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Abstract: Objective To observe the changes of coagulation function in patients with colorectal cancer (CRC) after laparoscopic 
surgery combined with hyperthermic intraperitoneal chemotherapy (HIPEC). Methods Sixty patients with colorectal cancer 
admitted to The People's Hospital of Kaizhou District, Chongqing from January to October 2023 were selected as the study 
subjects and randomly divided into study group and control group, with 30 cases in each group. The control group underwent 
laparoscopic surgery, while the study group underwent laparoscopic surgery combined with HIPEC (fluorouracil). The surgical 
conditions and changes in perioperative coagulation function indicators between two groups. Results There was no statistically 
significant difference between the study group and the control group in intraoperative blood loss[（84.33±40.66）mL vs （100.33
±52.82）mL], surgical time[（174.77±31.29）min vs （167.67±28.61）min], anal exhaust time [（3.17±0.79）d vs （3.03±0.81）
d], and postoperative hospital stay [（14.23±3.76）d vs （14.70±5.34）d] (P>0.05). The levels of prothrombin time (PT), activated 
partial thromboplastin time (APTT), fibrinogen (FIB), and D-dimer (D-D) in the two groups showed significant fluctuations over 
time (P<0.05), while there was no significant difference in the above indicators between the two (P>0.05). There was no 
statistically significant difference between the two groups in postoperative complications (20.0% vs 13.3%，c2=0.481, P=0.481) 
such as abdominal bleeding, deep vein thrombosis, intestinal obstruction, and anastomotic fistula. Conclusion Although 
laparoscopic surgery leads to enhanced coagulation function and hypercoagulable blood in patients with colorectal cancer, the 
combination of postoperative intraperitoneal thermal perfusion chemotherapy does not increase the risk of postoperative DVT. 
Therefore, intraperitoneal thermal perfusion technology is still safe and reliable. 
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Colorectal cancer (CRC) is a common 

gastrointestinal tumor, and peritoneal implantation 
metastasis is a terminal stage for CRC patients, 
representing a significant cause of postoperative 
recurrence and mortality [1]. Hyperthermic 
intraperitoneal chemotherapy (HIPEC) is an effective 
method for treating peritoneal implantation metastases 
and associated malignant ascites. It not only effectively 
targets peritoneal metastases but also effectively 
controls the production of malignant ascites, 
significantly improving patients' quality of life [2]. 
Therefore, HIPEC is widely applied in the prevention 
and treatment of peritoneal metastases in CRC. 
However, there is still some controversy regarding the 
impact of HIPEC on patients' coagulation function. For 
example, Dirkmann et al. [3] suggested that the high 
temperature of the perfusate during HIPEC caused 
hypercoagulation, while the absorption of the perfusate 
inhibited the coagulation function, ultimately leading to 
a high risk of thrombosis. Conversely, domestic studies 
showed that intra-abdominal hyperthermic perfusion 

improved coagulation function in patients undergoing 
laparoscopic gastric cancer radical surgery [4]. 
Therefore, the impact and mechanisms of HIPEC on 
coagulation function need further investigation. This 
study explores the effects of laparoscopic surgery 
combined with HIPEC on postoperative coagulation 
indicators in CRC patients. The findings are reported as 
follows. 

 
1 Materials and methods 

 
1.1 General information 

 
Sixty CRC patients admitted to The People's 

Hospital of Kaizhou District from January to October 
2023 were selected as research subjects. All patients 
were randomly divided into study group and control 
group, with 30 cases in each group, according to a 
random number table. This study was approved by the 
Medical Ethics Committee of The People's Hospital of 
Kaizhou District, Chongqing [Ethics Number: 
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202201(XP)-19]. 

Inclusion criteria: (1) Complete clinical data, 
clear surgical indications, and postoperative 
pathological diagnosis of CRC; (2) Good general 
condition without severe diseases of the heart, lungs, 
kidneys, or other major organs; (3) No contraindications 
for laparoscopic surgery and HIPEC; (4) No bleeding 
tendency or similar conditions; (5) Informed consent 
provided and signed by the patient. 

Exclusion criteria: (1) Abnormalities in heart, 
brain, liver, or kidney function; (2) Receiving other 
treatments at present; (3) Presence of liver or lung 
distant metastases. 

In the study group, there were 18 male and 12 
female patients, with an average age of (55.73±10.41) 
years. Tumor locations included 19 rectal and 11 colonic 
cases; tumor T stages were T1-2 in 7 cases and T3-4 in 23 
cases. In the control group, there were 21 male and 9 
female patients, with an average age of (53.63±10.47) 
years. Tumor locations included 14 rectal and 15 
colonic cases; tumor T stages were T1-2 in 6 cases and 
T3-4 in 24 cases. Comparisons of general data between 
the two groups showed no statistically significant 
differences (P>0.05), indicating comparability. 
 
1.2 Methods 

 
Both groups of patients underwent laparoscopic 

colorectal cancer radical resection performed by a 
senior associate chief physician or higher. In the control 
group, a conventional abdominal drainage tube was 
placed postoperatively. In the study group, four drainage 
tubes were inserted through punctures in the left and 
right pelvic cavities and the left and right pericolic 
gutters. Within 3 days postoperatively, preventive 
HIPEC was administered twice using the BR-TRG-1 
heated perfusion machine produced by Guangzhou 
Baorui Medical Technology Co., Ltd. Half an hour 
before the perfusion, sedation and analgesia were 
provided using a mixture of duromorphine and 
phenazocine. A solution for heated perfusion 
chemotherapy was prepared by adding 1 g of 
fluorouracil to 5 000 mL of 0.9% sodium chloride 
injection. The solution was heated to 35°C and infused 
into the abdominal cavity through the water inlet at a 
rate of 200 – 400 mL/min. The abdominal cavity 
temperature was then precisely controlled at 
approximately 43 ° C for 1 hour of heated perfusion 
chemotherapy. During the procedure, oxygen 
supplementation and electrocardiographic monitoring 
were provided, and prophylactic antiemetic treatment 
was administered with 2 mg of tropisetron via 
intravenous push. The infusion flow rate and volume 
were adjusted according to the patient’ s tolerance. 
Throughout the procedure, the volume of perfusion 
fluid in the abdominal cavity was maintained above 2 

000 mL, with the residual fluid at the end of the 
procedure controlled to be below 1,200 mL. The 
residual fluid was then continuously drained through a 
drainage bag.  
 
1.3 Observation indicators 

 
(1) The intraoperative bleeding, operation time, 

anal exhaust time and postoperative hospitalization time 
were recorded.  

(2) The changes of coagulation function indexes of 
the two groups in the preoperative period, immediate 
postoperative period and 72 h postoperative period were 
recorded.  

(3) Postoperative complications such as abdominal 
bleeding, deep vein thrombosis (DVT), intestinal 
obstruction and anastomotic fistula were also recorded 
in both groups. 

 
1.4 Detection methods  
 

All patients were taken 5 mL of fasting venous 
blood before, immediately after, and 72 h after the 
operation, respectively, and sent to the Laboratory 
Department for blood coagulation indexes [prothrombin 
time (PT), activated partial thromboplastin time (APTT), 
fibrinogen (FIB), D-dimer(D-D)] detection using the 
CS2000i series of hemocoagulation of Japan's Sysmex. 
 
1.5 Statistical methods 

 
Data were analyzed using SPSS 20.0 software. 

Data with normal distribution were expressed as 𝑥±s, 
and between-group comparisons were performed using 
t-test. Repeated measures data were analyzed using 
repeated measures ANOVA. Categorical data were 
presented as case (%), with between-group comparisons 
performed using the chi-square test. A P-value < 0.05 
was considered statistically significant. 

 
2 Results 
 
2. 1 Comparison of the surgical conditions  
 

The intraoperative bleeding, operation time, anal 
exhaustion time and postoperative hospitalization time of 
the two groups were compared, and the difference was not 
statistically significant (P > 0.05). See Table 1. 
2.2 Comparison of changes in perioperative 
coagulation indexes  

 
The coagulation indicators, including PT, APTT, FIB, 

and D-D, showed significant changes over time within 
each group (P < 0.05). However, there was no significant 
differences in these indicators between the two groups (P > 
0.05). See Table 2. 
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2.3 Comparison of postoperative complications  
 

In the study group, there were 2 cases of abdominal 
hemorrhage, 3 cases of intestinal obstruction, and 1 case of 
anastomotic leakage. In the control group, there was 1 case 

of abdominal hemorrhage, 1 case of deep vein thrombosis, 
1 case of intestinal obstruction, and 1 case of anastomotic 
leakage. The difference in complication rates between the 
study group and control group was not statistically 
significant (20.00% vs 13.33%, c2=0.481, P=0.488).  

Tab. 1 Comparison of surgical conditions between two groups of patients （n=30,	 𝑥±s） 

Group Intraoperative bleeding (mL) Operation time (min) Anal exhaustion time (d) Hospitalization time (d) 

Study group 84.33±40.66 174.77±31.29 3.17±0.79 14.23±3.76 
Control group 100.33±52.82 167.67±28.61 3.03±0.81 14.70±5.34 
t value 1.315 0.917 0.645 0.391 
P value 0.194 0.363 0.521 0.697 

Tab.2 Comparison of coagulation function indicators before and after surgery between two groups of patients (n=30,	 𝑥±s) 

Group 
PT (s) APTT (s) 

Before 
operation 

 Immediately 
after operation 

72 h after the 
operation 

Before 
operation 

 Immediately 
after operation 

72 h after the 
operation 

Study group 10.98±1.63 9.03±1.24a 9.74±1.08 28.74±3.62 25.11±3.54a 25.44±3.04 
Control group 10.70±1.50 9.32±1.25b 9.72±1.09 27.89±2.92 26.21±3.76b 26.73±3.99 
Ftime/Fintergroup/Finteraction  28.930/0.001/0.810 9.818/1.007/1.695 
Ptime//Pintergroup/Pinteraction  <0.001/0.970/0.447 <0.001/0.320/0.188 

 

Group 
FIB (g/L) D-D (mg/L) 

Before 
operation 

 Immediately 
after operation 

72 h after the 
operation 

Before 
operation 

 Immediately 
after operation 

72 h after the 
operation 

Study group 2.98±0.58 3.72±0.63a 3.61±0.48 0.44±0.21 2.02±1.19a 1.75±0.99 
Control group 3.09±0.63 3.86±0.53b 3.59±0.49 0.47±0.21 2.04±1.42b 1.80±1.95 
Ftime/Fintergroup/Finteraction 27.127/1.193/0.316 39.422/0.030/0.006 
Ptime//Pintergroup/Pinteraction <0.001/0.279/0.730 <0.001/0.862/0.994 

 
3 Discussion 
 

The global cancer epidemiology database showed 
that CRC was the third most common cancer and the 
second leading cause of death [5]. Despite the use of 
various treatment modalities such as surgery, 
chemotherapy, targeted therapy, radiotherapy, 
immunotherapy, and biological therapy [6], the 
treatment outcomes for CRC remain suboptimal due to 
the occurrence of intraperitoneal implantation and 
metastasis [7]. Therefore, there is a need to adopt safe 
and effective methods to eliminate residual 
microlesions and free cancer cells in the abdominal 
cavity [8-9], in order to prolong patient survival and 
improve prognosis. HIPEC, as a novel and mature 
technique, targets the destruction of residual 
microlesions and free cancer cells in the peritoneal 
cavity and is currently considered the standard approach 
for the prevention and treatment of peritoneal metastasis 
in CRC [2,10-11]. 

Malignant tumor patients are prone to 
postoperative coagulation disorders, with a two-fold 
increased risk of DVT and a three-fold increased risk of 
pulmonary embolism (PE) compared to non-cancer 
patients, making venous thromboembolism one of the 
main causes of death among cancer patients [12]. This 

is because cancer cells can activate the coagulation 
system by producing and releasing pro-coagulant and 
fibrinolytic proteins, inflammatory cytokines, and pro-
coagulant microparticles, leading to a hypercoagulable 
state or thrombotic predisposition [13]. The 
pathogenesis and factors associated with cancer-related 
thrombosis are extremely complex, including various 
risk factors such as clinical risk factors, fibrinolytic 
system, and pro-coagulant factor expression, which can 
activate the hemostatic system and lead to 
thromboembolism [14-15]. Despite extensive research 
on complications of HIPEC conducted domestically and 
internationally in the past, studies on its impact on 
coagulation function are scarce. Therefore, research on 
the effects of HIPEC on the coagulation system and 
thrombotic risk in cancer patients is necessary. 

PT primarily reflects the status of extrinsic 
coagulation, while APTT mainly reflects the intrinsic 
coagulation status. Both PT and APTT are significantly 
shortened in thrombotic diseases or hypercoagulable 
states. FIB is a coagulation factor protein synthesized by 
the liver and is significantly elevated in infectious 
diseases, tumors, and thrombotic diseases. D-D is a 
product of cross-linked fibrin degradation and mainly 
reflects fibrinolytic function, with marked increases in 
diseases such as deep vein thrombosis and malignancies, 
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indicating a hypercoagulable state and secondary 
fibrinolysis. Thus, these four coagulation indicators can 
accurately reflect changes in the body’s coagulation 
function [16].  

Previous studies have shown that both open 
surgery and laparoscopic surgery result in significant 
prolongation of PT and increases in D-D and FIB levels 
postoperatively [17]. Compared to traditional surgery, 
laparoscopic surgery leads to a more pronounced 
extension of PT and further elevation of D-D and FIB 
levels. Our study similarly showed that, immediately 
after surgery and at 72 hours postoperatively, PT and 
APTT significantly decreased, while FIB and D-D 
levels markedly increased in both groups, further 
demonstrating that abdominal colorectal surgery 
activates the coagulation system, resulting in a 
hypercoagulable state in patients. Consequently, due to 
the pro-coagulant and thrombotic stimuli associated 
with laparoscopic surgery, patients are in a distinctly 
hypercoagulable state postoperatively and at risk of 
thrombotic diseases, warranting proactive preventive 
measures during the perioperative period. Currently, 
there is no unified conclusion on the impact of HIPEC 
on coagulation function both domestically and 
internationally. 

In foreign studies, recent research by Dranichnikov 
et al. [18] showed that PT and APTT were directly 
elevated following HIPEC, but returned to normal 
levels by the fifth postoperative day, indicating an 
increase in bleeding factors during the initial days after 
surgery. In contrast, FIB, platelet count, D-D, and 
antithrombin levels increased on the fifth day and 
continued to rise until the end of the study, suggesting a 
potential increase in the risk of thromboembolic 
complications. However, a study by Kim et al. [19] 
presented different findings. They observed that platelet 
count, PT, and APTT decreased below preoperative 
levels after HIPEC, indicating a hypercoagulable state. 
Studies categorized the risk factors for thrombosis in 
cancer patients into three general categories, the first 
includes patient-related factors such as advanced age, 
immobility, obesity, previous thrombosis, genetic 
predispositions to thrombosis, elevated white blood cell 
and platelet counts, and comorbid conditions; the 
second encompasses cancer-related factors, such as the 
site and stage of cancer, inflammatory components, and 
necrotic tumors; the third consists of treatment-related 
factors, including the extent and duration of surgical 
trauma, blood loss, length of hospital stay, 
chemotherapy, reduced liver perfusion during 
intraperitoneal hyperthermic chemotherapy, and fluid 
volume, all of which may disrupt hemostatic balance 
and increase the risk of postoperative thromboembolic 
complications. Thus, it is evident that the occurrence of 
thromboembolic complications following HIPEC or 
any other major surgery largely depends on the balance 
between tissue damage, coagulation, and fibrinolytic 

system functions. 
In a research conducted in China, it is believed that 

the coagulation function of patients during HIPEC is 
primarily influenced by both the intraperitoneal 
hyperthermia and the chemotherapy drugs [22]. On one 
hand, the high-temperature perfusate used in 
intraperitoneal hyperthermia can cause dilation of the 
abdominal blood vessels, leading to a large amount of 
perfusate being absorbed into the abdominal cavity, 
which dilutes the patient’s blood and subsequently 
reduces coagulation function. Additionally, the elevated 
body temperature during intraperitoneal hyperthermia 
may also lead to increased coagulation function [2]. On 
the other hand, the chemotherapy drugs used during the 
heat perfusion period may also contribute to coagulation 
dysfunction in patients. Research by Pan et al. [23] 
found that gastrointestinal cancer patients were 
inherently in a hypercoagulable state, which was further 
exacerbated, especially during the stage of tumor 
metastasis. Chemotherapy at this stage may 
significantly increase the risk of thrombosis due to 
damage to endothelial cells caused by the chemotherapy 
drugs. In summary, for patients with CRC undergoing 
laparoscopic surgery combined with HIPEC, their 
coagulation function may be influenced by multiple 
factors including the tumor, anesthesia, laparoscopic 
surgery, intraperitoneal hyperthermic chemotherapy, 
and chemotherapy drugs. Feng et al. [24] found that 
intraperitoneal hyperthermic chemotherapy only caused 
short-term abnormalities in coagulation function 
indicators in a few cases, with no statistically significant 
differences in complications. Our study similarly found 
no statistical differences in PT, APTT, FIB, and D-D 
values at postoperative time points between the two 
groups. This indicates that the impact of HIPEC on 
coagulation function in patients undergoing CRC 
surgery is within a controllable range and does not 
increase the risk of postoperative DVT. 

In conclusion, although laparoscopic surgery leads 
to enhanced coagulation function and hypercoagulable 
state of blood in CRC patients, their postoperative 
combined HIPEC does not increase the risk of 
postoperative DVT, so HIPEC technique is still safe and 
reliable. 
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