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Abstract: Objective: To investigate the effect of sodium bicarbonated Ringer’s solution (BRS) on lactate metabo-
lism, acid-base balance, and clinical outcomes in elderly patients undergoing gastrointestinal surgery. Methods: 
A total of 60 elderly patients undergoing gastrointestinal surgery were enrolled in this prospective, randomized 
controlled study. The participants were randomly assigned to the BRS group (n = 30) or sodium lactated Ringer’s 
solution (LRS) group (n = 30) where they received goal-directed fluid therapy with BRS or LRS, respectively. The 
primary outcome was the incidence of postoperative hyperlactatemia, whereas the secondary outcomes included 
pH, bicarbonate, base excess (BE), liver function, and postoperative complications within 30 days. Linear regression 
was conducted to screen the factors affecting lactate concentration. Results: After fluid therapy, the probability of 
hyperlactatemia was lower in the BRS group than in the LRS group (3.3% vs. 40.0%, P < 0.001). No significant differ-
ence in bicarbonate, pH, and BE was observed between the groups (P > 0.05). Furthermore, the incidence of major 
complications and the length of hospital stay were not significantly different (P > 0.05). However, the BRS group 
had a lower risk of minor complications than the LRS group (50.0% vs. 76.7%, P = 0.032), particularly in terms 
of impaired liver function (16.7% vs. 43.3%, P = 0.024). Diabetes, hypotension, and volume of LRS infused were 
highly correlated with lactate concentration. Conclusion: BRS is more beneficial to the reduction of the incidence 
of postoperative hyperlactatemia and the risk of minor postoperative complications in elderly patients undergoing 
gastrointestinal surgery. Therefore, BRS may be a better option for perioperative fluid therapy in elderly patients 
undergoing gastrointestinal surgery.
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Introduction

With population aging, the number of surgeries 
performed in elderly patients is expected to  
significantly increase, with gastrointestinal can-
cers being the leading causes of morbidity and 
mortality in this population [1]. Patients under-
going gastrointestinal surgery are prone to tis-
sue and organ hypoperfusion due to rigorous 
bowel preparation, anesthesia-induced vasodi-
lation, capillary leak caused by surgery-induced 
inflammation, and intraoperative fluid loss, tra-
ditionally [2]. Furthermore, elderly individuals 
have declined organ function reserve and we- 
akened cell metabolic capacity, are susceptible 

to water changes and electrolyte fluctuations 
[3-5], and are at risk for metabolic acidosis and 
hyperlactatemia. Previous studies have found 
that the incidence rate of postoperative hyper-
lactatemia in patients undergoing major ab- 
dominal surgery is 22.7%-61.9% [6-9]. Tissue 
hypoperfusion and lactic acid accumulation 
can lead to complications such as hypoten- 
sion, inflammation, acid-base imbalance, and 
organ function impairment. Therefore, effective 
fluid therapy and lactate concentration control 
are essential for elderly patients.

At present, goal-directed fluid therapy (GDFT) 
has been clinically recognized as the best 
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approach for fluid management in high-risk sur-
gical patients, and crystalloid is the fluid solu-
tion used in patients [10-12]. However, the op- 
timal strategy of crystalloid solution use has 
long been controversial [13]. Sodium lactated 
Ringer’s solution (LRS) is one of the most com-
monly used solutions in surgical procedures 
[12], and it has been shown to aggravate in- 
herent lactic acidosis and increase aerobic 
demand [14, 15]. Sodium bicarbonated Rin- 
ger’s solution (BRS) is a newly emerging cry- 
stalloid solution that has been recently used. 
The composition of BRS is closer to that of 
human plasma, and bicarbonate is metabo-
lized more quickly, requiring less oxygen de- 
mand and extra hepatic metabolism. Recent 
studies have demonstrated that BRS is more 
effective in stabilizing the internal environment, 
reducing lactic acid concentration, correcting 
acidosis, and reducing the incidence of compli-
cations in shock patients [16-18]. 

However, systematic studies on the use of BRS 
in elderly patients undergoing gastrointestinal 
surgery are lacking. Therefore, we conducted a 
randomized controlled trial to compare the 
effects between BRS and LRS based on GDFT 
in elderly patients undergoing gastrointestinal 
surgery.

Materials and methods

Study design and participants

This randomized controlled trial was approved 
by the Clinical Medical Research Ethics Com- 
mittee of the First Affiliated Hospital of Anhui 
Medical University, China (PJ2020-15-21), and 
registered at the Chinese Clinical Trial Registry 
(ChiCTR2000039406). It was also conduct- 
ed at the same institution from January to 
November 2021. The study was conducted in 
accordance with the CONSORT guidance and 
the Declaration of Helsinki.

The inclusion criteria were patients aged 60- 
85 years, classified as American Society of 
Anesthesiologists (ASA) II-III, with confirmed 
diagnosis of gastrointestinal cancer, in accor-
dance with the indications of elective open gas-
trointestinal surgery, with surgery duration of 
2-4 h, and who signed informed consent after 
being informed of the study. 

The exclusion criteria were significant arrhyth-
mia or aortic insufficiency; severe cardiac insuf-

ficiency; serious dysfunction of the liver (Child-
Pugh grade C), kidney (renal failure), lung, and 
other organs; preoperative mental illness; 
hypermagnesemia or hypothyroidism; and em- 
ergency surgery. Patients with incomplete data 
were also excluded.

Randomization and blinding

All the included patients were divided into two 
groups, BRS and LRS, at a ratio of 1:1 via com-
puter-generated randomization. Anesthesiolo- 
gists were not blinded to the arm assignment, 
but all investigators and patients were unaware 
of the treatment allocation during the study; 
statistical analysis was also blinded. Intraope- 
rative and postoperative data were collected by 
medical students not involved in the trial.

Perioperative management

All the patients were fasted for at least 8 h  
prior to surgery with intestinal preparation. 
Standard monitoring for this procedure includ-
ed pulse oximetry (SpO2), electrocardiogram, 
invasive blood pressure, and processed el- 
ectroencephalography (BIS, Aspect Medical 
Systems, Inc., USA). Subsequently, all patients 
received complete intravenous anesthesia. 
Anesthesia was induced using etomidate (0.2-
0.3 mg/kg), sufentanil (0.2-0.5 μg/kg), and 
cisatracurium (0.15-0.3 mg/kg), followed by 
propofol to maintain BIS at 40-60 combined 
with remifentanil (2-6 ng/mL) during the who- 
le surgery. Mechanical ventilation parameters 
were set to maintain the pressure of end-tidal 
carbon dioxide (PETCO2) near 35 mmHg, and 
tidal volume was set to 8-10 mL·kg-1. Naso- 
pharyngeal temperature was monitored, and 
normal body temperature (core temperature > 
36°C) was maintained by forced air heating. 
Stroke volume variation (SVV) was continuously 
monitored using FloTrac/Vigileo.

The LRS group received LRS (H20065323, 
specification 500 mL; Sichuan Pacific Phar- 
maceutical, China), whereas the BRS group 
received BRS (H20190021, specification 500 
ml; Jiangsu Hengrui Pharmaceutical, China), 
depending on the randomization. Throughout 
the surgery, the patients received 2 mL·kg-1·h-1 
as baseline rate infusion. The ideal body weight 
for fluid administration according to Robinson’s 
formula [14] was as follows: male: 52 kg + 1.9 
kg per 2.5 cm above 150 cm, female: 49 kg + 
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1.7 kg per 2.5 cm above 150 cm. In both 
groups, crystalloid solution (single bolus: 100 
mL) was administered when SVV > 12%, but in 
case hypotension (mean arterial pressure fall-
ing below 65 mmHg within 5 min) occurred 
when SVV < 12%, ephedrine or phenylephrine 
was administered intermittently, or even nor-
adrenaline continuously. The use of hydroxy-
ethyl starch or gelatins was not allowed. The 
perioperative patient blood management fol-
lowed the guidelines of the China, transfusion 
of whole blood and blood components WS/T 
623-2018. Red blood cells were transfused to 
maintain hemoglobin ≥ 70 g/L when the hemo-
globin level dropped below 70 g/L. Albumin 
was infused when the albumin level was lower 
than 30 g/L. To eliminate any possible effects 
of the surgical technique, the procedures and 
perioperative management were performed by 
the same surgical group. All patients received 
1.5 mL·kg-1·h-1, 5% dextrose-NaCl as postope- 
rative maintenance fluid. If additional volume 
was required, LRS or normal saline was given 
as preferred by the doctor. 

Outcome measures

The primary outcome was the incidence of 
postoperative hyperlactatemia. Hyperlactate- 
mia is generally defined as arterial blood lac-
tate concentration > 2.0 mmol/L [19]. Mode- 
rate hyperlactatemia is defined as lactate con-
centration between 2 and 5 mmol/L, whereas 
lactate concentration > 5 mmol/L is referred to 
as severe hyperlactatemia. 

The secondary outcomes included changes in 
pH, bicarbonate, base excess (BE), liver func-
tion, and postoperative complications within 
30 days (the definition of the complications is 
presented in Appendix 1), and the risk factors 
for lactate accumulation were analyzed.

Data collection

Arterial blood gas analysis was conducted 
using GEM Premier 3500 (Instrumentation 
Laboratory Co., USA) at T0 (before fluid therapy), 
T1 (1 h after the start of surgery), and T2 (end of 
the surgery). Lactate concentration, pH, BE, 
and bicarbonate acid were measured. Venous 
blood (3-5 mL) was collected pre- and postop-
eratively to test albumin, total bilirubin (TBIL), 
alanine aminotransferase (ALT), and aspar- 
tate aminotransferase (AST) using the Au2700 

automatic biochemical analyzer (Olympus Cor- 
poration). At follow-up, the patients’ clinical 
symptoms, examination reports, and medical 
files within 30 days were collected, and then 
data was compiled with the surgeons report to 
diagnose the postoperative complications.

Statistical analysis 

Sample size was calculated using PASS 11.0 
(NCS-PASS 11), the incidence of postoperative 
hyperlactatemia was 35% in the LRS group 
based on our pre-experimental results, and we 
estimated that a sample size of 54 patients (27 
in each group) would reduce 80% power to 5% 
in the BRS group after randomization with a 
two-sided α level of 0.05. Considering the 15% 
dropout rate, a total of 64 patients (32 in each 
group) should be enrolled in this study.

The SPSS software version 25.0 (SPSS, Inc., 
Chicago, IL, USA) was used for statistical an- 
alysis. The normality of continuous data was 
determined using the Shapiro-Wilk test. Quan- 
titative data were expressed as mean ± stan-
dard deviation or median (quartile distance, 
IQR) depending on their distribution. Normally 
distributed data were evaluated using indepen-
dent t-test, whereas other quantitative data 
were analyzed using the Mann-Whitney U test. 
Pearson’s χ2 test or Fisher’s exact test was 
used to compare the categorical variables 
between the two groups. Univariate and multi-
variable linear regression analyses were con-
ducted to study the relationship between lac-
tate concentration and some independent 
variables. For all analyses, P < 0.05 indicated  
a statistically significant difference. GraphPad 
Prism 8.0 (GraphPad Software, La Jolla, Cali- 
fornia, USA) was used to construct the figures.

Results

Baseline characteristics 

A total of 64 patients were initially recruited for 
the study, and four were lost to follow-up. Thus, 
only 60 patients were included in the final anal-
ysis (Figure 1). The baseline clinical data of the 
two groups are summarized in Table 1. No sig-
nificant differences were observed between 
the two groups in terms of sex, age, body mass 
index (BMI), ASA, type of surgery, and other 
baseline data (all P > 0.05).
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Figure 1. Flowchart Diagram. BRS: sodium bicarbonated Ringer’s solution; LRS: sodium lactated Ringer’s solution.

Perioperative parameters

As presented in Table 2, the duration of surgery 
and anesthesia was comparable between the 
two groups. Similarly, fluid replacement, blood 
loss, urine volume, hypotension, utilization rate 
of vasoactive drugs, blood component transfu-
sion, and hemodynamics were not different 
between the groups (all P > 0.05).

Incidence of postoperative hyperlactatemia

No statistical difference in lactate concentra-
tion was observed between the two groups 
before fluid therapy (Figure 2). After infusion, 
lactate concentration increased in the LRS 
group but decreased in the BRS group, and 
postoperative hyperlactatemia occurred in 
3.3% (1/30) of the patients in the BRS group 

versus 40.0% (12/30) of the patients in the 
LRS group (P < 0.001, Table 3). In addition, 
hyperlactatemia was moderate in both groups.

Perioperative pH, bicarbonate and BE levels

Bicarbonate, pH, and BE had no statistical sig-
nificance at any time points and were within the 
normal range (all P > 0.05, Figure 2).

Liver function indices before and after surgery

Before surgery, no significant difference was 
observed in the liver function indices between 
the groups (all P > 0.05). After surgery, the ALT 
was significantly lower in the BRS than in the 
LRS group (P < 0.05, Figure 3), whereas no sig-
nificant difference was observed in albumin, 
TBIL, and AST (all P > 0.05).
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Table 1. Baseline characteristics of the patients
Characteristics BRS (n = 30) LRS (n = 30) χ2/t P
Age (years) 70.3 ± 6.5 71.0 ± 6.2 0.406 0.686 
Sex, male (n, %) 22 (73.3) 21 (70) 0.082 0.774 
Weight (kg) 59.4 ± 7.3 58.2 ± 10.2 -0.553 0.582 
Height (cm) 164.7 ± 6.2 163.9 ± 7.6 -0.482 0.632 
BMI (kg/m2) 22.0 (19.6, 23.5) 21.6 (18.7, 24.4) -0.473 0.636 
Ideal body weight (kg) 62.3 ± 5.6 61.0 ± 7.2 -0.804 0.425 
ASA physical status (n, %) 1.111 0.292 
    II 10 (33.3) 14 (46.7)
    III 20 (66.7) 16 (53.3)
CCI 6 (5, 7) 6 (5, 7) 0.654 0.694 
Hypertension (n, %) 10 (33.3) 12 (40) 0.287 0.592 
Diabetes (n, %) 6 (20) 5 (16.7) 0.111 0.739 
Type of surgery (n, %) 0.000 1.000 
    Gastrectomy 21 (70) 21 (70)
    Colon surgery 3 (10) 3 (10)
    Rectal surgery 6 (20) 6 (20)
Note: Values are expressed as mean ± SD, median (IQR), or number (%). BRS: sodium bicarbonated Ringer’s solution; LRS: so-
dium lactated Ringer’s solution; BMI: body mass index; ASA: American Society of Anesthesiologists; CCI: Charlson Co-morbidity 
index.

Incidence of postoperative complications 
within 30 days 

In terms of major postoperative complications 
and length of hospital stay, no significant dif- 
ference was observed between the two groups 
(P > 0.05, Table 4). Four (13.3%) and nine (30%) 
patients developed major complications in the 
BRS and LRS groups, respectively (P = 0.117). 
Contrarily, the overall incidence of minor com-
plications was significantly lower in the BRS 
than in the LRS group (50.0% vs. 76.7%, P = 
0.032), particularly to reduce the incidence of 
impaired liver function (16.7% vs. 43.3%, P = 
0.024, Table 4).

Linear regression of lactate concentration

Table 5 presents the coefficients and p-values 
from the simple linear regression models and 
adjusted multivariable linear regression model 
of lactate concentration. Diabetes, hypoten-
sion, volume of LRS infused, and volume of 
BRS infused were significant (P < 0.05) in the 
simple linear predictions of lactate concentra-
tion. Furthermore, diabetes, hypotension, and 
volume of LRS infused were highly correlated 
with lactate concentration in the adjusted mul-
tivariable model, and the model described 
68.0% of the variation in lactate concentra- 
tion.

Discussion

Timely fluid therapy can ensure blood perfusion 
of tissues and organs, particularly for elderly 
patients, physiologic aging changes make the 
incidence of occult hypovolemia as high as 
60%, but also prone to fluid overload [20]. 
Compared with open and restricted fluid thera-
py, GDFT can more accurately control the infu-
sion volume and improve prognosis [21, 22]. 
However, the effect of fluid therapy needs to be 
improved further by using better fluid.

In this study, we compared the efficacy of LRS 
and BRS in elderly patients undergoing gastro-
intestinal surgery and found that BRS reduced 
arterial blood lactate concentration and the 
incidence of postoperative hyperlactatemia. In 
fact, there are no new clinically relevant indi- 
cators in the internal environment for elderly 
patients, and previous studies consider BE 24 
h [23] after inclusion or blood gas (lactate con-
centration, serum electrolytes, and pH from 
blood gas) [24] as the primary outcome. BE is 
generally used as an indirect estimate of tissue 
acidosis and a surrogate marker for lactate 
elevation in patients with tissue perfusion in- 
jury, such as sepsis [25]. However, based on 
GDFT in combination with vasoactive drugs for 
hemodynamic management in our study, the 
results indicated less probability of tissue hypo-
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Table 2. Perioperative profiles of the patients
Variables BRS (n = 30) LRS (n = 30) χ2/t P
Surgery duration (min) 130.5 (120, 160) 128.5 (120, 170) -0.127 0.899 
Anesthesia duration (min) 157.5 (140, 180) 150 (138, 185) -0.422 0.673 
Cumulative fluid volume (ml) 1850 (1675, 2125) 1750 (1600, 1925) -1.433 0.152 
Fluid per minute of anesthesia (ml·kg-1·h-1) 11.21 (10.44, 13.81) 11.84 (9.42, 13.44) -0.414 0.679
Blood loss (ml) 400 (200, 625) 400 (200, 600) -0.106 0.916
Urine volume (ml) 225 (200, 425) 200 (138, 300) -1.518 0.129 
Hypotension (n, %) 10 (33.3) 12 (40) 0.287 0.592
Duration of hypotension (min)
    MAP < 65 mmHg 0 (0, 5) 5 (0, 15) 1.002 0.149 
    MAP < 60 mmHg 0 (0, 0) 0 (0, 1) 0.332 0.511 
    MAP < 50 mmHg 0 (0, 0) 0 (0, 0) 0.134 0.317 
Patients requiring vasopressors (n, %)
    Ephedrine 8 (26.7) 7 (23.3) 0.089 0.766 
    Phenylephrine 4 (13.3) 8 (26.7) 0.938 0.333 
    Noradrenaline 0 (0) 1 (3.3) 0.000 1.000 
Blood component transfusion
    red blood cells (units) 0 (0, 0) 0 (0, 0) -0.732 0.464
    albumin (g) 0 (0, 5) 0 (0, 20) -0.755 0.450
MAP (mmHg) 
    Preoperative 96.3 ± 9.7 101.0 ± 15.1 1.432 0.157 
    Postoperative 97.2 ± 16.2 96.2 ± 18.9 -0.227 0.821 
Heart rate (beats/min)
    Preoperative 73 ± 12 73 ± 14 0.150 0.881 
    Postoperative 68 ± 13 71 ± 16 0.664 0.509 
SVV (%)
    Preoperative 12.61 ± 3.10 14.03 ± 2.96 1.812 0.075
    Postoperative 7.49 ± 2.74 6.92 ± 2.28 -1.019 0.317
Postoperative maintenance fluid (ml)
    LRS 0 (0, 0) 0 (0, 0) 0.853 0.393
    normal saline 0 (0, 100) 0 (0, 0) 0.605 0.545
Note: Values are expressed as mean ± SD, median (IQR), or number (%). BRS: sodium bicarbonated Ringer’s solution; LRS: 
sodium lactated Ringer’s solution; MAP: mean arterial pressure; SVV: stroke volume variation.

perfusion. Meanwhile, hyperlactatemia may 
occur with or without concurrent metabolic  
acidosis because buffering mechanisms may 
compensate when hyperlactatemia occurs 
without worsening tissue perfusion [26]. This 
suggests that BE has limited significance in the 
diagnosis for exogenous lactate infusion; thus, 
we finally considered lactate concentration as 
the primary outcome. As regards lactate, as a 
precursor of bicarbonate, 70% is metabolized 
through the liver in about 60 min and 25%-30% 
through the kidney [27]. Although Zitek et al. 
[28] have illustrated that administration of 
30-mL/kg LRS does not increase serum lac-
tate in healthy individuals, our results indicated 

that the application of LRS during surgery is 
likely to promote lactate accumulation in el- 
derly patients as it exceeds the liver function 
reserve [29, 30]. Lactate accumulation can 
increase the metabolic burden of liver, nega-
tively affect the acid-base balance, and weaken 
the buffering effect of LRS and is closely relat-
ed to postoperative complications and mortali-
ty after abdominal surgery [7, 31, 32].

Then we further investigated the liver function 
indices. The ALT level was significantly lower in 
the BRS than in the LRS group after fluid thera-
py. AST is present primarily in the liver and 
other organs, including cardiac and skeletal 
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Figure 2. Comparison of lactate (A), pH (B), base excess (C) and bicarbonate (D) at different time points between 
the two groups. After infusion, lactate concentration in the LRS group increased while decreased in the BRS group, 
and there were significant differences between the two groups at 1 hour after the start of surgery and at the end 
of the surgery (*P < 0.05). PH, bicarbonate and base excess had no statistical significance at any time points. LRS: 
sodium lactated Ringer’s solution; BRS: sodium bicarbonated Ringer’s solution; Lac: lactate; T0: before fluid therapy; 
T1: 1 hour after the start of surgery; T2: at the end of the surgery.

Table 3. Comparison of postoperative hyperlactatemia between the two groups [n, (%)]
Severe hyperlactatemia Moderate hyperlactatemia No hyperlactatemia Total hyperlactatemia

BRS (n = 30) 0 (0) 1 (3.3) 29 (96.7) 1 (3.3)
LRS (n = 30) 0 (0) 12 (40) 18 (60) 12 (40)
χ2 11.882
P < 0.001
Note: Values are expressed as number (%). BRS: sodium bicarbonated Ringer’s solution; LRS: sodium lactated Ringer’s solu-
tion.

muscles, kidney, and brain, and is thus a more 
specific marker of hepatocellular cell injury 
[33]. Indeed, although mostly temporarily ele-
vated, increased enzymatic levels are also 
associated with metabolic disorders as well as 
increased hepatic and cardiovascular adverse 
outcomes [34, 35].

In addition, the results indicated that pH, bicar-
bonate, and BE were comparable between the 
two groups. BRS can maintain acid-base bal-
ance well without causing complications, such 

as metabolic alkalosis and CO2 accumulation. 
This finding is inconsistent with those of other 
studies that found BRS to increase BE, bicar-
bonate, and pH [36]. This may be because 
bicarbonate is directly dissociated from sodium 
bicarbonate and can be rapidly excreted th- 
rough respiration without accumulation over 
time, particularly in the intervention to control 
PETCO2 at a low level.

Although no significant difference was observ- 
ed in the major complications between the two 
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Figure 3. Liver function indices preoperative and postoperative. A: Albumin; B: TBIL; C: ALT; D: AST. No significant dif-
ference was observed in albumin, TBIL and AST, while ALT values were significant lower in BRS group than LRS group 
after surgery (*P < 0.05). TBIL: total bilirubin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LRS: 
sodium lactated Ringer’s solution; BRS: sodium bicarbonated Ringer’s solution.

groups, the overall incidence of minor compli-
cations was significantly lower in the BRS than 
in the LRS group. This may be because LRS can 
cause granulocyte respiratory burst, release 
inflammatory mediators, and increase tissue 
edema [37]. Previous studies have also found 
that BRS can improve lactate metabolism and 
coagulation function as well as inhibit the 
expression of inflammatory factors, thereby re- 
ducing the risk of complications [18, 36, 38, 
39]. An observational study involving 874 
patients undergoing major abdominal surgery 
demonstrated that elderly patients were at an 
increased risk of minor complications and that 
the rate of major complications was similar to 
those in younger patients [40]. Therefore, re- 
ducing the rate of minor complications through 
BRS infusion is meaningful for the prognosis  
of elderly patients undergoing gastrointestinal 
surgery. 

Finally, investigating the factors influencing  
the arterial lactate concentration, the adjust- 
ed multivariable regression model indicated 
that the LRS infusion volume, hypotension,  
and hyperglycemia were statistically significant. 
Previous studies have suggested that LRS in- 
fusion causes lactate accumulation in patients 
with poor liver function; however, there is no 
clear study on the relationship between infu-
sion volume and lactate concentration. Our 
study found a strong correlation between infu-
sion volume and lactate concentration in elder-
ly patients undergoing gastrointestinal surgery. 
Meanwhile, we found that the estimated lac-
tate levels in patients with hyperglycemia were 
0.285 mmol/L higher than those in healthy 
patients. Patients with diabetes have elevated 
glycated hemoglobin levels, decreased hemo-
globin oxygen-carrying capacity, disturbed glu-
cose metabolism, and increased glycolysis, 
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Table 4. Postoperative recovery profile

Variables BRS  
(n = 30)

LRS  
(n = 30) χ2/t P

Major complications (n, %) 4 (13.3) 9 (30.0) 2.455 0.117 
    Anastomotic leakage 1 (3.3) 4 (13.3) 0.873 0.350 
    Peritonitis 0 (0) 1 (3.3) 0.000 1.000 
    Re-operation 0 (0) 1 (3.3) 0.000 1.000 
    Pneumonia 2 (6.7) 4 (13.3) 0.185 0.667 
    Deep venous thrombosis 1 (3.3) 0 (0) 0.000 1.000 
    Arrhythmia 0 (0) 1 (3.3) 0.000 1.000 
    Stroke 1 (3.3) 1 (3.3) 0.000 1.000 
    Mortality 0 (0) 0 (0) - NA
Minor complications (n, %) 15 (50.0) 23 (76.7) 4.593 0.032 
    Urinary and other infection 2 (6.7) 0 (0) 0.517 0.472 
    Wound bleeding 3 (3.3) 11 (36.7) 4.565 0.033 
    PONV 9 (30.0) 11 (36.7) 0.300 0.584 
    Cough and expectoration 8 (26.7) 14 (46.7) 2.584 0.108 
    Impaired liver function 5 (16.7) 13 (43.3) 5.079 0.024 
    Pruritus 1 (3.3) 2 (6.7) 0.000 1.000
Length of hospital stay (days) 9 (8, 11) 11 (8, 14) -1.379 0.058 
Note: Values are expressed as median (IQR) or number (%). BRS: sodium bi-
carbonated Ringer’s solution; LRS: sodium lactated Ringer’s solution; PONV: 
postoperative nausea and vomiting.

Table 5. Variables and their coefficients and p-values for 
simple and adjusted multivariable linear regression models 
of lactate concentration

Variables Simple 
Coefficient P

Adjusted
Multivariable 
Coefficient

P

Age (years) 0.013 0.305
Sex, male 0.087 0.616
BMI (kg/m2) 0.007 0.749
CCI 0.083 0.272
Diabetes 0.490 0.013 0.343 < 0.001
Hypertension 0.168 0.409
Type of surgery -0.112 0.250
Hypotension 0.331 0.031 0.222 0.007
LRS (ml·kg-1·h-1) 0.069 < 0.001 0.491 0.018
BRS (ml·kg-1·h-1) -0.064 < 0.001 -0.246 0.230
Surgery duration (min) 0.001 0.780
Note: The multivariable model explained 68.0% of the variation in lactate. 
BMI: body mass index; CCI: Charlson Co-morbidity index; LRS: sodium lac-
tated Ringer’s solution; BRS: sodium bicarbonated Ringer’s solution.

leading to increased lactate production [41]. 
Hypotension during anesthetic surgery causes 
hypoxia and hypoperfusion, which increase lac-
tic acid production; our results indicate that 
hypotension is a risk factor for increased post-

operative lactate after gastrointes-
tinal surgery [42]. According to our 
results, monitoring of lactate con-
centration and rational control of 
blood pressure should be strength-
ened in patients with diabetes and 
patients with decreased liver func-
tion reserve during fluid therapy.

This study has some limitations 
that need to be acknowledged. 
First, we only recruited elderly pa- 
tients who underwent open gastro-
intestinal surgery. Whether the cur-
rent findings could be generalized 
to other patients need to be deter-
mined. Second, this is a single-cen-
ter study; although the sample size 
was sufficient for the primary out-
come, further multicenter, large-
sample randomized controlled tri-
als are warranted to determine 
variations in adverse outcomes 
(i.e., complications, mortality). We 
will study the related inflammatory 
factors and coagulation function to 
further explain the mechanism of 
the effect on complications.

In conclusion, sodium bicarbonat-
ed Ringer’s solution is more effec-
tive than sodium lactated Ringer’s 
solution in reducing the incidence 
of postoperative hyperlactatemia 
and postoperative minor compli- 
cations, particularly impaired liver 
function. Hence, BRS may be a  
better choice of fluid for elderly 
patients undergoing gastrointesti-
nal surgery.
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Appendix 1. Definitions of complications
Complications Requirement
Major complications
    Anastomotic leakage A defect of the intestinal wall at the anastomotic site leading to a communication 

between the intra- and extra-luminal compartments.
    Peritonitis Infection or inflammation of the peritoneum caused by intestinal perforation, trauma, 

postoperative infection from drains, or direct spread of infected organ.
    Re-operation Need re-surgery to repair because of postoperative anastomotic fistula and other 

problems. 
    Pneumonia The presence of new and/or progressive pulmonary infiltrates on chest radiograph plus 

two or more of the following:
● fever of 38.5°C or higher, or postoperative hypothermia less than 36°C;
● leukocytosis of 10,000 white blood cell/mm3 or greater or leukopenia less than 
4,000 white blood cell/mm3; 
● purulent sputum; and/or; 
● new onset or worsening cough or dyspnea.

    Deep venous thrombosis Venous reflux disorder caused by abnormal coagulation of blood in deep veins. 
    Arrhythmia Electrocardiograph evidence of cardiac rhythm disturbance.
    Stroke Embolic, thrombotic, or hemorrhagic cerebrovascular event with persistent motor, 

sensory, or cognitive dysfunction confirmed by computerized tomography, magnetic 
resonance imaging, or autopsy.

    Mortality Patient death after primary surgery.
Minor Complications
    Urinary and other infection Local inflammatory signs and specific antibiotic treatment.
    Wound bleeding Postoperative wound dehiscence or bleeding requiring drug treatment.
    Postoperative nausea and vomiting Nausea or vomiting within 24 to 48 h of surgery and requiring antiemetic therapy.
    Cough and expectoration Did not meet the diagnostic criteria for pneumonia.
    Impaired liver function Aspartate aminotransferase, alanine aminotransferase greater than 2 times normal 

value.
    Pruritus Severe itching of the skin.


