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1 | INTRODUCTION

Background and Objectives: We investigated the risk factors, incidence, and role of
thromboprophylaxis in the development of thrombosis following cytoreductive
surgery with hyperthermic intraperitoneal chemotherapy (CRS/HIPEC).

Methods: We reviewed data of patients with CRS/HIPEC in three hospitals.
Results: Overall, 192 patients underwent CRS/HIPEC during 2007-2016. Mechanical
(thigh-length pneumatic compression stockings) and pharmacologic thromboprophy-
laxis (40 mg enoxaparin daily, starting 12 h before surgery until discharge) was
provided for all patients; and 116 (60.4%) also received an extended course of
enoxaparin for 2-4 weeks after discharge. Twenty-six patients experienced thrombotic
complications (13.5%) including portal-splenic-mesenteric venous thrombosis (n = 11,
5.7%), pulmonary embolism (n =10, 5.2%), and deep vein thrombosis (n=5, 2.6%);
most (n =21, 80.8%) occurred after hospital discharge. Univariate analysis identified
Peritoneal Cancer Index, intraoperative transfusion requirement, operative blood loss,
operative time, lengths of hospital, and intensive care unit stay, and lack of
administration of anticoagulation at discharge as significantly associated with
thrombosis. With multivariate analysis, only the lack of anticoagulation therapy at
discharge remained significantly associated with thrombosis (P = 0.0001).
Conclusions: Thromboembolic complications are common following CRS/HIPEC. As
significantly lower rates of thrombosis were found in patients who received an extended

course of anticoagulation, we support its use for at least 2 weeks after discharge.
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disease-free and overall survival.'™® Nevertheless, CRS/HIPEC
requires extensive surgery, especially for those with massive tumor

Cytoreductive surgery with hyperthermic intraperitoneal chemo- burden; the ensuing mortality and morbidity rates are substantial.
therapy (CRS/HIPEC) has emerged as a treatment option for patients The largest relevant multicenter studies have reported rates of major
with peritoneal surface malignancy, due to its positive effects on complication of 24-31% and mortality of 2%.%~5

Cancer and abdominal surgery are both established risk factors
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undergoing CRS/HIPEC are at particularly high risk for venous
thromboembolic events (VTE), which may extend well beyond the
hospitalization period.” Although several studies have defined
morbidity following CRS/HIPEC, as well as associated risk factors,
only a few have addressed the occurrence of VTE.8~% Moreover, to the
best of our knowledge, no studies have directly evaluated the risk
factors for the development of VTE in these patients. In addition, there
is limited data to support specific recommendations regarding VTE
prophylaxis following CRS/HIPEC. While current guidelines support
the administration of perioperative thromboprophylaxis, the role of an
extended course of anticoagulation beyond the hospital stay is
inconclusive.®

We aimed to determine the prevalence of thrombosis, identify its
associated risk factors and assess the role of thromboprophylaxis

among individuals who underwent CRS/HIPEC.

2 | PATIENTS AND METHODS

2.1 | Patients

We reviewed the records of all patients who underwent CRS/HIPEC in
three university hospitals in Israel between June 2007 and
August 2016. Perioperative investigations included complete history
and physical examinations and contrast-enhanced abdominal, pelvic,
and chest computed tomography (CT) scan. Selection criteria for
CRS/HIPEC were in accordance with the PSOGI guidelines and the
Milan Conference.'*'2 As such, patients with limited liver metastasis,
as well as patients with direct invasion of the tumor into the pelvic side
wall, groin or peritoneum were considered for CRS/HIPEC.

2.2 | Cytoreductive procedures

Allprocedures were performed under general endotracheal and epidural
anesthesia in the lithotomy position. Cytoreduction was performed by
the technique described by Sugarbaker with some modifications.*® The
volume and extent of the tumor deposits were recorded intraoperatively
using the Peritoneal Cancer Index (PCI) as proposed by Sugarbaker,
which combines lesion size and tumor distribution to numerically
quantify disease extent (PCI score range-0-39).1* Following the surgical
procedures, all sites and volumes of residual disease were recorded
using the Completeness of Cytoreduction Score (CCR Score).1* After
the cytoreduction was completed, but before intestinal anastomosis or
repair of seromuscular tears, the abdomen and pelvis were perfused
with HIPEC at an inflow temperature of 44°C and an average
temperature of 42°C (calculated as the average between the inflow
and outflow temperatures), delivered by the “closed” technique using
a roller pump HT-1000 (Thermasolutions™, White Bear Lake, Minne-
apolis, MN, cases #1-#60), a rapid infusion pump (Belmont™, Billerica,
MA, cases #61-#120), and Performer HT (RAND Biotechnology™,
Modena, Italy, cases #121-#192). Selection of cytotoxic agents for
HIPEC is based on previously reported protocols adopted by our group,
with modifications according to patient's age, renal function, and
previous systemic chemotherapy used before the HIPEC procedure.

2.3 | Data collection

Data of each patient who underwent CRS/HIPEC were maintained in a
prospective database including: demographics (age, sex), type of
cancer, intra-operative PCI, post-operative PCl, CCR score, perito-
nectomy procedures and organ resections performed, chemothera-
peutic agent used, operative time, blood transfusion, estimated blood
loss (EBL), hospital length of stay, discharge summary, and follow-up
visits. All data were entered by a database manager into an electronic
database in a real-time fashion. The aforementioned data were
obtained from the database and used for analysis. In addition, to assess
the occurrence of thrombosis, we reviewed the medical records of all
patients whose data were analyzed in the study, including outpatient
clinic follow-up visits, emergency room encounters, hospital admis-
sions, and imaging reports. The database and records were reviewed
between April and September 2016. Institutional Review Board
approval was obtained for the study.

2.4 | Statistical analysis

Patient characteristics are described as proportions for categorical
variables and medians, and interquartile range for continuous
variables without a normal distribution. Significance between groups
was assessed by the Chi-square test and Fisher's exact test for
categorical variables, and the Mann-Whitney u-test for continuous
variables. A multivariable logistic regression analysis (reported as
odds ratios and 95% confidence intervals) was performed to assess
factors independently associated with the development of VTE,
using significant factors from the univariate analysis in the model. As
the occurrence of VTE during hospitalization could obviously not be
affected by the administration of post-discharge thromboprophy-
laxis, patients who experienced in-hospital thrombosis were
excluded from the multivariate analysis. A two-sided P-value < 0.05

indicated statistical significance.

3 | RESULTS

3.1 | Patient characteristics

A total of 192 patients underwent CRS/HIPEC in three university
hospitals in Israel, by the same team of surgeons between June 2007
and August 2016. Patient characteristics are summarized in Table 1.
Excluding peritonectomy-procedures and omentectomy, the most
common organ resection procedures were small bowel resection in 95
procedures (49.5%) and colonic resection in 94 (49%). Other
procedures performed included cholecystectomy (n=117, 60.9%),
hysterectomy/bilateral salpingo-oophorectomy (n =71, 37.0%), sple-
nectomy (n =44, 22.9%), partial hepatectomy (n = 40, 20.8%), cystec-
tomy (n=37, 19.3%), partial gastrectomy (n=35, 18.2%), and
pancreatectomy (n=20, 10.4%). Optimal cytoreduction (CCR0O/1)
was achieved in 175 procedures (91.1%). Cytoreduction was subopti-
mal (CCR2) in 17 procedures (8.9%). The median intensive care unit
(ICV) stay and overall hospital stay were 3% and 16 (10.5-26.5),
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TABLE 1 Patient characteristics in relation to the development of VTE

Gender M/F (%)

Age at surgery

Primary disease site
Colon (%)

Appendix (%)
Ovary (%)
Mesothelioma (%)
Rectum (%)
Stomach (%)
Small bowel (%)
Liver (%)

Intraperitoneal chemotherapy
Mitomycin C (%)
Oxahplatin (%)

Cisplatin + Doxorubicin (%)
Cisplatin (%)

Intra-operative PCI

Post-operative PCI

CCR score
0
1
2

Blood transfusion (%)

Total units of packed cells transfused

Estimated blood loss (mL)

Operative time-hours

At least one infectious complication (%)
Surgical site infection (%)
Urinary tract infection (%)
Anastomotic leak fistula (%)
Pneumonia (%)

Abdominal collection (%)
Line sepsis (%)

Reoperation (%)

Length of hospital stay-days

Length of ICU stay-days

Peak postoperative platelet count (X10%/L)
APeak postoperative-preoperative platelet count (X 10°/L)
Extreme postoperative thrombocytosis (>1.000 x 10°/L) (%)

Aspirin administration at discharge (%)

Extended anticoagulation course at discharge (%)

Extended anticoagulation course at discharge (%)

All patients (n=192)
73/119 (38.0%, 62.0%)
55 (46-63) (54)

110 (57.3%)
45 (23.4%)
12 (6.3%)

9 (4.7%)

7 (3.6%)
4(2.1%)

4 (2.1%)
1(0.5%)

161 (83.9%)

9 (4.7%)

16 (8.3%)

6 (3.1%)

11.5 (7-21.5) (14.6)
0 (0-0) (1.9)

150 (78.1%)

25 (13.0%)

17 (8.9%)

83 (43.2%)

0(0-2) 1.5

400 (200-600) (488)
5 (4-7.3) (5.7)

3 (48.4%)

6 (24.0%)

6 (8.3%)

7 (8.9%)

9 (9.9%)

6 (24.0%)

2 (11.5%)

9 (9.9%)

6 (10.5-26.5) (21.2)
3(1-4) (3.5)

423 (284-743) (548)
197 (52-494) (306)
25 (13.0%)

4 (2.1%)

116 (60.4%)

116 (62.0%)*

No VTE (n = 166)
65/101 (39.2%, 60.8%)
55 (47-63) (54)

96 (57.8%)
39 (23.5%)
10 (6.0%)
8 (4.8%)

5 (3.0%)

3 (1.8%)

4 (2.4%)
1(0.6%)

139 (83.7%)
8

13 (7.5%)

7 (3.6%)

11 (7-19) (14)
0 (0-0) (2)

133 (80.1%) 19(11.4%)
14 (8.4%)

65 (39.2%)

0(0-2) (1.2)

300 (200-600) (440)
5 (3.5-7) (5.4)

8 (47.0%)

2 (25.3%)

3 (7.5%)

1 (6.6%)

5 (9.0%)

6 (21.7%)

6 (9.6%)

6 (9.6%)

5 (10-25) (19.6)
3(1-3) (3.2)

410 (280-733) (530)
179 (52-464) (287)
19 (11.4%)

4 (2.4%)

112 (67.5%)

112 (67.5%)

rnal of

VTE (n =26)
8/18 (30.8%, 69.2%)
53 (40-63) (51)

14 (53.8%)
6 (23.1%)
2 (7.7%)
1(3.8%)

2 (7.7%)
1(3.8%)

0

0

22 (84.6%)

1 (3.8%)

3 (11.5%)

0

15 (10-25) (18.5)
0 (0-1) (1.5)

17 (65.4%)
6 (23.1%)

3 (11.5%)

18 (69.2%)

2 (0-6) (3.8)

700 (300-1000) (804)
7 (5-9.6) (7.2)

15 (57.7%)

4 (15.4%)

3 (11.5%)

6 (24.0%)

4 (15.4%)

10 (38.5%)

6 (23.1%)

6 (23.1%)

28 (20-35) (30.9)
4.5 (3-7) (5.9)

514 (294-939) (660)
328 (159-680) (430)
6 (23.1%)

0

4 (15.4%)

4 (19.0%)°

RGICAL @NCOLC

P-value*
0.52
0.51
0.77

0.78

0.03
0.14
0.12

0.005
0.0001
0.001
0.002
0.4
0.33
0.46
0.01
0.3
0.08
0.09
0.09
0.0001
0.0001
0.1
0.09
0.12

1
0.0001
0.0001

VTE, venous thromboembolism; M, male; F, female; PCl, peritoneal cancer index; CCR, completeness of cytoreduction; ICU, intensive care unit. All
continuous variables are expressed as medians (interquartile range) (mean).
#The denominator is the total number of patients excluding the five patients who experienced a thrombotic event during hospital stay.
5The denominator is the total number of patients that experienced a thrombotic complication excluding the five patients who experienced a thrombotic

event during hospital stay.

*Comparing the VTE and the No VTE groups.
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respectively. The median highest postoperative platelet count was 423
(284-743) x 10%/1; and was encountered at a median of 10°~*° days
following surgery. Overall, 90 (46.9%) patients developed postopera-
tive thrombocytosis (>450 x 10%/1); of them, 25 (13.0%) experienced
extreme thrombocytosis (>1000 x 107/1).

3.2 | VTE prophylaxis

Mechanical and pharmacologic thromboprophylaxis was provided for
all patients, including the application of a thigh-length pneumatic
compression device at the time of surgery, and until the patient
recovered normal mobility; and anticoagulation therapy in the form of
40 mg enoxaparin daily, starting 12 h before surgery until discharge.
One hundred and 16 patients (62.0%) also received an extended
course of enoxaparin 40 mg daily, for 2 (50/116, 43.1%) or 4 (66/116,
56.9%) weeks after discharge. The decision regarding the administra-
tion of extended anticoagulation course was at the discretion of the
treating physician. Demographic characteristics, operative character-
istics, hospital stay, and post-operative platelet count were not
different between patients who received extended anticoagulation
therapy and those who did not (data not shown). Four patients (2.1%)
who received an extended course of enoxaparin were also treated with
antiplatelet drugs (ie, aspirin) at discharge. Two patients (1.0%)
underwent prophylactic inferior vena filter placement prior to surgery.
Postoperative bleeding, which required blood transfusion, was
encountered in 15 patients (7.8%). One of them underwent radiologi-
cal intervention and another surgery. All bleeding events occurred

during hospital stay; none were noted following discharge.

3.3 | Thrombotic complications

None of the patients had evidence of VTE prior to surgery. Twenty-six
patients (13.5%) experienced thrombotic complications following
CRS/HIPEC. Of them, 18 (69.2%) were women. The median time
from the end of surgery to the diagnosis of the thrombotic event was
25 (range, 6-63) days. Twenty-one of the 26 thrombotic complications
(80.8%), occurred after discharge. Thrombotic events included portal-
splenic mesenteric venous thrombosis (PSMVT) (n = 11), pulmonary
embolism (PE) (n = 10), lower extremity deep vein thrombosis (DVT)
(n=23), and upper extremity DVT (n=2). Two of the patients who
experienced PSMVT underwent splenectomy and none underwent
pancreatectomy. All patients who experienced PE or DVT presented
with acute conditions, whereas seven patients with PSMVT presented
acutely and the remaining four were asymptomatic and diagnosed
incidentally at follow-up imaging. Among those with PSMVT,
presenting symptoms of PSMVT included epigastric pain (7 patients,
63.6%), nausea, vomiting, or anorexia (4 patients, 36.4%), and low
grade fever (2 patients, 18.2%). Symptoms lasted for a median duration
of 3 days (range 2-12) before admission. The occurrence of PSMVT
was not associated with either the primary disease site or the operative
procedures performed (data not shown).

Age, gender, primary disease site, and the intraperitoneal
chemotherapy used were not different between patients with and

without evidence of thrombosis (Table 1). Patients who experienced
thrombosis had higher intraoperative PCl (P=0.03). In addition,
patients who experienced thrombosis were more likely to receive
blood transfusion (P =0.005) with a higher packed-cell transfusion
requirement (P = 0.0001), higher EBL (P = 0.001), and longer operative
time (P = 0.002). Lengths of hospital and ICU stay were also associated
with the development of thrombosis (P =0.0001 for both compar-
isons). Patients with and without thrombosis showed no difference in
peak platelet count or the relative change between pre- and post-
platelet count. The rate of postoperative extreme thrombocytosis
(>1000 x 10°/1) was also not different between those with and without
thrombosis. Patients with and without thrombosis did not differ in
terms of surgical procedures performed, infectious complications, and
rates of reoperation (Table 1).

The lack of administration of an extended course of anti-
coagulation after hospital discharge was associated with the develop-
ment of thrombosis. The overall thrombosis rate in patients who
received an extended course of anticoagulation was 3.4% (4/116)
compared to 23.9% (17/71) in those who did not (P=0.0001). A
multivariate analysis showed the lack of administration of an extended
anticoagulation course (odds ratio [95%Cl]: 9.24 [3.03, 28.16],
P =0.0001) to be the only independent predictor for the development
of thrombosis (Table 2).

3.4 | Follow-up data

The mean duration of follow up was 21 + 23 (range 4-105) months. All
patients who experienced thrombotic complications were treated with
anticoagulation therapy in the form of enoxaparin (1 mg/kg twice
daily). The duration of this therapy ranged between 5 and 10 months.
Follow-up CT and Doppler studies demonstrated complete resolution
of thrombosis in all patients. None of the patients experienced a
recurrent thrombotic event during the follow-up period. Overall, 49
(25.5%) patients died during the follow-up period, which was a mean
18 + 19 months (range 1-68) following surgery; most (81.6%, 40/49)
died due to their active cancer. Rates of death did not differ between
patients who experienced thrombosis and those who did not (7/26,
26.9% vs 42/166, 25.3%, P=0.81).

4 | DISCUSSION

In recent years, the number of centers treating patients with
peritoneal surface malignancies with CRS/HIPEC has increased
worldwide. Complications following CRS/HIPEC are known to be
common.*® However, the prevalence and risk factors for the
development of VTE in these patients are unclear. To our
knowledge, this is the first study to specifically examine this issue
in patients treated with CRS/HIPEC.

In our cohort, the overall thrombosis rate was 13.5%. PSMVT was
the most common thrombotic complication, followed by PE and DVT.
Most (80.8%) of the thrombotic events occurred following
hospital discharge. In multivariate analysis, we identified the lack of
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TABLE 2 Factors independently associated with the development of VTE in multivariate analysis

Adjusted odds ratio (95%Cl)

Journal of
Q
S L

URGICAL ONCOLOGY,

Adjusted P-value

Intra-operative PCI 0.97 (0.91, 1.04) 0.97
Blood transfusion 0.83 (0.20, 3.51) 0.80
Total units of packed cells transfused 1.08 (0.84, 1.39) 0.55
Estimated blood loss 1.0 (0.99, 1.01) 0.13
Operative time 0.87 (0.66, 1.15) 0.34
Anastomotic leak fistula 3.01 (0.47, 19.15) 0.24
Length of hospital stay 1.01 (0.98, 1.06) 0.49
Length of ICU stay 0.89 (0.73, 1.10) 0.28

Extended anticoagulation course at discharge 9.24 (3.03, 28, 16) 0.0001

VTE, venous thromboembolism; PCI, peritoneal cancer index; ICU, intensive care unit; Cl, confidence interval.

administration of extended anticoagulation course at discharge as the
only significant predictor of thrombosis.

Previous studies that investigated mortality rates in patients who
underwent CRS/HIPEC reported an incidence of 3-10% of all VTE
events.*?15 However, most of those studies identified only DVT and
PE as VTE, with the occurrence of PSMVT assessed in only a few of
them.®? Interestingly, in our cohort, PSMVT was the most common
thrombotic complication. Therefore, studies that did not address the
occurrence of PSMVT may have underestimated the true incidence of
thrombosis. Moreover, about one third of patients with PSMVT in our
cohort were diagnosed incidentally at follow-up imaging. This concurs
with a study that showed 50% of those with PSMVT to be
asymptomatic.!® As anticoagulation treatment is recommended to
prevent recurrent thrombosis in such asymptomatic cases, the
implementation of routine imaging for VTE in this specific high-risk
population should be considered.!”

Intra-operative PCl was a significant predictor of thrombosis in
univariate analysis. The PCI calculation numerically quantifies tumor
burden and serves as a surrogate marker for the extent of surgery that
is required. The association we found between PCl and thrombosis
concurs with previous reports in which higher PCI correlated with
morbidity.*&1?

Five treatment-related factors were found to be associated with
thrombosis in univariate analysis: operative time, blood transfusion,
EBL, and lengths of hospital and ICU stay. Longer operative time
reflects a more extensive surgical procedure and has been widely
reported to correlate with severe morbidity.?"22 Similarly, the
increased risk for thrombosis in patients who received blood
transfusion may also reflect a more extensive procedure. In addition,
transfusion itself may have a procoagulant effect and modulate an
inflammatory response leading to thrombosis.?® Therefore, reducing
blood loss and the need for transfusion may improve thrombosis rates.
The longer lengths of hospital and ICU stay may be associated with
immobilization of patients, which is a well-known risk factor for
thrombosis. 22>

International guidelines recommend that all patients who
undergo CRS/HIPEC should receive perioperative thrombopro-
phylaxis.2°~2% However, we report VTE up to 9 weeks following

surgery; and a large prospective study showed increased risk for
12 weeks following surgery.?? Thus, perioperative prophylaxis may
be insufficient in preventing the development of thrombosis.
Moreover, the role of extended prophylaxis beyond hospital stay in
patients who undergo CRS/HIPEC has not been well defined.
While the guidelines of the European Society for Medical Oncology
(ESMO)?¢ support the use of extended prophylaxis after discharge
for all patients who undergo elective cancer surgery, guidelines
espoused by the American College of Chest Physicians (ACCP) 25,
the American Society of Clinical Oncology (ASCO),%?” and the

National Comprehensive Cancer Network (NCCN)?®

support its
use only in the presence of high thromboembolic risk factors
(eg, age >60 years, obesity, and previous history of VTE). The
current study is the first to demonstrate that patients who received
an extended course of anticoagulation after CRS/HIPEC had
significantly lower rates of thrombosis. Therefore, we support its
administration for at least 2 weeks after discharge in all patients
who undergo CRS/HIPEC. Longer-duration may be considered in
patients with a history of VTE or known thrombophilia. Impor-
tantly, previous studies in cancer patients who underwent
abdominopelvic surgery demonstrated that extended post-
discharge prophylaxis for up to 28 days was cost-effective,*°
without an increased risk of bleeding.®' The reported cost-
effectiveness, coupled with our observation of significantly lower
rates of thrombosis among patients treated with post-discharge
thromboprophylaxis, may encourage insurance companies to cover
its costs.

Characterization of the risk factors for thrombosis is essential, as it
may provide areas for improvement in perioperative management (eg,
aggressive immobilization and optimization of thromboprophylaxis),
thereby reducing thrombosis rates. Moreover, as VTE has been
reported as the most common cause of death at 30 days after surgery
in cancer patients, preventing VTE occurrence may affect survival.”
Although our study did not demonstrate an effect of VTE occurrence
on survival, it was not powered to detect possibly small differences in
survival.

Some questions remain unanswered. Since four patients (3.4%)
in our study had thromboembolic complications despite receiving
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extended thromboprophylaxis after discharge, further optimization
of the antithrombotic prophylactic strategy is needed. Future
studies should establish the optimal prophylactic regimen (dose
and duration), and assess the adjunctive role of antiplatelet drugs, if
any.

5 | LIMITATIONS

Similar to other published CRS/HIPEC series, the main limitation of the
current study is its retrospective design and the biases inherent to such
data collection. Our sample size was modest, which limits our ability to
detect weaker associations. In addition, as the cohort of this study
comprises patients who fulfilled our strict selection eligibility criteria
for CRS/HIPEC, and who were treated by a multidisciplinary team, our
results may not apply in other treatment settings. Moreover, the
reported rates of thromboembolic complications likely underestimate
their true incidence, due to the absence of a protocol for systematic
follow-up imaging. However, in conducting the study, we reviewed all
imaging reports of patients included in our cohort. As these patients
routinely undergo follow-up imaging in the form of CT of the abdomen
and chest, it is highly unlikely that we missed additional asymptomatic
events of PSMVT and PE. Nevertheless, as Doppler studies were not
routinely conducted, there is still a possibility of missed lower
extremity DVT events. It is worth noting that as most events in our
cohort were symptomatic, we believe our results reflect the effect of
extended anticoagulation on the occurrence of clinically meaningful
thrombotic events. Finally, as this is the first in-depth investigation to
directly assess the occurrence of VTE following CRS/HIPEC, we
believe our results add valuable information to the current literature.

6 | CONCLUSIONS

In this evaluation of VTE in patients following treatment with
CRS/HIPEC, we found the lack of extended anticoagulation course
at discharge as the only independent risk factor for the development of
thrombosis. As significantly lower rates of thrombosis were found in
patients who received an extended anticoagulation course, we support
such treatment for at least 2 weeks after discharge. Nonetheless, large
prospective studies with a protocol for systemic follow-up imaging are
warranted to confirm our findings and establish the optimal

prophylactic regimen.
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Among patients who underwent cytoreductive surgery with hyperthermic intraperitoneal chemotherapy, the thrombosis rate was 3.4% for

patients who received an extended course of enoxaparin for 2-4 weeks after discharge, compared to 23.9% for those who did not receive extended

treatment.
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