The Journal of Critical Care Medicine 2026;12(2):243-251 RESEARCH ARTICLE

DOI: 10.62838/jccm-2026-0011

The effect of oral protein and carbohydrate so-
lution administration on NLR, IL-6 and CRP
levels in patients undergoing surgery

Mahendratama P. Adhi?, Oscar Febriano®*, Alfi Yasmina2, Iwan Nuryawan?, Agung Ary

Wibowo3, Kenanga Marwan Sikumbang?!

1 Department of Anesthesiology, Faculty of Medicine and Health Sciences, Lambung Mangkurat University,
Banjarmasin, Indonesia

2 Department of Pharmacology, Faculty of Medicine and Health Sciences, Lambung Mangkurat University, Indonesia

3 Department of Surgery, Digestive Division, Faculty of Medicine and Health Sciences, Lambung Mangkurat
University, Indonesia

ABSTRACT

Aims: To determine the effect of administering oral protein and carbohydrate solutions the C-Reactive Protein (CRP),
Interleukin-6 (IL-6), and Neutrophil-Lymphocyte Ratio (NLR) in patients planned any surgery

Methods: a double-blind, randomized clinical study, at Ulin Regional Hospital, Banjarmasin with patients planned any
surgery. This research had 80 patients in total (40 subjects in the control group and 40 subjects in the intervention
group). Before surgery, 200 mL of a protein and carbohydrate solution per oral was given to the intervention group,
while a placebo was given to the control group. Twenty-four hours after surgery, each subject’s levels of CRP, IL-6 and
NLR were measured. Statistical Package for the Social Sciences Version 29 was used to analyze the data.

Results: NLR at 24 hours postoperatively in the intervention group was lower than in the control group, but not sta-
tistically different (8.654.33 vs. 7.86+4.65, p=0.308). The IL-6 level at 24 hours postoperatively in the intervention
group was significantly lower than in the control group (9.49 (6.03-22.65) vs. 20.08 (11.64-50.11), p=0.011). Although
not statistically different, the CRP level at 24 hours postoperatively in the intervention group was lower than in the
control group (15.10 (7.20-41.60) vs. 34.70 (11.87-71.55), p=0.056). There was no difference in postoperative nausea
or vomiting between the two groups.

Conclusion: Postoperative interleukin-6 levels have been demonstrated to decrease when oral protein and carbo-
hydrate solutions are given to patients undergoing surgery; however, NLR and CRP levels have not been seen to
decrease.
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B INTRODUCTION immunoactivating effects. For example, sevoflurane re-

duces NK cell cytotoxicity, cytokine release, and neu-
Every surgical procedure requires anesthesia. General  trophil cell count and adhesion [3].

anesthesia is one kind of anesthesia. Sedation, forget- On the other hand, fasting before surgery can in-

crease the surgical stress response [4]. Enhanced Re-

covery After Surgery (ERAS) currently recommends
dition that preserves physiological stability [1]. Pro-  ora]l carbohydrate administration 2-3 hours before

inflammatory cytokines may be impacted by different  surgery, typically an isotonic complex carbohydrate
anesthetics. Pro-inflammatory cytokines including C-  solution with or without protein. Preoperative energy
reactive protein (CRP) and interleukin-6 (IL-6) have  reserves are necessary to support stress-induced re-
been shown to be inhibited by propofol [2]. However,  serve mobilization, ensuring that physiological integ-
volatile anesthetics have both immunosuppressive and  rity and strength are not compromised [5]. Research

fulness, analgesia, and immobility are all side effects
of general anesthesia, a drug-induced, reversible con-
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by Ravanini et al. (2015) showed that administering
a combination of protein and carbohydrate solution 2
hours before surgery resulted in lower insulin resist-
ance and therefore could reduce the organic response
to trauma [6].

Research by Haider et al. (2023) also showed that
consuming a carbohydrate-rich beverage reduced the
inflammatory response associated with surgical trau-
ma in the pre- and postoperative periods. This was
evidenced by lower CRP levels compared to the group
that did not receive the carbohydrate-rich beverage [7].
According to Rizvanovic et al. (2023), giving a mix of
protein and carbohydrate solutions before surgery de-
creased the frequency and severity of postoperative
problems as well as postoperative Neutrophil-Lym-
phocyte Ratio (NLR) values [8]. Research related to
the effects of administering a combination of carbo-
hydrate and protein solutions on NLR, IL-6 and CRP
is still limited, and more studies have examined oral
carbohydrate solutions before pre-operative compared
to combination solutions with protein. The purpose of
this study was to verify the effect of protein and car-
bohydrate solutions for NLR, CRP, and IL-6 levels in
patients planned any surgery.

B METHODS

Study Design

This study is a randomized controlled trial (RCT),
double blind, in Ulin Regional Hospital, Banjarmasin,
South Kalimantan

Participants

The minimum sample size is calculated using the un-
paired analysis formula with a total of 40 subjects for
each group. All of the study’s participants were patients
planned any surgery. Patients who were > 18-69 years
old, American Society of Anesthesiologists (ASA) I and
I1, had a body mass index (BMI) between 18.5 and 30
kg/m2, were undergoing elective surgery, had surgical
complexity levels 2 and 3, and were willing to sign an
informed consent form were all eligible to participate
in this study. Patients with diabetes mellitus (HbAlc
> 6.5%), patients with comorbidities such as kidney
disorders (urea > 100 mg/dL and creatinine > 5 mg/
dL), impaired liver function (increased SGOT/SGPT >
5x normal value), and patients who were required to
fast for 24 hours post-surgery were excluded from this
study. Dropout criteria for this study were patients who
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underwent reoperation < 24 hours after the first op-
eration, patients with endotracheal tube retention and
ICU care, patients who failed blood draws.

Randomization

The research sample was taken using consecutive sam-
pling technique with a randomization process using
a closed envelope technique which determined the
grouping of subjects into a control group or an inter-
vention group.

Intervention

The intervention group was given a protein and car-
bohydrate combination solution using Fresubin Jucy®
(Fresenius Kabi, Germany), which was poured into
an empty 200 ml bottle wrapped in black plastic.
One hundred ml of fresubin juice contains 150 kcal,
4.0 g protein, 33.5 g carbohydrates, osmolarity 680
mosmol/l, contains various minerals such as sodium,
potassium, chloride, calcium, magnesium, phospho-
rus, iron, zinc, copper, manganese, iodine, fluoride,
chromium, molybdenum, and selenium; as well as
various vitamins such as vitamin A, beta carotene, D3,
E, K1, B1, B2, niacin, B6, B12, pantothenic acid, biotin,
folic acid, and vitamin C. The control group was given
a placebo solution of Pristine®(Super Wahana Tehno,
Indonesia) brand mineral water, poured into an empty
200 ml bottle wrapped in black plastic. Pristine® con-
taining pH 8.6+. The solution was given 3 hours before
surgery and had to be consumed within 15 minutes
per oral , controlled by the research team. This study
was double-blinded. Both solutions (Fresubin Jucy”
and Pristine®) were wrapped in black plastic to blind
the subjects and the researchers analyzing the study.
A key code was then placed on each black plastic. The
key code was held by another member of the imple-
mentation team.

End Point and Follow-Up

NLR, IL-6, and CRP were measured before and 24
hours postoperatively in all study subjects. PONV was
also assessed in each study subject. IL-6 and CRP were
examined using radioimmunoassay. Neutrophil and
lymphocyte counts were examined using a hematology
analyzer to assess the NLR.

Anesthesia Procedure

All study subjects received the same anesthetic proce-
dure.



Available online at: www.jccm.ro

The patient underwent general anesthesia via en-
dotracheal intubation using the following medications:
Fentanyl (Mahakam Beta Farma, Indonesia) at an ini-
tial dose of 2-3 mcg/kg/iv, propofol (Fresenius Kabi, In-
donesia) 2-3 mg/kg/iv, and atracurium (Ethika Industri
Farmasi Company, Indonesia) 0.5 mg/kg/iv to facilitate
intubation. This was followed by administration of fen-
tanyl via syringe pump at a dose of 0.5-1 mcg/kg/hour/
iv. Maintenance was provided during surgery with
sevoflurane (Pratapa Nirmala Company, Indonesia)
1.5-2 vol% and oxygen FiO2 50%.

After the patient was intubated, the operation was
performed.

The patient was maintained under the triad of anes-
thesia (sedation, analgesia, and relaxation) and main-
tained normovolemia, normotension, and normother-
mia.

After the operation was completed, the fentanyl in-
jection via syringe pump was discontinued.

Postoperative analgesia was administered according
to the level of postoperative pain. In operations with a
mild pain scale, the analgesic ketorolac (Interbat, Indo-
nesia) 30 mg is used and for operations with a moder-
ate to severe pain scale, ketorolac 30 mg is used in com-
bination with tramadol (MBK Mahakam, Indonesia)
100 mg intravenously.

Data analysis

Statistical Product and Service Solution (SPSS) soft-
ware version 29.0 was used to analyze the data. Sub-
ject characteristics included age, gender, BMI, surgical
level, duration of surgery, and ASA status in the control
group and the protein and carbohydrate combination
solution group. Age, BMI, and duration of surgery are
presented as means and standard deviations. Gender,
surgical level, and ASA status are presented as percent-
ages and frequencies. The Shapiro-Wilk test was used
to determine whether age and BMI were normal. Dif-
ferences in age and surgical duration between the two
groups were assessed using the Mann-Whitney test.
Differences in gender and surgical level between the
two groups were assessed using the chi-square test.
Differences in BMI between the two groups were de-
termined using an independent t-test. To determine
whether the ASA characteristics of the two groups dif-
fered, the Fisher exact test was used.

Data normality testing for NLR, IL-6, and CRP vari-

ables was also performed using the Shapiro-Wilk test.
The results showed that the data were not normally dis-
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tributed, therefore, the effect of protein and carbohy-
drate solution administration on NLR, IL-6, and CRP
levels in the intervention group was analyzed. The 95%
confidence interval was used. A p-value less than 0.05
is considered significant.

Research Ethics

All research procedures were approved by parents,
guardians, and patients through a consent form after
they were informed of the planned procedures and
this research was declared to meet ethical standards
by the Health Research Ethics Commission, Faculty
of Medicine, Lambung Mangkurat University (num-
ber: 17/PPDS.Ans/Litbang/RSUDU/II1/2025). Before
conducting the examinations required in this research,
each research subject who agreed to this research pro-
cedure had to sign an informed consent.

B RESULTS

Eighty patients were planned surgery at Ulin Regional
Hospital in Banjarmasin participated in this trial; forty
were assigned to the control group and forty were given
a combination of protein and carbohydrate solutions.
Unfortunately, one person dropped out of the group
that received both protein and carbohydrate solutions,
leaving 40 in the control group and 39 in the group that
received both. The two groups did not differ signifi-
cantly in terms of topic characteristics (Table 1).

Table 2 shows an analysis of the effect of adminis-
tering a combination of protein and carbohydrate so-
lutions on NLR, IL-6, and CRP. NLR, IL-6, and CRP
levels increased 24 hours postoperatively compared
to preoperative levels, especially in the control group.
However, these differences were not statistically signifi-
cant (p=0.220, 0.096, and 0.062, respectively).

Table 3 shows the effect of administering a combi-
nation of protein and carbohydrate solutions on NLR,
IL-6, and CRP at level 2 surgical complexity. The results
showed an increase in NLR after 24 hours post-surgery
compared to before surgery, especially in the control
group. However, There was no statistically significant
difference in the NLR rise between the two groups (p
= 0.138). Nevertheless, the data also revealed that IL-6
and CRP had increased 24 hours after surgery as com-
pared to before, particularly in the control group as
opposed to the intervention group. This difference in
rise was statistically significant (p = 0.035 and 0.024,
respectively). In this study, there were several subjects
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Table 1. Patient characteristics

Available online at: www.jccm.ro

X Group
Variable Control (n=40) Intervention (n=39)
Age (years), mean+SD 40.22+12.06 40.38+11.47 0.953*
Gender
Men 15 (37.5%) 10 (25.6%) 0.257**
Women 25 (62.5%) 29 (74.4%)
BMI (kg/m?2), meanSD 23.67+3.24 23.50+3.80 0.839***
Operation level
Level 2 27 (67.5%) 20 (51.3%) 0.142**
Level 3 13 (32.5%) 19 (48.7%)
Operation time (minutes) 144.25+61.75 161.41+£72.99 0.383*
ASA Status
ASA | 1(2.5%) 1(2.6%) 1.000****
ASA I 39 (97.5%) 38 (97.4%)

Notes: BMI: Body Mass Index, ASA: American Society of Anesthesiologists, SD: Standard Deviation; *Mann-Whitney, **Chi-square, ***Independent T-Test, ****Fisher Exact

Table 2. The effect of administering a combined protein and carbohydrate solution on NLR, IL-6 and CRP

Gro
Variable ue

Control (n=40)

NLR, meanSD

Intervention (n=39)

Pre-Operation 3.24+£2.17 3.29+2.63 0.818
24 hours post operation 8.6514.33 7.8614.65 0.308
A Post-Pre Operative 5.51+3.70 4.57+4.60 0.220
IL-6 (pg/ml), median (IQR)

Pre-Operation 4.08 (2.00-9.77) 2.88 (2.00-5.74) 0.110
24 hours post operation 20.08 (11.64-50.11) 9.49 (6.03-22.65) 0.011
A Post-Pre Operative 16.40 (3.00-38.02) 5.30 (2.56-17.33) 0.096
CRP (mg/dL), median (IQR)

Pre-Operation 2.65(1.12-13.12) 2.90 (1.30-7.20) 0.803
24 hours post operation 34.70(11.87-71.55) 15.10 (7.20-41.60) 0.056
A Post-Pre Operative 26.40 (7.20-41.60) 9.90 (2.30-30.60) 0.062

Notes: IL-6: Interleukin-6, CRP: C-Reactive Protein, NLR: Neutrophil-Lymphocyte Ratio, SD: Standard Deviation, A: delta (mean change pre-operatively to post-operatively)

Table 3. The effect of protein and carbohydrate combination solution on NLR, IL-6, and CRP at level 2 surgical complexity

Grou
Variable o

Control (n=40)

Intervention (n=39)

NLR, meanSD

Pre-Operation 3.12+2.03 2.61+1.89 0.241
24 hours post operation 8.74+4.09 6.921+3.91 0.060
A Post-Pre Operative 5.77+£3.38 4.30+4.54 0.138
IL-6 (pg/ml), median (IQR)

Pre-Operation 4.37 (2.00-9.40) 2.64 (2.00-3.79) 0.036
24 hours post operation 19.00 (6.34-38.96) 7.00 (3.81-9.47) 0.004
A Post-Pre Operative 14.76 (1.98-26.52) 3.27 (1.54-5.22) 0.035
CRP (mg/dL), median (IQR)

Pre-Operation 2.50 (1.00-7.50) 3.25(0.90-5.02) 0.568
24 hours post operation 24.40 (9.90-45.80) 9.55 (3.65-14.52) 0.015
A Post-Pre Operative 16.90 (5.20-42.10) 4.45 (-0.07-10.65) 0.024

Notes: IL-6: Interleukin-6, CRP: C-Reactive Protein, NLR: Neutrophil-Lymphocyte Ratio, SD: Standard Deviation, A: delta (mean change pre-operatively to post-operatively
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who had post-operative CRP levels that were much
lower than pre-operative CRP levels, resulting in a neg-
ative figure in the median (IQR) A Post-Pre Operative.

The impact of giving a mix of protein and carbohy-
drate solutions on NLR, IL-6, and CRP at level 3 surgi-
cal complexity is displayed in Table 4. NLR, IL-6, and
CRP increased more in the control group than in the
intervention group, but the difference was not statis-
tically significant (p=0.954; 0.478 and 0.103, respec-
tively)

Multivariate analysis was also performed in this
study to assess factors influencing changes in NLR, IL-
6, and CRP. Multivariate testing was performed using
multiple linear regression.

This study assessed the incidence of PONV to de-
termine the side effects of administering a combina-
tion protein and carbohydrate solution. However, no
PONYV events were reported in this study.

H DISCUSSIONS

The purpose of this study was to analysis the effect of
protein and carbohydrate solutions administrations
affected NLR, IL-6 and CRP levels in patiens planned
surgery. The findings indicated that the group that re-
ceived the mix of protein and carbohydrate solutions
had a smaller mean rise in NLR 24 hours after surgery
than the control group, although not statistically sig-
nificant. This negative outcome could suggest that NLR
is not a suitable metric for evaluating post-operative in-
flammation. These findings contradict the research of
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Rizvanovic et al. (2023), which revealed that the con-
trol group’s postoperative NLR and delta NLR values
were noticeably higher (p < 0.001; p < 0.001) [8].

Postoperative alterations in leukocyte levels (leu-
kocytosis, neutrophilia, and lymphopenia) are antici-
pated on the first day of treatment, resulting from the
influence of endogenous cortisol, catecholamines, and
cytokines in reaction to surgery, anesthesia, and hem-
orrhage [9,10]. The degree of the immuno-inflamma-
tory reaction brought on by surgery is indicated by
delta NLR. Several inflammatory cells are stimulated
by cytokines produced during surgery. It has been
established that IL-6 influences the differentiation of
B cells. They will stimulate neutrophils, monocytes,
macrophages, CD4 T lymphocytes by TNF-a and IL-8
which will result in cell adhesion, chemotaxis, recruit-
ment, as well as microvascular disruption [8].

Researchers reported that preoperative administra-
tion of a protein and carbohydrate combination solu-
tion maintained preoperative HLA-DR expression
levels on monocytes after surgery. Meanwhile, preop-
erative fasting reduced HLA-DR expression. Therefore,
administering a protein and carbohydrate combination
solution may lower NLR by maintaining HLA-DR ex-
pression levels [8]. Based on the multivariate analysis
of this study, the duration of surgery affected changes
in the mean NLR. The longer the surgery, the greater
the increase in the NLR. As is known, the NLR increas-
es within <6 hours after acute physiological stress and
continues to increase until it begins to decline on the
third postoperative day [9,10]

Table 4. The effect of administering a combined protein and carbohydrate solution on NLR, IL-6 and CRP at level 3 surgi-

cal complexity

Group

Control (n=40)

NLR, meanSD

Intervention (n=39)

Pre-Operation 3.50£2.50 4.01£3.12 0.367
24 hours post operation 8.4614.06 8.8615.24 0.893
A Post-Pre Operative 4.96+4.38 4.85+4.77 0.954
IL-6 (pg/ml), median (IQR)

Pre-Operation 3.79(2.15-12.28) 3.62 (2.00-7.67) 0.603
24 hours post operation 27.02 (18.51-93.43) 22.56 (10.48-40.85) 0.199
A Post-Pre Operative 17.37 (12.17-83.70) 15.65 (5.81-27.86) 0.478
CRP (mg/dL), median (IQR)

Pre-Operation 3.80 (1.75-33.95) 12.50 (1.30-33.60) 0.803
24 hours post operation 66.40 (34.90-84.90) 36.90 (24.40-68.50) 0.140
A Post-Pre Operative 41.00 (19.45-70.00) 25.80 (7.30-55.50) 0.103

Notes: IL-6: Interleukin-6, CRP: C-Reactive Protein, NLR: Neutrophil-Lymphocyte Ratio, SD: Standard Deviation, A: delta (mean change pre-operatively to post-operatively)



248 « The Journal of Critical Care Medicine 2026;12(2) Available online at: www.jccm.ro

. Table 6. PONV Incidence in the control group and the pro-
= > g E ~ tein and carbohydrate combination solution group
2 - 3 g o R
§ g NI % S S o PONV Control Group Intervention Group
s B R I} > = No 40 (100%) 39 (100%)
(@)
2 R 3 38 g 3 9 Yes 0 (0%) 0 (0%)
o] T Al < ()] : ! \
= ™ ~ ™ =
1 1 —
' The study’s findings also revealed an interesting dif-
“é Mo 2 o ¥ 8 o o ference in IL-6 levels 24 hours after surgery between
S .2 § x i S < 3 E the control group and the group that received a pro-
2 F N A R R tein and carbohydrate solution. This result is consist-
@ Y
o ent with a research by Hu et al. (2021) that found a
2 g g § § g § 5 substantial difference in IL-6 levels between the group
z_ S 8 ©o o o o o that received a carbohydrate solution and the control
= . < o ® o © group [11]. Tissue damage from surgery sets off a stress
§ S = B « % § X reaction. TNF-qa, IL-6, IL-1pB, and IL-17 are the main
S — M~ ™ 3
2 s o S 5 Y 9 9 cytokines linked to this inflammation. These cytokines
| f o Y T 9 ~ N increase the inflammatory response by drawing on
% o 0 c 5 YN o g Y p Y g
2 ' U ' ' neutrophils and monocytes. In the liver, IL-6 also stim-
_— ulates the production of CRP and other acute-phase
(%)
g § ‘S‘ =] § g b § 2 3 proteins. A threefold increased risk of postoperative
gse ; T S < 3 : complications and a longer duration of stay are associ-
X% ' ' ated with elevated IL-6 levels on the first postoperative
x postop
¢ day [12]. Dehydration during and after surgery might
3 8 & 2 5 N 8 Y| resultfrom prolonged fasting, which increases the risk
o — o — M~ (@] [ee] m > . g .
2 S5 6 S oS o o o |§ ofpostoperative vomiting. Preoperative carbohydrate
Y 3 postop g P Y
5 drinks reduce xerostomia, hunger, and thirst while re-
o g
=~ % ducing inflammation [13] But, IL-6 and CRP levels at
o o o~ 00 i < - 8 B g ,
2 - > 2 2 = & S QS |2 the beginning of the study were seen to be higher in
< =) o o ~ © — o o |g 8 g Y 8
2 T N s o & & « %  thecontrol group than in the intervention group due to
© 7] ~ < — 0 — o o |z & p & p
= MW S 2 2 5 % 2 Sz thepresence of subjects with malignancy in the control
g = " | group. This may lead to biased results, further research
3 S E © © o |E confirmation is needed.
I — N © 5
';':_ £ I 3 ¥ 8 R g 3 This study also attempted to analyze the effect of ad-
o [ A > Q@ Q@ S .. . . . .
S g8 2 2 7 2 7|2  ministering a combination of protein and carbohydrate
?, " £ solutions on IL-6 levels based on the level of surgical
© 2 g g % § 5 5 § ¢ complexity. The results showed a significant difference
- d LR . . .
= T © ©o ©o o o ©o o |& in pre-operative, 24-hour post-operative IL-6 levels,
o a & pre-op p P
3 ¢ and the pre-postoperative mean delta between the two
2 g pre-postop
£ e v pd roups at surgical complexity level 2. Meanwhile, at
= 5 2 ¢ group g plexity
g S E 2 level 3, there was no significant difference in pre-oper-
E g 3 § ative, 24-hour post-operative IL-6 levels, and the pre-
ot 2 g S ostoperative mean delta. When multivariate analysis
c Ep 8 b p Y
S 8o % was performed, none of the variables affected IL-6 lev-
% ug E . £ els, Surgical complexity level 2 resulted in a significant
g S S %’ £ 5 difference in IL-6 levels between the two groups, ac-
: = z . . . -
S 2 = 2 &  cording to bivariate testing, although this did not occur
: = z i 5 % = 2 atlevel 3. The degree of surgical complexity can aid in
@ = o ES 2 <« © & = |2 determining the risk of post-operative infection, ac-
] & w5 o g 2 9o =i
K = < <o U < O O @8  cording to Furlanetto et al. (2023). An elevated inflam-



Available online at: www.jccm.ro

matory response may result from an infection, which is
more likely to occur with more difficult surgeries [14].
Consequently, there was no discernible change in IL-6
levels between the two groups in participants with sur-
gical complexity level 3.

The results of the study showed that the control
groups average CRP levels were higher than those of
the group that received protein and carbohydrates, al-
though the difference was not statistically significant.
This is consistent with the study of Yi et al. (2020), which
found no significant change in CRP levels between the
group that received protein and carbohydrates and the
control group (p=0.050) [15]. This contrasts with the
study by Andreanto et al. (2015), which demonstrated a
significant difference (p=0.001) in post-operative CRP
levels between the control group and the group that
loaded protein and carbohydrates [16] .Surgery can
increase CRP. When surgery occurs, tissue damage trig-
gers stress, which increases cytokine production, one
of which is IL-6. IL-6 triggers CRP production, leading
to an increase in CRP post-surgery [12]. The degree of
the CRP-mediated inflammatory response has a direct
bearing on this recovery. Within 4 to 48 hours following
surgery, serum CRP values rise noticeably, and this rise
is correlated with the degree of surgery [17]

There is much debate over how carbs affect inflam-
matory processes. Despite their undeniable role in
insulin secretion and fat formation, there is no solid
evidence linking them to direct inflammatory effects
[18,19]. The surgical stress response also increases
protein catabolism, which can ultimately delay wound
healing and impair immune function. Administering
a combination of protein and carbohydrate solutions
increases protein levels, which can aid wound healing
and immune function [20,21]. Additionally, preopera-
tive fasting results in headaches, dehydration (which
might obstruct venous access), anxiety, pain, malaise,
increased hunger and thirst, and a delayed recovery
from surgery because of an elevated stress reaction.
Therefore, administering a combination of protein and
carbohydrate solutions can reduce the stress response,
thus lowering postoperative CRP [22]. However, an in-
flammatory reaction is still necessary during the heal-
ing process, occurring in the early stages. Both the in-
nate and adaptive immune systems are activated when
inflammatory cells infiltrate the body, causing inflam-
mation. Significant pathological changes, including
scarring and poor wound healing, can be brought on
by excessive inflammation. On the other hand, ef-
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fectively controlled inflammation usually promotes
wound healing [23].

The insignificant results in this study may be influ-
enced by several factors. CRP begins to increase within
12-24 hours of the inflammatory response and peaks
at 48-72 hours [24]. This may have contributed to the
insignificant results, as this study was conducted 24
hours post-surgery, when CRP levels are still increasing
for 48-72 hours. Other factors include ASA status and
surgical stage. In ASA 2, patients have mild systemic
disease, which increases inflammation. Hypertension,
diabetes mellitus, and obesity can increase the release
of cytokines and ROS due to the infiltration of innate
and adaptive immune system cells into the kidneys,
blood vessel walls, and surrounding areas [25.26]. This
study analyzed data separated by surgical complexity, at
level 2, and the results showed a significant difference
in CRP levels 24 hours postoperatively and the mean
delta pre-postoperatively in both groups; while at level
3 this was not the case. This may be because at level 3
surgical complexity is a moderately invasive procedure,
which can increase higher inflammation compared to
level 2. The higher the level of surgical complexity, the
greater need for a greater level of inflammation to as-
sist in the wound healing process [27]. Even though a
combination of protein and carbohydrate solutions was
given, the inflammatory response remained high and
caused the results of this study to be insignificant.

The limitations of this study are: 1) This study only
consists of subjects who underwent surgery with sur-
gical complexity levels 2 and 3, these results cannot
represent subjects with surgical complexity levels 4, 5
and 6. 2) This study only consists of ASA 1 and 2, so it
cannot represent subjects with ASA 3, and others; and
3) This study did not exclude patients with malignan-
cies and autoimmune diseases, or those undergoing
immunosuppressive therapy. There were no autoim-
mune patients in this study; however, one patient had a
malignancy, which could have confounded the results.
However, the study can sufficiently describe the rela-
tionship between the administration of a combination
of protein and carbohydrate solutions to CRP, IL-6 and
NLR in patients undergoing surgery because, most pa-
tients undergoing surgery are with ASA 1 and 2, with
surgical complexity levels 2 and 3.

B CONCLUSION

A combination of protein and carbohydrate solutions
can help suppress postoperative NLR, IL-6 and CRP
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levels, although the difference between preoperative
and 24 hours postoperative was found to be significant
only in IL-6 levels.
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