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Lack of significant intraoperative coagulopathy in patients undergoing
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
(HIPEC) indicates that epidural anaesthesia is a safe option

Odysseus Korakianitis1, Telemachos Daskalou2, Leonidas Alevizos3, Konstantinos Stamou3, Christos Mavroudis1,
Christos Iatrou4, Theodosia Vogiatzaki4, Savvas Eleftheriadis4, & Antonios Apostolos Tentes3

1Department of Anaesthesiology, Didimoticho General Hospital, Didimoticho, Greece, 2Department of Haematology, Sismanogleio Hospital,

Athens, Greece, 3Department of Surgery, Didimoticho General Hospital, Didimoticho, Greece, and 4Department of Anesthesiology, Medical School,

Democritus University of Thrace, Alexandroupoli, Greece

Abstract

Purpose: The purpose of this study is to evaluate the fluctuations of coagulation parameters
during cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) and
confirm beyond doubt that epidural anaesthesia is safe with this type of operations. Materials
and methods: This is a prospective clinical study of consecutive patients who had cytoreductive
surgery and HIPEC. An epidural catheter was inserted into all patients. Peripheral venous blood
samples in specific time points of the procedure were tested for complete blood count,
prothrombin time (PT), activated partial thromboplastin time (aPTT), international normalised
ratio (INR), fibrinogen, D-dimer, and expression of the GpIIb/IIIa platelet receptor. Results: A total
of 51 consecutive patients were included in this study. The initial mean (SD) platelet count
decreased significantly to a mean of 250.6 (105.4) 109/L (p50.001). Fibrinogen levels decreased
to 295.9 (127.4) mg/dL (p¼ 0.009). D-dimer levels increased to 5.3 (3.1) mg/dL (p50.001). APTT
increased from 30.8 (5.8) s to 35.1 (4.6). The mean INR increased significantly to 1.5 (0.5)
(p50.001). The total number of GpIIb/IIIa platelet receptors showed no significant variation
throughout the measurements and was 72603.2 before HIPEC, 80772.4 during, and 77432.1
after. All the parameters examined, despite significant fluctuations remained in levels that
would permit perioperative epidural analgesia. No related complications were recorded.
Conclusion: Our results support the belief that epidural analgesia is a safe option in
cytoreductive surgery and HIPEC despite certain intraoperative fluctuations in coagulation
parameters. It is of major importance to regulate any abnormalities observed during surgery.
There are no available data regarding the occurrence of coagulopathy in the post-operative
period.
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Introduction

Cytoreductive surgery combined with hyperthermic intraper-

itoneal chemotherapy (HIPEC) has been used in selected

patients with primary or secondary peritoneal surface malig-

nancy. Encouraging results show a survival benefit in well-

selected patients with acceptable morbidity and mortality

rates [1–3]. Historically, the standard treatment of patients

with peritoneal carcinomatosis was tumour debulking fol-

lowed by adjuvant chemotherapy that left little hope for cure.

This aggressive approach that combines peritonectomy pro-

cedures and complex organ resections aims to eradicate all

macroscopic disease [4]. The perfusion of the abdominal

cavity with heated chemotherapeutic agents targets all

microscopic residual disease. Perioperative intraperitoneal

chemotherapy after maximal cytoreductive surgery has been

shown to be effective in the treatment of pseudomyxoma

peritonei [1], diffuse malignant peritoneal mesothelioma [2],

gastrointestinal cancer with peritoneal carcinomatosis [5], and

peritoneal sarcomatosis [6]. This treatment has recently been

used as an alternative for recurrent and persistent ovarian

cancer and also as upfront treatment in FIGO stage III ovarian

cancer [7–9]. As a result of the promising findings of cohort

studies, more than 60 clinical trials on HIPEC are currently

registered with ClinicalTrials.gov [10].

The perioperative management of patients for cytoreduc-

tion and HIPEC is a challenge for surgeons, anaesthesiologists

and intensivists [11]. Standard anaesthesiology protocols

implemented in major abdominal surgery may need adjust-

ment as the patient is subjected to major surgery with

significant fluid and blood loss concomitantly with chemo-

therapy and serious fluctuations in core temperature. The

combination of the above has an impact on most physiological

parameters including haemodynamic status, renal function,
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respiratory efficiency and coagulation [12,13]. The severity of

this impact has not been studied extensively, and more data

are needed for the standardization of the perioperative care of

our patients. During cytoreductive surgery and HIPEC the

maintenance of an effective clotting mechanism is of major

importance. Coagulopathy is part of a chain of events that

may lead to considerable intraoperative blood loss. This will

put at risk the quality of surgery, increase the need for

transfusions and endanger the patient’s post-operative course.

Significant coagulopathy also affects the management of the

patient by the anaesthesiologist and the use of epidural

analgesia in particular [14]. Epidural anaesthesia and anal-

gesia is not considered safe in cases of severe coagulopathy as

it may lead to complications such as epidural haematomas and

abscesses. Although epidural analgesia is a broadly used

technique and is regarded as the standard analgesic technique

for major abdominal surgery [15], in the case of cytoreductive

surgery there is no international consensus regarding the

management of perioperative pain [16].

The purpose of this study is to evaluate the fluctuations of

coagulation parameters during extensive surgery and HIPEC.

The findings of the study may be used as confirmation of the

safety of epidural analgesia during the surgical treatment of

the patients.

Methods

This is a prospective observational study of 51 consecutive

patients with peritoneal surface malignancy treated with

cytoreductive surgery and HIPEC in the Department of

Surgery of Didimoticho General Hospital between May 2011

and April 2012. The hospital is a designated national referral

centre for cases of peritoneal carcinomatosis. The study was

approved by the ethical committee of the hospital and all

patients gave written informed consent. Inclusion criteria

were age above 16 years and Karnofsky performance status

scale450%. Exclusion criteria were severe cardiovascular or

respiratory disease, whole blood count 54000/mm3, platelet

count 5150,000/mm3, renal or hepatic failure, pregnancy,

multiple partial intestinal obstruction or extensive involve-

ment of the surface of the small bowel as well as distant and

non-resectable metastases.

Anaesthesia and operative procedure

An epidural catheter was introduced at the levels of T12-L1

before the induction of anaesthesia. Anaesthesia was induced

with intravenous (i.v.) infusion of propofol 2.5 mg/kg,

rocuronium 1 mg/kg and fentanyl 150 mcg/kg. Maintenance

of anaesthesia was achieved with sevoflurane and additional

i.v. rocuronium according to patient needs. After the induc-

tion of anaesthesia patients received 5 mg/mL solution of

ropivacaine bolus via the epidural catheter in doses of 2 mL

by neurotome from the point of entry of the epidural catheter

up to the level of T6. After the settlement of the epidural,

analgesia patients received a continuous epidural infusion of

2 mg/mL solution of ropivacaine with a flow of 8 mL/h until

the end of the operation.

Peritonectomy procedures included pelvic peritonectomy,

greater omentectomy with or without splenectomy, lesser

omentectomy with resection of the omental bursa,

cholecystectomy, right and left subdiaphragmatic peritonect-

omy, and parietal peritonectomy. All patients underwent

surgery with the intention to perform complete cytoreduction.

Resections of other organs, small and/or large bowel, and

the stomach were performed when needed. The extent

of peritoneal dissemination was assessed by the periton-

eal cancer index (PCI) and the completeness of

cytoreduction with the cytoreduction score (CC) as previously

described [15].

Intraoperative monitoring included heart rate (GR), inva-

sive systolic blood pressure (SBP), diastolic blood pressure

(DBP), mean arterial pressure (MAP), central venous pressure

(CVP), cardiac output (CO), stroke volume (SV), and

systemic vascular resistance (SVR). Patients were given

intravenous fluids beginning 12 h prior to surgery and

according to individual needs. During surgery patients were

liberally given crystalloids with close monitoring of the urine

output. Transfusions were kept to a minimum and depending

on intraoperative losses were aimed to keep haemoglobin

levels above 9 mg/dL. Fresh frozen plasma was given in an

effort to stabilise prothrombin time (PT)/international normal-

ised ratio (INR) below 1.2. During the 90 min of HIPEC

patients were given additional crystalloids to establish a

minimal urine output of 400 mL/15 min.

After the completion of cytoreduction and before intestinal

reconstructions (when needed) HIPEC was performed using

the open Coliseum technique for 90 min [14]. In brief, the

abdominal cavity was filled with 3–5 L of normal saline and

the chemotherapeutic agents were circulated in the abdominal

cavity after reaching the temperature of 42 �C. The choice of

chemotherapy regimens depended on the origin of the

malignancy and the courses of chemotherapy the patient

had previously received. Chemotherapy-naı̈ve and platinum-

sensitive ovarian cancer patients were given cisplatin (50 mg/

m2) in combination with doxorubicin (15 mg/m2) for 90 min.

Platinum-resistant patients received melphalan (70 mg/m2) or

gemcitabine (1000 mg/m2) for 60 min. Colon cancer patients

received mitomycin C (10 mg/m2). Pancreatic cancer patients

received gemcitabine (1000 mg/m2) for 60 min. Gastric cancer

patients received mitomycin C (10 mg/m2) and cisplatin

(50 mg/m2).

Heated chemotherapy was performed using the SunChip

system (Gamidatech, Eaubonne, France). The heat exchanger

kept the fluid at443 �C so that the intraperitoneal fluid was

maintained at approximately 42 �C.

Blood sampling and analysis

Peripheral venous blood samples were obtained just after the

induction of anaesthesia (time point 1), 2 h after the beginning

of cytoreduction (time point 2), at the beginning of HIPEC

(time point 3), in the middle of HIPEC at 45 min (time point

4), at the end of HIPEC at 90 min (time point 5) and just

before the awakening of the patients (time point 6).

The parameters examined were platelet count, fibrinogen

levels, D-dimer levels, prothrombin time, activated partial

thromboplastin time, international normalised ratio, all of

which were measured in all time points, and also expression

of the GpIIb/IIIa platelet receptor which was calculated only

at time points 2, 4 and 6.

2 Korakianitis et al. Int J Hyperthermia, Early Online: 1–6
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Platelet count was determined by haematology analyser

Sysmex XE-2100 (Sysmex America, Inc. in Lincolnshire, IL).

D-dimer concentrations were determined by use of a quan-

titative enzyme-linked immunosorbent assay based on the

‘sandwich’ type immunoenzymatic method, with final

measurements achieved through fluorescence detection.

Fibrinogen levels were determined with an ACL-9000

(Diamond Diagnostics, Holliston, MA) coagulation analyser,

using a PT-fibrinogen high sensitivity reagent, which is a

high-sensitivity calcium thromboplastin that allows the sim-

ultaneous determination of PT and fibrinogen levels. aPTT

was measured using an ACL-9000 coagulation analyser and

INR was calculated by the formula INR¼ (PT patient/PT

normal)ISI.

The expression of the platelet membrane receptor GpIIb/

IIIa was studied with flow cytometry (Epics XL-MCL system,

Beckman-Coulter) using a specialised kit (ADIAflo Platelet

occupancy, American Diagnostics Corporations, Hauppauge,

NY). The total number of GpIIb/IIIa platelet receptors was

estimated by using the recorder fluorescence intensity, as

previously described with the use of monoclonal antibodies

[18,19]. A standard curve was initially constructed as

described in the kit and the number of receptors per platelet

was extrapolated by the standard curve.

Statistical analysis

Quantitative data were expressed as mean (SD), median or

range. Univariate analysis was performed with the chi-square

test and the Fisher exact test where applicable for categorical

variables and the Mann-Whitney U test for numerical

variables. Differences between time points were analysed by

Wilcoxon test. All statistical analyses were performed using

the statistical package SPSS statistics 18.0 (SPSS Inc,

Chicago, IL). Significance was tested at the 5% level of

statistical significance (p50.05).

Clinical trial registration

As this was an observational clinical study without interven-

tion in humans, it was not registered in an international

clinical trial registry.

Results

A total of 19 men and 32 women who underwent

cytoreductive surgery and HIPEC were included in this

study. The characteristics of the patients are listed in Table 1.

The duration of surgery reached a median of 310 min (range

245–510). In total, six patients received a median of three

(range 2–8) fresh frozen plasma transfusions while five

patients were transfused with a median of two (range 1–6) red

blood cells. No serious intraoperative complications occurred

during HIPEC. There was no significant bleeding during

surgery or in the immediate post-operative period. There was

no re-operation for bleeding and no recorded incident of

epidural haematoma or abscess.

The mean (SD) platelet count just after the induction of

anaesthesia was 324.9 (128.1)� 109/L. It decreased signifi-

cantly to a mean of 250.6 (105.4) 109/L (p50.001) in time

point 2 and then it stabilised at these levels.

Fibrinogen levels were 431.8 (220.3) mg/dL in the first

measurement and did not present any significant change until

halfway through HIPEC (time point 4), when they decreased

to 295.9 (127.4) mg/dL (p¼ 0.009). Then, in the last two

measurements, fibrinogen levels presented a non-significant

decline (Figure 1A).

D-dimer levels initially presented a non-significant decline

from 3.0 (2.2) mg/dL in time point 1, to 1.8 (1.0) mg/dL in

time point 2. Then, they increased to 2.7 (1.7) mg/dL (non-

significant change) in time point 3. They continued to

increase to 4.0 (2.1) mg/dL in time point 4 (p50.001) and

to 4.9 (3.3) mg/dL in time point 5 (p50.001). Thereafter, D-

dimer levels presented a non-significant increase to 5.3 (3.1)

mg/dL in time point 6 (Figure 1B).

PT presented a steady increase from 11.7 (1.1) s in time

point 1 to 13.2 (1.3) s (p50.001) in time point 2, 13.9 (1.6) s

(p¼ 0.01) in time point 3, 15.4 (2.3) s (p50.001) in time

point 4, and 16.1 (2.4) s (p¼ 0.002) in time point 5. Then, it

presented a non-significant decline to 15.7 (2.8) s.

Activated PTT increased from 30.8 (5.8) s in the first

measurement to 35.1 (4.6) s in time point 2 (p50.001) and

then did not present any significant change (Figure 2).

The mean INR was 0.9 (0.1) in the first measurement and

increased significantly to 1.1 (0.2) in the second measurement

Table 1. Demographics of 51 patients undergoing cytoreductive surgery
and HIPEC.

Characteristic Frequency Percentage (%)

Agez (range) 54.8 (23–77)
Gender

Female 32 62.7
Male 19 37.3

Diagnosis
Ovarian cancer 19 37.3
Colon cancer 8 15.7
Gastric cancer 7 13.7
Pancreatic cancer 6 11.8
Rectal cancer 5 9.8
Sarcoma 4 7.7
Uterine cancer 1 2.0
Primary peritoneal cancer 1 2.0

Degree of differentation
Low 6 11.8
High 45 88.2
Peritoneal cancer indexz (range) 5.4 (3–30)

Cytoreduction score
CC-0 46 90.3
CC-1 2 3.9
CC-2 2 3.9
CC-3 1 1.9

PSS
PSS-0 39 76.5
PSS-1 2 3.9
PSS-2 6 11.8
PSS-3 4 7.8

ASA score
ASA 1 36 70.6
ASA 2 11 21.6
ASA 3 3 5.9
ASA 4 1 2

Karnofsky performance scale
90–100% 41 80.4

70–80% 8 15.7
50–60% 2 3.9

zMean values.
ASA, American Society of Anesthesiologists; PSS, Prior Surgical Score.
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(p50.001), to 1.2 (0.3) in the third measurement (p¼ 0.01),

to 1.4 (0.4) in the fourth measurement (p50.001) and to

1.5 (0.5) in the fifth measurement. Then it stabilised at these

levels (Figure 3). Changes in platelets count, fibrinogen

levels, D-dimer levels, PT, aPTT and INR are also depicted in

Table 2.

The total number of GpIIb/IIIa platelet receptors showed

no significant variation throughout the measurements and was

72603.2 (25517.6) before HIPEC, 80772.4 (35183.2) in the

middle of HIPEC and 77432.1 (25517.7) after HIPEC.

Discussion

Epidural analgesia, is an important component of periopera-

tive pain management in major abdominal surgery. It is

associated with reduced intraoperative opioid administration,

earlier recovery of bowel function, fewer side effects and

lower post-operative visual analogue scores (VAS) on pain

[14,15]. Patients who are candidates for cytoreduction and

HIPEC often suffer from chronic pain, which is associated

with poor quality of life. Extensive use of analgesics together

with epidural catheterisation may help these patients reduce

the need for opioids [20].

The main factors that could prevent the use of epidural

analgesia are profound haemodynamic instability and coagu-

lopathy. In large series, epidural analgesia has been proved a

remarkably safe procedure with an epidural abscess rate of

less than 1:1350 (versus 1:1368) and an epidural haematoma

rate of less than 1:4100 [21–23].

Spinal haematomas occur in the epidural space mostly

without an obvious source of bleeding (arterial or venous).

Most spinal haematomas are delayed and become symptom-

atic days after catheter placement, suggesting the bleeding is

not arterial. It is also interesting that the amount of blood

required for the neurological symptoms to develop varies and

can be much less than what would be injected in a blood

patch. The widespread prophylactic use of low molecular

weight heparins (LMWH) may be responsible for a rise in the

Figure 1. Fibrinogen levels were seen decreasing in different time points during cytoreductive surgery (A) as relevant D-Dimer levels were
increasing (B).

Figure 2. Activated PTT levels at different time points during
cytoreductive surgery and HIPEC.

Figure 3. INR levels are seen within normal limits at different time
points during cytoreductive surgery and HIPEC.

4 Korakianitis et al. Int J Hyperthermia, Early Online: 1–6
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incidence of epidural haematomas but the actual risk is not

clear, while the push for more thromboprophylaxis is global

[24–26]. In general, epidural catheters should be avoided in

patients with profound coagulopathy. An important issue with

the placement of epidural catheters and intraoperative

coagulopathy is that the actual efficacy of clotting cannot

be determined with standard point of care tests, while there

are no firm cut-off points for the measured parameters that

can be used for clinical decision-making. In our study, effort

was taken to evaluate both the intrinsic, extrinsic and common

pathways as well as the function of platelets during extensive

cytoreductive surgery and HIPEC.

Cytoreductive surgery and HIPEC stimulate various

physiological changes, affecting mainly oxygen consumption

and haemodynamic parameters [27]. Extensive surgery and

HIPEC may cause significant fluid, blood and protein losses

along with systemic hyperthermia, which leads to increased

metabolic rate [28,29]. Although the effects of HIPEC on

haemodynamics and fluid balance have been previously

described, the effect on coagulation remains insufficiently

understood. This makes the choice of epidural analgesia

debatable in cytoreductive operations [9,15,30,31]. A ques-

tion for further study is whether the known haemodynamic

effects of epidural analgesia are intensified during HIPEC

while disorders of haemostasis will increase the risk of

epidural haematoma.

Intraoperative coagulopathy is a known complication of

extensive surgery and HIPEC [30,31] and is probably caused

by a combination of factors that include the high fluid volume

required for resuscitation, the direct effect of intraperitoneal

chemotherapy, hepatic toxicity due to antineoplastic agents

and direct hepatic trauma [30]. In our series of patients,

statistically significant alterations were recorded in all

parameters studied except total number of GpIIb/IIIa platelet

receptors which showed no significant variation throughout

the procedure. GpIIb/IIIa platelet receptor is an integrin

complex found on platelets that acts as a receptor for

fibrinogen and leads to platelet activation [32]. Therefore it

plays an important role in platelet aggregation and adhesion to

endothelial surfaces, making agents that block the function of

the GPIIb-IIIa complex a powerful new generation of

antithrombotic drugs [19]. The stable number of GpIIb/IIIa

platelet receptors in our series of patients shows a lack of

impact on them.

Fibrinogen levels showed a significant decline during

HIPEC while D-dimer levels gradually increased as a result of

fibrinogen degradation. PT and INR were gradually increased

during HIPEC, while aPTT remained stable. Despite these

changes, all parameters studied remained within a range

that is generally considered to be safe for epidural anal-

gesia [21,33,34]. The absence of clinically evident complica-

tions connected to the epidural catheter such as haematoma,

meningitis and epidural abscess cannot be assessed statistic-

ally as the total number of patients is low in relation to the

rarity of the events. What this study shows is that while

anaesthesiologists were reasonably concerned as to the safety

of epidural analgesia in HIPEC, present data and experience

support its safe use.

Similar results have been reported by Cooksley et al.

counting platelets and INR before and after surgery [27].

Schmidt et al., in a series of 78 consecutive patients, reported

increase of the INR, reduced number of platelets 205� 109/L

versus 244.3� 109/L (which was the lowest mean count

recorded in our series) and a significantly prolonged aPTT

(45.2 versus 37 in our patients) [28]. However, even in

patients with elevated aPTT, Schmidt et al. did not record

serious complications from epidural catheter, and their

patients who received epidural analgesia presented signifi-

cantly shorter duration of ventilation and post-operative need

of intravenous opioids.

This study confirms the safety of epidural analgesia but

does not provide data on possible coagulopathy during the

immediate post-operative period. For this to be adequately

studied, further tests should be scheduled that would cover the

duration of the indwelling of the catheter.

Conclusion

The effects of cytoreductive surgery and HIPEC on the

clotting mechanism are not sufficiently understood so far.

This raises concerns among anaesthesiologists regarding the

use of epidural analgesia. In our series of patients the total

number of GpIIb/IIIa platelet receptors showed no significant

variation throughout the procedure, while the alterations of

the other coagulation parameters remained within a range that

is considered safe for epidural analgesia. Further studies are

needed to assess the possible impact of various peritonectomy

procedures, HIPEC techniques and antineoplastic agents on

blood clotting.
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