRS/

HIPEC population of patients.

When comparing year-matched VTE and non-VTE

patients, there were no significant differences in the

administration of pharmacothromboprophylaxis. Hence,

delaying the start day of pharmacothromboprophylaxis or

skipping a dose due to anticipated procedure (e.g., epidural

removal) did not appear to increase the risk of VTE in this

study, although we did not examine this in the entire

cohort.

Limitations of this study include its retrospective nature.

This is of particular significance when calculating Caprini

scores, which have been shown to be underestimated when

calculated by medical record.28 We also had imbalanced

sample sizes; the non-VTE group was significantly larger

than the VTE group due to the relative rarity of VTE,

which can affect multivariate and predictive models. Also,

VTE screening was not performed in all patients in our

study, which may explain the relatively low VTE rate

found. However, we feel this likely excluded non-clinically

significant VTEs.

TABLE 3 Revised univariate

and multivariate logistic

regression of potential VTE risk

factors

Patient variable (n) 60-Day VTE n (%) Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Caprini score[ 9

Yes (72) 7 (9.7) 2.53 (1.05, 6.11) 0.04 2.86 (1.07, 7.64) 0.04

No (338) 14 (4.1)

Serum albumin\ 4.2 g/dL

Yes (139) 12 (8.6) 2.75 (1.12, 6.70) 0.03 2.99 (1.20, 7.45) 0.02

No (271) 9 (3.3)

60-Day non-VTE CD Gr. 3–4

Yes (57) 7 (12.3) 3.39 (1.31, 8.81) 0.01 4.24 (1.56, 11.50) 0.01

No (353) 14 (4.0)

Patients with missing values removed

VTE venous thromboembolism; OR odds ratio; CI confidence interval; CD Clavien–Dindo complication
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CONCLUSIONS

Discharging patients on pharmacothromboprophylaxis is

associated with reduced postoperative VTE rates after

CRS/HIPEC. Caprini score, serum albumin, and 60-day

non-VTE serious morbidity are possible risk factors for

VTE in this population, and they may be useful in pre-

dicting this potentially fatal complication.

ACKNOWLEDGMENT This study was supported by a UCSD

Clinical and Translational Research Institute grant (UL1TR001442).

DISCLOSURE None.

REFERENCES

1. Bellini G, Teng A, Kotecha N, Sutton E, Yang CK, Passeri M,

et al. The identification of risk factors for venous thromboem-

bolism in gastrointestinal oncologic surgery. J Surg Res.

2016;205(2):279–85.

2. Gould MK, Garcia DA, Wren SM, Karanicolas PJ, Arcelus JI,

Heit JA, et al. Prevention of VTE in nonorthopedic surgical

patients: antithrombotic therapy and prevention of thrombosis,

9th ed: American. Chest. 2012;141(2 Suppl):e227S–77S.

3. Baumgartner JM, McKenzie S, Block S, Costantini TW, Lowy

AM. Prophylactic enoxaparin doses may be inadequate in

patients undergoing abdominal cancer surgery. J Surg Res.

2018;221:183–89.

4. Becattini C, Rondelli F, Vedovati MC, Camporese G, Giustozzi

M, Boncompagni M, et al. Incidence and risk factors for venous

thromboembolism after laparoscopic surgery for colorectal can-

cer. Haematologica. 2015;100(1):e35–8.

5. Khalil J, Bensaid B, Elkacemi H, Afif M, Bensaid Y, Kebdani T,

et al. Venous thromboembolism in cancer patients: an underesti-

mated major health problem. World J Surg Oncol.

2015;13:204–220.

6. Alsubaie H, Leggett C, Lambert P, Park J, Hochman D, Wirtzfeld

D, et al. Diagnosis of VTE postdischarge for major abdominal

and pelvic oncologic surgery: implications for a change in

practice. Can J Surg. 2015;58(5):305–11.

7. Lanuke K, Mack LA, Temple WJ. A prospective evaluation of

venous thromboembolism in patients undergoing cytoreductive

surgery and hyperthermic intraperitoneal chemotherapy. Can J

Surg. 2009;52(1):18–22.

8. Osborne NH, Wakefield TW, Henke PK. Venous thromboem-

bolism in cancer patients undergoing major surgery. Ann Surg

Oncol. 2008;15(12):3567–78.

9. Wun T, White RH. Epidemiology of cancer-related venous throm-

boembolism. Best Pract Res Clin Haematol. 2009;22(1):9–23.

10. Foster JM, Sleightholm R, Watley D, Wahlmeier S, Patel A. The

efficacy of dextran-40 as a venous thromboembolism prophylaxis

strategy in cytoreductive surgery and hyperthermic intraperi-

toneal chemotherapy. Am Surg. 2017;83(2):134–40.

11. Spiliotis J, Halkia E, de Bree E. Treatment of peritoneal surface

malignancies with hyperthermic intraperitoneal chemotherapy-

current perspectives. Curr Oncol. 2016;23(3):e266–75.

12. Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY,

Arcelus JI, et al. Venous thromboembolism prophylaxis and

treatment in patients with cancer: american society of clinical

oncology clinical practice guideline update 2014. J Clin Oncol.

2015;33(6):654–6.

13. Razavi SA, Styblo TM, Sarmiento JM, Kooby DA, Sullivan PS,

Maithel S, et al. Despite guidelines, preoperative administration

of subcutaneous heparin for venous thromboembolism prophy-

laxis is severely underutilized. J Am Coll Surg.

2016;223(4):S140.

14. Vukadinovic V, Chiou JD, Morris DL. Clinical features of pul-

monary emboli in patients following cytoreductive surgery

(peritonectomy) and hyperthermic intraperitoneal chemotherapy

(hipec), a single centre experience. Eur J Surg Oncol.

2015;41(5):702–6.

15. Rottenstreich A, Gilly FN, Boutitie F, Bereder JM, Quenet F,

Sideris L, et al. Factors associated with thromboembolic events

following cytoreductive surgery and hyperthermic intraperitoneal

chemotherapy. J Surg Oncol. 2017;116(7):914–20.

16. Baumgartner JM, Tobin L, Heavey SF, Kelly KJ, Roeland EJ,

Lowy AM. Predictors of progression in high-grade appendiceal or

colorectal peritoneal carcinomatosis after cytoreductive surgery

and hyperthermic intraperitoneal chemotherapy. Ann Surg Oncol.

2015;22(5):1716–21.

17. Portilla AG, Shigeki K, Dario B, Marcello D. The intraoperative

staging systems in the management of peritoneal surface malig-

nancy. J Surg Oncol. 2008;98(4):228–31.

18. Sugarbaker PH. Successful management of microscopic residual

disease in large bowel cancer. Cancer Chemother Pharmacol.

1999;43 Suppl:S15–25.

19. Caprini JA. Thrombosis risk assessment as a guide to quality

patient care. Dis Mon. 2005;51(2–3):70–8.

20. Serrano PE, Parpia S, Linkins LA, Elit L, Simunovic M, Ruo L,

et al. Venous thromboembolic events following major pelvic and

abdominal surgeries for cancer: a prospective cohort study. Ann

Surg Oncol. 2018;25(11):3214–21.

21. National Comprehensive Cancer Network (2019). Cancer-Asso-

ciated Venous Thromboembolic Disease. https://www.nccn.org/

professionals/physician_gls/pdf/vte.pdf. Accessed March 6, 2019.

22. Bergqvist D, Agnelli G, Cohen AT, Eldor A, Nilsson PE, Le

Moigne-Amrani A, et al. Duration of prophylaxis against venous

thromboembolism with enoxaparin after surgery for cancer. N

Engl J Med. 2002;346(13):975–80.

23. Folsom AR, Lutsey PL, Heckbert SR, Cushman M. Serum

albumin and risk of venous thromboembolism. Thromb Haemost.

2010;104(1):100–4.

24. Ataseven, B., du Bois A, Reinthaller A, Traut A, Heitz F, Aust S,

et al. Pre-operative serum albumin is associated with post-oper-

ative complication rate and overall survival in patients with

epithelial ovarian cancer undergoing cytoreductive surgery.

Gynecol Oncol. 2015;138(3):560–5.

25. Konigsbrugge O, Posch F, Riedl J, Reitter EM, Zielinski C,

Pabinger I, et al. Association between decreased serum albumin

with risk of venous thromboembolism and mortality in cancer

patients. Oncologist. 2016;21(2):252–7.

26. Pannucci CJ, Bailey SH, Dreszer G, Wachtman CF, Zumsteg JW,

Jaber RM, et al. Validation of the Caprini risk assessment model

in plastic and reconstructive surgery patients. J Am Coll Surg.

2011;212(1):105–12.

27. Bahl V, Hu HM, Henke PK, Wakefield TW, Campbell Jr DA,

Caprini JA. A validation study of a retrospective venous throm-

boembolism risk scoring method. Ann Surg. 2010;251(2):344–50.

28. Pannucci CJ, Fleming KI. Comparison of face-to-face interaction

and the electronic medical record for venous thromboembolism

risk stratification using the 2005 Caprini score. J Vasc Surg

Venous Lymphat Disord. 2018;6(3):304–311.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

2284 S. Khan et al.

https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf

	Incidence, Risk Factors, and Prevention Strategies for Venous Thromboembolism after Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy
	Abstract
	Background
	Patients and Methods
	Results
	Conclusions

	Patients and Methods
	Design and Eligibility
	Operative Details
	Perioperative Pharmacothromboprophylaxis Administration
	Data Collection
	Statistics

	Results
	Enrollment and Demographic Data
	Pharmacothromboprophylaxis and Venous Thromboembolism
	Risk Factors Associated with Postoperative Venous Thromboembolism
	Risk Factors Associated with Pharmacothromboprophylaxis

	Discussion
	Conclusions
	Acknowledgment
	References




