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Introduction

Surgical resection is the most important stage 
of treatment in gastric cancer, which is the fourth 
leading cause of cancer-related death [1, 2]. Post-
operative morbidity in gastric cancer surgery, which 

is high-risk surgery, varies between 9% and 46% 
and mortality varies between 0 and 16% [3, 4]. Al-
though operative techniques and surgical stapling 
devices have recently been improved, anastomotic 
leaks remain a  major problem for surgeons [5, 6]. 
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A b s t r a c t

Introduction: Early diagnosis reduces mortality and morbidity rates in gastrointestinal system (GIS) anastomoses.
Aim: The aim of the present study was to investigate the importance of some substances that were used to detect 
major complications early in patients who were treated in line with the Enhanced Recovery After Surgery (ERAS) 
protocol for gastric cancer. Factors included in the study were interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), 
C-reactive protein (CRP), procalcitonin (PCT) and white blood cell (WBC).
Material and methods: A hundred and twenty patients who underwent laparoscopic subtotal or total gastrectomy 
for gastric cancer in accordance with the ERAS protocol between January 2018 and December 2019 were included 
in this prospective study. Blood values of IL-1β, TNF-α, CRP, PCT, and WBC on the third and fifth post-operative days 
(POD) were measured for diagnosing major complications.
Results: Major complications occurred in 12 (10%) patients. Third POD and fifth POD measurements of IL-1β, TNF-α, 
CRP, PCT were statistically significantly higher than those in the non-complicated group, whereas WBC was not. In 
addition, in the group with complications, statistically significant changes of the blood levels of IL-1β, TNF-α, CRP, 
and PCT between the 3rd and 5th days were detected (p = 0.008, p = 0.001, p = 0.004, p = 0.001 respectively).
Conclusions: IL-1β, TNF-α, CRP, and PCT can be used in the early detection of major complications in gastric cancer 
patients undergoing the ERAS protocol. Imaging methods should be used in patients with high levels of these inflam-
matory substances on the third and fifth POD.
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Late diagnoses of anastomotic leaks can lead to 
increases in mortality and morbidity, such as local 
recurrence, sepsis, prolonged stay in the hospital, 
and increased costs [7, 8]. Early diagnosis and in-
tervention have crucial roles in reducing mortality 
and morbidity rates. There is currently no “best” 
diagnostic method that can diagnose anastomot-
ic leaks early, and the neurologic state of the pa-
tient, fever, abdominal distention, and abdominal 
hypersensitivity in the postoperative period can 
cause misdiagnoses [9, 10]. In addition to the sur-
gical techniques developed to reduce postoperative 
morbidity and mortality, Bardram et al. defined the 
Enhanced Recovery After Surgery (ERAS) multidisci-
plinary protocol in 1995, which aimed to reduce the 
surgical stress response and reduce the occurrence 
of complications [11]. The relationship between in-
flammatory markers and the ERAS protocol in the 
detection of major complications in patients with 
gastric cancer is not fully defined today. It is neces-
sary to reveal the relationship between the inflam-
matory process and the ERAS protocol, including 
tumor necrosis factor-α (TNF-α), in order to better 
inform clinicians [12].

Aim

In this prospective study, we aimed to under-
stand the role of inflammatory substances in the 
detection of postoperative major complications af-
ter gastric cancer operations performed under the 
ERAS protocol.

Material and methods 

The study took place in Clinics of General Sur-
gery. Records of patients who underwent elective 
laparoscopic total/subtotal gastrectomy with the 
ERAS protocol for gastric cancer between January 
2018 and December 2019 were evaluated prospec-
tively. 120 consecutive patients who were treated 
surgically for gastric cancer in accordance with the 
ERAS protocol between January 2018 and December 
2019 were included in this prospective study. Venous 
blood samples were taken at the 3rd and 5th post-op-
erative day (POD) and blood values of interleukin-1β 
(IL-1β), tumor necrosis factor-α (TNF-α), C-reactive 
protein (CRP), procalcitonin (PCT) and white blood 
cell (WBC) were evaluated from these serum sam-
ples stored at –80°C after centrifugation for diagnos-
ing major complications.

Patients older than 18 years of age and whose 
written informed consent for laparoscopic gastric 
cancer surgery was obtained within the ERAS pro-
gram were included in the study. In addition to pa-
tients who did not meet the inclusion criteria, pa-
tients who received hemodialysis treatment due to 
chronic renal failure, those with esophagogastric 
junction or pyloric level obstruction, and those with 
psychiatric problems that could not comply with the 
ERAS program were excluded from the study.

After resection and lymph node dissection in ac-
cordance with the standard technique, the anasto-
mosis stage was started. In patients who underwent 
subtotal gastrectomy with laparoscopic method, the 
defect formed after creating the common lumen with 
a endoscopic linear stapler was closed with absorb-
able and non-absorbable double-layer sutures and 
anastomosis was completed as Billroth II gastrojeju-
nostomy. In total gastrectomy operations, the Roux-
en-Y esophagojejunostomy method was used for 
anastomoses. Jejunojejunostomy anastomoses were 
performed in the same way as described for gastro-
jejunostomy anastomoses above. For esophagoje-
junostomy anastomoses the Orvil and 25 mm cir-
cular stapler were used. The circular stapler body 
was placed into the abdominal space by widening 
the trocar site in the left upper quadrant, and the 
esophagojejunostomy anastomosis was completed 
in this way. After general control hemostatic fascial 
defects larger than 10 mm that occurred secondary 
to trocar insertion were closed in an appropriate 
way. Thus, operations were completed.

Enhanced Recovery After Surgery protocol

By informing patients about the operation with 
a  comprehensive and multidisciplinary approach, 
patients were persuaded to stop smoking and con-
suming alcohol before the operation. In the preoper-
ative period, enteral nutritional support for 10 days 
and prophylactic 6000 IU enoxaparin sodium (sub-
cutaneous) 1 × 1 were administered. Three hours 
before the operation, those without diabetes were 
given 300 ml of clear liquid rich in carbohydrates. 
The patients were evaluated by the anesthesia team 
experienced in the ERAS protocol and were applied 
epidural and general anesthesia by the same anes-
thesiologists. Epidural analgesia was administered 
with 10 ml of 0.25% bupivacaine. Analgesia was 
provided from the epidural catheter until the end 
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of the postoperative 2nd day, and the epidural cath-
eter was removed on the 3rd day. A nasogastric tube 
was not used. Body temperature was maintained 
intraoperatively with warm air support. Periopera-
tive hourly urine outputs were monitored. A urinary 
catheter was removed in patients with urine output 
above 30 ml/h after the operation. No intraabdom-
inal drain was placed. At the postoperative 6th hour, 
the patients were mobilized and shown respiratory 
exercises by the same team. Oral intake was started 
at the postoperative 10th hour initially limited to 1 l 
of water and 300 ml of pulp-free fruit juice for the 
first 24 h. Oral fluid intake was continually increased 
until the postoperative 3rd day and 20–40 ml/h of 
parenteral fluid support was given according to oral 
fluid intake. In addition to adequate fluid therapy, 
dexketoprofen 50 mg (IV) 3 × 1 for pain control,  
50 mg (IV) of ranitidine hydrochloride 1 × 1, and 
prophylactic 6000 IU of enoxaparin sodium (subcu-
taneous) 1 × 1 were administered in patients with 
subtotal gastrectomy. From the third postoperative 
day on, the patient’s oral feeding was managed with 
semi-solid food and 1 l of water, continued medical 
treatment, and parenteral fluid support until dis-
charge. Patients who did not need intravenous or 
oral analgesic-anti-inflammatory drugs, had a Visual 
Analogue Scale (VAS) score < 4, had sufficient skills 
for mobilization and self-care, took more than 2/3 of 
the oral food given, and had normal physical exam-
ination and laboratory test results were discharged 
with enteral nutrition support, vitamin prophylaxis 
and prophylactic enoxaparin sodium 6000 IU 1 × 1 
(subcutaneous) per day.

Variables

The data of patients for age, gender, body mass 
index (BMI), American Society of Anesthesiolo-
gists (ASA) scores, comorbidities, habitual status 
for smoking and alcohol consumption of patients, 
type of the surgical procedures performed, duration 
of surgery, length of hospital stay, mortality, and 
complications that developed in the postoperative  
30-day period were recorded. The main purpose was 
to detect major complications in the postoperative 
period. For this purpose, levels of CRP, PCT, TNF-α, 
IL-1β, and WBC from blood samples on postopera-
tive 3rd (POD 3) and 5th days (POD 5) were measured. 
Units were determined as mg/l, ng/dl, pg/ml, pg/ml, 
10–3/µl respectively. Pathological staging was done 

according to criteria listed in the AJCC Cancer Stag-
ing Manual 8th edition. 

Definitions

Complications occurring within 30 days post-
operatively were categorized according to the Cla-
vien-Dindo classification [13]. Superficial surgical 
site infections, urinary tract infections, pneumonia, 
and postoperative ileus were designated as minor 
complications. Anastomosis leakage, intraabdomi-
nal hemorrhage, and intraabdominal abscess were 
designated as major complications. For daily fol-
low-up posteroanterior chest X-ray (PA), ultrasonog-
raphy (USG), and computed tomography (CT) were 
not used. These imaging methods were used in pa-
tients who were thought to have developed compli-
cations. Developing intraabdominal collections were 
drained by an interventional radiologist. Pneumonia 
was diagnosed by pulmonary infiltration on a chest 
CT scan or PA accompanied by clinical symptoms 
of lower respiratory tract infection, physical exam-
ination, or laboratory tests. Urinary tract infections 
were identified with a positive urine sediment test 
with leukocytosis and/or fever.

Anastomotic leak (AL) was defined by the pres-
ence of abnormal abdominal examination and ex-
travasation of contrast in abdominal CT (with IV-oral 
contrast) or presence of air or fluid in the anastomo-
sis area [14]. Bleeding was defined as postoperative 
hematemesis, melena or a sustained decrease in he-
moglobin levels in postoperative blood samples. USG 
and abdominal CT were used to define intraabdomi-
nal hemorrhage. Ileus was defined as situations with 
nausea, vomiting, abdominal distention, abdominal 
tenderness or a temporary delay in gastrointestinal 
motility [15].

Ethical considerations

This study was approved by the local ethics com-
mittee (2020/188). All patients signed an informed 
consent form for the ERAS program and for inclusion 
in the study.

Statistical analysis

The NCSS (Number Cruncher Statistical System) 
2007 (Kaysville, Utah, USA) program was used for 
statistical analysis. Descriptive statistical methods 
(mean, standard deviation, median, frequency, ra-
tio, minimum, maximum) were used when evaluat-
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ing the study data. The conformity of the quantita-
tive data to normal distribution was tested by the 
Shapiro-Wilk test and graphical evaluations. The 
Mann-Whitney U test was used for two group com-
parisons of variables that did not show normal dis-
tribution. The Wilcoxon signed ranks test was used 
for intragroup comparisons of variables that did not 
show normal distribution. ROC analysis and diag-
nostic screening tests were used to determine the 
cut-off point according to the complications. Signifi-
cance was evaluated at the p < 0.05 level.

Results

A total of 120 patients were included in the study. 
The study included 43 female and 77 male patients. 
Demographic data and ASA score, and comorbidi-
ties are shown in Table I. Subtotal gastrectomy were 
performed in 47 (39.1%) patients and 73 (60.8%) 
patients had undergone total gastrectomy. Surgical 
data and postoperative complications are shown 
in Table II. Major complications were observed in  
12 (10%) patients. Anastomotic leak occurred in  
6 (5%) patients. All of the anastomotic leaks that de-
veloped in total gastrectomy were in the esophago-
jejunostomy line. These leaks were managed by 
placing a  covered stent and draining the intraab-

Table II. Surgical data and postoperative complications

Variable Total 
(n = 120)

Laparoscopic total 
gastrectomy 

(n = 73)

Laparoscopic subtotal 
gastrectomy 

(n = 47)

Minor complications, n (%):

Urinary tract infection 1 (0.8) 1 (1.3) 0 (0)

Pneumonia 2 (1.6) 2 (2.7) 0 (0)

Ileus      2 (1.6) 1 (1.3) 1 (2.1)

Major complications (Clavien-Dindo III–IV), n (%): 12 (10) 7 (9.5) 5 (10.6)

Anastomotic leak   6 (5) 3 (4.1) 3 (6.3)

Hemorrhage     2 (1.6) 1 (1.3) 1 (2.1)

Intraabdominal abscess          4 (3.3) 3 (4.1) 1 (2.1)

Mortality, n (%) 4 (3.3) 3 (2.5) 1 (0.8)

Duration of operation (mean ± SD) [min] 240 ±62.6 270 ±71.9 205 ±66.1

Hospitalization [days] 8 (4–21) 9 (6–21) 6 (4–15)

TNM classification, n (%):

Stage I           12 (10) 3 (2.5) 9 (7.5)

Stage II           30 (25) 24 (20) 6 (5)

Stage III           78 (65) 46 (38.4) 32 (26.6)

Table I. Patients’ characteristics and comorbid-
ities 

Parameter Value

Age [years] Min.–max. 34–82 (59) 58 ±11.21

Sex:

Male 77 (64.1%)

Female 43 (35.9%)

BMI [kg/m2] 26.2 ±4.7

ASA score:

I 12 (10%)

II 33 (27.5%)

III 72 (60%)

IV 3 (2.5%)

Comorbidities:

Diabetes mellitus 32 (26.6%)

Hypertension 87 (72.5%)

Heart disease 46 (38.3%)

Respiratory disease 12 (10%)

Smokers  37 (30.8%)

Alcohol 23 (19.1%)
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dominal collections percutaneously. The collections 
occurred after the leaks which were prepared for 
drainage were percutaneously drained. Appropriate 
antibiotic treatment was initiated for patients who 
underwent percutaneous drainage after a  culture 
antibiogram. Intraabdominal hemorrhages were de-
tected on POD 2 and POD 4 in 2 patients and needed 
surgical intervention. On POD 5, pneumonia devel-
oped in 2 patients. In the total gastrectomy group  
2 patients with anastomotic leak and 1 patient with 
hemorrhage died. In the subtotal gastrectomy group 
1 patient died because of anastomotic leak. 

A  statistically significant difference was found 
between the groups in terms of the changes in CRP, 
PCT, TNF-α, and IL-1β measurements (p = 0.001;  
p < 0.01). The change in the group with major com-
plications was greater than in the group without 
complications. There was no statistically significant 
difference between the groups in terms of chang-
es in WBC measurements (p = 0.765; p > 0.05). In 
the group with major complications, the 3rd day  
(p = 0.001) and the 5th day (p = 0.001) CRP, PCT, TNF-α, 
IL-1β and WBC measurements were found to be sta-
tistically significantly higher than in the group with-
out complications (p < 0.01). In the non-complicated 
group, the change in the 5th day measurements of 
CRP and WBC relative to the 3rd day measurements 
were not statistically significant (p = 0.790; p > 0.05) 
(p = 0.251; p > 0.05), but the reduction in PCT, TNF-α 
and IL-1β measurements was found to be statistical-
ly significant (p = 0.001; p < 0.01). In the group with 
major complications, the increases from day 3 to day 
5 measurements of CRP, PCT, TNF-α, IL-1β were sta-
tistically significant (p = 0.004; p < 0.01) (p = 0.001; 
p < 0.01) (p = 0.001; p < 0.01) (p = 0.008; p < 0.01), 
but the changes in WBC measurements were not 
significant (p = 0.638; p > 0.05) (Table III). The mea-
surements of CRP, PCT, TNF-α, IL-1β, and WBC on the 
3rd day were statistically significantly higher in the 
group with complications (p < 0.01). 

ROC analysis and diagnostic screening tests were 
used to determine the cut-off point according to the 
groups. A cut-off point was calculated for PCT, TNF-α, 
IL-1β, and WBC measurements. The cut-off point for 
the CRP measurements was determined as 193 
and above, with a sensitivity of 100%, specificity of 
84.91%, the positive predictive value of 46.67%, the 
negative predictive value of 100%, and the accuracy 
of 86.67%. The area under the ROC curve obtained 
was determined as 96.4%, standard error 1.7%. The 

cut-off point for PCT measurements was determined 
as 7.34 and above with a sensitivity of 100%, spec-
ificity of 100%, positive predictive value of 100%, 
negative predictive value of 100%, and accuracy of 
100%. The area under the ROC curve obtained was 
determined as 100%, standard error 0%. The cut-off 
point for TNF-a measurements was determined as 
10 and above with a  sensitivity of 100%, specific-
ity of 95.28%, positive predictive value of 73.68%, 
negative predictive value of 100%, and accuracy of 
95.83%. The area under the ROC curve obtained was 
determined as 99.1%, standard error 0.7%. The cut-
off point for IL-1β measurements was determined 
as 9.2 and above, with a sensitivity of 92.86%, speci-
ficity of 95.28%, positive predictive value of 72.22%, 
negative predictive value of 99.02%, and accuracy of 
95.00%. The area under the ROC curve obtained was 
determined as 92.2%, standard error 6.9%. The cut-
off point for WBC measurements was determined as 
12.55 and above with a sensitivity of 85.71%, speci-
ficity of 83.96%, positive predictive value of 41.38%, 
negative predictive value of 97.80%, and accuracy 
of 84.17%. The area under the ROC curve obtained 
was determined as 87.4%, standard error 5.5% (Fig- 
ures 1, 2, Table IV).

Discussion

The value and clinical results of ERAS protocols 
in colorectal and gastric cancer surgery have been 
accepted gradually [16–19]. As a result of optimized 
multimodal strategies, there is a  common consen-
sus that the ERAS protocol results in significantly ac-
celerated intestinal functions, unaffected mortality 
rates, anastomotic leaks, surgical site infection, uri-
nary tract infection, and lung infection; hence med-
ical costs are reduced due to accelerated recovery 
and reduced surgical stress [20]. The ERAS protocol, 
which is reported to make a significant contribution 
to improving nutritional status in the postoperative 
period, but is also reported to cause an increase 
in the rate of re-hospitalization, should be evalu-
ated with high-quality, large-sampled, long-term 
multi-center studies [21].

In recent years, when laparoscopy has become 
widespread, the use of laparoscopy also for gastrec-
tomy has become increasingly common. As a mat-
ter of fact, in the meta-analysis conducted by Zhang  
et al., it was concluded that the laparoscopic meth-
od is an effective alternative [22]. Laparoscopy is 
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Table III. Evaluation of CRP, PCT, TNF-α, IL-1β and WBC results according to complication state

Variable Complication state aP-value

Complication (–) (n = 108) Complication (+) (n = 12)

Day 3 CRP Min.–max. (median) 55–997 (142.5) 193–386 (277) 0.001**

Mean ± SD 151.66 ±94.14 275.79 ±50.38

Day 5 CRP Min.–max. (median) 41–287 (141) 233–453 (364.5) 0.001**

Mean ± SD 139.97 ±40.36 353.00 ±67.79

bp 0.790 0.004**

Difference
(Day 5 – Day 3)

Min.–max. (median) 854–113 (8.5) 35–156 (86) 0.001**

Mean ± SD 11.69 ±98.03 77.21 ±65.79

Day 3 PCT Min.–max. (median) 0.1–6.3 (1.5) 7.3–17.4 (11.7) 0.001**

Mean ± SD 1.86 ±1.27 12.35 ±3.08

Day 5 PCT Min.–max. (median) 0.1–8 (0.7) 15.4–32.3 (23.5) 0.001**

Mean ± SD 1.15 ±1.14 24.08 ±5.11

bp 0.001** 0.001**

Difference
(Day 5 – Day 3)

Min.–max. (median) 3.7–6.7 (–0.7) 4.3–18.1 (11.8) 0.001**

Mean ± SD 0.70 ±1.25 11.73 ±4.85

Day 3 TNF-α Min.–max. (median) 4.1–14.6 (6.3) 10.1–37.7 (14.3) 0.001**

Mean ± SD 6.75 ±2.05 18.84 ±8.51

Day 5 TNF-α Min.–max. (median) 1.6–22 (10.1) 15–57 (32.3) 0.001**

Mean ± SD 11.15 ±4.10 34.27 ±10.98

bp 0.001** 0.001**

Difference 
(Day 5 – Day 3)

Min.–max. (median) 6.7–16.3 (4.5) 2.5–43.3 (12.6) 0.001**

Mean ± SD 4.40 ±4.67 15.44 ±11.22

Day 3 IL-1β Min.–max. (median) 1.2–19.6 (4.3) 0.3–38 (23.4) 0.001**

Mean ± SD 5.00 ±2.84 22.02 ±10.19

Day 5 IL-1β Min.–max. (median) 2.8–134.8 (7.7) 13–64.6 (32) 0.001**

Mean ± SD 12.50 ±17.05 32.34 ±12.13

bp 0.001** 0.008**

Difference
(Day 5 – Day 3)

Min.–max. (median) 3.5–126.5 (3.2) 15.6–26.7 (10.9) 0.001**

Mean ± SD 7.51 ±16.54 10.32 ±9.51

Day 3 WBC Min.–max. (median) 5.9–19 (10.7) 9.2–22.8 (14.9) 0.001**

Mean ± SD 10.71 ±2.30 15.07 ±3.45

Day 5 WBC Min.–max. (median) 6.5–16.2 (10.9) 8–19.9 (15.3) 0.001**

Mean ± SD 10.98 ±1.76 14.50 ±3.54

bp 0.251 0.638

Difference 
(Day 5 – Day 3)

Min.–max. (median) 8–6.1 (0.8) 9.4–4.9 (0.1) 0.765

Mean ± SD 0.27 ±2.94 0.58 ±4.08
aMann-Whitney U test, bWilcoxon signed ranks test, **p < 0.01. CRP – C-reactive protein, PCT – procalcitonin, TNF-α – tumor necrosis factor α, IL-1β – inter-
leukin 1 β, WBC – white blood cells.
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Figure 1. Flow diagram of patients included in the study

strongly recommended for distal gastric cancers in 
the ERAS guidelines. However, although some pos-
itive results were mentioned for total gastrectomy 
in the same guideline, the recommendation for use 
of laparoscopy was not strong [23]. However, lapa-
roscopy is preferred for total gastrectomy operations 
in many centers that have highly experienced sur-
geons. In this context, studies related to the ERAS 
protocol in total gastrectomy operations are pub-
lished [24].

The shortening of the length of stay has paved 
the way for further research on predicting complica-

tions and safe discharge. In this respect, the num-
ber of studies on which biomarker is appropriate to 
predict complications in patients undergoing the 
ERAS protocol is increasing [25]. One of the most 
frequently researched markers in such studies is 
undoubtedly CRP. As mentioned in the study con-
ducted by Wierdak et al., research on CRP values 
is mostly based on values on postoperative 4th and 
5th days. However, considering that the duration of 
hospitalization is shortened after the ERAS protocol, 
there is a need to evaluate the levels of this marker 
on earlier days [26]. 

CRP, which is secreted from the liver with a half-
life of 19 h, is one of the most commonly used acute 
phase reactants in the diagnosis of complications af-
ter abdominal surgery [27, 28]. CRP has been shown 
to exhibit sensitivity and specificity of 70% to 80% 
2 to 4 days after the operation [29]. In our study, the 
increase in CRP on the basis of postoperative days 
is more significant in the group with major compli-
cations than in the group without complications.  
The 5th day values are statistically significantly high-
er than the 3rd day values in the group with major 
complications. The sensitivity was 100% and the 
specificity was 84.6% for CRP values of 193 mg/dl 
and above in detecting major complications.

PCT, which is produced only in thyroid C cells and 
normally detected at extremely low levels in healthy 
individuals, is frequently used in the diagnosis of 
major complications such as anastomotic leak and 
development of an intraabdominal abscess in the 
postoperative period [30]. PCT is a polypeptide pro-
duced in thyroid C cells released in response to mi-
crobial toxins and proinflammatory mediators such 
as IL-1β, TNF-α, and IL-6 [31, 32]. The rate of increase 

Patients who underwent elective laparoscopic 
gastric cancer surgery between  

January 2018–December 2019 (n = 127)  

Patients who underwent laparoscopic elective 
gastric cancer surgery between  
January 2018–December 2019  
with ERAS protocol (n = 120) 

Patients without complications (n = 108) Patients with complications (n = 12)

Excluded patients  
Patients that ERAS Protocol were not implemented (n = 4) 

Patients received hemodialysis treatment due to chronic renal 
failure (n = 2) 

Patient diagnosed with psychiatric illness (n = 1) 
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of this inflammatory substance, which we evaluated 
to determine the postoperative major complications, 
was found to be higher on the 3rd and 5th days in the 
group with major complications. The 5th day values 
were statistically significantly higher than the 3rd day 
values. Sensitivity and specificity were 100% for PCT 
values of 7.34 ng/dl and above in detecting major 
complications. 

IL-1β can be released by many cells including 
monocytes, B-cells, keratinocytes, mesangial cells, 
and endothelium, but is not used in practice for 
the diagnosis of major postoperative complications. 
IL-1 is demonstrated in laboratory animals to cause 
sepsis, fever, increase in the release of colony-stim-
ulating factors (CSF), neutrophilia, loss of appetite, 
and tendency to sleep, and leads to the synthesis of 
acute-phase proteins [33, 34]. IL-1β is a proinflam-
matory cytokine that stimulates the human liver 
to produce acute-phase proteins such as CRP and  
fibrinogen [35]. It has been suggested that the in-
flammatory response may be higher in humans [36]. 
In our study, even in measurements performed with-
out any genetic evaluation, the rate of increase in 
IL-1 measurements was found to be higher in the 
group with major complications on the 3rd and 5th 
days. Also, in the group with major complications, 
the 5th day values are statistically significantly higher 
than the 3rd day values. IL-1β measurements for de-
tecting postoperative complication detection show 
a sensitivity of 92.86% and specificity of 95.28% for 
values of 9.2 pg/ml and above. 

TNF-α, which is similar to IL-1β in terms of clini-
cal application and is a chemotactic agent for mono-
cytes and leukocytes, also has antibacterial-antiviral 
effects. IL-1, platelet activating factor (PAF), and in-
terferons, which increase mortality in septic shock, 
show synergistic effects with TNF-α [37–43]. TNF-α 

measurements on the 3rd and 5th days for the major 
complication group, both due to these features and 
because it increased the release of PCT, were found 
to be statistically higher than in the non-complicated 
group, which we included in the scope of the evalua-
tion. For the TNF-α values of 10 pg/ml and above in 
detecting major complications, sensitivity was 100% 
and specificity was 95.28%. One of the frequently 
used markers in the diagnosis of major complica-
tions after gastrointestinal system surgery is WBC. 
A study by Wysocki et al. on bariatric surgery patients 
showed that WBC can be used safely even in the ear-
ly period to predict postoperative complications [38]. 
However, surprisingly, the change of WBC levels on 
the basis of postoperative days in our study was not 
found to be statistically significant. For the 12.55 cut-
off value of WBC in detecting major complications, 
sensitivity was 85.71% and specificity was 83.96%. 

Multimodal rehabilitation programs and laparo-
scopic surgery reduce the patient’s systemic inflam-
matory response to surgery [40–42]. Early detection 
of a  major complication that may lead to a  septic 
picture after gastric surgery gives important clues 
about whether to undertake further investigations 
and when to discharge the patient from the hospital. 
Early and accurate detection of major complications 
becomes even more important in relation to early dis-
charge, which is a part of the ERAS protocol [44–49].

It has been determined that CRP and PCT are sig-
nificant in the early detection of anastomotic leaks in 
colorectal surgery using the ERAS protocol [50–53]. 
Our results showed that this fact is valid for gastric 
cancer surgery performed in line with the ERAS pro-
tocol. It has been previously determined that IL-1β 
and TNF-α have synergistic effects on both each oth-
er and the release of CRP and PCT in the inflamma-
tory process. Therefore, it was observed that IL-1β 

Table IV. Diagnostic scan tests and ROC curve results

Parameter Diagnostic Scan ROC Curve P-value

Cut off Sensitivity Specificity Positive 
predictive 

value

Negative 
predictive 

value

Area 95% confidence 
interval

CRP [mg/l] ≥ 193 100 84.91 46.67 100 0.964 0.931–0.997 0.001**

PCT [ng/dl] ≥ 7.34 100 100 100 100 1.000 1.000–1.000 0.001**

TNF-a [pg/ml] ≥ 10 100 95.28 73.68 100 0.991 0.978–1.000 0.001**

IL-1β [pg/ml] ≥ 9.2 92.86 95.28 72.22 99.02 0.922 0.787–1.000 0.001**

WBC [10-3/µl] ≥ 12.55 85.71 83.96 41.38 97.80 0.874 0.767–0.981 0.001**

**p < 0.01. CRP – C-reactive protein, PCT – procalcitonin, TNF-α – tumor necrosis factor α, IL-1β – interleukin 1β, WBC – white blood cells.
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and TNF-α, which we included in the study, increased 
significantly during periods of major complications 
similar to CRP and PCT, and can be used in the early 
diagnosis of major complications. Postoperative day 3 
and day 5 measurements of IL-1β, TNF-α, CRP, and PCT, 
which are significant in terms of safe patient follow-up 
and early discharge, are shown to be significant in the 
evaluation of gastric cancer patients managed in line 
with the ERAS protocol. Regardless of the presence 
of significant examination findings, patients whose 
IL-1β, TNF-α, CRP, and PCT values are high should be 
evaluated with additional imaging such as USG and 
CT (oral-IV contrast). The ERAS protocol should be con-
ducted with a multidisciplinary approach and optimal-
ly trained healthcare personnel. It is important to have 
an experienced interventional radiology team in the 
diagnosis and treatment of major complications.

In the ERAS protocol we applied, our patient 
group had high ASA scores, more advanced gastric 
cancer patients based on the TNM classification, 
and the morbidity (10%) and mortality (3.3%) rates 
were acceptable. These findings showed that the 
ERAS protocol in gastric cancer surgery can be safely 
applied even in advanced gastric cancer with high 
ASA scores. In addition, it has been determined that 
the ERAS protocol can also be safely applied in daily 
surgical practice in patients who have been operat-
ed on for gastric cancer. 

Including patients treated in a  single center is 
a limitation of the study. Prospective data collection 
must be considered as an advantage of the study. In 
addition to comparing the levels of biomarkers for 
both groups, evaluating the change of the parame-
ters between the 3rd and 5th days is a strong point of 
this study, because many studies have focused only 
blood levels of markers directly and not recorded 
changes of parameters.

Considering the success of monitoring inflamma-
tory agents in determining major complications, it 
is thought that the teams performing this surgical 
procedure will be able to follow their patients safely 
in the postoperative period and detect a major com-
plication that may occur at an early stage. Multi-cen-
ter studies with more patient groups are needed to 
better evaluate our hypothesis.

Conclusions

Our study findings demonstrate that gastric can-
cer surgery can be performed safely in line with the 

ERAS protocol and that IL-1β, TNF-α, CRP, and PCT 
can be used in the diagnosis of major complications.

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Guggenheim DE, Shah MA. Gastric cancer epidemiology and 
risk factors. J Surg Oncol 2013; 107: 230-6. 

2.	Tegels JJ, De Maat MF, Hulsewé KW, et al. Improving the out-
comes in gastric cancer surgery. World J Gastroenterol 2014; 
20: 13692-704. 

3.	 Olsén MF, Wennberg E. Fast-track concepts in major open up-
per abdominal and thoracoabdominal surgery: a review. World 
J Surg 2011; 35: 2586-93. 

4.	Melnyk M, Casey RG, Black P, et al. Enhanced recovery after sur-
gery (ERAS) protocols: time to change practice? Can Urol Assoc J  
2011; 5: 342-8. 

5.	 Alves A, Panis Y, Pocard M, et al. Management of anastomotic 
leakage after nondiverted large bowel resection. J Am Coll Surg 
1999; 189: 554-9. 

6.	Platell C, Barwood N, Dorfmann G, et al. The incidence of anas-
tomotic leaks in patients undergoing colorectal surgery. Col-
orectal Dis 2007; 9: 71-9. 

7.	 Alves A, Panis Y, Trancart D, et al. Factors associated with clin-
ically significant anastomotic leakage after large bowel resec-
tion: multivariate analysis of 707 patients. World J Surg 2002; 
26: 499-502.

8.	Veyrie N, Ata T, Muscari F, et al.; French Associations for Surgical 
Research. Anastomotic leakage after elective right versus left 
colectomy for cancer: prevalence and independent risk factors. 
J Am Coll Surg 2007; 205: 785-93.

9.	Hyman NH. Managing anastomotic leaks from intestinal anas-
tomoses. Surgeon 2009; 7: 31-5. 

10.	 Murrell ZA, Stamos MJ. Reoperation for anastomotic failure. 
Clin Colon Rectal Surg 2006; 19: 213-6. 

11.	 Bardram L, Funch-Jensen P, Jensen P, et al. Recovery after lapa-
roscopic colonic surgery with epidural analgesia, and early oral 
nutrition and mobilisation. Lancet 1995; 345: 763-4. 

12.	 Wee IJY, Syn NL, Shabbir A, et al. Enhanced recovery versus con-
ventional care in gastric cancer surgery: a meta-analysis of ran-
domized and non-randomized controlled trials. Gastric Cancer 
2019; 22: 423-34. 

13.	 Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a  survey. Ann Surg 2004; 240: 
205-13.

14.	 Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo 
classification of surgical complications: five-year experience. 
Ann Surg 2009; 250: 187-96. 

15.	 Adams K, Papagrigoriadis S. Little consensus in either defini-
tion or diagnosis of a  lower gastro-intestinal anastomotic leak 
amongst colorectal surgeons. Int J Colorectal Dis 2013; 28: 967-71. 

16.	 Mingjie X, Luyao Z, Ze T, et al. Laparoscopic radical gastrectomy 
for resectable advanced gastric cancer within enhanced recov-



The importance of inflammatory markers in detection of complications in patients with gastric cancer undergoing  
the Enhanced Recovery After Surgery (ERAS) protocol: a prospective cohort study

697Videosurgery and Other Miniinvasive Techniques 4, December/2022

ery programs: a prospective randomized controlled trial. J Lap-
aroendosc Adv Surg Tech A 2017; 27: 959-64. 

17.	 Bu J, Li N, Huang X, et al. Feasibility of fast-track surgery in el-
derly patients with gastric cancer. J Gastrointest Surg 2015; 19: 
1391-8. 

18.	 Beamish AJ, Chan DS, Blake PA, et al. Systematic review and 
meta-analysis of enhanced recovery programmes in gastric 
cancer surgery. Int J Surg 2015; 19: 46-54. 

19.	 Ding J, Sun B, Song P, et al. The application of enhanced recov-
ery after surgery (ERAS)/fast-track surgery in gastrectomy for 
gastric cancer: a systematic review and meta-analysis. Onco-
target 2017; 8: 75699-711. 

20.	Gustafsson UO, Scott MJ, Schwenk W, et al.; Enhanced Re-
covery After Surgery (ERAS) Society, for Perioperative Care; 
European Society for Clinical Nutrition and Metabolism (ES-
PEN); International Association for Surgical Metabolism 
and Nutrition (IASMEN). Guidelines for perioperative care in 
elective colonic surgery: Enhanced Recovery After Surgery 
(ERAS(®)) Society recommendations. World J Surg 2013; 37:  
259-84..

21.	 Wang LH, Zhu RF, Gao C, et al. Application of enhanced recovery 
after gastric cancer surgery: an updated meta-analysis. World  
J Gastroenterol 2018; 24: 1562-78. 

22.	 Zhang X, Zhang W, Feng Z, et al. Comparison of short-term 
outcomes of robotic-assisted and laparoscopic-assisted D2 
gastrectomy for gastric cancer: a meta-analysis. VIdeosurgery 
Miniinv 2021; 16: 443-54..

23.	 Mortensen K, Nilsson M, Slim K, et al.; Enhanced Recovery 
After Surgery (ERAS®) Group. Consensus guidelines for en-
hanced recovery after gastrectomy: Enhanced Recovery After 
Surgery (ERAS®) Society recommendations. Br J Surg 2014; 
101: 1209-29. 

24.	 Rubinkiewicz M, Pisarska M, Zarzycki P, et al. High compliance 
to ERAS protocol does not improve overall survival in patients 
treated for resectable advanced gastric cancer. Videosurgery 
Miniinv 2020; 15: 553-9. 

25.	 Wierdak M, Pisarska M, Kuśnierz-Cabala B, et al. Changes in 
plasma albumin levels in early detection of infectious compli-
cations after laparoscopic colorectal cancer surgery with ERAS 
protocol. Surg Endosc 2018; 32: 3225-33. 

26.	Wierdak M, Pisarska M, Kuśnierz-Cabala B, et al. Serum amyloid 
A as an early marker of infectious complications after laparo-
scopic surgery for colorectal cancer. Surg Infect 2018; 19: 622-8. 

27.	 Welsch T, Müller SA, Ulrich A, et al. C-reactive protein as early 
predictor for infectious postoperative complications in rectal 
surgery. Int J Colorectal Dis 2007; 22: 1499-507. 

28.	 Matthiessen P, Henriksson M, Hallböök O, et al. Increase of 
serum C-reactive protein is an early indicator of subsequent 
symptomatic anastomotic leakage after anterior resection. 
Colorectal Dis 2008; 10: 75-80. 

29.	Ortega-Deballon P, Radais F, Facy O, et al. C-reactive protein is 
an early predictor of septic complications after elective colorec-
tal surgery. World J Surg 2010; 34: 808-14.

30.	Gendrel D, Bohuon C. Procalcitonin as a marker of bacterial in-
fection. Pediatr Infect Dis J 2000; 19: 679-87.

31.	 Meisner M. Pathobiochemistry and clinical use of procalci-
tonin. Clin Chim Acta 2002; 323: 17-29.

32.	 Müller B, White JC, Nylén ES, et al. Ubiquitous expression of the 
calcitonin-i gene in multiple tissues in response to sepsis. J Clin 
Endocrinol Metab 2001; 86: 396-404. 

33.	 Suzuki N, Kansas G, Engleman EG. Lymphocytes. In: Arthritis 
and Alhed Conditions. McCarty DJ, Koopman WJ (eds). Lea and 
Febiger 1993; 377-87.

34.	 Pike MC, Synderman R. Structure and function of mono-
cytes and macrophages. In: Arthritis and Allied Conditions.  
McCarty DJ, Koopman WJ (eds). Lea and Febiger 1993; 347-75.

35.	 Dinarello CA. Proinflammatory cytokines. Chest 2000; 118: 
503-8. 

36.	Berger P, McConnell JP, Nunn M, et al. C-reactive protein levels 
are influenced by common IL-1 gene variations. Cytokine 2002; 
17: 171-4. 

37.	 Camussi G, Albano E, Tetta C, et al. The molecular action of tu-
mor necrosis factor-alpha. Eur J Biochem 1991; 202: 3-14. 

38.	 Wysocki M, Małczak P, Wierdak M, et al. Utility of inflammatory 
markers in detection of perioperative morbidity after laparo-
scopic sleeve gastrectomy, laparoscopic Roux-en-Y gastric by-
pass, and one-anastomosis gastric bypass-multicenter study. 
Obes Surg 2020; 30: 2971-9. 

39.	 Maury CP, Teppo AM. Circulating tumour necrosis factor-alpha (ca-
chectin) in myocardial infarction. J Intern Med 1989; 225: 333-6. 

40.	Barath P, Fishbein MC, Cao J, et al. Tumor necrosis factor gene 
expression in human vascular intimal smooth muscle cells de-
tected by in situ hybridization. Am J Pathol 1990; 137: 503-9.

41.	 Aggarwal BB, Kohr WJ, Hass PE, et al. Human tumor necrosis 
factor. Production, purification, and characterization. J Biol 
Chem 1985; 260: 2345-54.

42.	 Beutler B, Cerami A. Cachectin: more than a tumor necrosis fac-
tor. N Engl J Med 1987; 316: 379-85. 

43.	 Tracey KJ, Vlassara H, Cerami A. Cachectin/tumour necrosis fac-
tor. Lancet 1989; 1: 1122-6.

44.	Daams F, Wu Z, Lahaye MJ, et al. Prediction and diagnosis of col-
orectal anastomotic leakage: a systematic review of literature. 
World J Gastrointest Surg 2014; 6: 14-26.

45.	 Giaccaglia V, Salvi PF, Cunsolo GV, et al. Procalcitonin, as an 
early biomarker of colorectal anastomotic leak, facilitates en-
hanced recovery after surgery. J Crit Care 2014; 29: 528-32. 

46.	Domínguez-Comesaña E, Estevez-Fernández SM, López- 
Gómez V, et al. Procalcitonin and C-reactive protein as early mark-
ers of postoperative intra-abdominal infection in patients operat-
ed on colorectal cancer. Int J Colorectal Dis 2017; 32: 1771-4.

47.	 Lane JC, Wright S, Burch J, et al. Early prediction of adverse 
events in enhanced recovery based upon the host systemic in-
flammatory response. Colorectal Dis 2013; 15: 224-30.

48.	Ramanathan ML, Mackay G, Platt J, et al. Impact of day 2 C-re-
active protein on day 3 and 4 thresholds associated with in-
fective complications following curative surgery for colorectal 
cancer. World J Surg 2013; 37: 2705-10. 

49.	Veenhof AA, Vlug MS, van der Pas MH, et al. Surgical stress re-
sponse and postoperative immune function after laparoscopy 
or open surgery with fast track or standard perioperative care: 
a randomized trial. Ann Surg 2012; 255: 216-21. 

50.	Takakura Y, Hinoi T, Egi H, et al. Procalcitonin as a predictive 
marker for surgical site infection in elective colorectal cancer 
surgery. Langenbecks Arch Surg 2013; 398: 833-9. 



Alpen Yahya Gumusoglu, Hamit Ahmet Kabuli, Murat Cikot, Nilgun Isıksacan, Pinar Kasapoglu, Ertug Can Cayırcı, Sinan Binboga,  
Mehmet Karabulut, Halil Alıs

698 Videosurgery and Other Miniinvasive Techniques 4, December/2022

51.	 Garcia-Granero A, Frasson M, Flor-Lorente B, et al. Procalcitonin 
and C-reactive protein as early predictors of anastomotic leak 
in colorectal surgery: a prospective observational study. Dis Co-
lon Rectum 2013; 56: 475-83. 

52.	 Giaccaglia V, Salvi PF, Antonelli MS, et al. Procalcitonin reveals 
early dehiscence in colorectal surgery: the PREDICS Study. Ann 
Surg 2016; 263: 967-72.

53.	 Muñoz JL, Alvarez MO, Cuquerella V, et al. Procalcitonin and 
C-reactive protein as early markers of anastomotic leak after 
laparoscopic colorectal surgery within an enhanced recovery 
after surgery (ERAS) program. Surg Endosc 2018; 32: 4003-10. 

Received: 24.05.2022, accepted: 1.08.2022.


	_GoBack

