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Abstract
Background: This study aimed to analyze the effects of preoperative oral intake of liquid carbohydrate on postoperative blood glucose, fasting-thirst, and fatigue levels in patients undergoing
arthroscopic surgery.
Methods: This randomized controlled clinical trial enrolled 82 patients, who were scheduled
to undergo arthroscopic surgery, and divided them into two groups: (1) those who consumed a
carbohydrate-rich drink, and (2) those not consuming anything after midnight. Pre- and postoperative fasting-thirst (visual analog scale) and blood glucose levels were measured. Likewise,
the Brief Fatigue Inventory was applied to patients 24 hours after surgery.
Results: The mean blood glucose levels in the ﬁrst postoperative hour were 90.90 ± 13.56
mg.dL-1 and 107.00 ± 15.84 mg.dL-1 in the intervention group and control group, respectively
(p < 0.001). The postoperative mean thirst scores were 4.70 ± 1.59 and 6.36 ± 2.07 in the intervention group and control group, respectively (p < 0.001). Their corresponding postoperative
mean fasting scores were 5.54 ± 1.76 and 5.86 ± 1.79 (p > 0.05) and the mean fatigue levels
in the 24th postoperative hour were 4.80 ± 2.13 and 5.48 ± 1.46, respectively (p > 0.05).
Conclusions: Oral intake of liquid carbohydrate before spinal anesthesia was found to have
positive effects on patients’ postoperative blood glucose and thirst levels.
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Introduction
Surgical procedures performed for therapeutic reasons can
cause physiological and psychological stress in the organism
and can result in catabolism.1,2 This is closely associated
with factors that inﬂuence the management of symptoms, such as the duration of preoperative fasting, type
and length of anesthesia, surgical techniques, hemorrhage,
postoperative pain, nausea-vomiting, ileus, and fatigue.2,3
Catabolism also causes patients to experience fatigue, lowers their resistance, prolongs their recovery and length
of hospital stay, and increases their risk for postoperative
complications; thus, it can result in an increased risk for
mortality and morbidity.3,4
New evidence-based protocols have been developed. The
use of traditional approaches for perioperative treatment
and care of individuals has been avoided to lower their
stress response and to accelerate their recovery. Enhanced
recovery after surgery (ERAS) is a cycle-based protocol
for perioperative strategies that requires multidisciplinary
approaches.5---7 The protocol aims to enable individuals to
return to their basic performance and functions within the
shortest time possible. ERAS also suppresses catabolism and
enhances their quality of life because it prevents development of postoperative complications.6,7
Two of the protocol’s predictors include shortened
preoperative fasting duration and carbohydrate loading.
Accordingly, individuals are told that they can consume solid
foods up to 6 hours prior to surgery, clear liquid-based food
up to 2 hours prior to surgery, 800 mL carbohydrate-rich
drink at any time until midnight before surgery, and 400 mL
carbohydrate-rich drink 2---3 hours before surgery.5---7
Many studies have reported that a diet of clear liquid
given 2 hours before surgery does not increase patients’
gastric ﬂuid volumes or gastric acidity and it poses no
risk of aspiration.8,9 Some other studies have revealed that
oral intake of liquid carbohydrate suppresses catabolism
by lowering the stress response induced both by surgical
trauma and fasting, decreases insulin resistance, minimizes
alterations in postoperative glucose levels, and reduces
fasting-thirst feelings, nausea and vomiting, defecation
time, length of hospital stay, and fatigue.4,8---12
This study aimed to investigate whether preoperative
carbohydrate improves fasting-thirst, fatigue, and glucose
levels compared with standard therapy.

Methods

anything after midnight; moreover, they start to eat based
on regimen I (pulpless, grain-free clear liquid diet) at the
second postoperative hour. Arthroscopy lasts for 45---90 minutes. Then, patients are sent home after undergoing the
recommended blood tests and physical examinations and
return to the clinic on the morning of surgery. In this study,
patients were told to come to the clinic 2 hours before
surgery. The ﬁrst patients who underwent arthroscopic
surgery between 08:00 and 10:00 a.m. by the same orthopedic surgeon were included in the sample. The patients were
not administered any intravenous ﬂuid after surgery. As a
standard, a 10---15 mL.kg-1 of balanced solution (Isolen-S)
was given to the patients in the intraoperative period. They
received 1000---1500 mL of intravenous ﬂuid on average.
Spinal anesthesia took place using 15 mg of 0.5% bupivacaine
HCl (Marcaine) through the intervertebral space (L3---4). As
far as is known, bupivacaine, used for spinal anesthesia, has
no effect on glucose metabolism. Those included in the study
were ≥ 18 years old, indicated for arthroscopic surgery,
and could communicate enough to be able to answer the
research questions. Individuals diagnosed with any psychiatric disorder, endocrine disorder, renal and hepatic failure,
gastroesophageal reﬂux, sour cherry allergy, and body mass
index of > 25 kg.m-2 were excluded from the study.

Sample size calculation and patient randomization
A power analysis was carried out to determine the sample
size of the study. For this purpose, the arithmetic mean
difference (3.3) between the blood glucose levels of the
intervention and control groups mentioned by Yagci et al.8
was used. After the arithmetic mean and standard deviation were used to calculate the sample size (95% conﬁdence
interval, 95% power), 30 patients should be included in each
group. When the desired number of the calculated data was
reached, the power analysis was repeated over the study
data. The margin of error in the post-hoc power analysis was
5%. According to the blood glucose level in the ﬁrst postoperative hour, the effect size of 1.095 and power of the study
was calculated as 99%.
Therefore, 70 patients were randomly divided into two
groups using a computerized table of random numbers. After
the random numbers were placed in opaque envelopes,
the envelopes were numbered sequentially, and they were
opened just before the start of the procedure. Patients were
assigned to the intervention and control groups.
The study was conducted on a total of 61 patients including 31 in the intervention group and 30 in the control group.

Trial design
This randomized controlled trial was conducted at the
orthopedic clinic of a research and application hospital
in Turkey. The ethics committee approval was obtained
from the Clinical Trials Ethics Committee (07/10/20162016/523). Institutional permission was obtained from the
related research and application hospital. Participants were
informed about the purpose of the study, and they had all
signed the informed consent form. Blinding or masking was
not performed in the study.
If scheduled for surgeries performed under spinal anesthesia at the orthopedic clinic, patients should not eat

Data collection tool
A patient information form, physiological measurement
chart, visual analog scale (VAS) for fasting-thirst levels, and
Brief Fatigue Inventory (BFI) were all used to collect the
data.
Patient information form
This form was prepared by the researcher upon literature
review.4,8,12 It includes 10 questions about the characteristics of the patients such as age, sex, marital status,
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The measurements and applications for the intervention and control group

•
•
•
•
•

•

•

Intervention Group
Obtaining verbal and written consents
Filling out the Patient Information
Form
Measurement of blood glucose value
and fasting-thirst levels
Giving 400 mL sour cherry juice 2
hours before the operation
Measurement of the blood glucose
value and fasting-thirst levels just
before the operation (2 hours after
drinking the juice)
Measurement of the blood glucose
value and fasting-thirst levels 1 hour
after the operation
Determination of fatigue level 24
hours after the operation

Figure 1

•
•
•
•

•

•

Control Group
Obtaining verbal and written consents
Filling out the Patient Information
Form
Measurement of blood glucose value
and fasting-thirst levels
Measurement of the blood glucose
value and fasting-thirst level just
before the operation
Measurement of the blood glucose
value and fasting-thirst levels 1 hour
after the operation
Determination of fatigue level 24 hours
after the operation

The measurements and applications for the intervention and control group.

educational level, occupation, income level, presence of
any chronic disease, and surgery duration.
BFI
This inventory was developed by Mendoza et al.13 and
adapted by Cinar et al.14 for the Turkish population.
Cronbach’s alpha internal consistency coefﬁcient of the
inventory is 0.98. BFI has nine items and evaluates the
fatigue severity (now, always, worst) (1, 2, 3) and the effect
of fatigue on the activities of daily living (4a, 4b, 4c, 4d, 4e,
4f). Each item is rated between 0 and 10 points. The higher
the score, the more severe the fatigue is, and the more does
it affect daily living activities.15 In this study, Cronbach’s
alpha internal consistency coefﬁcient of BFI was 0.74.

Intervention
Figure 1 shows the measurements and applications for the
intervention and control groups.
Applications in the intervention group
Based on the literature review and opinions of three experts
--- a dietitian, an anesthesiologist, and a biochemist ---400 mL
of grain-free sour cherry juice from a ﬁxed brand (with value
of 200 kcal and deemed suitable for a clear diet) was given to
the patients in the intervention group 2 hours before surgery
(Fig. 1).4
Applications in the control group
Those in the control group did not drink the liquid carbohydrate (i.e., sour cherry juice). Rather, they only received
routine treatment and hospital care services (Fig. 1).

Statistical analysis
Patients’ descriptive characteristics are presented in number and percentage distributions in tables. The Shapiro---Wilk
W test was used to determine whether the numerical data
were normally distributed. Parametric tests were applied
for analysis of normally distributed data. The independent
samples t-test was used to identify whether the blood glucose, fasting-thirst, and fatigue levels of both groups are
different from one another.
Repeated measures analysis of variance was employed
to determine the difference between the mean scores
of the repeated measures in both groups. The Bonferroni
multiple comparison test was applied to identify which
group caused the difference between intervention and
control groups. The signiﬁcance level in all comparisons
was 0.05.

Results
The study was completed on a total of 61 patients, including
31 in the intervention group and 30 in the control group
(Fig. 2). Table 1 shows the demographic characteristics of
the patients. Both groups had comparable characteristics (p
> 0.05, Table 2), and the mean blood glucose levels in the
ﬁrst postoperative hour were 90.90 ± 13.56 mg.dL-1 in the
intervention group and 107.00 ± 15.84 mg.dL-1 in the control
group, and their difference was statistically signiﬁcant (p <
0.001).
The fasting mean scores of both groups 2 hours before
surgery, immediately before surgery, and 1 hour after
surgery were similar to one another (p > 0.05, Table 3).
The mean thirst score just before surgery was 4.90 ±
2.11 in the intervention group and 6.20 ± 1.98 in the control
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G.A. Akbuğa and M. Başer
Assessed for eligibility
(n = 82)
Excluded (n = 12)
-

Not meeting inclusion
criteria (n= 10)
Declined to participate (n = 2)

Randomised (n = 70)

Allocation
Control Group

Intervention Group

Allocated to intervention (n= 35)

Allocated to intervention (n= 35)

• Received allocated intervention (n= 32)

• Received allocated intervention (n= 33)

• Did not receive allocated intervention (Did
not want the blood glucose level to b
measured) (n = 3)

• Did not receive allocated intervention (Did
not want the blood glucose level to be)

Follow up

-

-

Lost to follow-up (The patient
could not be reached 24 hours
after the operation) (n= 1)

Lost to follow-up (The patient could
not be reached 24 hours after the

Discontinued intervention
(Complication developed and the
patient was taken to the intensive
care unit) (n=1)

operation (n = 2)

Analysis
Analysed (n = 31)

Analysed (n = 30)

Figure 2
Table 1

Consort Flowchart of the study.

Distribution of socio-demographic characteristics of individuals in Intervention and Control groups.

Characteristics

Intervention Group (n = 31)

Control Group (n = 30)

Gender

n

n

Female
Male
Age (year, mean*.±SD) (min---max)
Educational status
Literate
Primary education
High school and higher
Presence of chronic disease
Yes
No
Operation time (minute, mean*.±SD)

14
45.2
17
54.8
47.58 ± 11.24 (25---60)

15
50.0
15
50.0
45.30 ± 9.43 (25---59)

4
18
9

4
20
6

%

12.9
58.1
29.0

3
9.7
28
90.3
74.19 ± 13.60

group, and their difference was statistically signiﬁcant (p =
0.017). The mean thirst score in the ﬁrst postoperative hour
was 4.70 ± 1.59 in the intervention group and 6.36 ± 2.07
in the control group, and the difference between them was
statistically signiﬁcant (p = 0.001, Table 3).

Test

%

13.3
66.7
20.0

7
23.3
23
76.7
80.16 ± 20.10

p = 0.705
p = 0.395

p = 0.709

p = 0.150
p = 0.178

The mean score of fatigue severity was 4.80 ± 2.13 in the
intervention group and 5.48 ± 1.46 in the control group (p >
0.05). The mean fatigue score affecting daily life activities
was 4.33 ± 1.53 in the intervention group and 4.26 ± 1.86
in the control group (p > 0.05, Table 4).
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Table 2

Distribution of blood glucose level mean scores according to the follow-up hours of Intervention and Control groups.

Blood glucose level (mg.dL-1 )

Intervention Group (n = 31) X ± SD

Control Group (n = 30) X ± SD

pd

2 hours before the operation
Just before the operation
1 hour after the operation
pc

98.93 ± 14.45
97.38 ± 16.62
90.90 ± 13.56
0.101

94.76 ± 15.83a
99.23 ± 14.78a
107.00 ± 15.84b
0.001

0.287
0.649
< 0.001

a,b Superscripts
c
d

show within-group differences. There is no difference in the measurements with the same letters.
Repeated measures Anova.
Independent samples t-test.

Table 3 Distribution of fasting-thirst level mean scores in terms of the follow-up hours of the individuals in intervention and
control groups.
Fasting level

Intervention group (n = 31)
X ± SD

Control group (n = 30)
X ± SD

pd

2 hours before the operation
Just before the operation
1 hour after the operation
pc
Thirst level
2 hours before the operation
Just before the operation
1 hour after the operation
pc

6.22 ± 1.68
5.54 ± 2.15
5.54 ± 1.76
0.095

7.30 ± 11.94
5.76 ± 1.63
5.86 ± 1.79
0.7267

0.622
0.658
0.488

5.19 ± 1.88
4.90 ± 2.11
4.70 ± 1.59
0.273

5.53 ± 1.96b
6.20 ± 1.98a
6.36 ± 2.07a
0.002

0.493
0.017
0.001

a,b Superscripts
c
d

show the within-group differences. There is no difference in the measurements with the same letters.
Repeated measures Anova.
Independent samples t-test.

Table 4

Distribution of brief fatigue inventory mean scores of the individuals in Intervention and Control groups.

BFI

Intervention Group (n = 31)
X ± SD

Control Group (n = 30)
X ± SD

pa

Fatigue Severity
The effect of fatigue on activities of daily living

4.80 ± 2.13
4.33 ± 1.53

5.48 ± 1.46
4.26 ± 1.86

0.152
0.879

a

Independent samples t-test.

Discussion
Our study indicated that oral intake of liquid carbohydrate before spinal anesthesia had a positive effect on the
patients’ blood glucose and thirst levels after surgery, but it
did not affect their fasting and fatigue levels.
In this study, the normal range (80---110 mg.dL-1 ) of fasting
glucose was considered as the baseline value. Accordingly,
the ﬁndings were within the normal range for blood glucose. However, ﬂuctuations in blood glucose levels were
interpreted through the control and intervention groups.
In this study, the preoperative blood glucose levels of the
intervention and control groups were comparable. However,
a difference was found between their blood glucose levels in
the ﬁrst postoperative hour. The blood glucose level (107.00
± 15.84 mg.dL-1 ) was higher in the control group than in
the intervention group, which did ingest the liquid carbohydrate (90.90 ± 13.56 mg.dL-1 ) (p < 0.001). The blood glucose
level of both groups remained within normal limits (80---110
mg.dL-1 ). However, the blood glucose level of the control
group increased signiﬁcantly after surgery (p = 0.001).

Such situation may be advantageous for patients. We
can think that oral intake of liquid carbohydrate can
lower postoperative blood glucose ﬂuctuations and suppress
catabolism because it lowers the stress response induced by
fasting and surgical trauma.
Prolonged fasting before surgery causes the depletion of
glycogen stores because it suppresses the liver’s response to
insulin and produces glucose from lipids and proteins, thus
resulting in a faster neuroendocrine stress response due to
surgical trauma. With the onset of catabolism, the patients
are observed to experience ﬂuctuations (i.e., a spike) in
their blood glucose levels, as well as symptoms such as feeling hungry, thirsty, and tired.16,17
In the context of this study, the oral intake of liquid carbohydrate 2 hours before surgery was thought to suppress
catabolism by preventing hyperglycemia, thus allowing the
patient to recover.
A meta-analysis revealed that oral intake of liquid
carbohydrate lowered patients’ insulin resistance, thus preventing their blood glucose levels from ﬂuctuating. The
literature points to a number of studies that have reported
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similar ﬁndings.4,8,9,18,19 In their study, Svanfeldt et al.20
found that giving patients 400 mL of liquid carbohydrate
2 hours before surgery prevented stress-induced hyperglycemia.
Ozdemir et al.8 reported that the blood glucose levels of
the control and placebo groups returned to normal 24 hours
after surgery and then gradually increased.
However, some other studies have indicated that oral
intake of liquid carbohydrate has no signiﬁcant effect on
blood glucose levels.3,13 The type and length of surgery, type
of anesthesia used, and type of liquid carbohydrate might
have inﬂuenced these ﬁndings.
Gunawardhana21 investigated preoperative fasting practices and revealed that 51.5% of patients who had not eaten
for 13 hours did not feel hungry. Similarly, in their study,
Crenshaw and Winslow22 asked patients who fasted before
surgery to score their fasting level on a scale between
0 and 10 and found that their mean fasting level was 5.
In this study, the oral intake of liquid carbohydrate was
thought not to have created any difference in fasting levels between the intervention and control groups because
it is liquid and therefore stays in the stomach only for
a short time period and does not lead patients to feel
discomfort.
Another problem caused by preoperative fasting is the
feeling of thirst. A long-term interruption in nourishment can decrease gastrointestinal and salivary secretions,
increase thirst and mouth dryness and even lead to dehydration. Hausel et al.23 found that patients who underwent
colorectal surgery consumed either a carbohydrate-rich liquid or water to reduce the feeling of thirst. George15
examined preoperative fasting practices and found that
patients consuming oral drinking liquid carbohydrate 2 hours
before surgery felt signiﬁcantly less thirsty based on the
ERAS protocol. Gebremenhn and Nagaratnam24 also examined patients who fasted before surgery and found that 49%
of the patients experienced severe thirst as the most common symptom.
Likewise, this study revealed that that intervention group
was less thirsty 2 hours after surgery (4.90 ± 2.11) than
the control group (6.20 ± 1.98) (p = 0.001). Similar ﬁndings
were obtained 1 hour after surgery as well: the control group
was thirstier 1 hour after surgery (6.36 ± .2.07) than the
intervention group (4.70 ± 1.59) (p = 0.017).
One of the postoperative symptoms is fatigue. Unnecessary preoperative fasting intensiﬁes fatigue because it
increases cell destruction products; leads to catabolism,
hydrogen, and lactic acid accumulation; and stimulates
glucose production from lactates and amino acids, thus
resulting in protein degradation. Additionally, postoperative
fatigue can occur because of tissue damage caused by surgical intervention, immobility, and stress. Fatigue adversely
affects patients’ physical and mental well-being, prolongs
their recovery and length of hospital stay, and increases
their stress response to surgical trauma.25,26
In this study the intervention group had less fatigue 24
hours after surgery (4.80 ± 2.13) than the control group
(5.48 ± 1.46); this difference, however, was not statistically
signiﬁcant (p > 0.05).
Ozdemir et al.8 discovered that patients who drank liquid
carbohydrate had less fatigue 12 hours after surgery than
those who did not.

Kaya and Sentura26 found that fatigue began before
surgery and increased mostly immediately after surgery.
Rubin et al.27 revealed that patients who underwent a major
surgery (abdominal, gynecology, or cardiovascular surgery)
had higher fatigue levels than those who underwent an
orthopedic surgery.
In this study, patients’ fatigue levels were assessed 24
hours after surgery and were found not affected by fasting
alone. Other subjective factors such as anxiety, insomnia,
and pain were found to play a role, albeit such factors were
not identiﬁed in any of the participants. Given that arthroscopic surgery can be categorized as a minor operation,
patients are likely to feel more energetic and vigorous. The
fatigue levels did not differ between the groups because
of these reasons. Further studies involving cases with longterm follow-up are needed to determine the effects of
drinking liquid carbohydrate on fatigue. In light of these
ﬁndings, further studies are needed on cases with long
surgery duration as well as in cases undergoing anesthesia
techniques other than spinal anesthesia to determine the
effect of drinking liquid carbohydrate on fatigue and fasting.
As limitations of the study, ﬁndings were obtained from
patients without history of genetic or chronic diseases, who
underwent arthroscopic surgery, and were directed to spinal
anesthesia. Moreover, their body mass indexes were not
measured. This study’s ﬁndings cannot be generalized to
other patients undergoing surgery under spinal anesthesia.

Conclusion
Oral intake of liquid carbohydrate before spinal anesthesia
was found to have a positive effect on patients who underwent arthroscopic surgery, in terms of their postoperative
blood glucose and thirst levels. However, it appeared to have
no effect on their fasting feel and fatigue levels.
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14. Çınar S, Sezerli M, Sarsmaz N, et al. Hemodiyaliz akut yorgunluk
sendromuna neden olabilir mi? J Nurs Forum. 2000;3:28---33.
15. Kobe JA. Assessing Preoperative Fasting Practice Among Adult
Patients At Kenyatta National Hospital, Surgical Department,
Thesis (MNutr (Human Nutrition). University of Stellenbosch;
2015, 101.
16. Yıldız H. New approaches during preoperative poverty process.
AÜTD. 2006;38:1---5.

17. Azhar RA, Bochner B, Catto J, et al. Enhanced recovery
after urological surgery: a contemporary systematic review
of outcomes, key elements, and research needs. Eur Urol.
2016;70:176---87.
18. Crenshaw JT. Preoperative Fasting: Will the Evidence Ever Be
Put into Practice? Am J Nurs. 2011;111:38---43.
19. Korkmaz Ö. Operasyon Öncesi Oral sıvı karbonhidrat Solüsyonu
Alımının Stres Yanıta Etkisi, Specialization thesis. Department of
Anesthesiology, Istanbul University Cerrahpaşa Medical Faculty;
2004, 58.
20. Svanfeldt M, Thorell A, Hausel J, et al. Effect of
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