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ABSTRACT

ARTICLE HISTORY

Background and Objectives: Postoperative thromboembolism is a significant cause of prolonged
recovery in patients undergoing cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC). Thromboelastography (TEG) can detect hypercoagulable states and predict thromboembolic complications after surgery. This study assessed the impact of CRS and HIPEC on TEG values.
Methods: TEG parameters reaction time (R), kinetics time (K), angle (a), maximum amplitude (MA),
and lysis percent at 60 min (LY60) were determined preoperatively, and at the end of CRS, during
HIPEC, and at the end of the operation using blood samples from 15 HIPEC patients. Platelets, P-TT,
and aPTT were also determined before and after CRS.
Results: A total of 75 samples were analyzed. During CRS, there was a significant reduction in the
mean MA (3.06 mm, p ¼ 0.001). The mean P-TT declined by 32% (p < 0.001) and mean platelets by
55  109/L (p < 0.001). During HIPEC, the mean R and K shortened by 1.04 min (p ¼ 0.015) and 0.18 min
(p ¼ 0.018), respectively, whereas a increased by 2.48 (p ¼ 0.005).
Conclusions: During CRS, both TEG and conventional laboratory tests indicated hypocoagulation.
During HIPEC, however, the initiation of coagulation and the kinetics of thrombin formation were
accelerated.
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1. Introduction
Cytoreductive surgery (CRS) followed by hyperthermic intraperitoneal chemotherapy (HIPEC) has become an established
treatment of peritoneal malignancies such as pseudomyxoma
peritonei, abdominal mesothelioma and colon carcinoma
with peritoneal carcinomatosis. Despite advances in surgery
and anesthesiology, perioperative morbidity remains high
(12  67.6%) while mortality has varied between 0 and
18% [1–4].
Despite adequate mechanical and pharmacological prevention, postoperative thromboembolism remains a significant cause of prolonged recovery and hospital stay. The
overall incidence of symptomatic thromboembolism (deep
venous thrombosis, DVT or pulmonary embolism, PE) after
major oncologic surgery is 2–5% [5], while after HIPEC procedure it varies between 4 and 10% [6]. There are only few
studies where DVT was systematically screened by ultrasound or venography after oncologic surgery. In these studies, venous thrombosis was diagnosed in 8–13% of patients
[7–9]. Most of these thromboses were asymptomatic. None
of these studies investigated HIPEC patients. In addition to
active cancer, prolonged surgery and immobilization as well
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as an increase in body temperature during HIPEC all predispose patients to thromboembolic complications [10–12].
Thromboelastography (TEG) measures the viscoelastic
properties of blood from initiation of the coagulation process
to fibrinolysis. Traditionally, TEG has been used to guide
blood component therapy during major surgery and trauma
[13–15]. In addition, TEG has been demonstrated to be able
to detect hypercoagulable states and predict thromboembolic complications after surgery [6,16,17]. From TEG
parameters short R (reaction time) and K (kinetics time), large
a (angle), elevated MA (maximum amplitude) and low LY60
(percent lysis at 60 min, reduced lysis) are considered as
signs of hypercoagulation [6,18,19].
In this study, we assessed the impact of HIPEC on TEG values. According to our hypothesis, cytoreductive surgery followed by HIPEC modulates TEG values toward enhanced
coagulation.

2. Material and methods
The inclusion criteria for the study were ASA I-II patients
aged 18  85 years, who underwent cytoreductive surgery
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and HIPEC in Oulu University Hospital between 2015 and
2017. The study protocol was approved by the Ethical
Committee of the Northern Osthrobothnia Hospital District
(reference number 75/2014). Written informed consent was
obtained from all subjects.

Antithrombotic treatment
On admission to the hospital 1 day before surgery, a Doppler
ultrasound was performed to each patient to exclude existing deep venous thromboembolism. Enoxaparine 40 mg sc
was given in the preoperative evening of the preoperative
day and continued 6 h after surgery at an elevated dose of
40 mg x 2 sc 4 weeks after the operation. In addition, a
sequential compression device was used for thrombosis
prophylaxis during surgery and the postoperative period.

Anesthesia
An epidural catheter and a central venous catheter were
inserted to each patient one day before surgery. An arterial
cannula was inserted into the radial artery upon arrival to
the OR. Thereafter, anesthesia was induced with propofol,
remifentanil, and rocuronium and maintained with desflurane, remifentanil, and rocuronium. During HIPEC desflurane
was exchanged to propofol infusion. The depth of anesthesia
and muscle relaxation was guided by GE Healthcare Entropy
and Neuromuscular transmission (NMT) monitoring devices,
respectively. Arterial pressure, central venous pressure, stroke
volume variation (LiDCOV monitoring device, LiDCo), oxygen
saturation, end-tidal carbon dioxide, ECG, diuresis, esophageal temperature, and urinary bladder temperature were
monitored throughout the procedure. Temperatures in the
upper and lower stomach were also monitored during the
HIPEC phase.
R

Intraoperative treatment
Techniques of cytoreductive surgery and peritonectomy procedures have been described elsewhere [20]. During the
operation, normothermia was maintained by using warm fluids, a thermal blanket and the Arctic Sun cooling/heating
device (Bard Medical). To maintain fluid balance, balanced
crystalloid PlasmalyteV (Baxter) was infused at a fixed rate of
100 mL/h. Blood loss was compensated by a balanced crystalloid solution (PlamalyteV), albumin (AlbumanV, Sanguin),
fresh frozen plasma (OctaplasLGV, Octapharma), and packed
red blood cells as necessary. Prior to HIPEC the fluid balance
was evaluated and to accelerate diuresis, 10 mg of intravenous furosemide was given to each patient.
After the cytoreductive stage (CRS) of the operation was
completed, 43–44 C saline was infused into the intraperitoneal cavity by Terumo Pump System (Terumo Medical
Corporation), or by Belmont Rapid Infuser (Belmont
Instrument Corporation). After the intraabdominal temperature of minimum 41  C was reached, Mitomycin C 50 mg/kg,
divided into three proportions, was administered into the circumforaneous fluid in 30 min intervals. The duration of
R

R

HIPEC was 90 min in each patient. During HIPEC the patients
were actively cooled by Arctic Sun cooling device, cold fluid
infusions and cooling packs around the upper body and
head to prevent the rise of core body temperature above
37  C. After HIPEC, surgery was completed by performing GItract anastomoses and ostomies when needed. Following
abdominal closure, the patients were transferred to the
intensive care unit (ICU).

Data collection
Patient characteristics including gender, age, height, weight,
comorbidities, ASA risk classification score and peritoneal carcinosis index (PCI) were recorded. The amount of bleeding
and intravenous fluids including blood products and
were obtained.
The duration of CRS was determined from the incision to
the administration of the cytostatic drug. The duration of the
operation was determined from the incision to the end of
the procedure. The duration of HIPEC was constant (90 min)
and therefore the duration of the operation was dependent
on the complexity of the surgery.

Blood sampling
For TEG analyses, samples were taken the day before operation (T1), after CRS (T2), after 40 min of HIPEC (T3), after
80 min of HIPEC (T4) and at the end of the procedure (T5).
For preoperative sample collection we used 7 F 2 lumen
Argon Hydrocath Assure catheter or 20 Gauge Terumo needles for venipuncture if a central venous line was not available. All intraoperative samples were collected from the
central venous catheter [21]. The samples were drawn into
Vacutainer tubes containing 3.2% citrate. For quality assurance, two samples were analyzed at every time point to
detect possible errors in sample preparation.
Arterial blood acid-base status, blood gases, and Hb was
measured at time points T2-T5. The samples were taken via
the arterial cannula simultaneously with blood sampling for
the TEG analyses. From conventional laboratory testing,
platelet count (B-Thromb, normal range 150–360  109/L),
thromboplastin time (P-TT, normal range 70–130%)) and activated partial thromboplastin time (APTT, normal range
28–37 s) were determined at T1 and T2 (before and after
CRS) and on demand (bleeding).

R

R

TEG analyses
The TEG analyses were performed according to manufacturer’s guidelines by a single trained study nurse or by the
first author both experienced in TEG analytics. Citrated blood
samples were stored at room temperature and analyzed
30 min after collection. The samples were recalcified before
analyses and kaolin was used as an initiator in each test.
Two
computerized
TEG
analyzers
(TEG
5000
Thromboelastograph
Hemostasis System, Haemonetics
Corporation, Niles, USA) with four separate channels were
used. The TEG analyzers were calibrated and tested regularly.
R
V

R
V
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The TEG values analyzed were reaction time (R, normal
range 4–8 min), kinetics time (K, normal range 1–3 min),
angle (a, normal range 55–78 ), MA (normal range
51–69 mm) and LY60 (normal range 0–15%). R reflects the
initiation of coagulation and is dependent on coagulation
factors and affected by anticoagulants. K and a reflect the
kinetics of thrombin formation and are also affected by anticoagulants. MA reflects the maximum strength of the clot
and is affected by the amount and activity of thrombocytes
and fibrinogen. LY60 measures the percent lysis based on
the reduction of the area under the TEG tracing and represents the fibrinolytic process during the entire 60 min after
MA is reached [22]. For this study hypercoagulation was
determined as a 1 min shortening in R or a 5 mm elevation
in MA whereas hypocoagulation was determined as 1 min
prolongation in R or 5 mm reduction in MA.

Data analysis and statistics
The data were analyzed using Statistical Package for the
Social Sciences (SPSS) for Windows (IBM Corp., released 2016:
IBM SPSS Statistics for Windows, Version 24 .0. Armonk, NY:
IBM Corp) and SAS (version 9.4, SAS Institute Inc., Cary, NC,
USA). Patients acted as their own controls, i.e., TEG values
measured intraoperatively were compared to each individuals own TEG values. Repeatedly measured data were analyzed using linear mixed model (LMM) using patients as
random effects. If P-time (Ptime) was significant according to
LMM, then a pairwise comparison between time points was
performed. Mean differences with 95% confidence intervals
(95% CI) are presented. To assess the correlation between
continuous variables the Spearmans correlation coefficient
(rho) was calculated. A two-tailed p < 0.05 was considered
statistically significant. Power analyses for the study population size could not be conducted due to the lack of previous
studies on TEG values in HIPEC surgery. This was a convenience sample considering our surgical volume.

3. Results
Patients and clinical data
During the study period 25 patients, who gave the consent
to participate, were scheduled for CRS and HIPEC. 10
patients, who did not receive HIPEC, were excluded, leaving
15 patients for the final analysis. Hypertension was the most
common comorbidity. One patient had mild renal insufficiency as an adverse effect of earlier chemotherapy of
lymphoma. Most of the patients were overweight or obese;
one patient was slightly underweight with a BMI of 17.5. The
demographic data of the patients are summarized in Table 1.
Appendix was the most common origin of carcinoma (10/
15). The majority (67%) of patients were having a PCI below
20 while one patient had a PCI of 0. This patient had undergone CRS 2 months earlier without HIPEC in another hospital
but due to the histological classification (invasive mucinous
appendiceal adenocarcinoma with peritoneal metastasis),
HIPEC was performed.
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Table 1. Patient and operation characteristics.
n ¼ 15

Total
Age, mean (SD) [min–max]
Gender
Male
Female
ASA classification
1
2
BMI, mean [min–max]
Preoperative albumin, mean (SD) [min–max]
Comorbidities
Hypertension
Hypothyreosis
Asthma
Renal insufficiency
Diagnosis
Appendix mucinous carcinoma
Mesothelioma
Colon carcinoma
PCI, mean (SD) [min–max]
Duration of the surgery, mean (SD)
[min–max]
Perioperative hemorrhage, mean (SD)
[min–max]
Chrystalloids, mean [min–max]
Albumin, mean [min–max]
Red blood cells
0 units
1 unit
2 units
3 units
Platelets
0 units
Octaplas
0 units
1 unit
2 units

56 years (9.6) [32–68]
4
11
2
13
26 [17–35]
36 g/l (6.2) [25–43]
7
1
1
1
10
3
2
16 (10.8)[0–37]
700 minutes (182)
[489–1019 minutes]
647 mL (594) [100–1900 mL]
7267 mL [3000–15,000 mL]
600 mL [0–1800 mL]
10
2
2
1
15
13
0
2

SD: standard deviation; ASA: American Society of Anesthesiologists; BMI: body
mass index; PCI: peritoneal carcinosis index.

Perioperative hemorrhage varied from 100 to 1900 mL
and was associated with the stage of peritoneal carcinomatosis and organ manifestations (spleen, liver). On the day
before surgery, the mean hemoglobin concentration was
131 g/l (SD 20.4). During the operation the mean hemoglobin
concentration was 109 g/l (SD 18.7) at T2, 101 g/l (SD 16.0) at
T3, 100 g/l (SD 13.5) at T4 and 105 g/l (SD 15.8) at T5. Five
patients required RBC transfusion based on our transfusion
limit of 80 g/l. None required platelets. Fresh frozen plasma
was given to two patients. All blood products were given
before the HIPEC phase, during CRS. Albumin (4%) was used
to maintain normovolemia in 12 patients during CRS phase.
None of the patients received either blood products or albumin during the HIPEC phase.
The mean pH was 7.4(SD 0.5) at each time point. The
mean base excess (BE) was 2.5(SD 2.5) at T2, 4.0(SD 3.3)
at T3, 4.5(SD 2.9) at T4 and 3.9(SD 2.2) at T5. None of the
patients developed acidosis (pH < 7.2). However, 10 patients
had BE below 2.5 during HIPEC.
5/15 patients were hyperthermic during HIPEC (core temp
>38). The mean temperature in the upper stomach was
41.9  C (40.8–43  C) and in lower stomach 41.8  C (40.842.8  C). In one patient upper stomach temperature was not
measured due to technical failure.
Altogether, 75 blood samples were analyzed. The main
results of TEG and traditional coagulation assays are
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Table 2. Mean values with standard deviation (SD) and median of TEG parameters during the study period.
Preoperative
(T1)
Mean (SD)
[median]
R
K
a
MA
LY60
P-TT
aPTT
Trom

6.5
1.5
68.5
69.6
4.5
90.6%
34.1
282.3

(1.4) [6.5]
(0.3) [1.4]
(4.6) [68.6]
(5.7) [69.6]
(3.8) [3.3]
(18.8) [86%]
(4.9) [34.5]
(73.8) [289.0]

After CRS
(T2)
Mean (SD)
[median]
5.9
1.4
69.2
66.5
2.4
58.5%
35.4
227.1

(1.0) [5.8]
(0.2) [1.4]
(2.8) [69.4]
(3.4) [66.2]
(4.9) [1.1]
(20.4) [59%]
(6.3) [34.5]
(54.2) [240.0]

40 min HIPEC
(T3)

80 min HIPEC
(T4)

Mean (SD)
[median]

Mean (SD)
[median]

5.2
1.3
70.0
67.3
0.9

(1.2)
(0.2)
(2.5)
(3.6)
(1.2)

[5.3]
[1.3]
[70.3]
[66.1]
[0.8]

4.8
1.3
71.6
67.0
1.8

(1.3)
(0.2)
(2.7)
(3.7)
(1.9)

End
(T5)
Mean (SD)
[median]

[4.8]
[1.3]
[71.1]
[66.9]
[1.2]

4.8
1.3
71.4
66.2
1.1

(1.5)
(0.2)
(3.2)
(3.7)
(0.9)

[4.9]
[1.3]
[71.2]
[66.0]
[0.9]

CRS: cytoreductive surgery; SD: standard deviation; R: reaction time; K: kinetics time; a: angle; MA: maximum amplitude; LY60: lysis at
60 min; TT: thromboplastin time; aPTT: activated partial thromboplastin time; Trom: number of platelets.
Table 3. Mean change of tests between time points with 95% confidence interval (95% CI).
CRS

HIPEC

Recovery

Study period

(T1  T2)

(T2  T4)

(T4  T5)

(T1  T5)

Change
(95% CI)
R
K
a
MA
LY60
P  TT
aPTT
Trom

0.65
(0.22  0.53)
0.02
(0.15  0.19)
0.65
(3.01  1.77)
3.06
(1.30  4.82)
2.13
(0.73  4.99)
32.1
(21.9  42.2)
1.4
(4.4  1.6)
55.1
(25.6  84.7)

p Value
0.13
0.80
0.58
0.001
0.14
<0.001

Change
(95% CI)
1.04
(0.23  1.85)
0.18
(0.05–0.31)
2.48
(4.1 to 0.86)
0.48
(2.24  1.28)
0.64
(2.0  3.28)

p Value
0.015
0.012
0.005
0.589
0.182

Change
(95% CI)
0.01
(0.33  0.32)
0.04
(0.13-0.05)
0.47
(0.69  1.62)
1.06
(0.74  2.87)
0.65
(0.33  1.63)

p Value
0.97
0.37
0.4
0.24
0.18

Change
(95% CI)
1.69
(0.74  2.71)
0.16
(<0.01–0.31)
2.67
(5.34  0.00)
3.64
(1.84  5.45)
3.42
(1.49  5.36)

p Value

Ptimea

0.002

0.018

0.047

0.048

0.005

0.037

<0.001

0.002

0.002

0.016

0.35
0.001

a

According to linear mixed model.
CRS: cytoreductive surgery; CI: confidence interval; R: reaction time; K: kinetics time; a: angle; MA: maximum amplitude; LY60: lysis at 60 min; TT: thromboplastin
time; aPTT: activated partial thromboplastin time; Trom: number of platelets.

summarized in Table 2. Table 3 presents the mean changes
between time points. Figure 1 further describes the changes
of R and MA.

CRS
Before the operation, R was reduced in one patient and elevated in two patients while MA was elevated in eight
patients. Other TEG parameters were normal in all patients.
In 5/15 patients, preoperative albumin level was below its
lower limit of 36 g/l. There was no correlation between BMI
and preoperative albumin level in this study population.
Furthermore, there was no correlation between BMI or preoperative albumin and preoperative TEG values.
During CRS, there was a statistically significant reduction
in MA. The mean change between T1 and T2 was 3.06 mm
(p ¼ 0.001). There was a strong correlation between bleeding
and the reduction of MA (rho ¼ 0.679, p ¼ 0.008) and the
volume of intravenous fluid administered and the reduction
of MA (rho ¼ 0.757, p ¼ 0.002).
Using a 5 mm reduction in MA as a threshold value for
hypocoagulation, five patients became hypocoagulative

during CRS, and in two patients the reduction was more
than 10 mm. These five patients had a high PCI (>17) and a
long duration of CRS (>680 min). Four of these patients
received packed red blood cells and one received fresh frozen plasma. The MA at the end of CRS was within normal
range in all patients.
During CRS, the mean reduction in P-TT was 32.1%
(p < 0.001) while in APTT there was no statistically significant
change. The mean reduction in platelet count was
55.1  109/L (p < 0.001) but none of the patients developed
thrombocytopenia.

HIPEC
During HIPEC (T2-T4) there were statistically significant
changes in R, K and a. The mean reduction in R was 1.04 min
(p ¼ 0.015). Using a 1 min shortening of R as a threshold
value for hypercoagulation, 8/15 (53%) of the patients
became hypercoagulative during HIPEC. There was no significant correlation between the reduction of R and core temperature, PCI, age, bleeding, volume of intravenous fluid
infused or blood products given.
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Figure 1. (a) The individual changes of TEG parameters reaction time (R, min); (b) maximum amplitude (MA, mm). Dashed line represents the median values.
(Ptime for the change over study period).

Recovery
During the recovery phase (from the end of HIPEC to the
end of the operation, T4–T5), there were no significant
changes in any TEG parameters.

Whole HIPEC procedure
From the preoperative day to the end of the procedure,
there was a significant shortening in the median R (1.69 min,
p ¼ 0.002), an elevation in a (3.13 , p ¼ 0.019) and K
(0.16 min, p ¼ 0.047), and a reduction in MA (3.64 mm,
p < 0.001) and LY60 (3.42%, p ¼ 0.002) values.

4. Discussion
To the best of our knowledge, this is the first study reporting
TEG values during HIPEC procedure. During CRS there was a
minor reduction in MA. During HIPEC, however, we observed
a shortening in R, reflecting enhanced initiation of coagulation, and a prolongation in K and an elevation in a, suggesting acceleration in the kinetics of thrombin formation. These
changes were not normalized during the recovery phase.
Considering the whole HIPEC procedure, there was also a
reduction in LY60 indicating reduced lysis. Except for the
reduction in MA during CRS, all these changes are known to
be associated with enhanced coagulation [6,16,17].
A recent study by Falcon et al. [23] used thromboelastometry (ROTEM) to examine coagulation status during CRS and
HIPEC with partly contradictory results compared to ours.
During CRS, they observed a decrease in maximum clot firmness in FIBTEM test indicating decreased fibrinogen levels,

and a prolongation of clotting time in EXTEM test suggesting
declined clotting factor activity [23]. Despite the minor
decrease in the mean MA during CRS in our series, which
positively correlated with the amount of bleeding and the
volume of intravenous fluid infused, only five patients
showed hypocoagulation when a 5 mm reduction in MA and
a 1 min prolongation in R were used as threshold values.
Furthermore, in none of these patients the TEG changes triggered the treatment threshold. During HIPEC there were no
further changes in ROTEM parameters in the study of Falcon
et al. [23], while our findings indicate enhanced coagulation.
We defined hypercoagulation as a 1 min shortening of R or a
5 mm elevation in MA. Using this definition, 8/15 patients
became hypercoagulative during HIPEC. The hypercoagulative changes were not related to age, PCI, bleeding, infused
fluid volume or increased core temperature.
There are several differences between the Falcon et al.
and our studies which may explain the differences between
the results. First, the primary location of the tumor varied. In
our study the most common diagnose was mucinous tumor
of appendix compared to ovarian cancer in the ROTEM
study. In our patients the mean PCI was higher (16 vs 12).
The duration of CRS was twice as long in our study (700 vs.
336 min). The chemotherapy used also varied between these
two studies. Although we used mitomycin C in each patient,
only 17% received mitomycin C in the ROTEM study while
others received either cisplatin or paclitaxel. It is unclear,
whether the reported temperature of 41.5  C of intraperitoneal fluid was measured from the abdominal cavity or from
the pump system. We measured the temperatures both from
the upper and lower stomach during HIPEC and the temperatures varied between these two locations. However, it
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seems that in our study the temperatures were higher at
least in some parts of the abdominal cavity. Furthermore,
Falcon et al. do not report the volume of intravenously
infused fluid or bleeding during CRS.
Regarding the conventional coagulation tests previous
studies on HIPEC procedure have demonstrated hypocoagulation with possible development of DIC during surgery and
the perioperative period [24–27]. We used P-TT, APTT and
platelet count as conventional testing for blood coagulation
during CRS. We observed a significant reduction in P-TT but
no change in APTT. Thrombocytopenia (platelets
<100  109) was not detected in any patient. Two patients
received fresh frozen plasma. All blood products were given
during the CRS phase, several hours before the HIPEC phase.
We believe that the enhanced coagulation during the
HIPEC phase is a relevant finding since there are several
explanations for accelerated coagulation in HIPEC patients.
First, previous studies have demonstrated that extended surgery itself causes hypercoagulative changes in TEG
[16,28,29]. In addition, a reduction of lysis has been demonstrated during prostate surgery [30]. In the present study,
however, we observed hypocoagulative changes during CRS
which were plausibly associated with the higher volume of
hemorrhage compared to traditional abdominal and urological surgery. Second, a rise in core temperature has been
demonstrated to result in a reduction of R and an elevation
of MA [11,12]. During HIPEC the temperature in abdominal
cavity is typically raised to 41–42  C facilitating the rise of
core temperature up to 39  C in some patients. In this study,
R, K, and a were altered toward increased coagulation during
HIPEC. However, we were not able to detect correlation
between increased core temperature and TEG values. Third,
hypovolemia has been speculated to enhance coagulation, at
least in the presence of hyperthermia [11]. In our study, volume status was carefully evaluated and normovolemia was
maintained throughout the operation. Also, there was no
change in pH during the operation.
The impact of mitomycin C on coagulation status has also
been speculated [31] Mitomycin C induces vascular endothelial cell injury which may result in activation of platelets and
the clotting cascade [31]. No studies are investigating the
impact of mitomycin C on TEG parameters.
In this study, we used human albumin solution in 12
patients to maintain normovolemia. The role of albumin in
terms of blood coagulation is controversial. In vitro, low albumin level increased ROTEM maximum clot firmness [32]. On
the other hand, extreme dilution with albumin is associated
with coagulopathy in TEG [33]. In vivo, the administration of
albumin during major surgery had only a minor effect on
TEG MA and blood loss and, importantly, no effect on TEG R
time [34].
Taken together, we suggest that the underlying mechanism of enhanced coagulation in this patient population is the
high intraabdominal temperature during HIPEC combined
with mitomycin C. This combination may facilitate local
endothelial cell damage and inflammation in the abdominal
cavity and activate blood coagulation. This is supported by a
recent study, which showed significant increases in serum

interleukin-6 (IL-6), procalcitonin and Ca-125 in peritoneal
fluid during HIPEC procedure [35]. Increased IL-6 expression
is known to induce a prothrombotic state with inhibition of
natural inhibitors of hemostasis. To current knowledge,
inflammation and IL-6 expression are linked to thromboembolic complications [36,37].

Weaknesses
This study has some weaknesses. We acknowledge that this
was only a preliminary pilot study, which limits the generalizability of our results. However, despite the small sample size
we observed statistically significant changes in TEG parameters indicating hypercoagulation. We, therefore, believe that
evaluating the clinical consequences of our findings in a
larger cohort is warranted. In addition, the exact mechanism
of the enhanced coagulation remains open. According to our
results, a study comparing, for example, the effect of two
cytostatic drugs on coagulation during HIPEC phase to show
a 10% reduction (from 53 to 43%) in the proportion of
patients with hypercoagulation with a power of 0.8 and an
alpha of 0.05 would require 388 patients in each group,
respectively.
According to our thrombosis prevention protocol, enoxaparine 40 mg sc was started in the preoperative evening
after the T1 samples were collected. This may have some
impact on the comparison of preoperative TEG values to
perioperative values. However, there was a minimum of 16 h
delay between enoxaparine administration and T2 samples,
suggesting only a minor effect of enoxaparine to our results.
Albumin levels were not determined during the operation
in this study. The effect of perioperative albumin administration to TEG values can be speculated. However, both albumin and blood products were given during CRS.
TEG as a method is highly dependent on manual processes. In this study, all samples were collected and analyzed
by either a trained study nurse or the first author. We used
only citrated venous samples and two samples were analyzed at each time point for quality control. TEG devices
were calibrated and tested regularly.

5. Conclusions
During CRS both TEG and conventional laboratory tests indicate hypocoagulation. However, during HIPEC with mitomycin C and after the procedure TEG parameters demonstrate
enhanced initiation of coagulation with accelerated kinetics
of thrombin formation. Consequently, the patients undergoing HIPEC may have an elevated risk of thromboembolic
events postoperatively. The clinical significance of our findings requires further investigation.
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