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Abstract: Multiple biological parameters were proposed to evaluate the surgical stress response in
the early postoperative period. Granulocyte/lymphocyte (G/L) ratio may be a useful marker and
widely available. Measuring some of known surgical stress related markers together with G/L ratio
we tried to confirm the superiority of laparoscopic approach and efficiency of the G/L ratio
monitoring in this period. Materials and methods: 52 colorectal cancer patients who underwent
elective surgery in a private clinical hospital were evaluated preoperatively and postoperatively (day
1 and day 5) for the: TNF-a, cortisol, C reactive protein (CRP) and G/L ratio. Results: Only CRP
levels were significantly lower in the laparoscopy group in day 1 (74.07 vs 50.32, p=0.0461) and day
5 (18.37 vs 7.32, p=0.0001). The G/L ratio showed strong correlation with CRP levels in all
measurements. Conclusions: Measurement of postoperative CRP levels confirmed the reduced

surgical stress of laparoscopic colectomy for colorectal cancer in our clinic.

INTRODUCTION

The intestinal tract is very sensitive to surgical stress,
mainly to the patients with colorectal cancer. At the cellular
level, colorectal resections cause an increase in the level of
oxygen free radicals, with consecutive changes in the nuclear
and mitochondrial DNA.(1) Over the years, several strategies
have been emerged and they aimed the remission of the surgical
stress post colorectal surgery but they also aimed some studies
whose purpose was its quantification in order to predict clinical
evolution. The laparoscopic approach in the colorectal cancer
surgery is thus motivated by the effort to reduce the surgical
stress by minimising surgical lesions. The advantages consist in
reducing postoperative pains, a faster return to bowel functions
and a reduced hospital stay.(2) The most important cytokines
known as being involved in initiating and supporting the
response to the surgical stress include: tumour necrosis factor
alpha (TNF-a ), interleukin (IL)-1b, IL-6, IL-8 and IL-10.(6,7)
The cytokines reaction intervenes in activating the body’s
defences to resist to infection and maintain homeostasis.
Knowing the inflammatory and immunological systemic
parameters, we may predict the postoperative clinical evolution.
Much more, it is important to assess the perioperative stress to
allow the application of preventive measures against
postoperative complications. This stress marker must be easy to
measure and be immediately and widely available. Another
useful indicator would be monitoring of the leukocyte formula
which is immediately available at low costs. Some have shown
that it can reflect the severity of surgical stress more accurately
than IL-6 or PCR.(10-12) The fact that the number of

granulocytes increases during prolonged surgery is well known.
It has been observed a relative granulocytosis after those
operations, in which a compensatory lymphocytopenia
appeared.(13)

Our study aims to follow the biological markers of
surgical stress during the perioperative period, in patients with
colorectal neoplasm in which curative surgery is performed by
laparoscopy or laparotomy. Comparing the evolution of those
markers already proven to be sensitive to the inflammatory
response to the surgical stress, together with the ratio of
granulocytes and lymphocytes (G / L ratio) among the patients
who have suffered a laparoscopic approach and a classical
surgery (laparoscopy already demonstrating lower level of
surgical stress), we want to demonstrate the superiority of the
laparoscopic approach and the efficiency of this last parameter
which is very simple to obtain during the perioperative period.

MATERIALS AND METHODS

Our clinical, cohort, prospective, observational study
took place in the surgery department of Pelican Clinical Hospital
Oradea during January 2015 — August 2019. The research
project has been analysed and approved by the Ethics
Commission of the hospital and in case of identifying an eligible
patient, an informed consent was presented and signed. Of the
3175 patients admitted during this period, 61 met the inclusion
criteria and did not present any exclusion criteria. 9 patients did
not sign the informed consent.
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colonoscopy, planned curative surgical intervention.

The exclusion criteria: age: under 18 years old,
pregnant patients, evidence of distant metastasis, any preexisting
inflammatory bowel disease or rheumatoid arthritis, clinically
evident preoperative infection. The determination of the
biological markers was done according to the following scheme
(table no. 1):

Table no. 1. The pattern for collecting the biological markers
in study patients

Marker Preoperative | Postoperative Postoperative
dayl day 5
TNF-o v W
Serum v W
Cortisal
CRFP v v v
G/L Ratio v v v
TNF-o. = tumovr necrosis Goor alpha; PCR (CRF) = C-Feactive
protzin; G/L = gramloevtes [ lvmphoeytes

The collection of biological samples was done on an
empty stomach, by puncturing a peripheral vein. The
determinations were made from venous blood, collected in a
vacutainer on anticoagulant in the case of leukocyte hemogram
(for G / L ratio), respectively in the vacutainer without
anticoagulant in case of the biochemical determinations (for TNF-
a, cortisol CRP (PCR)). There were used the following
determination methods: automatic analyser on the principle of
flow cytometry with fluorescence using semiconductor LASER
and hydrodynamic focusing for blood count with leukocyte
formula, immunochemical method with chemiluminescence
detection for TNF-q, latex enhanced immunoturbidimetric method
for CRP and with the immunochemical detection method through
the electrochemiluminescence immunoassay for serum cortisol.

In addition to these laboratory determinations, the study
sheet was also filled in with the following data for each patient
enrolled: sex, age, place of origin, the tumour stage (Dukes
classification), type of surgical intervention (classical or
laparoscopic), tumour location, days of hospitalisation, days of
intensive care and the appearance of the anastomotic fistula. The
anastomotic fistula has been diagnosed through clinical signs of
peritonitis and/or through the evidence of a free fecal fluid in the
abdominal cavity or on the drainage tubes. In case of clinical
suspicion or as many times as necessary, the diagnosis was
confirmed by computed tomography of the abdomen and pelvis
with intravenous or anorectal contrast. Depending on the type of
surgery, the patients were divided in 2 groups: L — those who have
undergone laparoscopic surgery and C — those who have
undergone classical intervention by laparotomy.

Statistical analysis:

The continuous variables will be presented under the
form of an arithmetic mean, respectively geometric mean with
standard deviation in brackets, having a normal distribution (some
of them after logarithmic transformation). The categorical
variables will be described by the number of observations and
percentages in brackets. Statistically significant differences were
considered at values less than 0.05 of the null hypothesis (p).
Statistical tests were performed using the MedCalc® program,
12.5.0.0 version (MedCalc® Software, Mariakerke, Belgium). The
comparison of groups for the categorical variables was performed
using the chi-squared test, respectively Yates’ chi-squared test
when it came to 2x2 tables; the continuous variables with normal
distribution were performed using the Student’s test for
independent groups (with or without logarithmic transformation

as the case may be); the continuous variables with asymmetric
distribution have been studied using Mann-Whitney test. In order
to verify the correlation between biological markers, the
Spearman correlation coefficient was calculated. To demonstrate
the importance of biological markers in the monitoring of
perioperative stress, a much larger number of cases would be
needed, being highly variable parameters. A more frequent
determination of biological markers during the postoperative
period would help to a more accurate understanding of the
pathophysiological mechanisms underlying surgical stress. There
is a possibility that some patients with subclinical anastomotic
fistula may have remained undiagnosed, which would result in
statistical calculation errors in the groups comparison. But usually
these complications are cured without treatment and have no
clinical significance.

RESULTS

Out of the 52 enrolled patients, 28 patients (53,8%)
have undergone laparoscopic surgery while the rest of 24 have
undergone the classical technique, by laparotomy. The basic
characteristics for the two groups thus constituted, are presented in
the following table: (table no. 2):

Table no. 2. The basic characteristics for the 2 batches of
study

P
Basic characteristics B:icﬁ]:C B:l:zhsl‘ (statistical
significance)

Sex (M/F) 14/10 22/6 0,2023
Age (years old) — anthmetic | 70,00 (6,32) 66,57 0,3039
mean (=DS) (x13.05)
Place of origm (U/R) 10/14 10/18 0,8777
The tumor stage (percentage %) 0,1037
Dukes A 3(12.3%) 10
Dukes B 11 (45.8%) (33.7%)
Dukes C 10 (41.7%) 12

(42.9%)

6 (21.4%)
The tumor location 01129
Ascending colon 6 (23.0%) 8 (28.6%)
Transversal colon 2(8.3%) 2 (28.6%)
Descending colon T7(29.2%) 2(7.1%)
Sigmoid colon 6(23.0%) 4(14.3%)
Recto-Sigmoid 3(12.3%) 6(21.4%)
Days of hospitalisation - | 12,5 (£3.64) 892 0,0003
anthmetic mean{=DS) (x2.96)
Days of ICU-median (IQR) 3.5(3-6) 2.3 (2-3) 0,0023
Anastomotic Fistula —existing | 10 (41.66%) 4 0.0367
(percentage %) (14.28%)
M =masculine, F = faminine, D8 = standard deviation, U=wurban, B =mnwral,
ICU=intensive care, [QR =interquartile range

The data from the above table clearly demonstrates
that the two groups of study groups are comparable, they do not
present significant differences in demographic characteristics
(sex, age, place of origin) and in the initial clinical
characteristics (the tumour stage or location). Instead, it
confirms the already known advantages of laparoscopic surgery
on reducing both hospital stay and the Intensive Care stay. The
number of patients with postoperative complications such as
anastomotic fistulas was significantly lower among the
laparoscopically treated patients (14,28% vs. 41,66%) without
achieving the level of statistical significance. = The
determinations of the biological markers gave the following
results to the 2 groups of patients (table no. 3):
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Table no. 3. The values of biological markers for the 2
groups of study

P
Biological markers G“Tp ¢ G"iul) L (statistical
n=24 n=18 .
significance)

TNF-u — geometric mean (1C95%) pg/mi

preoperative 2,81(10,1-16,2) 11,50 (10,2-12,9) 04313

postoperative day 1 8,40 (6.7-10,7y | 7.90(7.2-8.7) 0,5806
Cortisol — arithmetic mean (=DS) nmol/l

preoperative 122,77 (=154,6) |172,27 (£74.76) 0,1615

postoperative day 1 126,17 (£176,2) | 132,82 (=60.6) 0.8614
CRP —mean (+DS) / median IQR mg/dl

preoperative 21.71 (£22.8) 13,49 (12.9) 0.2440

postoperative day 1 74,07 (£46.9) 50,32 (x39,1) 0,0461

postoperative day 5 8,37 (12,5-70,6) |7.32 (5.5-11.25) 0,0001
G/L ratio — geometric mean (IC95%) /
arithmetic mean (=DS)

preoperative 4,58 (3.8-5,5) 544 (3.9-1.5) 03219

postoperative day 1 7,86 (5.7-10.8) 7.22(5.5-9.6) 0,6836

postoperative day 3 5,66 (£2,34) 5,13 (£2,79) 0,4781
TNF-o = tumor necrosis factor alpha, DS = standard deviation, PCR = C-Reactive protein, GL =
granulocytes / lymphocytes, IC95% = confidence interval 95%, IQR = interquartile range

C-Reactive protein was the only biological marker that
presented significant differences between the two groups of
patients during the preoperative period: the postoperative
increase in serum levels was lower in patients who underwent
laparoscopic surgery than in patients who underwent classical
intervention by laparotomy . This difference is maintained even
in the 5th postoperative day (figure no. 1).

Figure no. 1. The evolution of serum C-Reactive protein
(CRP) during the preoperative period in patients of the 2
groups of study - medium values
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Figure no. 2. The correlation between the C-Reactive protein
(CRP) and the granulocyte / lymphocyte ratio (G/L) during
the perioperative period in our study
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Knowing the benefits of the C-Reactive Protein in
monitoring the level of operative stress and observing the results
of the determinations presented in the above table, we proceed
to analyse the correlation between the changes in the leukocyte
formula and the perioperative evolution of C-Reactive protein,
taking into account all the 156 collections of biological samples.
Thus, we succeeded to demonstrate a close linear correlation
between the two values with an important statistical significance
(tho=0,298, p=0,0002) (figure no. 2).

DISCUSSIONS

CRP, one of the most important inflammatory
proteins, has been used in many studies, together with the
inflammatory cytokines (IL-1, IL-6, IL-10, TNF-a), as
parameters for measuring the degree of surgical trauma.(7,14) In
this study, the group of patients who underwent laparoscopic
intervention presented a lower level of CRP compared to
patients with curative laparotomy. Given these data, our
research suggests that laparoscopic interventions may be less
traumatic than open, classical surgeries. The granulocyte /
lymphocyte ratio has also been studied as an indicator of the
biological response to the surgical stress.(10) Older research has
already shown a significant increase in the number of leukocytes
in the open cholecystectomy compared with laparoscopic
cholecystectomy.(15) The surgical stress induces a profound but
transient depletion of circulating lymphocytes.(16) Some studies
have demonstrated that the circulating lymphocytes, during the
postoperative period, are susceptible to Fas-mediated apoptosis,
a possible cause postoperative lymphopenia.(17) The apoptotic
index of lymphocytes was inversely proportional to the number
of lymphocytes only in the immediate postoperative period and
not in the following period.(17) In our study we could not
demonstrate significant differences in the G/L ratio between
laparoscopically operated patients compared to patients with
classic interventions, but we tried to evaluate the fidelity of this
indicator by correlating it with the evolution of CRP. As the
result is in close correlation, we believe, however, that this ratio
can help us to identify those patients with significant
inflammatory response during the perioperative period. Our
study confirms the already known advantages of the
laparoscopic interventions of shorter hospital stay and less
overall postoperative complications, advantages presented in
many other studies (18-20) and gathered in meta-analyses.(21)

CONCLUSIONS

Our study suggests that determining the inflammatory
response to surgical stress, by measuring the level of the CRP
serum, confirms the benefits of laparoscopic surgery in the
colectomy for colorectal cancer; minimally invasive method
associated with clinical benefits (hospital stay, the incidence of
anastomotic fistulas).
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