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Amaç: Çalışmamızda preoperatif iki saat öncesine kadar alınan oral 
karbonhidrat solüsyonlarının cerrahi stres yanıta etkisi genel ve epi-
dural anestezi uygulanan hastalarda değerlendirildi. 

Yöntemler: Total kalça protezi ameliyatı geçirecek ASA I-II, 80 
hasta dört gruba ayrıldı (n=20). Grup G preoperatif 8 saat açlıkla 
genel anestezi uygulanan, Grup GN preoperatif oral karbonhidrat 
solüsyonu içirilerek genel anestezi uygulanan, Grup E preoperatif 8 
saat açlıkla epidural anestezi uygulanan, Grup EN preoperatif oral 
karbonhidrat solüsyonu içirilen epidural anestezi altındaki hastalar-
dan seçildi. Oral karbonhidrat solüsyonu içirilerek çalışmaya katılan 
grup GN ve grup EN hastalarına; elektif cerrahiden önceki gece saat 
24:00’da 800 mL, ameliyattan 2 saat önceyse 400 mL %12,5 oral 
karbonhidrat solüsyonu içirildi. Glukoz, insülin, kortizol ve IL-6 
düzeyleri için kan örnekleri alındı.

Bulgular: Ameliyat öncesi oral karbonhidrat nütrisyonu kan glu-
koz değerleri üzerine anlamlı bir etki oluşturmadı. Gruplar arasında, 
ameliyattan 24 saat önceki insülin değerleri arasında fark bulun-
mazken, ameliyat öncesi nutrisyon verilen gruplarda insülin değer-
lerinin, nutrisyon almayan gruplardan 2-3 kat fazla olduğu belirlen-
di. Epidural anestezi gruplarında postoperatif 24. saatteki insülin 
değerlerinin, bazal değerlere göre arttığı, aynı dönemlerde ise genel 
anestezi gruplarında plazma insülin konsantrasyonlarının azaldığı 
görüldü. Ameliyat öncesi nutrisyon uygulanan epidural anestezi 
grubundaki değişim istatistiksel olarak anlamlıydı (p<0,05). Cerrahi 
girişimi takip eden 2. saatteki kan kortizol değerleri, genel anestezi 
uygulanan gruplarda epidural anestezi gruplarından daha yüksek 
bulunmuştur. Uyguladığımız genel ve epidural anestezi teknikleri, 
IL-6 düzeylerindeki değişim üzerine etkili bulunmamıştır. 

Sonuç: Çalışmamızda; epidural anestezi tekniğinin cerrahi stres ya-
nıtı baskıladığı ancak ameliyat öncesi uygulanan oral karbonhidrat 
solüsyonu ile beslenmenin, cerrahi stres yanıt üzerinde anlamlı etki-
si olmadığı sonucuna varılmıştır. 

Anahtar kelimeler: Stres yanıtı, total kalça replasmanı, karbonhid-
rat solüsyonu, genel anestezi, epidural anestezi

Objective: The effects of oral carbohydrate solutions, ingested 2 
h prior to operation, on stress response were studied in patients 
undergoing general or epidural anaesthesia.

Methods: The study was performed on 80 ASA I-II adult patients 
undergoing elective total hip replacement, which were random-
ized to four groups (n=20). Group G patients undergoing gener-
al anaesthesia fasted for 8 h preoperatively; Group GN patients 
undergoing general anaesthesia drank oral carbohydrate solutions 
preoperatively; Group E patients undergoing epidural anaesthesia 
fasted for 8 h and Group EN patients undergoing epidural anaes-
thesia drank oral carbohydrate solutions preoperatively. Groups 
GN and EN drank 800 mL of 12.5% oral carbohydrate solution 
at 24:00 preoperatively and 400 mL 2 h before the operation. 
Blood samples were taken for measurements of glucose, insulin, 
cortisol and IL-6 levels. 

Results: The effect of preoperative oral carbohydrate ingestion 
on blood glucose levels was not significant. Insulin levels 24 h 
prior to surgery were similar; however, insulin levels measured 
just before surgery were 2-3 times higher in groups GN and EN 
than in groups G and E. Insulin levels at the 24th postoperative 
hour in epidural groups were increased compared to those at bas-
al levels, although general anaesthesia groups showed a decrease. 
From these measurements, only the change in Group EN was 
statistically significant (p<0.05). Plasma cortisol levels at the 2nd 
peroperative hour were higher in epidural groups than in general 
anaesthesia groups. Both anaesthesia techniques did not have an 
effect on IL-6 levels. 

Conclusion: We concluded that epidural anaesthesia suppressed 
stress response, although preoperative oral carbohydrate nutrition 
did not reveal a significant effect on surgical stress response. 

Keywords: Stress response, total hip replacement, carbohydrate 
solution, general anesthesia, epidural anaesthesia
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Introduction

Exposure of the human body to surgical or other trauma leads to a neurohumoral response in the body and activates 
a catabolic process (1). The characteristics of the process include the increase in the metabolisms of lipids, proteins 
and carbohydrates; the retention of water and sodium and the decrease in insulin sensitivity along with the increase 



in blood glucose. The changes occurring within this process 
increase the risk for postoperative complications and mortal-
ity (2, 3). The surgical stress response of the organism, type 
of anaesthesia and surgery, duration of preoperative fasting 
and perioperative bleeding are correlated with the level of 
postoperative analgesia, and they affect the duration of hospi-
talization (4). Several previous studies indicated that surgical 
catabolic responses may vary with the anaesthesia technique. 
Therefore, some researchers have conducted studies to evalu-
ate the superiority of anaesthesia techniques by applying gen-
eral, epidural and combined skills (5-7). 

Oral carbohydrate solutions have been developed to short-
en the preoperative fasting duration. These solutions pass 
through the stomach in a short time; therefore, they can be 
used even 2 h before the operation (8). The present study 
aimed to investigate the effects of oral carbohydrate solutions 
received up to the preoperative 2nd hour on the surgical stress 
response of patients undergoing total hip replacement sur-
gery under general or epidural anaesthesia. 

Methods

After obtaining informed written consents and the approv-
al of the local Ethics Committee of the İstanbul University 
Cerrahpaşa Medical School (protocol no: 5289), 80 ASA 
I-II patients undergoing total hip replacement surgery due 
to coxarthrosis were included in the study. The exclusion 
criteria consisted of patients using steroids and/or beta-ad-
renergic blockers and those with rheumatologic, endocrine, 
metabolic, renal and liver disease; tumours; obesity; fever and 
infection. Patients were randomly divided into four groups 
(n=20). They were randomized using the sealed opaque en-
velope method. 

The first group (Group G) included patients who underwent 
surgery under general anaesthesia after an 8-h preoperative 
fasting period. The second group (Group GN) included pa-
tients who underwent surgery under general anaesthesia af-
ter drinking carbohydrate solutions during the preoperative 
period. The third group (Group E) included patients who 
underwent surgery under epidural anaesthesia following an 
8-h preoperative fasting period. The fourth group (Group 
EN) included patients who underwent surgery under epi-
dural anaesthesia after drinking oral carbohydrate solutions 
during the preoperative period. The patients in Group GN 
and Group EN were given 800 mL and 400 mL (12.5%) of 
oral carbohydrate solution (PreopQ, Nutricia, Holland) 8 h 
and 2 h before their elective surgery, respectively.

Patients were monitored in the operating room using elec-
trocardiography (ECG), non-invasive arterial blood pressure 
and peripheral oxygen saturation (SpO2). For the patients in 
Group E and Group EN, a lumbar epidural catheter was in-
serted at the L3-L4 intervertebral disc space, using an 18-G 
epidural needle by the loss of resistance technique. To achieve 
analgesia in T9 dermatome, 3 mL of 2% lidocaine was first 

administered as the test dose and then 1 mL of 0.25% bupi-
vacaine and 0.05 mg kg-1 morphine (1 mg mL-1) was admin-
istered per dermatome through the epidural catheter. For se-
dation during surgery, 1–3 mg kg-1 h-1 propofol infusion was 
administered. To ensure perioperative analgesia, continuous 
epidural infusion of a mixture of 100 mL 0.9% NaCl, 100 
mg 0.5% bupivacain (1 mg mL-1) and 5 mg morphine (0.05 
mg mL-1) was administered at a rate of 4 mL h-1. When HR 
and MAP exceeded 20% of control values during surgery, 
patients received a 4-mL bolus of epidural solution.

Group G and Group GN received 10 mg kg-1 h-1 propofol 
infusion followed by 2–3 µg kg-1 fentanyl infusion for general 
anaesthesia. Tracheal intubation was performed with 0.2 mg 
kg-1 iv cisatracurium. Subsequently, mechanical ventilation 
was started with the following ventilator settings: tidal vol-
ume 6–8 mL kg-1, respiratory frequency 12/min and FiO2 0.4 
(oxygen-air mixture) (AMS 2000 Anesthesia Delivery Unit, 
Sweden). Maintenance of anaesthesia was provided with 6–8 
mg kg-1 h-1 propofol infusion, while neuromuscular blockage 
was maintained with periodical administration of 0.03 mg 
kg-1 cisatracurium. Patients whose HR and MAP went be-
yond 20% of control levels were administered 0.05 mg kg-1 
morphine. At the end of the surgery, the neuromuscular block 
was antagonized by intravenous administration of 0.015 mg 
kg-1 atropine and 0.03 mg kg-1 neostigmine. Normal saline 
was used for perioperative liquid replacement. Intraoperative 
blood loss was measured, and all patients having a blood loss 
of 20% received whole blood transfusion. 

For postoperative pain control, Group E and Group EN 
received patient-controlled analgesia with 1 mg mL-1 bupi-
vacaine, 0.05 mg mL-1 morphine, 3 mL h-1 basal infusion, a 
bolus of 3 mL and a lockout of 30 min. Group G and Group 
GN patients were administered iv patient-controlled analge-
sia using 1 mg mL-1 morphine and a bolus of 1 mL with a 
lockout time of 7 min. HR, SpO2 and mean arterial blood 
pressure values of all patients were recorded before intuba-
tion, 5 min after the intubation and at 5-min intervals during 
the surgery. 

Blood samples were obtained on the first preoperative day, 
in the preparation room before surgery, 5 min after the skin 
incision and at the 1st, 2nd, 6th and 24th hour after the incision 
to determine the serum glucose and insulin levels. We also 
collected blood samples 1 day before the surgery, in the sur-
gery preparation room and at the 6th and 24th hour after the 
skin incision for measuring Interleukin 6 (IL-6) levels.

Serum glucose levels were measured with the ‘Accutrend Al-
pha’ instrument (Roche, Switzerland) using the glucose oxi-
dase method. Blood glucose levels measured at 60–110 mg 
dL-1 while the patient was fasting and below 140 mg dL-1 2 h 
after the food intake were considered normal in this method. 

Insulin levels were measured in serum using DPC insulin 
kits (Catalogue Number: LKIN 1, LKIN 5) and the ‘IM-
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MULITE 2-site chemiluminescent immunometric assay’ 
method (DPC, 1997, the USA). In this method, insulin lev-
els between 2.6 µU mL-1 and 24.9 µU mL-1 were considered 
normal. Cortisol levels were determined with the DPC cor-
tisol kits (Catalogue No: LKCO 1, LKCO 5) and the IM-
MULITE analyser (DPC, 1997, USA) via the ‘Competitive 
immunoassay’ method. According to these measurements, 
normal cortisol values were as follows: 5–25 µg mL-1 in the 
morning, 8–20 µg mL-1 in the afternoon and lower than 6 
µg mL-1 in the evening. IL-6 levels were also measured in se-
rum using Anogen IL-6 kits (Catalogue No: EL10023) by 
the enzyme-linked immunosorbent assay (ELISA). The levels 
below 12.5 pg mL-1 were considered normal in the measure-
ments performed using the ELISA method. The severity of 
postoperative pain was analysed in the recovery room 6 h and 
24 h after the skin incision using the Visual Analogue Scale 
(VAS) with the range 0–10 (0: no pain, 10: extreme pain). 
During this time, the presence of nausea and vomiting was 
also recorded. 

Statistical analysis
The characteristics of patients and surgery and the presence of 
nausea and vomiting were analysed using the ‘chi-square test’. 
The levels of serum glucose, insulin, cortisol, IL-6, HR and MAP 
were compared between the groups using the ‘Multiple Variance 
Analysis’ (ANOVA and post hoc test Tukey HSD). The VAS val-
ues of the groups were compared with the ‘Kruskal–Wallis test’. 
Obtained data were expressed with the mean (±) and standard 
deviation values. P<0.05 was considered statistically significant. 

Results

Considering their sex, age, height, body weight and dura-
tion of surgery, there was no significant difference between 
groups (Table 1). Additionally, no significant difference could 
be found between the heart rates of groups. When the mean 
arterial pressure was compared between groups, the values 
in Group E and Group EN measured at the 1st preopera-
tive day, were found to be significantly higher than those 
in Group GN (p<0.013) (94.20±9.33 and 95.30±11.44 vs 

85.25±8.64). There was no statistically significant difference 
between other groups. 

The preoperative blood glucose levels in Group G were sig-
nificantly higher than those in Group GN in the morning of 
the surgery (p<0.05). We also observed that glucose levels at 
the postoperative 24th hour were significantly lower in Group 
G and Group EN than in Group GN and Group E (p<0.05). 
No statistically significant difference was observed between 
other groups (Table 2).

According to the comparison of the insulin levels between the 
groups, the postoperative insulin levels in Group E were sig-
nificantly higher than those in Group G; the preoperative in-
sulin levels in Group EN were statistically higher than those 
in Group G and Group E in the morning of the surgery and 
the levels measured at the 1st hour after the skin incision were 
significantly higher in Group EN and Group GN than those 
in Group G and Group E (p<0.05) (Table 3). The compari-
sons of the groups also indicated that cortisol levels measured 
2 h after skin incision were significantly higher in Group 
G and Group GN than in Group EN (p<0.05) (Table 4). 
No statistically significant difference was found between the 
groups considering IL-6 values, blood loss and transfusions.

There was no statistically significant difference between 
groups regarding the incidence of nausea and vomiting. One 
patient from Group E and two patients from Group EN had 
nausea and vomiting. None of the study subjects experienced 
aspiration of gastric contents. The VAS values at the 6th post-
operative hour were found to be significantly higher in Group 
G and Group E than in Group GN and Group EN (p<0.05). 
The VAS values, however, did not show any statistically sig-
nificant difference between other groups (Table 5).

Discussion

In this study, the preoperative oral carbohydrate intake did 
not have a significant effect on the surgical stress response of 
patients undergoing total hip replacement surgery. The re-
sponse of the organism against surgical stress was correlated 
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Table 1. Patient demographics

  Group G   Group GN  Group E   Group EN 
  n=20   n=20   n=20   n=20 

 Mean   SD Mean   SD Mean   SD Mean   SD p

Age (years) 47.95  16.28 52.70  15.21 57.65  18.05 53.30  14.69 0.310

Height (cm) 162.35  7.39 161.00  9.02 157.75  35.88 162.55  11.09 0.858

Body weight (kg) 69.95  9.91 68.65  11.46 72.80  8.26 75.75  17.81 0.281

Time (min) 141.00  40.48 148.75  51.30 126.00  34.40 139.25  36.93 0.376

Male  4  20.0 3  15.0 8  40.0 8  40.0 

Female  16  80.0 17  85.0 12  60.0 12  60.0 0.167

ANOVA and Tukey HSD (age and height), Kruskal–Wallis (time), Chi-square (gender)



with the type of anaesthesia and surgery, duration of preop-
erative fasting, intra-operative bleeding and postoperative 
analgesia level. These factors also had an influence on the 
hospitalization time (9). Surgical catabolic response may vary 
based on the technique of anaesthesia. 

The comparison of stress hormones between the groups 
showed significant differences at specific times; however, only 

IL-6 showed no significant difference between groups. It was 
observed in the study that the glucose levels measured on the 
morning of the surgery were lower in patients receiving nutri-
ents than those who did not. Our study bears a resemblance 
to the results of the study conducted by Thorell et al. (10). 
As in the study of Maruyama et al. (11), serum glucose levels 
increased in all groups when the surgery started. However, 
unlike our study, they administered steroids to the first group 
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Table 2. The comparison of glucose levels between groups 

  Group G   Group GN  Group E   Group EN 
  n=20   n=20   n=20   n=20 

Glucose Mean   SD Mean   SD Mean   SD Mean   SD p

Preop 1 110.00  18.53 109.20  22.20 103.95  17.39 98.90  30.92 0.390

Preop 2 108.35  20.52 86.60  20.58 101.85  23.00 96.60  30.82 0.040

Glucose 3 95.45  18.10 96.70  28.51 89.35  22.01 86.10  20.90 0.407

Glucose 4 115.45  33.68 108.85  19.99 105.80  19.91 100.00  35.73 0.383

Glucose 5 125.85  31.35 124.75  31.09 114.80  24.53 115.90  43.75 0.618

Glucose 6 139.35  30.66 123.65  40.47 129.25  32.93 124.95  43.00 0.534

Glucose 7 130.55  22.75 138.95  46.55 140.90  34.64 120.70  21.08 0.204

Glucose 8 130.20  27.23 147.95  29.22 156.05  37.56 126.25  22.72 0.005

ANOVA and Tukey HSD. Preop 1: 1 day before surgery, Preop 2: preoperative recovery room, Glucose 3: 5 min after skin incision, Glucose 4: 1 h after skin 
incision, Glucose 5: 2 h after skin incision, Glucose 6: 3 h after skin incision, Glucose 7: 6 h after skin incision, Glucose 8: 24 h after skin incision

Table 3. The comparison of insulin levels between groups

  Group G   Group GN  Group E   Group EN 
  n=20   n=20   n=20   n=20 

Insulin Mean   SD Mean   SD Mean   SD Mean   SD p

Preop 1 11.71  5.44 9.31  3.18 10.71  5.09 11.40  6.07 0.448

Preop 2 18.40  5.90 17.11  7.29 17.42  7.26 17.89  7.67 0.944

Cortisol 3 23.17  8.52 20.68  10.54 17.81  10.58 12.53  8.62 0.006

Cortisol 4 20.62  9.01 21.46  7.45 23.26  10.85 27.68  33.97 0.640

Kruskal–Wallis. Preop 1: 1 day before surgery, Preop 2: preoperative recovery room, Insulin 3: 5 min after skin incision, Insulin 4: 1 h after skin incision, Insulin 
5: 2 h after skin incision, Insulin 6: 3 h after skin incision, Insulin 7: 6 h after skin incision, Insulin 8: 24 h after skin incision

Table 4. The comparison of cortisol levels between groups

  Group G   Group GN  Group E   Group EN 
  n=20   n=20   n=20   n=20 

Cortisol Mean   SD Mean   SD Mean   SD Mean   SD p

Preop 1 11.71  5.44 9.31  3.18 10.71  5.09 11.40  6.07 0.448

Preop 2 18.40  5.90 17.11  7.29 17.42  7.26 17.89  7.67 0.944

Cortisol 3 23.17  8.52 20.68  10.54 17.81  10.58 12.53  8.62 0.006

Cortisol 4 20.62  9.01 21.46  7.45 23.26  10.85 27.68  33.97 0.640

Kruskal–Wallis. Preop 1: 1 day before surgery, Preop 2: preoperative recovery room, Insulin 3: 5 min after skin incision, Insulin 4: 1 h after skin incision, Insulin 
5: 2 h after skin incision, Insulin 6: 3 h after skin incision, Insulin 7: 6 h after skin incision, Insulin 8: 24 h after skin incision



showing glucose intolerance and thus found that the increase 
in glucose level was significantly greater in that group than 
the ones abstaining from any kind of food and liquid intake 
before the surgery. In our study, however, although Group 
G and Group E were not allowed the oral intake of liquids 
or solids 8 h prior to the surgery, Group GN and Group EN 
were given 800 mL carbohydrate solution 8 h before the elec-
tive procedure and 400 mL of 12.5% carbohydrate solution 
before the surgery. When Group GN was compared with the 
groups that did not have any food and liquid intake before 
the surgery, no statistically significant difference could be ob-
served in those groups regarding the increase of serum glucose 
levels at the beginning of the surgery. Similarly, we made a 
comparison between Group EN and other groups abstaining 
from any food and liquid intake. According to that compar-
ison, there was no statistically significant difference between 
those groups regarding the increase of serum glucose levels 
at the start of the surgery. However, the glucose increase in 
Group EN was found to be higher than in the other groups.

In the study by Nygren et al. (9), serum glucose levels were 
highest at the 40th minute and returned to the basal level at 
the 120th minute. In our study, however, serum glucose levels 
increased to the highest level at the 2nd hour after the skin 
incision and were higher than the basal level. That difference 
may have been due to the fact that there was more surgical 
stress and bleeding, and the duration of the surgery was lon-
ger in total hip replacement than in laparoscopic cholecystec-
tomy and parathyroid surgery. 

In this study, as in the studies by Hausell et al. (12) and Soop 
et al. (13), insulin levels in the epidural anaesthesia group 
showed an increase at the postoperative 24th hour compared 
with the basal insulin levels, but there was a decrease in the 
plasma insulin concentration level in the general anaesthe-
sia group. The present study also indicated that the increase 
in the cortisol level was higher in the groups that did not 
have any food and liquid intake before the surgery than in 
the groups receiving preoperative oral carbohydrate nutri-
tion; nevertheless, oral carbohydrate administration did not 
have any effect on the blood cortisol level. The blood cortisol 
levels in the groups receiving general anaesthesia reached the 
highest level at the postoperative 2nd hour. During this time, 

the cortisol increase was observed to be lower in the groups 
receiving only epidural anaesthesia. However, we did not ob-
serve any increase in the cortisol levels of the group receiving 
preoperative nutrition together with epidural anaesthesia. 

The comparison of IL-6 levels in the general anaesthesia 
group with the epidural group did not show any significant 
difference. Our study, on that sense, was similar to the study 
by Hogevold et al. (14), conducted among patients undergo-
ing total hip replacement, and with the study by Naito et al. 
(15), which analysed patients undergoing upper abdominal 
surgery. Also, it was indicated in the study that VAS scores 
of the patients receiving oral nutrition before the surgery was 
significantly lower 6 h after the skin incision than those who 
did not receive preoperative nutrition solution. Conversely, 
patients who received nutrition and those abstaining from 
oral food or fluid intake had similar VAS levels at the postop-
erative 24th hour. 

In several studies, the efficacy of the epidural technique 
proved to be superior than general anaesthesia in terms of 
reducing the surgical stress. In a study comparing general 
and epidural anaesthesia in 60 ASA 1-2 patients, the surgical 
trauma-related stress response was evaluated by determining 
the levels of serum CRP, TSH, cortisol and glucose. Heart 
rate and cortisol values were found to be significantly high-
er in the general anaesthesia group at the 30th minute (16). 
In a comparative study, it was concluded that when epidural 
anaesthesia is combined with general anaesthesia for patients 
undergoing major spinal surgery, the epidural group demon-
strated lower levels of glucose, cortisol, IL-1β, IL-6 and IL-10 
during the postoperative period. (17). Surgical trauma pro-
duces a neuroendocrine response mediated by the release of 
proinflammatory cytokines and hormones (18). The role of 
preoperative oral carbohydrate intake is related with a reduc-
tion in the inflammatory response to surgical stress because 
the insulin-stimulated glycogen synthase activity is attenu-
ated by surgery and the glycogen stores in the liver, skeletal 
muscle and adipose tissue decrease (19). 

On the other side, similar with our findings, the oral carbo-
hydrate intake showed no effect on stress response for pa-
tients undergoing laparoscopic cholecystectomy (20). No sig-
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Table 5. The comparison of Visual Analogue Scale levels between groups

  Group G   Group GN  Group E   Group EN 
  n=20   n=20   n=20   n=20 

VAS Mean   SD Mean   SD Mean   SD Mean   SD p

VAS 1 2.85  0.93 2.45  1.15 3.35  1.14 2.90  1.29 0.106

VAS 2 1.80  0.77 1.30  0.73 1.85  0.75 1.25  0.79 0.019

VAS 3 0.90  0.79 0.80  0.70 0.50  0.76 0.65  0.75 0.357

Kruskal–Wallis. Preop 1: 1 day before surgery, Preop 2: preoperative recovery room, Insulin 3: 5 min after skin incision, Insulin 4: 1 h after skin incision, Insulin 
5: 2 h after skin incision, Insulin 6: 3 h after skin incision, Insulin 7: 6 h after skin incision, Insulin 8: 24 h after skin incision



nificant change was obtained in the levels of cortisol, glucose 
and insulin resistance.

Study limitations
The major limitation of this study is the number of partici-
pants in each group. To compare larger groups, further stud-
ies are needed.

Conclusion

We concluded from the study that the epidural anaesthesia 
technique could suppress the surgical stress response, but the 
oral carbohydrate solution diet applied in the preoperative pe-
riod did not have a significant effect on surgical stress response. 
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Veri Toplanması ve/veya İşlemesi – M.C.Ç.; Analiz ve/veya Yorum 
– M.C.Ç., A.S., E.Y.; Literatür Taraması – M.C.Ç., A.S., E.Y.; 
Yazıyı Yazan – M.C.Ç., A.S.; Eleştirel İnceleme – A.S., E.Y.; Diğer 
– M.C.Ç., A.S., E.Y.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek al-
madıklarını beyan etmişlerdir.

References

1. Wolf AR. Effects of regional analgesia on stress responses to pe-
diatric surgery. Paediatr Anaesth 2012; 22: 19-24. [CrossRef]

2. Juni RP, Duckers HJ, Vanhoutte PM, Virmani R, Moens AL. Ox-
idative stress and pathological changes after coronary artery inter-
ventions. J Am Coll Cardiol 2013; 61: 1471-81. [CrossRef]

3. Haga Y, Wada Y, Takeuchi H, Furuya T. Evaluation of Modi-
fied Estimation of Physiologic Ability and Surgical Stress in Pa-
tients Undergoing Surgery for Choledochocystolithiasis. World 
J Surg 2014; 38: 1177-83. [CrossRef]

4. Chaney MA. Intrathecal and epidural anesthesia and analgesia 
for cardiac surgery. Anesth Analg 2006; 102: 45-64. [CrossRef]

5. Liu J, Ma C, Elkassabany N, Fleisher LA, Neuman MD. 
Neuraxial anesthesia decreases postoperative systemic infection 
risk compared with general anesthesia in knee arthroplasty. 
Anesth Analg 2013; 117: 1010-6. [CrossRef]

6. Bayazit EG, Karaaslan K, Ozturan K, Serin E, Kocoglu H. Effect 
of epidural levobupivacaine and levobupivacaine with fentanyl on 
stress response and postoperative analgesia after total knee replace-
ment. Int J Clin Pharmacol Ther 2013; 51: 652-9. [CrossRef]

7. Malenković V, Baricević I, Jones DR, Nedić O, Bilanović D. 
Enhanced suppression of hormonal and metabolic responses to 
stress by application of combined spinal-epidural and general 
anaesthesia compared with combined spinal general anaesthe-
sia during colorectal surgery. Chirurgia (Bucur) 2008; 103: 
205-10.

8. Yatabe T, Tamura T, Kitagawa H, Namikawa T, Yamashita K, 
Hanazaki K, et al. Preoperative oral rehydration therapy with 
2.5 % carbohydrate beverage alleviates insulin action in volun-
teers. J Artif Organs 2013; 16: 483-8. [CrossRef]

9. Nygren J, Thorell A, Ph D, Jacobsson H, Larsson S, Schnell 
PO, et al. Preoperative gastric emptying effects of anxiety and 
oral carbonhidrates administration. Ann Surg 1995; 222: 728-
34. [CrossRef]

10. Thorell A, Alston-Smith J, Lyungquvist O. The effect of periop-
erative carbonhidrate louding on hormonal changes, hepatic 
glucogen and glucoregulatory enzymes during abdominal sur-
gery. Nutrition 1996; 12: 696-9. [CrossRef]

11. Maruyama K, Mannosuke M, Kojima T, Hashimoto H, Oi Y, 
Okuda M, et al. Changes is serum glucose and serum growth 
hormone levels during pituitary surgery. Anaesth Analg 1987; 
66: 746-50. [CrossRef]

12. Hausell J, Nygren J, Lagerkransel M, Per M, Hellstörm H, 
Hammarqvist F, et al. A carbonhidrate rich drink reduces pre-
operative discomfort in elective surgery patients. Anesth Analg 
2001; 93: 134450.

13. Soop M, Nygren J, Nygrenfors P, Thorell A, Lyungquvist O. 
Perioperative oral carbonhydrate treatment attenuates imme-
diate postoperative insulin resistance. Am J Physiol Endocrinol 
Metab 2001; 280: E576-83. 

14. Hogevold HE. Changes in plasma IL-1 beta, TNF-alpha and 
IL-6 after total hip replacement surgery in general or regional 
anaesthesia. Cytokine 2000; 12: 1156-9. [CrossRef]

15. Naito Y, Tamai S, Shingu K, Shindo K, Matsui T, Segava H. 
Responses of plasma adrenocorticotropic hormone, cortisol 
and cytokines during and after upper abdominal surgery. Anes-
thesiology 1992; 77: 426-30. [CrossRef]

16. Kahveci K, Ornek D, Doger C, Aydin GB, Aksoy M, Emre C, 
et al. The effect of anesthesia type on stress hormone response: 
comparison of general versus epidural anesthesia. Niger J Clin 
Pract 2014; 17: 523-7. [CrossRef]

17. Ezhevskaya AA, Mlyavykh SG, Anderson DG. Effects of con-
tinuous epidural anesthesia and postoperative epidural analge-

Turk J Anaesthesiol Reanim 2016; 44: 117-23

122

http://dx.doi.org/10.1111/j.1460-9592.2011.03714.x
http://dx.doi.org/10.1016/j.jacc.2012.11.068
http://dx.doi.org/10.1007/s00268-013-2383-0
http://dx.doi.org/10.1213/01.ane.0000183650.16038.f6
http://dx.doi.org/10.1213/ANE.0b013e3182a1bf1c
http://dx.doi.org/10.5414/CP201862
http://dx.doi.org/10.1007/s10047-013-0722-4
http://CrossRef
http://dx.doi.org/10.1016/S0899-9007(96)00167-0
http://dx.doi.org/10.1213/00000539-198708000-00009
http://dx.doi.org/10.1006/cyto.2000.0675
http://dx.doi.org/10.1097/00000542-199209000-00004
http://dx.doi.org/10.4103/1119-3077.134058


sia on pain management and stressresponse in patients under-
going major spinal surgery. Spine (Phila Pa 1976) 2013; 38: 
1324-30. [CrossRef]

18. Nygren J. The metabolic effects of fasting and surgery. Best 
Pract Res Clin Anaesthesiol 2006; 20: 429-38. [CrossRef]

19. Nygren J, Thorell A, Ljungqvist O. Preoperative oral carbohydrate 
therapy. Curr Opin Anaesthesiol 2015; 28: 364-9. [CrossRef]

20. Pędziwiatr M, Pisarska M, Matłok M, Major P, Kisielewski 
M, Wierdak M, Natkaniec M, Budzyński P, Rubinkiewicz M, 
Budzyński R. Randomized clinical trial to compare the effects 
of preoperative oral carbohydrate loading versus placebo on 
insulin resistance and cortisol level after laparoscopic cholecys-
tectomy. Pol Przegl Chir 2015; 87: 402-8. [CrossRef]

Çeliksular et al. Oral Carbohydrate Solution and Stress Response

123

http://dx.doi.org/10.1097/BRS.0b013e318290ff26
http://dx.doi.org/10.1016/j.bpa.2006.02.004
http://dx.doi.org/10.1097/ACO.0000000000000192
http://dx.doi.org/10.1515/pjs-2015-0079

