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Abstract 
Objective: Nutritional deficiencies are associated with increased morbidity and mortality during 
and after surgery. The present study evaluated nitrogen retention after transoperative intraven-
ous infusion of amino acids and glucose. Design: Prospective study. Setting: Large community hos-
pital. Patients: 18 randomly chosen patients undergoing medium or major surgeries. Interven-
tions and Measurements: The experimental design included a 12-hour period before surgery (P1), 
a trans-operative period of 6 hours (P2), an early postoperative period (P3, 18 hours), and a late 
postoperative period (P4, 24 hours). Urinary amino acid and nitrogen were analyzed from P1 
through P4. Group I, nine patients, received Ringer’s lactate solution with 5% glucose, and Group 
II, another nine patients, received a 6.6% amino acid and 16.6% glucose solution over a 6-hour 
trans-operative period (P2) starting from the anesthesia procedures. All surgical procedures 
lasted a maximum of 3 hours. Results: There was no statistically significant difference in urinary 
amino acid or adrenaline excretion between P1 and P4 in either group. Nitrogen excretion values 
were also similar for both groups, i.e., 0.39 ± 0.16 and 0.39 ± 0.28 g/hour, respectively. The nitro-
gen balance showed greater nitrogen retention (−0.25 ± 0.24 g/hour) in the group receiving the 
amino acid infusion compared to the group receiving Ringer’s lactate solution (−0.59 ± 0.26 
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g/hour) (P < 0.05). Blood plasma urea nitrogen and glycaemia did not increase at the end of the 
study (P4 period) in either group. Conclusion: These data indicate that trans-operative infusion of 
glucose and amino acids can be beneficial for patients submitted to surgical stress in terms of ni-
trogen retention. 
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1. Introduction 
Surgically advances in parenteral and enteral feeding have created the foundation of perioperative metabolic 
care, which includes better identification of malnourished patients [1]. Thus, the offer of nutrients before, during 
or after an anesthetic procedure may be beneficial to patient undergoing surgery, resulting in a lower prevalence 
of postoperative co-morbidity [2] [3]. In parallel, the postoperative use of amino acid solutions reduces protein 
loss and/or improves the nitrogen balance after surgery [4]. However, the use of trans-operative intravenous 
glucose [5] [6], or a routine perioperative formula enriched with arginine, gamma-3-fatty acid and RNA [7], 
does not have any beneficial effect on surgical patients. 

Data regarding nitrogen retention during the trans-operative period are scarce. Since surgical procedures may 
lead to changes in protein metabolism, the objective of the present study was to determine whether the intra-
venous infusion of amino acids and glucose during the trans-operative period could alter urinary nitrogen and 
amino acid excretion, and therefore improve the nitrogen balance 18 to 48 hours after surgery, without increas-
ing stress (urinary adrenaline excretion). 

2. Methods and Materials 
The study was conducted on 18 patients submitted to medium or major surgeries classified according to the cri-
teria of the American Society of Anesthesiology [8], at the general surgery service of the University Hospital, 
Federal University of Alagoas, Brazil, and approved by the local Ethics Committee. The anesthesia procedure 
was the same for all patients. 

Exclusion criteria were pregnancy, digestive diseases with impaired absorption, chronic diarrhea, acute liver 
failure, acquired immunodeficiency syndrome, renal failure, diabetes mellitus, thyroid disorders and trans-oper- 
ative cardiac arrest. No patient was on drugs that could affect catecholamine or cytokine metabolism. 

The selected patients were randomly assigned to two groups of 9 individuals each (Table 1). Figure 1 shows 
the experimental design. Group I was submitted to the standard procedures of the hospital, receiving Ringer’s 
lactate solution in combination with 500 mL of a 5% glucose solution (25 g of glucose; ~280 mOsmol/L) for 6 
hours after the beginning of anesthesia. Group II received trans-operatively a 6.6% infusion of L-amino acids 
(500 mL, 33 g of amino acids; ~620 mOsmol/L) and 16.6% glucose (250 mL, 42 of glucose; ~920 mOsmol/L) 
by peripheral phleboclysis for 6 hours starting from the beginning of anesthesia. The composition of the 
L-amino acid solution, in g/L, was: 5.0 isoleucine, 7.4 leucine, 6.6 lysine, 4.3 methionine, 5.1 phenylalanine, 4.4 
threonine, 2.0 tryptophan, 6.2 valine, 12.0 arginine, 3.0 histidine, 14.0 glycine, 15.0 alanine 15.0, and 15.0 pro-
line. The amount of glucose for group I was the same as the usual glucose infusion for patients, while group II 
received amino acids plus ~75% of glucose more than group I. Considering that the patient weight range varied 
less than 10%, all patients received the same amount of glucose and amino acids as planned for group I or group 
II. Free food and water intake was allowed 48 hours after surgery. 

All patients were admitted to the hospital 24 hours before the surgical procedure for nutritional assessment 
(weight and height) and for biochemical evaluation, urine collection, and 12 hours of pre-anesthesia fasting 
(Figure 1). Urine was collected with a urine collector device. The results are based on a complete urinary col-
lection period. 

Urinary nitrogen excretion was determined by the Kjeldhal [9] method at the following times: P1, 12 hours 
before anesthesia; P2, trans-operative period up to 6 hours; P3, from 6 to 24 hours; P4, from 24 to 48 hours. 
Urinary excretion of 15 amino acids was measured [10] during the P1 and P4 periods. Urinary nitrogen mea-
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surements did not cover any extra-renal losses of nitrogen, but was the same throughout the entire protocol. Ni-
trogen retention was the difference between nitrogen infusion and urinary nitrogen excretion. 

Urinary adrenaline was determined [11] by HPLC using a model LC10A Shimadzu® apparatus equipped with 
an RF35 fluorescence detector and a C18 column packed with OPA HR adsorbosphere, lot 111272 (Allteck, 
USA). 

The results obtained (mean ± standard error) for the two groups were analyzed statistically by the nonparame-
tric Mann-Whitney test, with the level of significance set at P < 0.05. The primary end-point of the study was an 
increase in nitrogen retention after amino acid infusion. 
 

 
Figure 1. Experimental design. Group I was submitted to the standard procedures 
of the hospital, receiving Ringer’s lactate solution in combination with 500 mL of 
a 5% glucose solution (25 g of glucose; ~289 mOsmol/L). Group II, experimental 
group, received transoperative of a 6.6% infusion of L-amino acids, 500 mL (33 g 
of amino acids; ~620 mOsmol/L) and 16.6% glucose, 250 mL (42 g of glucose; 
~920 mOsmol/L). Study phase description: P1 = 6 hours before surgery, fasting 
period. P2, Group I = 6 hours from the surgery beginning, only glucose infusion. 
P2, Group II = 6 hours from the surgery beginning, glucose + amino acid infusion. 
P3 = 18 hours after P2, Ringer solution + 5% glucose infusion, booth groups. P4 = 
24 hours after P3. Free water and food intake, booth groups, as prescribed by re-
sponsible physician.                                                    

 
Table 1. Clinical and biological characteristics of the subjects before surgery*.                                       

 Group I (n = 9)† Group II (n = 9)‡ 

Age (years) 47 ± 5§ 54 ± 7 

Sex 7 females 
2 males 

7 females 
2 males 

BMI (kg/m2) 24 ± 1.3§ 26 ± 1.0 

Arm skinfold (mm) 19 ± 1.0§ 21 ± 0.3 

Arm circumference (cm) 28 ± 1.3§ 25 ± 0.7 

Surgery 

Cholecystectomy (5) 
Subtotal gastrectomy (1) 

Splenectomy (2) 
Amputation of the rectum (1) 

Cholecystectomy (8) 
Subtotal gastrectomy (1) 

Solution infused during surgery Ringer’s lactate (5 - 6 mL/kg/h) + 500 mL 
5% glucose solution 

750 mL of a 6.6% amino acid + 16.6% glucose 
solution followed, if necessary, by Ringer’s  

lactate (5 - 6 mL/kg/h) + 500 mL 5% glucose 
solution 

*Protocol time 0, 12 hours before surgery. See Figure 1 for details. †Control; ‡Experimental; §Mean ± standard error. P > 0.05. 
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3. Results 
Of the 18 individuals studied, 4 were men and 14 were women and patient age ranged from 32 to 73 years. Ac-
cording to body mass index, besides a history of normal food intake, no edema or low albumin level, there were 
no obese or malnourished individuals. All subjects presented a good medical nutritional status. Most patients (n 
= 13) were submitted to standard open cholecystectomy secondary to biliary lithiasis. Blood loss, total fluid in-
fused, surgical time and procedures were similar for all subjects. Table 1 describes the characteristics of the 
control and experimental subjects. 

Urinary nitrogen excretion during the periods evaluated was similar in the two groups studied (Table 2). 
However, the nitrogen balance was significantly more negative in-group I, which did not receive a trans-opera- 
tive amino acid infusion (Table 2). In addition, there was no statistically significant difference in urinary amino 
acid or adrenaline profile between groups (Table 3). 

Biochemical plasma data, including urea nitrogen, creatinine and glucose, were statistically similar before and 
after surgery in each group, with no difference between groups (Table 4). There was no need to use exogenous 
insulin to control glycaemia. 
 
Table 2. Urinary adrenaline, nitrogen data and nitrogen balance during the experimental protocol.                        

Periods* Group I Group II 
 Urinary adrenaline µg/L 

P2 513 ± 127† 461 ± 183 
P4 631 ± 125 795 ± 287 

 Urinary nitrogen g/hour 
P1 0.56 ± 0.12 0.67 ± 0.12 
P2 0.63 ± 0.13 0.95 ± 0.20 
P3 0.58 ± 0.08 0.49 ± 0.09 
P4 0.39 ± 0.05 0.39 ± 0.09 

 Nitrogen balance g/hour 
P1 + P2 + P3 −0.59 ± 0.09 −0.25 ± 0.08 (P < 0.05) 

Total nitrogen intake 0 8 grams 
*Periods: P1 (12 hours before surgery); P2, 6 hours from the beginning of the anesthetic procedure, P3, 6 to 24 hours after surgery; P4, 24 to 48 hours 
after surgery. †Mean ± standard error. 
 
Table 3. Urinary amino acid values, in μmol/L, during the P1 and P4 periods.                                        

 
Group I Group II 

P1* P4* P1* P4* 

Glutamic acid 49 ± 14† 28 ± 4 38 ± 11 25 ± 4 
Alanine 41 ± 14 89 ± 35 35 ± 2 33 ± 9 
Arginine 90 ± 18 98 ± 29 176 ± 110 170 ± 25 

Asparagine 11 ± 2 10 ± 2 11 ± 3 13 ± 3 
Phenylalanine 18 ± 3 19 ± 2 20 ± 4 20 ± 10 

Glycine 94 ± 16 154 ± 41 120 ± 33 184 ± 64 
Glutamine 10 ± 3 11 ± 2 20 ± 6 9 ± 1 
Histidine 64 ± 12 97 ± 24 130 ± 68 134 ± 29 
Isoleucine 9 ± 2 15 ± 6 17 ± 6 19 ± 8 
Leucine 16 ± 5 15 ± 4 18 ± 4 88 ± 43 
Lysine 40 ± 6 50 ± 7 55 ± 14 49 ± 15 

Methionine 10 ± 2 10 ± 2 20 ± 8 10 ± 2 
Tyrosine 63 ± 21 104 ± 55 50 ± 14 41 ± 6 

Threonine 87 ± 47 55 ± 13 66 ± 21 58 ± 15 
Valine 18 ± 4 20 ± 3 30 ± 11 19 ± 4 

*Periods: P1 (12 hours before surgery); P4, 24 to 48 hours after surgery. †Mean ± standard error. 
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Table 4. Biochemical plasma values* before (time 0) and after surgery (time 36). See Figure 1 for details.                 

 
Group I Group II 

Time 0† Time 36 Time 0 Time 36 

Urea nitrogen 
mg/dL 25 ± 3‡ 27 ± 3 27 ± 3 26 ± 2 

Creatinine 
mg/dL 0.7 ± 0.03 0.7 ± 0.03 0.8 ± 0.07 0.8 ± 0.07 

Sodium 
mmol/L 136 ± 2 132 ± 2 136 ± 1 132 ± 1 

Potassium mmol/L 3.6 ± 0.2 4.0 ± 0.1 3.9 ± 0.1 3.9 ± 0.1 

Aspartate aminotransferase U/L 57 ± 13 57 ± 12 54 ± 15 58 ± 16 

Alanine aminotransferase U/L 43 ± 11 44 ± 11 46 ± 15 49 ± 16 

Alkaline phosphatase U/L 74 ± 11 74 ± 11 77 ± 6 116 ± 46 
Total bilirubin 

mg/dL 0.9 ± 0.1 1.5 ± 0.6 0.8 ± 0.1 2.0 ± 1.2 

Thromboplastin% 74 ± 0.3 73 ± 5 82 ± 3 82 ± 3.3 

Albumin 
g/dL 42 ± 2 42 ± 2 40 ± 2 40 ± 2 

Glucose 
mg/dL 109 ± 15 112 ± 15 96 ± 5 96 ± 4 

*From the local Hospital Central Laboratory of Clinical Analysis. †Time 0 = 12 hours before surgery. Time 36 = 24 hours after end of the surgery. See 
Figure 1. ‡Mean ± standard error. 

4. Discussion 
The infusion of extra glucose and amino acids during the trans-operative period did not change glycaemia, uri-
nary excretion of nitrogen or amino acids during the postoperative period, but improved the nitrogen balance 
immediately after surgery. Despite a similar rate of urinary nitrogen excretion per hour, group II retained about 
40% more nitrogen than group I. A glucose-containing solution was chosen for the present protocol in order to 
avoid hypoglycemia during or after surgery. The offer of a glucose solution plus amino acids spared nitrogen for 
protein anabolism or at least maintained the nitrogen balance [12]. 

Although experimental protocols like the present one are not frequently used, the results obtained here 
showed a beneficial effect of amino acid infusion during surgery, with nitrogen retention and without changes in 
plasma levels of nitrogen products such as urea or changes in urinary amino acid excretion. In addition, the 
amino acid infusion did not cause additional stress for the patient, as shown by similar urinary adrenaline values 
in both groups. Similarly, the nitrogen balance was also found to be positive in patients with diabetes type 2 [13] 
receiving an intravenous amino acid infusion, who were hypercatabolic after colorectal surgeries. Reversal of 
the nitrogen balance occurs in these patients without causing hyperglycemia [13]. Besides, a rigid blood glucose 
control did not show any improvement [14]. 

This greater nitrogen retention, with maintained urinary nitrogen loss, is important if we consider that healthy 
persons synthesize about 180 g of muscle per day. To this end, there must be an offer of protein nitrogen 
through the diet and through efficient re-absorption of intestinal juices [15]. During trauma, such as the meta-
bolic response to surgery, protein losses negatively affect the clinical course of patients. Patients who receive an 
amino acid infusion during the postoperative period present greater incorporation of 13C-leucine into ileum 
protein [16], showing that it is possible to maintain and/or recover ileum protein synthesis capacity by infusing 
amino acids in surgical patients. 

It seems increasingly clear that the most habitual protocol, i.e., infusion of a low concentration of glucose or 
triacylglycerides during the operative period, is inefficient in maintaining an adequate nitrogen balance [17]. 
Similarly, the sole infusion of an amino acid solution4 is of little clinical benefit after major surgeries. Also, to-
tal parenteral nutrition 24 hours before and after surgery does not prevent protein loss during the immediate 
postoperative period [18]. 

In the present study, the urinary amino acid profile did not differ significantly between the groups studied. 
Thus, considering the similarities between groups, we may suggest that neither the infusion of amino acids and 
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glucose during the trans-operative period nor the surgical procedure itself induced different situations of meta-
bolic stress between groups. The determinations of amino acids that are eliminated into urine or even their se-
rum concentrations are useful to guide the amino acid composition of these solutions in the presence of catabolic 
stress before surgery [19]. The nitrogen balance was higher for surgical patients receiving individualized solu-
tions compared to control, showing the advantages of the manipulation of amino acid composition in terms of 
nitrogen retention. 

In the search for more specific functions of certain amino acids in the composition of these solutions, some 
studies have looked for more effective formulations, for the protection against catabolism and the maintenance 
of nutritional status after surgery. When a solution enriched with amino acids [20] is employed, a positive nitro-
gen balance after surgery is reached 2 days earlier than observed with the solution habitually employed for 
postoperative support. This schedule leads to a more rapid normalization of serum amino acids and improves 
protein synthesis, with considerable advantages in terms of the recovery of nutritional status. Perioperative nu-
tritional support is also useful to improve the health status of patients undergoing major elective oncological 
surgery in whom no oral intake is anticipated for 7 to 10 days postoperative or of patients with severe preopera-
tive malnutrition [21]. 

Surgeries of medium and high complexity were considered for the present study for the evaluation of meta-
bolic stress, of the impact of glucose infusion, and of the nitrogen balance obtained. The use of the present pro-
tocol did not increase surgical stress, as suggested by the similar urinary excretion of adrenaline observed in the 
two groups. The use of amino acids during the anesthesia period may be of advantage in terms of nitrogen me-
tabolism and may increase thermogenesis, inhibiting hypothermia during the postoperative period [22] [23]. The 
total number of subjects studied was considered adequate because the full protocol was long, and experimental 
protocols with human beings are always difficult to perform and control. 

With advantages over previously used or more habitual procedures such as the discontinuation of any paren-
teral offer or the choice of glucose solutions of low concentration, the infusion of amino acids and glucose dur-
ing surgery, by leaving urinary amino acid levels unchanged and inducing a less negative nitrogen balance, sug-
gests the occurrence of nitrogen incorporation into tissue. This may be useful for an early patient recovery, es-
pecially in the presence of previous malnutrition or of high surgical stress, preventing protein catabolism. 

5. Conclusion 
The results obtained in the present study permit us to recommend amino acid plus glucose infusion during the 
trans-operative period in order to prevent or reduce the negative impact of surgical stress on the nutritional status 
of the patient, favoring a better clinical course. 
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