
1Wang S, et al. BMJ Open 2020;10:e042741. doi:10.1136/bmjopen-2020-042741

Open access 

Thromboelastography- guided blood 
transfusion during cytoreductive 
surgery combined with hyperthermic 
intraperitoneal chemotherapy: study 
protocol for a prospective randomised 
controlled trial

Shaoheng Wang    ,1 Qing Zhang    ,1 Linfeng Chen,2 Gang Liu,3 Peng fei Liu    1

To cite: Wang S, 
Zhang Q, Chen L, et al.  
Thromboelastography- 
guided blood transfusion 
during cytoreductive 
surgery combined with 
hyperthermic intraperitoneal 
chemotherapy: study protocol 
for a prospective randomised 
controlled trial. BMJ Open 
2020;10:e042741. doi:10.1136/
bmjopen-2020-042741

 ► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2020- 
042741).

Received 13 July 2020
Revised 02 September 2020
Accepted 25 September 2020

1Department of Anesthesiology, 
Beijing Shijitan Hospital, Capital 
Medical University, Beijing, 
China
2Department of Blood 
Transfusion, Beijing Shijitan 
Hospital, Capital Medical 
University, Beijing, China
3Department of Peritoneal 
Cancer Surgery, Beijing Shijitan 
Hospital, Capital Medical 
University, Beijing, China

Correspondence to
Dr Peng fei Liu;  sfflpf@ 126. com

Protocol

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Cytoreductive surgery combined with 
hyperthermic intraperitoneal chemotherapy (CRS/HIPEC) 
is a well- established treatment for peritoneal cancer (PC). 
However, this kind of combination therapy is associated 
with a high incidence of complications. Moreover, relative 
studies have indicated that traditional laboratory testing 
is insufficient to demonstrate the overall haemostatic 
physiology of CRS/HIPEC. Thromboelastography (TEG), 
administered by monitoring dynamic changes in 
haemostasis, has been shown to contribute to reducing 
transfusion requirements and improving survival. However, 
there is no evidence to verify whether TEG can be 
applied to guide transfusion strategies during CRS/HIPEC. 
Therefore, we aim to investigate whether TEG- guided 
blood product transfusion (TEG- BT) therapy is superior 
to traditional blood product transfusion (T- BT) therapy for 
guiding perioperative blood transfusion treatment and 
improving the prognosis of patients undergoing CRS/
HIPEC.
Methods and analysis The TEG- BT versus T- BT study is 
a single- centre, randomised, blinded outcome assessment 
clinical trial of 162 patients with PC, aged 18–64 years 
and undergoing CRS/HIPEC. Participants will be randomly 
allocated to receive TEG- BT or T- BT. The primary outcome 
will be the evaluation of perioperative blood transfusion, 
which refers to the total amount of blood transfusion 
given from the time patients enter the operating room 
up to 72 hours postoperatively. The secondary outcomes 
will include the transfusion volume during surgery, total 
amount of intraoperative infusion, amount of blood lost 
during the operation, total blood transfusion between 0 
and 72 hours after surgery, lowest haemoglobin level 
within 72 hours after surgery, intensive care unit duration, 
overall length of stay, total cost of hospitalisation and 
adverse events. Data will be analysed according to the 
intention- to- treat principle.
Ethics and dissemination The study protocol has been 
approved by the Scientific Research Ethics Committee 
of Beijing Shijitan Hospital Affiliated with Capital Medical 
University (Approval Number: sjtkyll- lx-2020-3). The 
results will be published in peer- reviewed journals.

Trial registration number Chinese Clinical Trial Registry 
(ChiCTR2000028835).

BACKGROUND
Peritoneal cancer (PC) was previously consid-
ered to be a fatal stage of many gastroin-
testinal malignancies. Patients receiving 
palliative care had a median survival of 3–9 
months, depending on the initial stage.1 
Significant progress has been made in the 
treatment of peritoneal malignancies over 
the past decade, and increasing evidence 
supports the use of cytoreductive surgery 
combined with hyperthermic intraperitoneal 
chemotherapy (CRS/HIPEC) in an attempt 

Strengths and limitations of this study

 ► This is a randomised, controlled, blinded outcome 
assessment trial to test the efficacy of throm-
boelastography (TEG)- guided blood transfusion in 
cytoreductive surgery combined with hyperthermic 
intraperitoneal chemotherapy.

 ► The results of this study will improve a more 
goal- oriented transfusion strategy to reduce intra-
operative blood transfusion, stabilise the perioper-
ative coagulation function and lighten the economic 
burden.

 ► Future studies should address the importance of 
the relationship between transfusion thresholds 
and TEG parameters for the optimal management of 
coagulopathy.

 ► This is a single centre trial, which may limit the 
generalisation of conclusions; consequently, multi-
centre clinical studies with a larger sample size will 
be required.

 ► Although there is no way for anaesthesiologists to 
be blinded during the trial, the main outcome evalu-
ators will be blinded.
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to eradicate the disease macroscopically or microscopi-
cally and reduce peritoneal recurrence.2 Currently, CRS/
HIPEC is an established treatment for pseudomyxoma 
peritonei, colorectal cancer, ovarian cancer and gastric 
cancer with intraperitoneal metastasis.3 The number of 
patients receiving CRS/HIPEC is expected to rise due to 
the high mortality of PC and the encouraging long- term 
benefits of the treatment.4

Although positive results have been observed in the 
treatment of tumour disease, CRS/HIPEC is character-
ised by a high incidence of complications that challenge 
both intraoperative and postoperative management.5 
Patients undergo CRS/HIPEC with significant fluid and 
blood loss, as well as chemotherapy, and severe fluctua-
tions in the core temperature.6 Schmidt et al reported that 
CRS/HIPEC is a long and intricate surgical procedure 
accompanied by massive blood and fluid loss, with 51% of 
patients requiring a blood transfusion.7 Massive intraoper-
ative bleeding and the above factors will certainly lead to 
severe coagulation disorders. Intraoperative coagulation 
is a known complication of extensive surgery and HIPEC, 
and may be caused by a combination of the high fluid 
requirements for resuscitation, direct effects of intraper-
itoneal chemotherapy, hepatotoxicity due to antitumour 
drugs and direct liver injury.8 Coagulation problems can 
be part of a series of events that can lead to massive blood 
loss during surgery, which can compromise the quality of 
the procedure, increase the need for blood transfusions 
and compromise the patient’s postoperative process.9 
Therefore, perioperative management of patients under-
going CRS/HIPEC is a challenge for surgeons, anaesthe-
siologists and critical care physicians.10

Regarding the perioperative monitoring of coagulation 
function, the management of coagulation disorders at 
90% of HIPEC centres is guided by standard laboratory 
tests (SLTs), such as the activated partial thromboplastin 
time (APTT), prothrombin time (PT) or international 
normalised ratio (INR).11 Laboratory analysis shows that 
with an increase in the INR, coagulation disorders are 
observed, antithrombin III and fibrinogen values are 
reduced, APTT is prolonged and the number of coagu-
lation cells is reduced.12 Originally invented by Hartert 
in 1948, thromboelastography (TEG) is a viscoelastic, 
haemostatic assay analyser that imitates sluggish venous 
flow.13 It is a different test from standard coagulation tests 
in that it measures the viscoelastic properties of whole 
blood as it clots, providing comprehensive information 
about the dynamics of clot development, stabilisation 
and dissolution, and assesses both thrombosis and fibri-
nolysis.14 15 TEG has been used increasingly in intensive 
care units (ICUs) and in cases of acute critical surgery to 
evaluate coagulation disorders and guide the infusion of 
blood products for critically ill patients.16 The technique 
has been tested in clinical scenarios such as heart and 
liver surgery, and transplantation to reduce the number 
of transfusions and serve as a screening tool for patients 
managing hypercoagulant and bleeding disorders.17 
One study has shown that the PT, APTT and platelet 

(PLT) count are insufficient to demonstrate the effect 
of surgical stress, hyperthermia, chemotherapy and mass 
fluid transfer on the overall haemostatic physiology of 
CRS/HIPEC, while more sophisticated TEG monitoring 
is more accurate for perioperative coagulation function 
monitoring.18 Another study reported that although 
traditional clinical monitoring of coagulation disorders 
was not meaningful in CRS/HIPEC, TEG monitoring 
confirmed that epidural analgesia after CRS/HIPEC was 
safe.19 However, whether the effect of CRS/HIPEC on 
coagulation function can be treated according to TEG 
guidance and the infusion of various blood products 
can be guided according to changes in TEG and thereby 
achieve better outcomes for patients has not been fully 
verified.

Based on the existing literature, we aim to investigate 
the advantages of TEG- guided blood product transfusion 
(TEG- BT) in perioperative blood protection during CRS/
HIPEC. Our working hypothesis is that compared with 
traditional blood product transfusion (T- BT) patients, 
TEG- BT patients receive fewer transfusions of intraoper-
ative blood products and exhibit a more stable perioper-
ative coagulation function, no reduction in postoperative 
haemoglobin (HGB) levels and coagulation function, 
shorter hospital stays and no increase in the incidence of 
adverse reactions.

METHODS AND ANALYSIS
Trial design
The trial will be conducted at Beijing Shijitan Hospital, 
Capital Medical University in Beijing, China. The study 
started recruiting patients in May 2020 and will continue 
for 1 year. The TEG- BT versus T- BT study is a single- 
centre, randomised, blinded outcome assessment clin-
ical trial that conforms to the Consolidated Standards of 
Reporting Trials.20 CRS/HIPEC is planned for two groups 
of patients, and TEG- BT or T- BT is adopted for perioper-
ative blood transfusion management. The ratio of the two 
groups is 1:1 (figure 1).

Objectives
The purpose of this study is to verify whether TEG- BT 
is better than T- BT for perioperative blood transfusion 
treatment and the prognosis of patients undergoing 
CRS/HIPEC.

Participants
Inclusion criteria
Patients who meet all of the following criteria are eligible 
for inclusion:
1. Age of 18–64 years.
2. American Society of Anaesthesiologists grade I or II.
3. Well- established histological diagnosis of peritoneal 

disease.
4. Performance of CRS/HIPEC under general anaesthe-

sia.
5. Written consent to participate in the study.
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Exclusion criteria
1. Anaemia: HGB <90 g/L.
2. Abnormal coagulation function before surgery.
3. Uncontrolled systemic infections.
4. Antiplatelet or anticoagulant therapy was adminis-

tered at enrolment or discontinued for less than 7 
days prior to study evaluation.

5. Thrombotic events: any blood clot in the vein or ar-
tery has been recorded before or at present.

6. Severe cardiopulmonary disease.
7. Hepatic or renal failure.
8. Pregnancy or lactation.
9. Patient refusal to sign the informed consent form.

10. Patient participation in another clinical treatment 
study.

Randomisation and blinding
All participants will be randomly divided into two groups: 
TEG- BT for the experimental group and T- BT for the 
control group. Before the study begins, an independent 
investigator who is not exposed to any of the participants 
will use a simple randomised method to divide the two 
groups in a 1:1 ratio. The random numbers will be saved 
in sealed opaque envelopes. Before surgery, the anaesthe-
siologist will evaluate the patient, and after the informed 
consent form is signed, the envelope will be opened to 
obtain the grouping information of the patient. Blood 

transfusion will be performed intraoperatively according 
to the grouping of the patients. After the operation, inde-
pendent follow- up staff will collect the data of the patients 
during and after the operation according to the electronic 
medical record system. During the whole experiment, the 
anaesthesiologists will be aware of the patient grouping 
information, but they will not participate in the postop-
erative follow- up and data collection. Other individuals 
and personnel involved, including patients, surgeons and 
data collectors, will not know the grouping information.

Anaesthesia management
The anaesthesia regimen will be consistent between the 
two groups. Venous access will be open in all patients in 
the preparation room, and midazolam will be adminis-
tered (0.05mg/kg intravenously) to the patients before 
they enter the operating room. On arrival in the oper-
ating room, standard monitoring (pulse oximetry, ECG 
and non- invasive arterial blood pressure monitoring) 
will be established. Sufentanil 0.5 µg/kg, propofol 2.5 
mg/kg and rocuronium 0.6 mg/kg will be adopted for 
general anaesthesia induction. After endotracheal intu-
bation, the lungs will be aerated with 50% oxygen and 
50% air mixture, and the ventilation level will be adjusted 
to maintain normocapnia. Radial artery and internal 
jugular vein puncture will be performed to monitor the 
invasive arterial pressure and central venous pressure. We 
will perform an ultrasound- guided bilateral rectus sheath 
blockade, and 0.375% ropivacaine will be given for anal-
gesia on both sides. Anaesthesia will be maintained with 
inhalation of sevoflurane and intravenous (IV) remifen-
tanil, and muscle relaxation will be maintained with IV 
rocuronium. Postoperative IV injection of atropine 0.01 
mg/kg and neostigmine 0.05 mg/kg will be used to antag-
onise residual neuromuscular block. Extubation will be 
performed after confirming that the patient’s eyes are 
open and that he or she exhibits adequate spontaneous 
breathing and purposeful movement.

Intraoperative intervention
All enrolled patients will be assigned to one of the 
following two study groups. For patients in the T- BT 
group, the anaesthesiologist will inject blood products 
according to his or her clinical judgement. Patients 
entering the TEG- BT group will undergo TEG monitoring 
four times before surgery, during CRS, before HIPEC and 
after HIPEC, and blood products such as erythrocytes, 
plasma, PLTs, prothrombin complex and fibrinogen will 
be administered according to the monitoring results. 
The two groups of patients will be given red blood cells 
(RBCs) to maintain HGB levels of at least 90 g/L.

Blood will be collected from the central vein through 
a three- way catheter. The first 10 mL of venous blood will 
be administered to the patient through the peripheral 
venous pathway, and then 3.5 mL of venous blood will be 
collected after syringe replacement. According to rele-
vant guidelines, the samples of whole blood should be 
tested within 5 min after collection.

Figure 1 Study flow diagram of the TEG- BT versus T- BT 
trial. CRS/HIPEC, cytoreductive surgery combined with 
hyperthermic intraperitoneal chemotherapy; T- BT, traditional 
blood product transfusion; TEG- BT, thromboelastography- 
guided blood product transfusion.
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All blood samples will be tested by the same profes-
sional TEG operator. The operator of the TEG machine 
model (TEG 5000 (haemoscope)) will not know the 
patient grouping information.

Reaction time (R time) is the incubation period from 
blood entry into the reactive vessels to initial clot forma-
tion. The lack of the R time extension prompt factor can 
be corrected by fresh frozen plasma (FFP).21 When the 
R time value is greater than 10 min, the patient will be 
infused with 2 U of FFP; when the R time value is greater 
than 15 min, the patient will be infused with 4 U of plasma; 
when the R time value is greater than 20 min, the patient 
will be infused with 6 U.22

Angle α is the measurement of fibrin cross linkage 
mechanics or clot strengthening speed. A low angle may 
indicate a lack of fibrinogen, which is less affected by the 
PLT count, and this loss of function may be corrected by 
the use of FFP or fibrinogen.

Maximum amplitude (MA) is a direct effect of fibrin 
and PLT binding properties of glycoprotein IIb/IIIA, 
representing the strength of fibrin clots. Low MA may 
be corrected by the administration of PLTs.21 At MA<45, 
PLT transfusion will begin. LY30 values show the rate 
of thrombus rupture at 30 min after MA. When LY30 
value is >8%, it indicates hyperfibrinolysis, which can be 
corrected by tranexamic acid.

Outcomes
Table 1 provides an overview of the outcomes and inter-
vention or assessment time points.

Primary outcome
The primary outcome will be the evaluation of perioperative 
blood transfusion. The amount of blood transfusion during 
the perioperative period refers to the total amount of blood 
transfusion given from the time patients enter the operating 
room (intra- operative) to 72 hours postoperatively (postoper-
ative), including RBCs, FFP and PLTs.

Secondary outcomes
The secondary results mainly include the following 
aspects:

 ► Transfusion volume during the operation: the total 
amount of RBCs, FFP and PLTs in the two groups.

 ► The total amount of intraoperative infusion: during 
the operation, the amount of fluid input from the 
two groups will include the total amount of crystalloid 
fluid, artificial colloid fluid, albumin, fibrinogen and 
prothrombin complex.

 ► The amount of blood lost during the operation: the 
total output of the two groups will include blood loss 
and urine output.

 ► Effects of CRS/HIPEC on TEG: before and after 
CRS/HIPEC, TEG monitoring will assess changes in 
blood coagulation function, including R time, throm-
bosis time (K time), fibrinogen function (α angle), 
thrombus strength (MA) and fibrinolysis (LY30).

 ► Effects of surgery on indicators of coagulation function: 
the influence of surgery on coagulation function. Based 
on the routine blood cell count and coagulation test, the 
values of HGB, PLT count, PT, APTT and INR will be 
recorded 1, 2, 3 and 5 days after the operation.

 ► The amount of total blood lost between 0 and 72 hours 
after surgery: total blood lost is calculated using the 
formula provided by gross,23 total blood loss=peripheral 
blood volume (PBV)×(haematocrit (Hct)pre−Hctpost)/
Hctave. The PBV is then calculated using the formula 
proposed by Nadler et al:24 PBV=k1×height(m)3+ 
k2×weight(kg)+k3, where k1=0.3669, k2=0.03219 and 
k3=0.6041 for men, and k1=0.3561, k2=0.03308 and 
k3=0.1833 for women.

 ► Total blood transfusion in 0–72 hours after opera-
tion: if the patient needs a blood transfusion within 
0–72 hours after the operation, we will record the total 
amount of RBCs, FFP and PLTs. If the patient does 
not receive a blood transfusion, the amount will be 
recorded as 0.

 ► The lowest HGB within 72 hours after surgery: within 
3 days after the operation, blood samples will be collected 
every morning to measure the HGB level. Patients who 
need a second operation due to postoperative bleeding 
within 72 hours will be excluded from this study.

 ► ICU duration.
 ► Overall length of stay.
 ► Total cost of the hospitalisation.

Adverse events
Adverse events in this study will mainly include intraopera-
tive blood transfusion- related adverse reactions such as non- 
haemolytic febrile reactions, allergic reactions, haemolytic 
reactions, circulatory overload and acid–base imbalance. 
Once the anaesthesiologist identifies an adverse event, all 
patients should be accurately documented and immediately 
treated. If the condition progresses to severe intraoperative 
adverse events, such as shock, heart failure and massive blood 
loss, we will continue to follow- up the patients to observe the 
final results.

Data collection
Throughout the trial, the investigator—the anaesthesiolo-
gist involved in the operation—will be completely indepen-
dent of the data collection staff. Data collection personnel 
are responsible for collecting preoperative and postoper-
ative patient information and all data required in the trial 
protocol. Anonymous data will be collected in the case report 
form (CRF), either numerically or alphabetically. After the 
completion of the anonymous CRF table, the researcher shall 
confirm the authenticity and validity of all data, give a reason-
able explanation for any missing data, or choose to exclude 
the test scheme.

Sample size calculation
The Pass V.11.0 software package was used for sample size 
evaluation. According to a small sample (86 cases) obser-
vation study in the early stage of the research group, it was 
found that the allogeneic blood volume used in the operation 
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of PC patients undergoing thermal perfusion chemotherapy 
was 1664.7±789.3 mL (median: 1600 (1200, 2000)). It is esti-
mated that the blood volume of allogeneic patients used in 
thromboelastogram monitoring after intervention could be 
reduced by 20%, that is, 1331.8±631.4 mL, with a set α value 
of 0.05 and a β value of 0.2, and the sample volume of the 

two groups was 73 cases. However, the index of allogeneic 
blood volume is non- normally distributed data, and a non- 
parametric test is planned to be used for analysis. Compared 
with the t- test, the efficiency of the Wilcoxon rank- sum test 
is estimated to be approximately 95%, which means that the 
sample size required for the Wilcoxon test is 1.053 times the 

Table 1 Study visits of the TEG- BT versus T- BT trial

Time point

Enrolment Allocation Post- allocation

Preoperative 0 d T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 Discharged

Enrolment

Eligibility screen X             

Informed consent X             

Allocation  X            

Interventions

TEG- BT   X X X X        

T- BT              

Assessments

Demographic data X X            

Baseline variables  X            

HGB  X      X X X X X  

Hct  X      X X X X X  

PLTs  X      X X X X X  

PT  X      X X X X X  

APTT  X      X X X X X  

INR  X      X X X X X  

Fibrinogen  X      X X X X X  

Crystalloid fluid       X       

Artificial colloid fluid       X       

RBCs       X       

FFP       X       

PLTs       X       

Fibrinogen       X       

Prothrombin complex       X       

Albumin       X       

Blood loss       X       

Urine output       X       

The amount of blood 
lost between 0 and 72 
hours after surgery

          X   

Total blood transfusion 
between 0 and 72 hours 
after surgery

          X   

The lowest HGB level           X   

ICU duration             X

Overall length of stay             X

Total cost of the 
hospitalisation

            X

T0, entering the operating room; T1, the performance of CRS; T2, before HIPEC; T3, after HIPEC; T4, at the end of surgery; T5, 2 hours after 
surgery; T6, postoperative day 1; T7, postoperative day 2; T8, postoperative day 3; T9, postoperative day 5.
APTT, activated partial thromboplastin time; FFP, fresh frozen plasma; Hct, haematocrit; HGB, haemoglobin; ICU, intensive care unit; INR, 
international normalised ratio; PLTs, platelets; PT, prothrombin time; RBCs, red blood cells; T- BT, traditional blood product transfusion; TEG- 
BT, thromboelastography- guided blood product transfusion.
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sample size required for the t- test.25 Therefore, the number 
of patients to be included in the study was increased by 1.053 
times, and the drop- out rate was maintained to within 5%. 
The final target sample size was 81 patients in each group 
(162 patients in total).

Statistical analysis
Baseline characteristics
Data analyses will be performed by the statistical software 
SPSS V.25.0. During the trial, the statistical analyst will be 
unaware of the participants’ personal information and 
their group assignment. The Kolmogorov- Smirnov test 
will be used to test the normal distribution of continuous 
variables. If data values are normally distributed, they will 
be presented as the mean±SD and will be compared using 
the independent t- test. If data values are not normally 
distributed, they will be presented as median and IQR 
and compared using the non- parametric test. Categor-
ical data will be shown as frequency and percentage, and 
compared using the χ2 test or Fisher’s exact test.

Primary outcome and secondary outcomes
The primary outcome, the total amount of blood trans-
fusion, will be presented as the mean±SD or median 
and IQR, and compared using the independent t- test or 
Wilcoxon’s rank- sum test. For the secondary outcomes 
(ie, transfusion volume during the operation, total 
amount of intraoperative infusion, amount of blood lost 
during the operation, total blood transfusion between 
0 and 72 hours after surgery, and lowest HGB within 72 
hours after surgery), the t- test will be used to compare 
the measurement data, and the rank- sum test will be 
used for ranked data. The χ2 test or Fisher’s exact test 
will be used to analyse categorical data (adverse events). 
The effect size, mean differences and their CIs will be 
reported to make the results comparable. For repeated 
variables, a repeated- measures analysis of covariance will 
be performed with visit time as the repeated factor and 
group as the non- repeated factor.

All analyses will be performed on the intention- to- treat 
population of participants who are given the randomised 
treatment. Missing data will be handled using the multiple 
imputation method. A complete case analysis without 
imputation of missing data will also be performed to 
determine whether the results are consistent. The signif-
icance level that will be used for statistical analysis with 
two- tailed testing will be 5%. No interim analyses will be 
performed.

DISCUSSION
The TEG- BT versus T- BT study is a single centre and 
randomised clinical trial with a blinded outcome assess-
ment that aims to verify whether TEG- BT is superior to 
T- BT in the perioperative blood transfusion treatment and 
prognosis of patients in CRS/HIPEC. If it can be proven 
that compared with T- BT, TEG- BT can lead to less intra-
operative blood transfusion, more stable perioperative 

coagulation function, no reduction in postoperative 
HGB levels and coagulation function, and no increase 
in the incidence of adverse events, then the treatment 
and transfusion of various blood products can be guided 
according to changes in the TEG index to achieve a better 
prognosis.

CRS/HIPEC is a therapeutic method for patients with 
colorectal, appendiceal, ovarian and gastric cancer with 
peritoneal metastasis and peritoneal mesothelioma.26–28 A 
relevant study demonstrated that intraoperative transfu-
sion of RBCs and a possibly increased Peritoneal Carcino-
matosis Index are associated with abnormal postoperative 
coagulation, including changes in the PLT count, INR 
and PTT.4 Based on the above points, optimal blood 
product transfusion is of great importance for patients 
receiving CRS/HIPEC.

SLTs, including the fibrinogen concentration, INR, 
PT and APTT, were initially used to diagnose intraoper-
atively acquired coagulopathy and guide the administra-
tion of treatment for massive haemorrhage.29 30 However, 
relevant data suggest that the PT, APTT and PLT count 
insufficiently demonstrate the impact of surgical stress, 
hyperthermia, chemotherapy and considerable fluid 
shifts on the overall haemostatic physiology of CRS/
HIPEC.18 Routine laboratory testing is performed in PLT- 
deficient plasma whose results are not available to the 
clinician for 45–60 min;30–32 in contrast, TEG can make up 
for the above deficiencies as a bedside analysis tool, esti-
mating the clotting process in whole blood and providing 
real- time data.33 Increasing evidence has demonstrated 
that the application of a TEG- guided transfusion strategy 
can reduce the demand for blood products and improve 
the morbidity of bleeding patients, mainly according 
to trials involving heart surgery with cardiopulmonary 
bypass and liver transplantation surgery.34 35 After many 
clinical experiences and the application of TEG, targeted 
coagulation therapy has become feasible.36 A previous 
prospective study indicated that conventional coagula-
tion measures had no significance for CRS/HIPEC, but 
TEG monitoring confirmed the suitability of epidural 
analgesia after CRS/HIPEC by evaluating perioperative 
clot kinetics.19 However, there is no relevant study to 
verify whether TEG can be applied to guide transfusion 
strategies for treating coagulation disorders due to CRS/
HIPEC. Therefore, it is believed that the use of TEG in 
guiding perioperative blood transfusion treatment and 
improving prognosis of patients undergoing CRS/HIPEC 
is definitely worth exploring.

The current study still has several limitations. First, 
for various reasons, we did not observe certain long- 
term outcomes, such as overall mortality, the incidence 
of reoperation, transfusion- related complications and 
thrombotic/thromboembolic events. Nevertheless, the 
influence of TEG- BT on these outcomes is worthy of 
further exploration. Moreover, due to the design of this 
trial, it is not available to determine the impact of patho-
physiological changes in patients with potential diseases; 
therefore, we will remove severely ill patients from this 
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study for safety reasons. Additionally, further studies may 
be required to determine whether TEG- BT combined 
with T- BT is superior to either alone for guiding the 
perioperative blood transfusion treatment of patients 
receiving CRS/HIPEC. Last but not least, this study is a 
single centre trial, which may limit its generalisability; 
consequently, it is of great importance to perform multi-
centre clinical studies with a larger sample size to provide 
higher levels of evidence.

The primary outcome of our study is perioperative blood 
transfusion. As mentioned earlier, patients treated with 
CRS/HIPEC undergo an extensive abdominal incision, 
large fluid shifts, hyperthermic insults and exposure to 
chemotherapeutic agents, which increases the likelihood 
of altered coagulation and excessive bleeding.4 37 38 There-
fore, rational transfusion strategies are warranted. Exten-
sive literature notes that allogeneic blood transfusion 
itself is an independent risk factor for increased morbidity 
(thrombotic/thromboembolic events, anaemia, nosoco-
mial infections and multiorgan dysfunction syndrome), 
mortality, hospital stay, hospital costs and so on in trauma, 
cardiovascular surgery and ICU patients.39–42 Neverthe-
less, TEG can be performed to monitor dynamic changes 
in haemostasis, which is thought to enable clinicians to 
distinguish between a surgical cause of bleeding or coag-
ulopathy, to guide and evaluate the choice of haemostatic 
treatment, and to reduce transfusion requirements and 
improve survival.34 In contrast, postoperative bleeding 
and coagulation disorders also increase the transfusion 
of allogeneic blood products, thereby affecting morbidity 
and mortality.36 Hence, to further explore their interac-
tion in patients undergoing CRS/HIPEC, the indicators 
of coagulation function, lowest value of HGB within 72 
hours after surgery, ICU duration, overall length of stay 
and costs incurred during the hospital stay will be the 
secondary outcomes of this study.

To conclude, the TEG- BT versus T- BT trial will be the 
first single centre, randomised clinical trial with a blinded 
outcome assessment undertaken to substantiate the 
hypothesis that TEG- BT is superior to T- BT for admin-
istrating perioperative blood transfusion treatment and 
improving the prognosis of patients undergoing CRS/
HIPEC. If the benefits mentioned in the hypothesis are 
confirmed, our study will improve a more goal- oriented 
transfusion strategy to reduce intraoperative blood 
transfusion, stabilise perioperative coagulation function 
and lighten the economic burden. Combined with our 
research results, the potential significance of this trial is 
that it may influence future guidelines on anaesthesia 
management of CRS/HIPEC and bring wider application 
for TEG.
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