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Evaluation of Amino Acid Infusion preventive effect 
on Hypothermia during Spinal Anesthesia for Hip 

Arthroplasty

Abstract

Background: Hypothermia increases bleeding during surgery, risk of ischemic heart disease and postoperative wound 
infection. Intravenous amino acid increases cell synthesis and produces heat. Our goal was evaluating of the effect of 
amino acid on intraoperative hypothermia under spinal anesthesia.

Methods: This is a randomized, double-blinded clinical trial that 36 adults undergoing Hip Arthroplasty were randomly 
assigned into two groups of 18 each. One group received Amino Acids solution (Aminoven 10%) 500ml (240ml/h) 
throughout spinal anesthesia, and control group received saline solution.  We measured core body temperature, MAP 
and HR each 10 minutes, and also postoperative shivering, blood loss, operation time, postoperative BUN and Cr were 
compared in two groups.  

Results: Throughout surgery, the reduction in core temperature was more in the control group than the amino acids 
group (statistically not clinically). The decrease in core temperature was significantly larger in the controls (0.96°C 
± 0.7°C) than in the amino acid patients (0.94°C ± 0.4°C), (P value= 0.02). Postoperative shivering was 73% in the 
controls regarding 11% in the amino acids patients. Overall, there were no significant statistical differences between 
other variables that we measured in two groups of patients. 

Conclusion: Amino acids infusion during spinal anesthesia exerted a thermogenic effect. Our findings showed 
hypothermia was less in the aminoacid group, and also postoperative shivering was more in the control group.

Level of evidence: I
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Introduction

Accidental hypothermia is the most common 
perioperative thermal disturbance which is directly 
associated with perioperative cardiovascular 

complications such as arrhythmia, myocardial ischemia, 
hypertension, coagulopathy, and wound infection (1-3). 
Hypothermia is also one of the reasons for the increase in 

recovery time and postoperative shivering. Multiple 
mechanisms may cause perioperative hypothermia such 
as the cold environment of the operating room (OR), 
absence of the behavioural response and altered 
thermoregulatory mechanisms during anaesthesia. 
Therefore, the enhanced recovery after surgery (ERAS) 
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protocol emphasizes on heat control intraoperative and 
postoperative periods (4-5).

Many devices like water circulator, forced air blankets, 
resistive heating devices and radiant heaters have been 
used to prevent hypothermia. But most of them are not 
totally effective and sometimes cause burns. 
Administration of amino acids increases protein turnover 
(breakdown and synthesis) which are energy-consuming 
processes that produce heat. Therefore perioperative 
amino acids infusion can induce endogenous heat 
generation and can reduce perioperative hypothermia 
and complications (6-9). However, recent review and 
meta-analysis articles suggested that most of the 
evidence was almost low quality (10-16). Accordingly, 
our goal was the evaluation of amino acid infusion on 
hypothermia (primary outcome) and also shivering 
(secondary outcome) during surgery under neuraxial 
anesthesia.

Materials and Methods
Our research is a randomized, double blinded clinical 

trial that was approved by Mashhad University Ethics 

Committee and recorded in Iranian Registry of Clinical 
Trials (NO: IRCT20170429033680N5). After approval by 
the instituational Ethics Committee, 36 patients who 
were candidted for elective primary hip arthroplasty, 
were chosen in Imam-Reza hospital and enrolled to the 
study protocol [Diagram 1]. 

After written informed consent was obtained, patients 
with ASA class Į; without coagulation disorders, diabetes 
mellitus, previous hip surgery, aminoacid sensitivity, 
surgery lasting more than 4 or less than 2 hours, 
hyperthermia, chronic glucocorticoid use, high creatinine 
level were chosen. They have not been receiving any 
NSAIDs since two days before operation and also any 
aspirin for seven days. All patients with the same 
overnight fasting and no premedication were randomly 
divided into two groups that contained an equal number 
of patients.       

At first, core temperature was measured by tympanic 
thermometer, the measuring accuracy was ±0.1°C, and 
the response time of the probes was less than 3sec.  The 
patients were monitored for heart rate and blood 
pressure.  In 18 patients a balanced mixture of 17 amino 
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Diagram 1. Consort flow diagram. 
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acids (Aminoven 10%) was infused from 30 minutes 
before induction of anesthesia and continued throughout 
the operation with range of 240 ml/hour up to 500ml.  In 
control group, patients received saline solution same as 
the other group. 

The operating room temperature was maintained at 21-
23°C during surgery and all IV fluids were at room 
temperature except blood (which was warmed if 
transfusion was necessary). We have used two 
catheterized cubital veins, one for amino acid or saline 
solution and the other one for drugs.

All patients had done hip arthroplasty under spinal 
anesthesia by 16 mg hyperbaric bupivacaine in lateral 
position. The dermatome level of blockade was recorded 
each 30 second to maximal block (5min). During 
surgery, patients’ core temperature, heart rate (HR) and 
mean arterial pressure (MAP) were measured every 10 
minutes until the end. Propofol was infused 20 mic/kg/
min for sedation. Intraoperative blood loss, operating 
time and postoperative shivering were recorded. We 
assessed BUN and serum Cr two times before operation 

and the day after and patients with Cr>1.5 excluded 
from study. 

Statistical study: Sample size was evaluated by G-power 
v3 software. With a temperature difference of 0.5oc and 
ana α error of 5% and a confidence level of 80%, 18 
samples were obtained in each group. Data was analyzed 
with SPSS v18 software. Statistical evaluation of the data 
was performed by use of simple and paired t-test, chi-
square and Mann Whitney tests. Differences were 
considered significant when P value is less than 0.05. 

Results
There was no difference for demographic, preoperative 

hemodynamic and lab tests in two groups [Table 1]. The 
baseline core temperature was 36.9°C ± 0.4°C and 36.9°C 
± 0.7°C in the amino acids and control groups, respectively 
(P=0.07). Throughout surgery, the mean of MAP and 
heart rate values in two groups were similar (P=0.43 for 
HR and P=0.87 for MAP). In the duration of the study, 
core temperature decreased from baseline and was 
significantly different in two groups [Figure 1]. At the end 

Table1. dermographic and preanesthesia clinical and paraclinical parameters (mean ± sd) 

Variable control group Amino acid group P-value

Age (y) 60 ± 17.3 56 ±19.6 0.79

HR (beat/min) 82 ± 14.7 82 ± 21.5 0.56

MAP (mmHg) 91± 15.7 99 ± 11.3 0.2

core temperature (°C) 36.9±0.21 36.9 ±0.44 0.07

Cr (mg/dl) 0.98±0.21 0.87± 0.23 0.84

BUN (mg/dl) 20±6.8 18 ±6.8 0.93

Figure 1. Core Temperature Changes During Anesthesia.
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of the study, the core temperature changes were 0.96 ± 
0.7°C for controls and 0.94± 0.4°C in the amino acid 
groups (P=0.02). 

We have detected postoperative shivering in 5 
patients, whom were received amino acids infusion 
during surgery, against 13 patients with postoperative 
shivering in controls (P=0.18). BUN and Cr do not 
change during 24 hours at aminoacid vs control group 
(P=0.19).

Discussion
Our study  determined thermic effect of amino acids 

infusion during spinal anesthesia, as previously 
confirmed during general anesthesia (11, 14, 15). This 
was reflected by a smaller reduction  in core temperature 
in amino acid group, during surgery.

the anaesthetic agents interfere with thermal regulation. 
They decrease the metabolic rate, vasoconstriction, 
the regulatory mechanisms and also alter the shivering 
threshold. During the first hour hypothermia transfers 
central heat from the trunk to the extremities due to 
anaesthesiainduced vasodilatation,.

Hypothermia affects physiological processes and 
cause cardiac events such as myocardial ischemia, 
coagulopathy and shivering (14-16). It also increases 
the risk of wound infections and also delays wound 
healing. It reduces the flap survival due to flap 
vasoconstriction, delays extubation and hospital stay 
(17, 18).

Several devices have been used to control hypothermia 
in the perioperative period and designed to minimize 
heat loss (19). All nutrients increase energy expenditure 
and the amino acids have the highest thermogenic effect. 
Aminoacid infusion (at 100 mL/h) can reduce 
intraoperative hypothermia and improves recovery from 
neuromuscular blockade (20).

This thermic effect is based on nutrient-induced 
thermogenesis, especially amino acids, stimulates resting 
energy expenditure and heat production (6, 8, 16). 

There were considerable variations from baseline in 
levels of heart rate and MAP during the spinal 
anesthesia because of environmental stimulations and 
personal differences, though there were no significant 
hemodynamic differences between the two groups 
throughout anesthesia and surgery.  We can introduce, 
that  the  thermogenesis effect of amino acids infusion 
during surgery is occurred  without imposing any 
additional stress in patients (9). 

Our findings ,as compared  of   BUN and serum Cr after 
operation in two groups, demonstrated the nitrogen 
excretion was unchanged postoperatively by amino 
acids-induced thermogenesis during anesthesia .It was 
the same as the recent studies(21). In this study, shivering 
in amino acids group was remarkably less than controls, 
as were showed previously (7).     

It has been confirmed, that perioperative amino acids 
infusion reduced intraoperative blood loss formerly, 
though we found no difference in intraoperative blood 
loss between two groups (3, 15). The intraoperative 
blood loss was estimated by weighing swabs, blood in 
surgeon field and the contents in the suction bottles, 
compensating for used irrigation. 

Limitations
There were a few limitations. The results of this study 

cannot be generalized to patients undergoing other 
surgeries with high heat loss such as abdominal 
surgeries and low heat loss such as cranial surgeries. 
Also, hypothermia might be more in patients with poor 
nutritional status and less muscle mass. Our study was 
just on spinal anesthesia, However general anesthesia 
causes more thermal disturbance  (22). 

In conclusion, amino acids in our study, reduced 
thermal changes in patients undergoing spinal 
anesthesia during hip surgery. However, thermal 
changes in other doses of amino acids, and also surgeries 
with wider thermal changes such as laparotomy need 
further evaluation. 

Table 2. Clinical and paraclinical parameters change perioperative surgery (mean±sd) 

Variables control group Amino acid group significance

HR (beat/min) 77 ±10.8 82 ±23 0.43

MAP (mmHg) 16 ± 10 16.5 ±13 0.87

Block level 7.9 ±1.3 8.3 ± 0.76 0.27

Blood loss (ml) 452 ±235 473 ± 292 0.77

BUN (mg/dl) 0 ±0.4 2 ±0.3 0.16

Cr (mg/dl) 0.02 ± 0.02 0.02 ± 0 0.91

Recovery time (min) 37.5±3.9 36.7±5.1 0.13

Operation time (min) 106 ±48 99 ± 31.6 0.19



AMINO ACID DURING SA FOR HIP ARTHROPLASTYTHE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR
VOLUME 10. NUMBER 7. JULY 2022

)631(

Acknowledgement 
We are grateful to thank central Imam-Reza operating 

room personnel for their help. The study was partly 
supported by grant from Deputy research council of 
Mashhad medical University. 

Mohammad Alipour MD1

Mehryar Taghavi Gillani MD2

Alireza Bameshki MD3

Majid Razavi MD2

Leila Mashhadi MD3

Marjan Amiriani MD4

Arash Peivandi Yazdi MD2

1 Department of Anesthesiology, Faculty of medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran 
2 Lung Disease Research Center, Department of 
Anesthesiology, Mashhad University of Medicine 
Sciences, Mashhad, Iran
3 Lung Diseases Research Center, Mashhad University of 
Medicine Sciences, Mashhad, Iran 
4 Faculty of Medicine Mashhad University of Medicine 
Sciences, Mashhad, Iran

10.	Yamaoka I. Modification of core body temperature 
by amino acid administration. Asia Pacific journal of 
clinical nutrition. 2008;17(S1):309-11.

11.	Duthie DR. Aminoacid infusions to prevent 
postoperative hypothermia. The Lancet. 
1996;347(9010):1199.

12.	Kamitani K, Higuchi A, Nohara A, Takagi M, Tokutake 
M, Horikawa H, et al. Effect of amino acid solution 
on intraoperative core temperature the influence 
of anesthetics. Masui The Japanese journal of 
anesthesiology. 2005;54(11):1258-62.

13.	Kamitani K, Yoshida H, Takagi M, Minami M, Tokutake 
M, Kishi R, et al. Effect of amino acid infusion 
for prevention of intraoperative hypothermia 
during laparotomy. Masui The Japanese journal of 
anesthesiology. 2006;55(10):1216-21.

14.	Chandrasekaran T, Morgan R, Mason R, Mangat P, 
Watkins A, Carr N. Nutrient induced thermogenesis 
during major colorectal excision–a pilot study. 
Colorectal Disease. 2005;7(1):74-8.

15.	Yokoyama T, Yamaoka I, Hitosugi T, Selldén E. Amino 
Acids during Perioperative Period. Open Journal of 
Anesthesiology. 2017;7(09):287.

16.	Moriyama T, Tsuneyoshi I, Omae T, Takeyama M, 
Kanmura Y. The effect of amino-acid infusion during 
off-pump coronary arterial bypass surgery on 
thermogenic and hormonal regulation. Journal of 
anesthesia. 2008;22(4):354.

17.	Lee LI, Lin CC, Chen MC, Lin CH, Shyr MH. Anesthesia 
duration and hypothermia affect graft survival 
in vascularized free flap surgery. Tzu Chi Med J. 
2005;17:17–20.

18.	Agrawal N, Sewell DA, Griswold ME, Frank SM, Hessel 
TW, Eisele DW. Hypothermia during head and neck 
surgery. Laryngoscope. 2003;113:1278–82. 

19.	Sessler DI ,Miller RD, editor. Temperature monitoring 
. Anesthesia. 5thed. Churchill Livingstone; 2000. pp. 
1367–89

20.	Gupta N, Sehgal R, Kumar R, Sharma KR, Gupta A, 
Agrawal N. A prospective randomized double blind 

References

1.	 Zeba S, Š�urbatović M, Jevtić M, Filipović N, Popović 
N, Radaković S, et al. Influence of perioperative 
administration of amino acids on thermoregulation 
response in patients underwent colorectal surgical 
procedures. Vojnosanitetski pregled. 2007;64(6):421-4.

2.	 Taghaddomi RJ, Mashhadinezhad H, Attar AS, 
Peivandi A. The effect of intravenous tranexamic acid 
on blood loss in lumbar hernial disc resection under 
inhalation and total intravenous anesthesia. Iranian 
Red Crescent Medical Journal. 2009;11(3):265.

3.	 Widman J, Hammarqvist F, Selldén E. Amino acid 
infusion induces thermogenesis and reduces blood 
loss during hip arthroplasty under spinal anesthesia. 
Anesthesia & Analgesia. 2002;95(6):1757-62.

4.	 Xu Q, Zhu M, Li Z, Zhu J, Xiao F, Liu F,et al. Enhanced 
recovery after surgery protocols in patients 
undergoing liver transplantation: A retrospective 
comparative cohort study. Int J Surg. 2020;78:108-
112. 

5.	 Melloul E, Lassen K, Roulin D, Grass F, Perinel J, 
Adham M, et al. Guidelines for Perioperative Care for 
Pancreatoduodenectomy: Enhanced Recovery After 
Surgery (ERAS) Recommendations 2019. World J 
Surg. 2020;44(7):2056-2084. 

6.	 Mizobe T, Nakajima Y. Dietary-induced thermo-
genesis and perioperative thermoregulation. 
Masui The Japanese journal of anesthesiology. 
2007;56(3):305-16.

7.	 Sahin A, Aypar U. Effect of amino acid solutions 
on intraoperative hypothermia and postoperative 
shivering. Comparison of two anesthetic regimens. Acta 
anaesthesiologica scandinavica. 2002;46(1):64-7.

8.	 Sellden E, Bränström R, Brundin T. Preoperative 
infusion of amino acids prevents postoperative 
hypothermia. British journal of anaesthesia. 
1996;76(2):227-34.

9.	 Selldén E, Lindahl SG. Amino acid-induced 
thermogenesis reduces hypothermia during 
anesthesia and shortens hospital stay. Anesthesia & 
Analgesia. 1999;89(6):1551.



AMINO ACID DURING SA FOR HIP ARTHROPLASTYTHE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR
VOLUME 10. NUMBER 7. JULY 2022

)632(

study to evaluate the effect of infusion of amino acid 
enriched solution on recovery from neuromuscular 
blockade.Indian J Anaesth.2009;53:318–23. 

21.	Sun X, Yang H, Li X, Wang Y, Zhang C, Song Z, et al. 
Randomized controlled trial of moderate hypothermia 
versus deep hypothermia anesthesia on brain injury 

during Stanford A aortic dissection surgery. Heart and 
vessels. 2018;33(1):66-71.

22.	Insler SR, Sessler DI. Perioperative thermoregulation 
and temperature monitoring. Anesthesiol Clin. 2006 
Dec;24(4):823-37. 


