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Aim of the study: To investigate the 
feasibility of enhanced recovery after 
surgery (ERAS) protocol for patients 
with primary peritoneal carcinomato-
sis (PC) undergoing cytoreductive sur-
gery with hyperthermic intraperitoneal 
chemoperfusion (HIPEC) based on the 
length of hospital stay (LOS), return of 
bowel function, the incidence of post-
operative complications, and quality of 
life (QLQ) analysis.
Material and methods: The study in-
cluded a total of 37 patients with pri-
mary PC of different origin, who under-
went cytoreductive surgery plus HIPEC. 
Patients were divided into 2 groups: 
Group I (nonERAS) – 20 patients and 
Group II (ERAS) – 17 patients. 
Results: The median LOS in Group I 
(nonERAS) (12.35 ± 3.9) was longer 
than in Group II (ERAS) (6.8 ± 1.9)  
(p < 0.01). The use of the ERAS protocol 
significantly contributed to the faster 
return of bowel function (peristalsis 
and stool) in the postoperative period 
(p < 0.01). There was no statistically 
significant difference in the incidence 
of postoperative complications be-
tween the ERAS and nonERAS groups, 
which supports its clinical safety. Im-
proved QLQ according to the obtained 
data has also been achieved due to 
the introduction of the principles of 
the ERAS protocol.
Conclusions: The obtained results 
prove the expediency and feasibility 
of the implementation of the ERAS 
protocol among patients undergoing 
cytoreductive surgery in combination 
with HIPEC.
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Introduction

Primary peritoneal carcinomatosis (PC) is a metastatic lesion of the peri-
toneum with a malignant tumour of different origin. Primary PC remains an 
urgent problem for timely diagnosis and treatment worldwide.

The term ‘peritoneal carcinomatosis’ was first coined in 1931 by Sampson 
of Albany Medical College to describe the implantation metastasis of ovari-
an cancer to the peritoneal cavity [1].

Primary PC was regarded as a hopeless and terminal stage of oncolog-
ical decease with a  negative prognosis for many decades. Surgical treat-
ment was not considered. Palliative systemic chemotherapy has remained  
the only acceptable specific treatment. The median survival of patients 
with PC treated with the best supportive care usually does not exceed  
3–14 months, depending on the origin of the primary tumour [2–5].

The primary site of cancerous implants dissemination in the peritoneum 
mostly are malignant gynaecological and gastrointestinal tumours. A similar 
mechanism of lesion is seen in malignant peritoneal mesothelioma. It is ac-
knowledged that the incidence of synchronous PC in patients with colorectal 
cancer, according to various data, is 5–15% [2–4], for gastric cancer about 
14–20% [2, 6], and for ovarian cancer 70–80% [2, 7].

The pattern of PC genesis is explained by the biological properties of pri-
mary tumours and features of the histological structure of the peritoneum, 
which allows us to consider the process as locoregional (the theory of “seed” 
and “soil” by Peget) [8]. Implantation the theory of PC provides the possibil-
ity of effective surgical treatment, which increases the quality of life (QLQ ) 
and overall survival of patients.

A paradigm shift in the treatment of PC patients was proposed in 1985 by 
P.H. Sugarbaker. He described a radical combined approach in the treatment 
of PC, the goal of which is to remove the maximum possible amount of mac-
roscopically visible tumour mass. In 1994, Elias D. introduced the concept 
of hyperthermic intraperitoneal chemoperfusion (HIPEC), which affects the 
microscopic residual tumour mass in patients with PC [3].

The combination of optimal cytoreductive surgery and HIPEC is currently 
proven as pathogenetically reasonable for the treatment of PC of different 
primary origin, especially when there are no haematogenous metastases.
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Perioperative practice of PC management in cytoreduc-
tive surgery (CRS) and HIPEC differs among different on-
cology centres due to the lack of a unified approach, the 
small amount of patients, different volumes of surgery 
performed, and the lack of standardization of chemoper-
fusion procedures.

The enhanced recovery after surgery (ERAS) protocol 
aims to standardize and optimize perioperative care for 
patients with PC. It includes a holistic and systematic ap-
proach to improve surgical outcomes [9–11].

Aim of the study

To investigate the feasibility of the ERAS protocol for 
patients with primary PC undergoing cytoreductive sur-
gery with HIPEC based on the length of hospital stay (LOS), 
return of bowel function, the incidence of postoperative 
complications, and QLQ analysis.

Material and methods

The study included a total of 37 patients (8 male, 29 fe-
male) with primary PC of different origin, who underwent 
cytoreductive surgery plus HIPEC, dynamic monitoring and 
control at the clinical base of the Surgery Department nr 3 
of Odessa National Medical University during the period 
2016–2021. Patients were divided into 2 groups:

–– Group I (nonERAS) – 20 patients, who were treated be-
fore the introduction of the principles of the ERAS pro-
tocol (2016–2018);

–– Group II (ERAS) – 17 patients, who were treated in accor-
dance with the perioperative use of the ERAS protocol 
(2018–2021) (Table 1).
The ERAS protocol included a perioperative approach to 

the treatment of patients by the multidisciplinary team in-
cluding oncological surgeons, anaesthetists, clinical oncol-

ogists, and physicians and urological, gynaecological, and 
vascular surgeons if necessary. The perioperative approach 
included preoperative, intraoperative and postoperative 
management. Preoperative care was individualised and 
depended on patients’ age, comorbid diseases, functional 
status, tumour burden, albumin rate, and the presence of 
preoperative anaemia. 

Pre-operative management included preadmission 
counselling, smoking and alcohol cessation, anaemia and 
hypoalbuminaemia screening, prehabilitation, nutrition-
al supplementation, bowel preparation, pre-anaesthetic 
medication, and short preoperative fasting. Patients, pre-
paring for CRS + HIPEC received mixed-type educational 
information about the operation and the recovery period 
on the preadmission counselling to decrease anxiety and 
improve psychological outcomes. On the first visit the pa-
tients were offered alcohol cessation, and smokers were 
recommended to start nicotine replacement therapy at 
least 3 weeks before the surgery. Patients were screened 
for anaemia and hypoalbuminaemia as early as was possi-
ble before the surgery and received appropriate correction 
if necessary. A prehabilitation programme of physical exer-
cise was indicated routinely in Group II. In the preoperative 
period during the 2 weeks before the planned surgery pa-
tients began a high-protein diet, as well as a carbohydrate 
diet for 3 days before surgery. Pre-anaesthetic medication 
included multimodal pain medications and anxiolytics. 
Intestinal decontamination was performed according to 
standard methods, and there was no mechanical prepara-
tion of the bowel. 

Intraoperative management included antimicrobial 
prophylaxis, skin preparation, protective mechanical ven-
tilation, cardiac output monitoring, use of neuromuscular 
antagonists, a multimodal anaesthesia including epidural 
analgesia, prevention of hypo- and hyperthermia, rational 
infusion therapy (concept of goal-directed fluid therapy), 
early extubation, no routine central vein catheterization, 
minimum drain number in the abdominal cavity, and no 
routine thoracic draining. The temperature was monitored 
with an oesophageal temperature probe. To prevent intraop-
erative hypothermia warm intravenous and irrigation fluids 
were used. To prevent intraoperative hyperthermia during 
the HIPEC procedure cool packs were used. Epidural anal-
gesia for 3 days or more was used routinely to reduce the 
need for opioids and to hasten the return of bowel function.

Postoperative management included non-prophylactic 
nasogastric drainage (only in the case of gastric resection), 
early removal of the urinary catheter, adequate multimod-
al postoperative anaesthesia, including T-block and epidur-
al analgesia, nutrition care, monitoring of blood glucose, 
prophylaxis against thromboembolism (mechanical and 
pharmacological), early mobilisation and verticalisation 
of patients, and early drain removal from the abdominal 
cavity. The urinary catheter was removed on the second 
postoperative day if there was no bladder resection. Early 
liquid enteral nutrition of patients with therapeutic pro-
tein-carbohydrate mixtures was used. Mobilisation of the 
patients started on the surgery day and verticalization 
on the next day to prevent thrombosis and postoperative 
pneumonia and to hasten the return of bowel function. 

Table 1. Characteristics of patients in Group I (non-enhanced recov-
ery after surgery) and Group II (enhanced recovery after surgery)

Characteristics Group I 
(nonERAS),

n = 20

Group II
(ERAS),
 n = 17

PCI score + A3: A14 11.7 ± 4.07 10.9 ± 3.7

Achieved CC-0 or CC-1 18 (90%) 15 (88%)

Laparotomy 17 (85%) 11 (65%)

Laparoscopy 3 (15%) 6 (35%)

Total or subtotal peritonectomy 9 (45 %) 7 (41 %)

Intestinal anastomoses 13 (65%) 12 (71%)

Ostomy 5 (25%) 4 (23%)

Splenectomy 3 (15%) 3 (18%)

Liver resection 4 (20%) 5 (29%)

Diaphragm repair 3 (15%) 4 (23%)

Intraoperative blood loss, ml 354 ± 132 326 ± 104

Operative time, h 6.3 (3.8–8.5) 6.5 (4.2–9.1)

Abdominal drains 4.3 (3–6) 1.4 ± (0–3)

Central vein 15 (75%) 5 (29%)

Nasogastric/duodenal tube 12 (60%) 2 (12%)

Epidural placement 5 (25%) 14 (82%)
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The stage of the tumour process was determined ac-
cording to the International Classifications TNM 7th and 8th 
edition (according to the date of the initial diagnosis). Clin-
ical, laboratory, and instrumental examination of patients 
was performed according to the recommendations of the 
National Comprehensive Cancer Network, European Soci-
ety for Medical Oncology, European Society of Gynaecolog-
ical Oncology, and European Society of Surgical Oncology. 
The diagnosis of all patients was confirmed histologically 
and immunohistochemically. Phase contrast imaging (PCI) 
was determined by preoperative intrascopic methods 
(computed tomography with intravenous contrast and/or 
magnetic resonance imaging using diffuse diffusion) and 
intraoperatively for all patients [12].

The extent of cytoreductive surgery was determined 
depending on the spread of the tumour mass. Intraop-
erative characteristics in both groups (completeness of 
cytoreduction, operative time, intraoperative blood loss), 
LOS, the incidence of early (up to 7 days after surgery) and 
late (8–30 days after surgery) postoperative complications 
grade II-IV by Clavien-Dindo, postoperative mortality, and 
return of bowel function (peristalsis and stool) after sur-
gery were estimated (Table 2, 3). The analysis of the QLQ of 
patients was performed using the European Organization 
for Research and Treatment of Cancer (EORTC) QLQ Core 
30 (C30) scale version 3 before the surgery, on the third 
day after surgery, and every 10 days for 1 month (Table 4).

The HIPEC procedure was performed in patients of both 
groups using the RanD Performer HT system by closed ab-
domen method. During the procedure, the flow rate, the 
volume of perfusion, and 6-channel control of the perfu-
sion solution pressure in the system were monitored. The 
procedure of the HIPEC was standard for all patients. Ab-
dominal perfusion (perfusion volume depend on the pa-
tient weight, 60 mL/kg) with a solution containing cispla-
tin (50 mg/m²) and doxorubicin (15 mg/m²) was performed 
at 41°C for 90 minutes. Sodium thiosulphate was admin-
istered at the beginning of perfusion as an intravenous 
bolus (7.5 g/m²) followed by continuous infusion (25 g/m²) 
for 12 hours to reduce the nephrotoxic effect of chemo-
therapeutic drugs.

The condition of patients in both groups was assessed 
by analysing clinical, instrumental, and laboratory param-
eters. After CRS + HIPEC on days 2 and 5 and every 10 days 
for 1 month after surgery, electrocardiogram and blood 
tests were performed.

Comparison of patients by the criteria represented by 
numerical variables was performed using the U Mann-Whit-
ney test. Pearson’s consistency criterion χ2 was used in 
the groups to compare frequencies. Fisher’s exact 2-sided 
criterion was used to determine the relationship.

Results

The mean age of patients was 55.4 ± 8.6 years (Group I: 
56.3 ± 8.7 years, Group II: 54.5 ± 8.4 years – p > 0.05). 

Patients in both groups were analysed for alimentary 
status, family history, anaemia, and comorbidities (mixed 
comorbidities, cardiovascular diseases, respiratory diseas-
es, urinary pathology, neuroendocrine pathology). Statisti-

cal homogeneity of groups (p > 0.05) was determined for 
each of the indicators. Among both groups, there was no 
statistically significant difference in the mean PCI, intraop-
erative characteristics of patients, or the extent of surgery 
(p > 0.05) (Table 1).

Patients with primary PC included in the study were di-
agnosed as follows:

Table 2. Early postoperative complications in Group I (non-enhanced 
recovery after surgery) and Group II (enhanced recovery after sur-
gery) grade II–IV according to Clavien-Dindo

Early postoperative complications 
(1–7 day), n (%) 

Group I 
(nonERAS), 

n = 20

Group II 
(ERAS), 
 n = 17

Bowel perforation (acute ulcer) 0 (0%) 1 (5.8%)

Coagulopathic bleeding 1 (5%) 0 (0%) 

Anastomotic leak 3 (15%) 2 (11.8 %)

Relaparotomy 3 (15%) 2 (11.8 %)

Eventration 1 (5%) 1 (5.8%)

Ileus 5 (25%) 1 (5.8%)

Infectious complications 3 (15%) 2 (11.8 %)

Hyperthermia 2 (10%) 3 (17.6 %)

Acute renal failure 2 (10%) 1 (5.8%)

Acute liver failure 1 (5%) 1 (5.8%)

Pleural effusion 3 (15%) 1 (5.8%)

Pneumothorax 1 (5%) 0 (0%) 

Pulmonary artery thromboembolism 2 (10%) 0 (0%) 

Postoperative pneumonia 2 (10%) 0 (0%) 

Deep vein thrombosis 0 (0%) 1 (5.8%)

Cerebrovascular disorders 1 (5%) 0 (0%) 

Anemia 4 (20%) 3 (17.6 %)

Perforation of gastric ulcer 1 (5%) 0 (0%) 

Table 3. Late postoperative complications in Group I (non-enhanced 
recovery after surgery) and Group II (enhanced recovery after sur-
gery) grade II–IV according to Clavien-Dindo

Late postoperative 
complications (8–30 day),  
n (%)

Group I 
(nonERAS),

n = 20

Group II 
(ERAS),
n = 17

Anastomotic leak 1 (5%) 0 (0%) 

Intestinal fistula 1 (5%) 0 (0%) 

Infectious complications 2 (10%)  0 (0%) 

Eventration 1 (5%) 1 (5.8%)

Ventral hernia 2 (10%) 1 (5.8%)

Anemia 3 (15%) 1 (5.8%)

Gastric ulcer bleeding 1 (5%) 0 (0%) 

Deep vein thrombosis 1 (5%) 0 (0%) 

Hospital-acquired pneumonia 2 (10%) 0 (0%) 

Acute myocardial infarction 0 (0%) 1 (5.8%)

Acute renal failure 1 (5%) 1 (5.8%)

Acute liver failure 1 (5%) 0 (0%) 

Death 1 (5%) 0 (0%) 
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–– 15 epithelial ovarian carcinoma (Group  I – 8 patients,  
Group II – 7), 

–– 9 colorectal adenocarcinoma (Group  I – 5 patients,  
Group II – 4), 

–– 6 gastric adenocarcinoma (Group I – 4 patients, Group 
II – 2), 

–– 7 malignant peritoneal mesothelioma (Group  I – 3 pa-
tients, Group II – 4).
The median LOS in Group I (nonERAS) was 12.35 ± 3.9 

(5–32) days, which is longer than in Group II (ERAS) 6.8 ± 
1.9 (4–17). Comparing both groups according to the criteri-
on Mann-Whitney, Ukr. = 105 > Uemp. = 41, the difference 
is statistically significant (p < 0.01).

When estimating the median duration of recovery of 
digestive function, the peristalsis recovered after 3.6 (1–6) 
days in Group I versus 1.7 (1–4) days in Group II (Ukr. = 105 
> Uemp. = 39). Defecation in Group I was observed after 
5.6 (3–10) days versus 3.4 (2–8) days in Group II (Ukr. = 105 
> Uemp. = 55). The difference of the return of the bowel 
function (peristalsis and stool) in the compared groups is 
statistically significant (p < 0.01). The use of the ERAS pro-
tocol significantly contributed to the faster restoration of 
intestinal function in the postoperative period.

Postoperative complications grade II–IV according 
to Clavien-Dindo classification occurred among 35% of 
patients (7 patients) (3 patients in the early postopera-
tive period, 4 in the late postoperative period) in Group I 
(nonERAS) and among 23.5% of patients (4 patients)  
(3 patients in the early postoperative period, 1 in the late 
postoperative period) in Group II (ERAS). There was no 
significant difference according to Fisher’s exact bilater-
al test (p > 0.05), i.e. the ERAS protocol did not increase 
the incidence of postoperative complications among the 
analysed patients. The list and incidence of early and late 
postoperative complications in Group  I (nonERAS) and  
Group II (ERAS) are given in Table 2 and 3.

Stoma was formed in 25% (5) patients in Group I and 
23% (4) in Group II.

There were no intraoperative and early postoperative 
deaths in both groups. In the late postoperative period in 
Group I (nonERAS) 1 patient died due to the development 
of acute hepato-renal failure.

EORTC QLQ-C30 questionnaire (data presented on Fig. 1) 
were analysed using the U Mann-Whitney test in the pre-
operative period. There was no significant difference in the 
global health status of patients, all symptom scales, and 
scales of physical, emotional, and cognitive functioning. 
(Ukr. < Uemp. at a  significance level of p = 0.05) before 
the surgery.

Indicators of role and social functioning in Group II 
(ERAS) were significantly lower than in Group I (nonERAS) 
at each time point of the survey (p < 0.05) (Fig. 1).

On the third postoperative day the indicators of glob-
al health status and physical functioning in Group  I 
(nonERAS) were lower than in Group II (ERAS) (p < 0.05)  
(Fig. 2). Symptomatic scales of pain, nausea and vomiting, 
loss of appetite, and constipation in Group II (ERAS) showed 
significantly better results than in Group  I (nonERAS)  
(Fig. 2, 3). Similar results were obtained on the 10th and 
20th postoperative day (Fig. 2, 3). Differences in the data Ta
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of the symptom scales 1 month after surgery between 
the 2 groups were statistically insignificant (Ukr. < Uemp. 
at a significance level of p = 0.05), but the global health 
status and physical functioning remained higher in Group 
II (ERAS) (Fig. 1).

Discussion

The study demonstrated the clinical safety of the ERAS 
protocol in patients who underwent cytoreductive surgery 
and HIPEC, compared to the standard perioperative ap-
proach (Fig. 4).

The safety of new methods of treatment and their im-
pact on the QLQ of patients precedes the assessment of 
cancer results. The study included patients with oncolog-
ical processes of different primary localization, who un-
derwent cytoreductive surgery of the maximum possible 
extent and HIPEC according to the standardized method. 
Aggressive surgery approach, toxic effects of chemother-
apy, and side effects of hyperthermia lead to high rates 
of postoperative complications and mortality among pa-
tients. ERAS protocols are a combination of procedure-spe-
cific evidence-based perioperative strategies that work 
synergistically to improve the recovery after surgery. This 
result can be achieved only with a multimodal and mul-
tidisciplinary approach to the treatment of each patient. 
The change to the ‘usual’ model of perioperative care 
among the patients led to a decrease in the median LOS 
and the rapid return of bowel function. The positive effect 
of ERAS, i.e. return of the bowel function, was evaluated 
because it is important to reduce the incidence of postop-
erative complications (ileus, anastomosis leak, intestinal 
fistulas, etc.) and improve the quality of life. The increase 
in QLQ in patients treated with ERAS was maintained from 
the third postoperative day and continued for 1 month 
after surgery. Significantly lower values ​​of role and social 
functioning scales in Group II (ERAS) compared to Group I 
(nonERAS) in the preoperative and subsequent stages of 
treatment may be due to the epidemiological situation, 
which imposed forced restrictions on the behaviour of pa-
tients in Group II during the period 2020–2021. Based on 
the obtained data, the introduction of the ERAS protocol 
reduced the incidence of early and late postoperative com-
plications among the analysed patients (23.5% vs. 35%), 
but the difference is insignificant. Thus, the clinical safety 
of ERAS implementation for patients after CRS and HIPEC 
has been proven.

Similar results were obtained in the study of Lu et al. 
The authors analysed the LOS, postoperative complica-
tions and the occurrence of renal dysfunction among pa-
tients after CRS and HIPEC with mitomycin C using the 
ERAS protocol [13]. The median LOS was 6 days in the 
ERAS group and 9 days in the nonERAS group, which is 
lower than the data obtained in this study. These results 
can be explained by the difference in the HIPEC procedure 
and chemotherapy (low toxicity of mitomycin C compar-
ing to the combination of platinum-therapy and doxoru-
bicin).

Siddharthan et al. did not show a significant difference 
in the incidence of postoperative complications of grade 

Fig. 1. European Organization for Research and Treatment of Cancer 
quality of life C30 – perioperative graph of global health status and 
physical functioning in Group I (non-enhanced recovery after surgery) 
(solid lines) and Group II (enhanced recovery after surgery) (dotted lines)
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Fig. 2. European Organization for Research and Treatment of Can-
cer quality of life C30 – perioperative graph of nausea/vomiting and 
pain in Group I (non-enhanced recovery after surgery) (solid lines) 
and Group II (enhanced recovery after surgery) (dotted lines)

Be
fo

re
 t

re
at

m
en

t

70 

54,5 

39 

23,5

8
3 days 
after 

surgery

10 days 
after 

surgery

20 days 
after 

surgery

1 month 
after 

surgery

Nausea and vomiting I Nausea and vomiting II

Pain I Pain II 

Fig. 3. European Organization for Research and Treatment of Cancer 
quality of life C30 – perioperative graph of appetite loss and consti-
pation in Group I (non-enhanced recovery after surgery) (solid lines) 
and Group II (enhanced recovery after surgery) (dotted lines)
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Table 4. European Organization for Research and Treatment of Cancer quality of life C30 in Group I (non-enhanced recovery after surgery) 
and Group II (enhanced recovery after surgery)

III–IV among patients treated with and without the ERAS 
protocol after cytoreductive surgery + HIPEC with mitomy-
cin C [14].

Webb et al. in their investigation also showed a  de-
crease in the duration of the hospital stay and the inci-
dence of postoperative complications after the introduc-
tion of ERAS principles [15].

In contrast, in the research of Eng et al. 2372 cytore-
ductive surgeries were performed in many institutions for 
primary and recurrent PC of various aetiologies, which in 
most cases were accompanied by HIPEC. Fluctuations in 
the frequency of complications among patients were ex-
plained by the characteristics of patients and the disease 
rather than the treatment approach in a particular institu-
tion [16].

A  limitation of this study is the small number of pa-
tients, because the standard and unified approach was 
organized in a single institution.

A positive aspect of the study is the use of a specific 
cancer questionnaire, which due to the multimodal as-
sessment of QLQ allowed us to objectify changes in the 
condition and well-being of patients, which allows a more 
comprehensive assessment of treatment.

Conclusions

The obtained results prove the expediency and feasi-
bility of the implementation of the ERAS protocol among 
patients undergoing CRS in combination with HIPEC. 

The shorter LOS due to the ERAS protocol allows pa-
tients to start rehabilitation and subsequent stages of 
special treatment earlier, to reduce the economic costs. 

Improved QLQ and comfort of cancer patients has also 
been achieved due to the introduction of the principles of 
the protocol. 

There was no statistically significant difference in the 
incidence of postoperative complications between ERAS 
and nonERAS groups, which supports its clinical safety. 

Successful implementation of the ERAS protocol re-
quires a coordinated approach of a multidisciplinary team, 
which begins with the preoperative visit and planning of 
the surgery.

The authors declare no conflict of interest.
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