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Background and Objectives: We investigated the effects of a carbohydrate-whey protein solution on aged pa-
tients undergoing hip fracture surgery. Methods and Study Design: Forty patients were randomly assigned to 
the carbohydrate-whey protein (CHP) group or the control group (CTL). In the CHP group, a mixed solution of 
CHP was orally administered to patients before surgery: 400 mL was administered on the day before surgery, and 
200 mL was administered 3 h before surgery. The size of the liquid dark area in the gastric antrum was measured 
by ultrasound, and the bleeding volume during surgery was assayed. The incidence of nausea, vomiting, thirst, 
hunger, and days of hospitalization and the levels of blood glucose, C-reactive protein (CRP) and serum albumin 
were assessed. Results: There was no obvious liquid dark space in the gastric antrum. CHP administration im-
proved postoperative thirst and hunger and resulted in increased albumin levels and decreased CRP concentra-
tions and blood glucose fluctuations. Conclusions: Oral CHP before hip fracture surgery reduces the incidence of 
postoperative thirst and hunger and improves recovery in the aged. 
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INTRODUCTION 
Hip fracture is one of the most common traumatic diseas-
es in aged patients, and 98% of aged patients with hip 
fracture require surgery.1,2 Moreover, most aged patients 
tend to have a variety of concurrent systemic diseases 
with high morbidity and mortality.3,4 Therefore, reducing 
the incidence of perioperative complications in aged pa-
tients with hip fracture is a serious challenge in the clini-
cal practice. 

The traditional standard fasting method, which entails 
fasting solid food for 6-8 h and clear liquid for 2 h before 
surgery, reduces the risk of perioperative aspiration. 
However, a previous study showed that most patients 
fasted from solid food for more than 12 h.5 Adversely, 
long fasting times may result in many detrimental reac-
tions, such as thirst, hunger, dehydration, low blood glu-
cose levels, increased postoperative stress and insulin 
resistance, and an unbalanced body environment.6 The 
oral administration of a carbohydrate solution 2~3 h be-
fore an operation could effectively reduce postoperative 
insulin resistance and blood glucose fluctuations and im-
prove thirst, hunger, and anxiety; however, it has little 
effect on postoperative recovery and length of hospital  

 
 
stay.7 Researchers have constantly explored new solutions, 
including carbohydrate solutions with added amino acids 
or peptides.8 As the patient’s protein catabolism increases, 
which is coupled with a loss of appetite and decreased 
digestion and absorption, it is easy for the patient to reach 
a negative balance of protein metabolism after surgical 
trauma; therefore, preoperative and postoperative sup-
plementation with high-quality protein helps prevent 
postoperative complications. Perrone et al reported that 
preoperative feeding with a whey protein plus carbohy-
drate drink reduced the inflammatory response and dimin-
ished insulin resistance.9 However, its effect on aged pa-
tients is unknown. 
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The whey protein used in this study can be easily di-
gested and absorbed, and it contains eight essential amino 
acids for rapid protein synthesis in the body; moreover, 
the ratios of amino acids in the whey protein are similar 
to those that the body requires. In the current study, we 
explored whether whey protein plus carbohydrate admin-
istration decreased the incidence of choking, reduced the 
incidence of postoperative thirst and hunger, improved 
the recovery of patients after surgery. 
 
METHODS 
This was a randomized, double-blind, clinical study car-
ried out at the Suzhou Science and Technology Town 
Hospital. Forty patients (16 males and 24 females) under-
going elective hip fracture surgery were selected for this 
study. They were randomized into two groups: the carbo-
hydrate-protein (CHP) group and the control (CTL) group. 
The criteria for eligibility included the following: age 
over 65 years; body mass index (BMI) less than 35 kg/m2; 
not taking medication that could affect intermediary me-
tabolism or gastric emptying; no symptoms or signs of 
metabolic, hepatic, renal, or gastric disease; preoperative 
serum albumin >30 g/L or hemoglobin >90 g/L; not com-
bined with other fractures or systemic organ damage; and 
normal ranges of fasting circulating glucose concentra-
tions, C-reactive protein (CRP), liver function tests, and 
creatinine (Table 1). Informed consent was obtained from 
each subject. The protocol was approved by the Institu-
tional Ethics Committee at the Suzhou Science and Tech-
nology Town Hospital and was carried out in accordance 
with the Declaration of Helsinki (1989) of the World 
Medical Association. Five patients were excluded from 
the study. Two of these patients had low preoperative 
hemoglobin (<90 g/L). Two other patients in the CHP 
group and one patient in the CTL group experienced ex-
cessive bleeding during surgery. 

 
Anesthesia and surgery 
In the CHP group, 400 mL of an oral whey protein and 
carbohydrate solution (containing 14% whey protein hy-
drolysates with 10% glucose solution as the solvent) was 
given 24 h before surgery, and 200 mL was given 3 h 
before surgery (this volume was consumed within 10 
min). In the CTL group, patients were given distilled wa-
ter at equal volumes to the solutions given to CHP pa-
tients at the same time points. 

Each patient received 0.05 mg/kg intramuscular mid-
azolam 30 min before entering the operating room. 

The gastric antrum was assayed by ultrasound; the gas-
tric residual margin was observed as an assessment of 

gastric emptying function. The patient position was 
Fowler’s position with the head of the patient’s bed is 
raised 45 degrees above the level. The probe was placed 
under the xiphoid process perpendicular to the abdomen. 
The left lobe of the liver and abdominal aorta were used 
as markers to obtain images of the gastric antrum. Probes 
were slightly rotated to obtain clear images. The gastric 
antrum along with the body’s craniocaudal direction and 
the maximum diameter directions (D1 and D2) were 
measured on ultrasound. The area of the gastric antrum 
(antral cross-sectional area, CSA) was calculated. The 
formula used was as follows: 

CSA = π × D2 × D1/4; CSA = 230 + 4.6 × gastric re-
sidual volume. 

Similar to Bouvet’s study,10 this study used 0.4 mL/kg 
or less of gastric residual volume as the fasting state 
standard. Therefore, once the gastric residual volume 
reached more than 0.4 mL/kg, surgery was postponed. 

A subarachnoid block with 1.8~2.4 mL of 0.5% ropi-
vacaine hydrochloride in the L2-3 or L3-4 segment after 
opening the portal vein was applied. Ringer’s solution 
plus hydroxyethyl starch 130/0.4 and sodium chloride 
was infused during surgery. The intravenous injection of 
50 mg of flurbiprofen axetil 30 min before surgery was 
completed, and 1~2 µg/kg sufentanil, 50 mg of flurbi-
profen axetil and 6 mg of tropisetron in 100 mL of saline 
was given for postoperative analgesia by an analgesia 
pump. The epidural catheter was removed, and the pa-
tients were sent back to the ward. The bleeding volume 
and whole surgery time were recorded. 

After the operation, patients were encouraged to re-
sume drinking, eating or supplementary nutrient solution 
as soon as possible. Patients were also encouraged to uri-
nate; urination times and urine volume were recorded for 
24 h. Postoperative nausea, vomiting, thirst, hunger, post-
operative complications and length of stay in the hospital 
were also recorded. Fasting blood glucose, albumin and 
CRP levels were measured on the day before surgery and 
24 h after surgery. 

 
Statistical analysis 
All values are shown as the mean±SD. Two-way ANO-
VA for repeated measures was used when appropriate 
(SPSS 18.0 for Windows, SPSS, Inc.). Post hoc analysis 
and other comparisons were performed using Student’s t-
test for paired and unpaired data. Statistical significance 
was accepted at p<0.05. 
 
RESULTS 
There were no differences in patient conditions between 

 
Table 1. General patient descriptors  
 
Generally CHP group CTL Group p-value 
Age (years old) 82.5±4.1 81.4±5.2 0.443 
Gender (male/female) 6/14 6/14 1.000 
ASA classification (Ⅱ/Ⅲ) 8/12 10/10 0.751 
Body mass index (kg/m2) 20.1±1.7 19.9±2.1 0.679 
Type   0.752 

Femoral neck fracture (number) 10 9  
     Intertrochanteric fracture (number) 10 11 
Days before surgery (days) 4.3±1.1 4.2±1.1 0.765 
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the two groups before surgery (Table 1). All patients in 
the fasting state were examined by ultrasonography 30 
min before anesthesia. In this study, no obvious liquid 
dark space was seen in any patient. The gastric residual 
volume was 0.4 mL/kg or less. Operation times, in-
traoperative blood loss and infusion liquid volumes were 
not different between the two groups (Table 2). 

The incidence of postoperative nausea and vomiting in 
both the CHP and CTL groups was similar, and the inci-
dence of thirst and hunger after surgery was lower in the 
CHP group than in the CTL group (thirst 2 vs 10 patients, 
and hunger 2 vs 11 patients, p<0.05). Postoperative pul-
monary ultrasonography showed that the CHP group did 
not have postoperative pleural effusion, whereas 4 pa-
tients in the CTL group showed pleural effusion, but there 
was no significant difference between the two groups 
(p>0.05). 

There was no apparent difference in the preoperative 
blood glucose concentrations between the two groups 
(p>0.05). However, the postoperative blood glucose level 
in the CHP group was lower than that in the CTL group 
(p<0.05), and the changes in blood glucose after surgery 
were lower in the CHP group than in the CTL group 
(0.65±0.56 vs 2.19±1.04 mmol/L, p<0.05, Figure 1). 

There were no significant differences in serum albumin 
levels or CRP values between the two groups before sur-
gery (p>0.05). After surgery, the serum concentration of 
albumin was higher and the CRP value was lower in the 
CHP group than in the CTL group (albumin 32.45±2.17 
vs 29.94±1.89 mmol/L; CRP 30.15±8.16 vs 43.45±12.82 
mmol/L, p<0.05, Figure 2). 
 

DISCUSSION 
Shortening the preoperative fasting time is an important 
part of enhanced recovery after surgery (ERAS),11 and 
this study observed the effects of a carbohydrate-whey 
protein solution on aged patients undergoing hip fracture 
surgery. Ultrasound confirmed a lack of liquid dark space 
and a gastric residual volume of less than 0.4 mL/kg 30 
min before anesthesia in all patients. The results showed 
that the oral carbohydrate solution did not increase the 
gastric residual volume or the risk of aspiration. 

Surgical trauma, blood loss and infection are all factors 
that can cause severe stress reactions, increasing the re-
lease of adrenaline, glucagon and other hormones. Stress 
also induces insulin resistance, which reduces the sensi-
tivity of tissues to insulin, resulting in hyperglycemia due 
to lower glucose metabolism and higher gluconeogenesis 
and hepatic glucose output, which is associated with fat 
and protein metabolism disorders. Therefore, aged pa-
tients with hip fracture surgery are prone to insulin re-
sistance and hyperglycemia. Finney et al reported that 
stress-induced hyperglycemia was directly associated 
with a poor prognosis in critical patients.12 Nygren found 
that the oral administration of 800 mL of carbohydrate 
solution the night before surgery and 400 mL at 2~3 h 
before anesthesia increased preoperative blood glucose 
and plasma insulin levels.13 The state of low plasma insu-
lin levels and reduced glycogen reserves changed into a 
state of increased insulin release and glycogen synthesis 
after treatment, that is, the hunger state changed into an 
energy storage state. This change is beneficial, as it in-
creases the surgical tolerance of patients while simultane-
ously increasing their preoperative blood glucose and 

 
Table 2. Comparison of two groups of patients during operation 
 
 Blood loss (mL) The operative time (h) 24h input (mL) 24h output (mL) 
CHP group 219±149 1.33±0.32 2771±230 1818±698 
CTL group 227±160 1.28±0.30 2695±397 1711±555 
p-value 0.879 0.622 0.188 0.595 
 
 

 
 
Figure 1. Differences in blood glucose levels between the CHP and CTL groups during the perioperative period (preoperative 4.95±0.55 
vs 5.01±0.63 mmol/L, p>0.05, postoperative 5.63±0.91 vs 7.25±1.04 mmol/L, p<0.001). Changes in blood glucose were lower in the 
CHP group than in the CTL group after surgery (0.65±0.56 vs 2.19±1.04 mmol/L, p<0.001). **p<0.001. 
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insulin levels. The solution reduced the incidence of insu-
lin resistance after surgery and decreased postoperative 
hyperglycemia and blood glucose fluctuations. 

Henriksen and Perrone demonstrated that a preopera-
tive oral carbohydrate solution containing amino acids or 
whey protein reduced postoperative insulin resistance in 
patients undergoing abdominal surgery.9,14 Our study also 
found that an oral solution containing whey protein and 
carbohydrate decreased postoperative blood glucose fluc-
tuations in elderly patients with hip fracture before and 
after surgery. This finding suggests that the application of 
a new rapid solution may reduce insulin resistance and 
blood glucose elevation in elderly patients with hip frac-
ture before and after surgery. 

The serum albumin concentration in the CHP group in-
creased 24 h after surgery. Plasma osmotic pressure and 
serum albumin are important for maintaining physiologi-
cal functions, and they are key indexes for the evaluation 
of patient nutritional status and prognosis. A low serum 
albumin concentration reduces plasma colloid osmotic 
pressure and increases the incidence of pleural effusion. 
Many factors may cause a low serum albumin level, such 
as blood loss, an infusion of high-volume crystal solution, 
a decrease in liver protein synthesis, an increase in catab-
olism and severe trauma. Postoperative serum albumin 
concentrations were higher in the CHP group than in the 
CTL group, which may be related to the oral solution 
containing 14% whey protein. 

Whey protein contains β-lactoglobulin, α-whey protein, 
protease, serum albumin and immunoglobulin, which are 
the main elements of proteins in human milk. Whey pro-
tein is rich in essential amino acids, especially branched 
chain amino acids. It promotes the release of insulin and 
growth hormone and accelerates protein synthesis. Whey 
protein has a high absorption rate in the intestine. Studies 
have found that postoperative whey protein promoted 
extension strength rehabilitation and prevented posttrans-
plant bacteremia and posttransplant hyperglycemia.15,16 In 
addition, preoperative whey protein intake increased pro-
tein synthesis and nutrition reserves while increasing the 
release of insulin and decreasing the reaction of blood 
glucose levels to stress. Fasting is considered a stress in 

aged patients with hip fracture, and it intensifies postop-
erative metabolism. Protein catabolism is greater than 
protein anabolism, which reduces postoperative serum 
albumin concentrations. In this study, preoperative whey 
protein intake in aged patients with hip fracture increased 
nutritional support and maintained postoperative serum 
albumin concentrations. 

CRP is a common inflammation index, and increases in 
its plasma concentration levels correspond to an increased 
intensity of inflammation.17 It may predict the occurrence 
of postoperative complications, as Kim et al. revealed that 
CRP was an independent risk factor for 1-year mortality 
after hip fracture surgery in the elderly.18 Increased levels 
of inflammatory cytokines after surgery or trauma inhibit 
the synthesis of serum albumin and decrease the concen-
tration of serum albumin.19 Therefore, an elevation of 
plasma CRP and serum albumin concentrations indicates 
acute inflammation. In this study, the postoperative CRP 
concentration was lower and the serum albumin concen-
tration was higher in the CHP group than in the CTL 
group one day after surgery, illustrating that acute in-
flammation was lower in the CHP group. Therefore, the 
oral administration of a carbohydrate solution containing 
whey protein is beneficial for reducing the acute inflam-
matory reaction in aged patients with hip fracture. 

In conclusion, a preoperative oral whey protein carbo-
hydrate solution in aged patients with hip fracture did not 
increase gastric contents. It reduced postoperative thirst 
and hunger and postoperative blood glucose fluctuations 
and serum albumin concentrations. It also improved post-
operative nutrition and reduced postoperative inflamma-
tory reactions. All of these actions improved patient re-
covery after surgery. 
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