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Background: We sought to investigate the incidence of perioperative venous throm-
boembolism (VTE) — pulmonary embolism, superior mesenteris vein thrombosis and
deep vein thrombosis — in patients with peritoneal carcinomatosis after cytoreductive
surgery combined with hyperthermic intraperitoneal chemotherapy.

Methods: We performed cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy on 60 consecutive patients with a mean age of 52 (range 24–76) years.
We reviewed a prospective database recording complications and patient, tumour and
surgical characteristics to determine the incidence of VTE. We reviewed hospital
charts of patients with VTE to obtain clinical information including vital signs, risk
factors, presence of comorbid conditions, VTE prophylaxis and subjective clinical
symptoms.

Results: A total of 6 of 60 patients (10%) who had cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy experienced VTE. All patients with VTE had
extensive peritoneal disease and long durations of surgery: the median duration was
431 (range 330–683) minutes. Tachycardia (mean 104 beats/min) was the only consist-
ent abnormal vital sign recorded, with only 33% of patients experiencing clinical symp-
toms.

Conclusion: This prospective study demonstrates a high rate of VTE in this patient
population. Unfortunately, clinical signs and symptoms are a poor predictor of 
VTE. Therefore, routine screening of this specific population at high risk for VTE is
warranted.

Contexte : Nous avons étudié l’incidence de la thromboembolie veineuse périopéra-
toire (TVP), soit l’embolie pulmonaire, la thrombose de la veine mésentérique
supérieure ou la thrombose veineuse profonde, chez des patients atteints de carcino-
matose péritonéale après une chirurgie cytoréductrice alliée à une chimiothérapie
hyperthermique intrapéritonéale.

Méthodes : Nous avons recouru à une chirurgie cytoréductrice et à une chimio-
thérapie hyperthermique intrapéritonéale chez 60 patients consécutifs âgés en
moyenne de 52 ans (intervalle de 24 à 76 ans). Nous avons passé en revue une base
de données prospective où se trouvaient consignées les complications, ainsi que les
caractéristiques des patients, des tumeurs et des chirurgies, afin de mesurer l’inci-
dence de la TVP. Nous avons examiné les dossiers hospitaliers des patients atteints
de TVP afin de relever certaines données cliniques telles que signes vitaux, facteurs
de risque, présence de comorbidités, prophylaxie anti-TVP et symptômes cliniques
subjectifs.

Résultats : En tout, 6 patients sur 60 (10 %) soumis à la chirurgie cytoréductrice et à
la chimiothérapie hyperthermique intrapéritonéale ont présenté une TVP. Chez tous
les patients qui ont présenté une TVP, la maladie péritonéale était étendue et la
chirurgie avait été longue : durée médiane de 431 minutes (intervalle de 330 à
683 minutes). La tachycardie (moyenne de 104 battements/min) a été le seul signe
vital anormal commun à avoir été enregistré, seulement 33 % des patients ayant mani-
festé des signes cliniques.

Conclusion : Cette étude prospective fait état d’un taux de TVP élevé chez cette
population de patients. Malheureusement, les signes et symptômes cliniques sont de
piètres prédicteurs de la TVP. C’est pourquoi nous estimons qu’un dépistage systéma-
tique s’impose chez cette population particulièrement à risque de TVP.



I
t is well known that cancer is a risk factor for venous
thromboembolism (VTE),1 which is defined as the pres-
ence of clotted blood in a vein, right cardiac chamber or

in the pulmonary arterial tree, and comprises pulmonary
embolism (PE), deep vein thrombosis (DVT) and superior
mesenteric vein thrombosis. It is estimated that the risk of
VTE among patients with cancer is 4–6 times greater than
among patients without cancer.2 The incidence of VTE in
patients with cancer after general surgery is also increased,
ranging from 15% to 40%.1 Compared with patients with-
out cancer who undergo the same surgical procedure, can-
cer patients have twice the risk of a postoperative DVT
and more than 3 times the risk of a fatal PE.1 This is a
reflection of the hypercoagulable state associated with
malignancy, combined with the thrombogenic effects of
many cancer therapies.3

The combination of cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy and postopertative
intraperitoneal chemotherapy in select patients with
gastrointestinal peritoneal carcinomatosis has been shown
to increase long-term survival.4,5 However, it remains a
procedure with significant perioperative morbidity and
mortality.4–16 To our knowledge, there has been no publica-
tion specifically documenting the occurrence of VTE in
patients who undergo these procedures. In studies that
have examined the overall mortality and morbidity in
patients who undergo cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy, the incidence of PE
ranges from 0.4% to 6% and that of DVT ranges from 3%
to 5%, whereas the incidence of total VTE ranges from
5% to 10%.4–11 Three of these studies were prospective.5,6,11

We sought to investigate the incidence of perioperative
VTE in patients with peritoneal carcinomatosis who have
undergone cytoreductive surgery combined with hyper-
thermic intraperitoneal chemotherapy. Furthermore, we
examined clinical parameters in each patient with a diag-
nosis of VTE to determine whether any were associated
with the diagnosis.

METHODS

A total of 60 consecutive patients with peritoneal carcino-
matosis had cytoreductive surgery combined with hyper-
thermic intraperitoneal chemotherapy between February
2000 and June 2006. All patients had a good functional
status and were without evidence of distant metastases.
We performed the procedures according to the protocol
previously described by Sugarbaker and colleagues.12

Pathologic diagnoses included cancers of the appendix,
colon or rectum, primary peritoneum, endocrine/small
intestine or peritoneal mesothelioma.

One of us (L.M.) recorded clinical data, including
patient and tumour characteristics, treatment factors, com-
plications as classified by Dindo and colleagues,17 30-day
mortality rates and disease-free survival in a prospective

database. All patients received prophylactic pneumatic
sequential compression stockings and subcutaneous
unfractionated heparin. We performed computed tomog-
raphy (PE protocol) or Doppler ultrasonography in all
patients in whom we suspected VTE. We determined the
incidence of VTE via the prospective database. Although
we did not use a prospective screening protocol to detect
VTE, we compiled retrospective data regarding negative
radiologic investigations. We reviewed the hospital charts
of the identified patients with VTE to obtain data on
demographics, vital signs, risk factors, presence of comor-
bid conditions, prophylaxis, use of aprotinin and subjective
clinical symptoms.

RESULTS

We found that a total of 6 out of 60 patients (10%) who
underwent cytoreductive surgery combined with hyper-
thermic intraperitoneal chemotherapy had documented
VTE. Characteristics of these patients are summarized in
Table 1. In 5 patients, the VTE occurred postoperatively
while the patients were in hospital. One patient received a
diagnosis of VTE postoperatively after discharge from
hospital. One additional patient died suddenly on postop-
erative day 2. We were unable to confirm the exact cause
of death because the patient’s family refused an autopsy;
however, PE was highly suspected on the differential diag-
nosis. Three patients (5%) received a diagnosis of superior
mesenteric vein thrombosis and 3 (5%) received a diag-
nosis of bilateral PEs. One patient (2%) with bilateral PEs
was also found to have a unilateral DVT. As for negative
investigations, computed tomography (CT) scans of the
abdomen and pelvis were negative for intra-abdominal
thrombosis in 30 patients, CT scans of the chest and PE
protocol scans were negative in 10 patients, and bilateral
leg Doppler ultrasounds were negative in 6 patients.

Among the 6 patients with VTE (5 women and 1 man),
the mean age was 53 (range 41–67) years compared with a
mean age of 52 (range 24–76) years among those without
VTE (p = 0.42). The primary tumour was an appendiceal
neoplasm in 3 patients and colonic adenocarcinoma in 4 pa-
tients. All patients had extensive disease at the time of
surgery, with 80% having a peritoneal cancer index score
greater than 13. All had long durations of surgery; the
median duration was 431 (range 330–683) minutes among
patients with VTE and 380 (range (124–683) minutes for
the entire cohort (p = 0.18). The median length of stay in
hospital was 25 (range 16–45) days for patients with VTE
compared with 21 (9–48) days for the entire cohort
(p = 0.43). Patients with VTE had a median estimated 
blood loss of 1000 (range 700–3000) mL compared with
1654 (range 150–4000) mL among those without VTE. All
but 1 patient (patient 4) with VTE received packed red
blood cells. Comorbidities were relatively uncommon. One
patient had a history of heart disease (patient 2), and
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another (patient 7) had a history of chronic obstructive pul-
monary disease. Both conditions were stable for some time
and not active at the time of surgery or VTE diagnosis.

The mean vital signs recorded in the 24 hours preced-
ing the diagnosis of VTE are illustrated in Table 1. The
mean heart rate was 104 (range 87–118) beats/min, the
mean respiratory rate was 17 (range 15–19) breaths per
minute, the mean temperature was 37.3° (range 36.9–
37.7°), the mean blood pressure was 119/72 (range
105/59–131/82) mm Hg and oxygen saturation ranged
from 94% on 2 L per minute of oxygen to 95% on room
air. We did not record vital signs for patient 5 because the
VTE was detected on an outpatient CT scan. All patients
who did not have VTE experienced tachycardia during
their stays in hospital. Subjective symptoms experienced by
patients in the 24 hours preceding VTE diagnosis included
shortness of breath (patient 2) and leg swelling (patient 5).
Therefore, one-third of patients with documented VTE
experienced symptoms. The tests we ordered to diagnose
VTE were generally based on patient symptoms and clin-
ical intuition rather than specific signs; however, we de-
tected superior mesenteric vein thrombosis incidentally on
CT scans in all 3 patients who were being examined for
nonspecific symptoms such as diarrhea or ileus.

Postoperatively, all patients received 5000 units of hepa-
rin subcutaneously 3 times daily, with the exception of
patient 1 who was admitted to hospital before diagnosis
and was started on the same dose of heparin at the time of
admission. This treatment continued postoperatively. No
other patient received heparin preoperatively as they were
admitted on the day of surgery. All patients used pneu-

matic compression stockings postoperatively. The 1 pa-
tient (patient 4) in whom VTE developed after discharge
from hospital was not discharged with any VTE prophy-
laxis. Patients 3, 5, 6 and 7 all received an intraoperative
bolus and continuous intravenous infusion of aprotinin, a
protease inhibitor that inhibits the action of plasmin and
decreases breakdown of fibrin and intraoperative bleeding.
There was no statistical correlation between aprotinin use
and VTE.

DISCUSSION

The incidence of VTE in our study (10%) corresponds to
the upper-end of the range described in the literature for
this patient population. The incidence of PE was 5% and
that of DVT was 2%. It is interesting to note that super-
ior mesenteric vein thrombosis was diagnosed as often as
PE. Superior mesenteric vein thrombosis has not been
commonly described in this patient population.4–16 The
reason(s) for the high incidence of VTE in our patients is
worth examining. Previous studies of morbidity and mor-
tality in patients with peritoneal carcinomatosis have
tended to address isolated histological groups such as
patients with appendiceal mucinous neoplasms or colorec-
tal cancers. In contrast, our study pooled the type of
surgery (cytoreductive surgery combined with hyperther-
mic intraperitoneal chemotherapy) and assessed a particu-
lar complication (VTE), regardless of the histological
subtype of the tumour. In addition, the data recorded in
our patient group have not previously been reported in
the same detail in previous studies. Comparable studies
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Table 1. Characteristics of patients in whom perioperative venous thromboembolism developed after cytoreductive 

surgery combined with hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis 

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 

Sex Female Male Female Female Female Female Male 

Age, yr 41 67 48 61 54 47 70 

Length of stay, d 26 16 21 23 29 45 2 

Cancer diagnosis Pseudomyxoma Adenocarinoma 
(moderate) 

Pseudomyxoma Metastatic 
adenocarinoma

Adenocarinoma, 
acellular mucin 

Metastatic 
adenocarinoma

Adenocarinoma 
(moderate) 

Site of primary tumour Appendix Sigmoid 
colon 

Appendix Sigmoid 
colon 

Appendix Sigmoid 
colon 

Right colon 

Mean prediagnosis vital signs*        

Heart rate, beats/min 89 87 107 NA 116 118 107 

Oxygen saturation, % 94† 94† 93‡ NA 95‡ 96† 95† 

Respiratory rate, per min 19 17 16 NA 18 15 17 

Temperature, °C 37.5 36.9 37.7 NA 37.2 36.9 37.3 

Blood pressure, mm Hg 131/82 126/72 117/77 NA 117/76 115/68 105/59 

Perioperative VTE       

DVT, unilateral    X   

PE   X Bilateral X Bilateral  X Bilateral  Not known 
(sudden death) 

Superior mesenteric vein 
thrombosis 

X   X  X  

DVT = deep vein thrombosis; NA = not available; PE = pulmonary embolism; VTE = venous thromboembolism. 
*Measured in the 24 hours before diagnosis. 
†Measured on 2 L per minute of oxygen. 
‡Measured on room air. 



include prospective and retrospective reviews. Prospective
studies such as ours should more accurately reflect actual
rates of VTE. Despite this, it is likely that our study, even
though prospective, has underestimated the incidence of
VTE because no study to date has uniformly used a
screening protocol to determine the actual rate of VTE in
this very high-risk patient population.

Patients with cancer who undergo major abdominal
surgery are at high risk for postoperative development of
VTE. This condition, specifically PE, is a major cause of
postoperative deaths among patients admitted to hospital.1

Venous thromboembolism occurs in up to 30% of patients
with cancer, compared with an annual incidence of 0.1% in
the general population.3 Furthermore, significant risk fac-
tors associated with the development of VTE include
advanced cancer stage at the time of diagnosis, prolonged
hospital stay (immobilization), extensive surgical proced-
ures with a prolonged general anesthetic, mucinous
tumours of the gastrointestinal tract and the use of central
venous catheters.1,3,18,19 Our patients had all the high-risk
factors for VTE. In fact, cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy is one of the most
extensive surgical procedures known. Stays in the intensive
care unit with central catheter insertions and substantial
postoperative immobility are the norm. Postoperative
complications occur in most patients.8,16

The number of comorbidities present has been correl-
ated with patients’ increased risk for VTE,1,18 but this was
not a factor in our study because candidates for cytoreduc-
tive surgery combined with hyperthermic intraperitoneal
chemotherapy were strictly screened. Similarly, the pres-
ence of symptoms associated with VTE was inconsistent.
The absence of clinical symptoms cannot necessarily be
used to rule out PE. A study by Le Gal and Perrier20 con-
cluded that regardless of patient age, no risk factor, clinical
symptom or sign is sensitive or specific enough to rule in
or out the diagnosis of PE. Detection of superior mesen-
teric vein thrombosis based on the typical symptom of
midabdominal colicky pain may be difficult in the case of
postoperative pain associated with a laparotomy. We found
all superior mesenteric vein thromboses incidentally when
we ordered CT scans of the abdomen for other indications.
Overall, clinical observation alone likely underestimates
the real incidence of VTE, even in an extremely high-risk
patient population.

The only abnormal mean vital sign that we observed in
patients with VTE was elevated heart rate, demonstrating
tachycardia at 104 beats/min; unfortunately, nearly all
patients in our cohort had periods of tachycardia. Tachy-
cardia was also reported in a study examining the develop-
ment of VTE in patients with gastrointestinal carcin-
omas.19 All other vital signs were within normal ranges. We
did not draw arterial blood gases; however, oxygen satura-
tion monitoring did not indicate a state of hypoxia in any
patient, although this was not performed on the 1 patient

in whom VTE developed after discharge. Therefore,
tachycardia is a subtle yet nonspecific symptom that is
important in the recognition of VTE.

Prophylaxis against VTE remains the most appropriate
strategy to reduce morbidity and mortality.1 Current rec-
ommendations of the American College of Chest Phys-
icians for high-risk general surgery patients with multiple
risk factors include prophylactic low-dose unfractionated
heparin (5000 units, 3 times daily) or low-molecular weight
heparin (> 3400 units daily) combined with the use of
pneumatic compression stockings.1 Furthermore, more re-
cent recommendations include discharging these high-risk
patients and continuing with prophylactic low-molecular
weight heparin for 4 weeks.21 Although in our study all
patients with VTE received prophylactic low-dose unfrac-
tionated heparin 3 times daily (with the exception of
patient 1 who received this treatment twice daily), the pa-
tient in whom VTE developed after discharge (patient 4)
was not prescribed prophylactic heparin. Both treatments
have been directly compared, and no single study has
demonstrated a difference in the rates of symptomatic
VTE or bleeding rates. However, low-molecular weight
heparin is associated with significantly fewer asymptomatic
DVTs.1 Studies have been inconclusive and have shown
both an increase and decrease in bleeding complications
with low-molecular weight heparin compared with low-
dose unfractionated heparin. Other clinical advantages of
low-molecular weight heparin include 1 daily dose and a
lower risk of heparin-induced thrombocytopenia; however,
treatment with low-molecular weight heparin is more
costly. Low-dose unfractionated heparin has been used pri-
marily at our centre owing to an unproven perceived
increased risk of bleeding with the higher doses of low-
molecular weight heparin recommended for this patient
population. However, based on the VTE rate that we
observed, our group is currently reconsidering the ideal
perioperative prophylaxis for VTE. Most prophylaxis trials
also recommend low-dose unfractionated heparin or low-
molecular weight heparin before surgery.1 Patients in our
cohort did not receive preoperative heparin, with the
exception of patient 1 who was previously admitted to hos-
pital. Again, this is owing primarily to the concern of intra-
operative bleeding with these extensive surgeries — a real
concern in our patient group since 2 patients experienced
severe diffuse intravascular coagulopathy, 1 succumbing to
intraoperative hemorrhage. Blood transfusions are re-
quired in most patients undergoing this procedure.6–8,10,11,16

Mechanical prophylaxis with sequential compression stock-
ings is recommended in patients at high risk for bleeding,
although this approach is not as effective in preventing
VTE.1 Sugarbaker and colleagues6 report using mechanical
prophylaxis only and have achieved PE and DVT rates of
6% and 4% respectively; this may also be an underestima-
tion of the true incidence of VTE.

We were concerned that aprotinin may have been
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implicated in the development of VTE. Aprotinin is a pro-
tease inhibitor that has been shown to decrease bleeding
and erythrocyte transfusion during surgery as a result of its
ability to inhibit fibrinolysis.22 In our study, 2 patients with-
out VTE experienced complications related to diffuse
intravascular coagulopathy; 1 died due to this complica-
tion, prompting the empiric use of intraoperative apro-
tinin. Four of the 6 patients who received diagnoses of
VTE received aprotinin intraoperatively. However, basic
science evidence as well as a meta-analysis and systematic
review of the use of aprotinin in liver transplantation have
not demonstrated an increased risk of VTE.23,24

Although routine screening for VTE among all surgical
patients is not cost-effective, it is our opinion that routine
screening of this specific high-risk population is warranted.
Screening would include CT (PE protocol and abdomen,
completed concurrently) and bilateral Doppler ultrasonog-
raphy of the legs before discharge. Early detection of VTE
will allow initiation of treatment before the development
of symptoms or death. Further, a study of this nature is
necessary to confirm our suspicion that the actual inci-
dence of VTE is higher than previously reported in this
patient population. There are a number of options for
VTE prophylaxis including standard low-dose unfraction-
ated heparin, low-molecular weight heparin (preopera-
tively, postoperatively and extended for 4 weeks), mechan-
ical pneumatic sequential compression stockings and even
full anticoagulation of these high-risk patients for 1–
3 months after discharge. However, a routine screening
protocol needs to be implemented to determine the actual
risk of VTE before considering the more aggressive
prophylactic options.
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