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Objective: To compare the effect of isotonic crystalloid solutions between lactated Ringer’s 
solution (LRS) and normal saline solution (NSS) on lactate clearance in septic patients at the 
emergency department (ED).
Materials and Methods: This study is a single-center retrospective chart review. The 
study enrolled patients older than 18 years with sepsis and initial serum lactate level 
>2 mg/dL in the ED. The primary outcome was to determine which isotonic solution 
was better for serum lactate clearance in septic patients. The secondary outcomes were 
serum creatinine change within 24 h and the 48-h survival rate after admission.
Results: A total of 120 patients were enrolled with a median crystalloid volume 
administered in the ED of 1000 mL. Within 2 h of resuscitation, there was no difference 
in lactate clearance between the LRS and NSS groups with median values of 29.2% and 
25%, respectively (P=0.839). The 48-h survival rate after admission did not differ 
between the LRS and NSS groups with median values of 90% and 86%, respectively. 
Both isotonic solutions increased serum creatinine levels within 24 h of treatment with 
median values of 0.3 for each group (P=0.647).
Conclusion: Among septic patients in the ED treated with NSS or LRS, there was no 
difference in lactate clearance, serum creatinine change within 24 h, or 48-h survival. 
However, several factors were associated with increased lactate levels, such as older age 
and use of vasopressors and immunosuppressive agents.
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Plain Language Summary
What is Already Known on This Topic
Isotonic crystalloid solution is the first choice for intravenous fluid resuscitation in 
septic patients.

What This Study Adds
The study shows no difference in lactate clearance for either of the crystalloid fluid 
solutions in septic patients at the emergency department. These factors were associated 
with poor lactate clearance; older age, vasopressor usage, and the immunosuppressive 
agents used.
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Background
Sepsis is an emergency medical condition in which our 
immune system reacts to infection; resulting in organ 
dysfunction.1 According to the Third International 
Consensus Definition for Sepsis and Septic Shock 
(Sepsis-3), sepsis is defined as a “life-threatening organ 
dysfunction caused by a dysregulated host response to 
infection” and organ dysfunction as being “an increase in 
the Sequential (Sepsis-related) Organ Failure Assessment 
(SOFA) score of 2 points or more.”1

The SOFA score is calculated based on many factors, 
including laboratory results. Using this score for triaging 
septic patients before entering the emergency department 
(ED) is not appropriate and resulting in delayed treatment.2 

Even though the quick (q) SOFA is the standard tool for 
triaging septic patients; according to the Sepsis-3 guideline, 
the National Early Warning Score (NEWS) is more prompt 
and efficient than the modified Early Warning Score, qSOFA, 
and the systemic inflammatory response syndrome score 
because the AUROC is high.3

Lactate is an end-product from many types of cells 
which is released into the blood and metabolized by the 
liver and kidneys by direct oxidation or as a source of 
glucose. Sepsis associated hyperlactatemia can be 
explained by many theories, such as tissue hypoxia. 
Meanwhile, sepsis can accelerate the glycolysis process 
by activation of the β2-adrenergic receptor.4 Many studies 
have stated that a serum lactate level above 4 mmol/L in 
patients with septic shock is associated with a poor prog-
nosis and the mortality at 28 days is 4.29 times higher than 
the group with a lactate level <4 mmol/L.5 Moreover, 
lactate production has been associated with increased sym-
pathetic activity (HR ≥ 90) and hypotension (MAP < 65 
mmHg) and is a significant predictor of mortality.6

If the initial serum lactate is higher than 2 mmol/L, 
effectively decreasing the lactate level can decrease mortality 
at 28 days.7 One study showed lactate clearance of over 10% 
after 2 h of fluid resuscitation, which can be used as a goal of 
treatment within the early phase of managing a septic patient, 
or in the least it implies a good response from the treatment.8 

According to a meta-analysis, using lactate clearance as 
a target to guide early therapy is linked to a lower risk of 
death in adult sepsis patients.9

According to the surviving sepsis campaign bundle 2018, 
intravenous fluid is one of the resuscitation strategies to treat 
sepsis as it can decrease the serum lactate level. If the initial 
serum lactate level is above 2 mmol/L before intravenous fluid 

infusion, it is recommended to follow the serum lactate level 
within 2–4 h.10 The recommend fluid is an isotonic solution 
which includes a normal saline solution (NSS) and balanced 
crystalloid solutions. NSS is composed of 154 mmol/L each of 
sodium and chloride ions. A balanced crystalloid solution 
replaces the chloride ions with bicarbonate or another buffer 
such as lactated Ringer’s solution (LRS) which can balance 
the pH of the patient’s blood.11

In non-critically ill adult patients who received at least 
500 mL of isotonic crystalloid solution of either NSS or 
balanced crystalloid solutions such as LRS, Plasma-Lyte, 
or Acetar, there was no difference in 48-hour survival.12 

Meanwhile, in critically ill patients who were admitted to 
the intensive care unit and received the median amount of 
1000 mL of isotonic crystalloid solution, there were lower 
rates of composite outcome of death from any cause, new 
renal-replacement therapy, or persistent renal dysfunction 
compared to the use of NSS.13

Since 2018, Songklanagarind Hospital at the Prince of 
Songkla University has applied NEWS triaging for septic 
patients within the ED. A NEWS score equal to 5, 6, or 7 is 
defined as sepsis and scores 8–20 are defined as severe sepsis. 
For initial resuscitation, we routinely use NSS and LRS. 
Nevertheless, few studies have focused on the type of fluid 
resuscitation utilized in septic patients with the goal of low-
ering serum lactate levels. We focused on these two types of 
fluids, because we wanted to compare the results as well as to 
provide additional information to help clinicians make better 
decisions.

Materials and Methods
Study Design and Setting
A retrospective study was conducted at the ED of 
Songklanagarind Hospital which is a tertiary university hospi-
tal in Southern Thailand. The data were collected from 
January 2018 to October 2019. The inclusion criteria for the 
study were (1) aged >18 years of age, (2) visited the ED with 
initial NEWS ≥5 and were diagnosed with sepsis, (3) patients 
with sepsis were given ≥500 mL of only one type of isotonic 
crystalloid solution, (4) patients with sepsis were admitted to 
the ward, and (5) the initial serum lactate level was >2 mmol/ 
L; which was measured before intravenous fluid initiation and 
a repeat serum lactate level was measured within 6 h. The 
exclusion criteria were (1) pregnancy or lactation, (2) end- 
stage renal disease with regular hemodialysis, (3) heart failure 
or pulmonary edema that was diagnosed at the same visit with 
sepsis, and (4) incomplete information.
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A suspected septic patient is usually triaged to the ED. 
Diagnosis of sepsis does not depend only on NEWS at 
a triage zone. The emergency physician needs to complete 
history taking and a physical examination of the patient. 
The investigations are requested based on the suspected 
disease and patient profile. Intravenous fluid is started after 
the serum lactate results are known, and the results are 
usually followed within 6 h. The total amount of intrave-
nous fluid, type of intravenous fluid, and the time to 
follow-up the serum lactate level depends on the clinical 
signs and symptoms as well as the doctor’s judgment.

Data Collection
The collected data from the medical records included: 
patient baseline characteristics, initial NEWS score, 
mechanical ventilation usage, vasopressor usage and con-
centration, underlying diseases, and medications related to 
immunocompromised status, drugs which increased serum 
lactate level such as β2-agonist, baseline serum creatinine, 
initial serum creatinine and electrolytes, chronic kidney 
stage, type of intravenous fluid, total intravenous fluid 
volume, serum lactate level within 2 h, 4 h, and 6 h, 
disposition, serum creatinine change within 24 h, and 48- 

Figure 1 Consort flow diagram of trial. 
Notes: Adapted from: Schulz KF, Altman DG, Moher D; CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised 
Trials. PLoS Med. 2010;7(3):e1000251.22 Copyright: © 2010 Schulz et al. Creative Commons Attribution License.
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h survival. The patients were categorized into two groups: 
NSS group or LRS group.

Sample size was calculated based on the Zitek et al 
study.14

We calculated sample size (n) from this formula. We 
used hypothesis testing two independent means.

n1 ¼
z1� /2 þ z1� β

� �2
σ2

1 þ
σ2

2
r

h i

Δ2 

r ¼ n2
n1

, Δ ¼ μ1 � μ2

zα
2 

= 95% confidence level = 1.96
zβ = Type II-error = 0.84

μ1= Mean of lactate level difference in the LRS group 
= 0.93

μ2= Mean of lactate level difference in the NSS group 
= 0.37

σ1= Standard deviation of lactate level difference in the 
LRS group = 1.00

σ2= Standard deviation of lactate level difference in the 
NSS group = 1.24

Ratio (r) = N2/N1 = 1
N1 = 64: N2 = 64
To increase the statistical power of the analysis, we 

decided to increase the sample size by an additional 20%. 

Table 1 Baseline Characteristics of the Patients

Characteristics NSS LRS P-value

(100 Patients) (20 Patients)

Age, year, median (IQR) 68 (57, 82.2) 69 (59.8, 80) 0.797

Male 64 (64) 11 (55) 0.613
NEWS score, median (IQR) 10 (8, 12) 9 (7, 10.2) 0.162

Mechanical ventilation 33 (33) 5 (25) 0.661

Comorbidity

Diabetes mellitus 35 (35) 5 (25) 0.544
Cirrhosis 10 (10) 0 (0) 0.210

Hematologic malignancy 4 (4) 0 (0) 1.000

Autoimmune disease 3 (3) 0 (0) 1.000
Malignancy with chemotherapy within 1 month 13 (13) 5 (25) 0.180

HIV infection 2 (2) 0 (0) 1.000

Medication used

Vasopressor 34 (34) 6 (30) 0.931
Systemic steroid 17 (17) 2 (10) 0.737

Immunosuppressive agent 8 (8) 0 (0) 0.349

Bronchodilator (b2-agonist) 17 (17) 1 (5) 0.302

Initial kidney function

Serum creatinine, median (IQR) 1.1 (0.8, 1.7) 1 (0.7, 1.2) 0.263

Chronic kidney disease 0.745

Stage 1 31 (31) 7 (35)

Stage 2 23 (23) 7 (35)
Stage 3 31 (31) 5 (25)

Stage 4 12 (12) 1 (5)

Stage 5 3 (3) 0 (0)

Total amount of fluid, mL, median (IQR) 1000 (600, 1525) 750 (500, 1600) 0.210

Notes: Data are presented as n (%) unless indicated otherwise. Values <0.05 are statistically significant. The means of crystalloid volume in both groups were 1000 (600, 
1600) mL (P=0.21). 
Abbreviations: NSS, normal saline solution; LRS, lactated Ringer’s solution; IQR, interquartile range; HIV, human immunodeficiency virus.
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Therefore, each group sample should be 64+13 people and 
a total sample of 154 people.

** 95% CI = mean ± 1.96 (SD/square root of n).

Outcome Measurements
The primary outcome was serum lactate change in septic 
patients within 24 h after intravenous fluids were given at 
the ED. The secondary outcomes were 48-h survival after 
admission and serum creatinine change within 24 h after 
intravenous fluids were given.

Definitions of Variables
Initial vital signs were defined as body temperature, pulse 
rate, respiratory rate, blood pressure, oxygen saturation, 
and Glasgow Coma Scale score from initial presentation in 
the triage zone. The NEWS cut point, identified as the 
summation of NEWS >4 (5 or more), is a medium score 
according to The United Kingdom, Royal College of 
Physicians 2012. Immunocompromised patients were 
defined as immunodeficiency from underlying diseases 
such as human immunodeficiency virus infection, diabetes 
mellitus, hematologic malignancy, malignancy diseases 
with previous chemotherapy within 1 month, and cirrhosis 
or the use of immunosuppressive drugs; such as, metho-
trexate, azathioprine, or cyclosporine. Sepsis in our study 
was defined as patients who were clinically suspected of 
infection with a NEWS score ≥5 and serum lactate >2 
mmol/L. Lactate clearance was defined by the equation 
(initial serum lactate level – serum lactate level within 2 or 
4 h) x 100/initial serum lactate level.

Statistical Analysis
All data were entered into Epidata software version 3.1 and the 
statistical analysis used R Software version 3.6.1. The contin-
uous variables were mostly analyzed and reported as median 
or mean while categorical variables are reported as percentage. 
All data were based on non-parametric frequency distribu-
tions. The univariate model analyzed the baseline character-
istics, medications, and comorbidities. The data were 
compared in subjects with NSS and LRS. Continuous vari-
ables were compared using the Mann–Whitney U-test. 
Categorical variables were compared using the χ2 or Fisher’s 
exact test as indicated. Significant predictive factors associated 
with increased serum lactate level (P<0.20) identified during 
multivariate analysis were introduced into a logistic regression 
model with backward stepwise selection. Generalized estimat-
ing equations were conducted for analysis of the serum lactate 
level between the groups at different time points. A P-value 
<0.05 was considered statistically significant.

Results
During the 22-month trial, 220 patients with NEWS ≥5 and 
serum lactate >2 mmol/L were treated with isotonic crystal-
loid solutions in the ED, and were hospitalized. The number 
of excluded patients was 100; exclusion reasons are shown 
in Figure 1. The final sample size was 120 patients who met 
the inclusion criteria. One hundred patients (83%) were in 
the NSS group and 20 patients (17%) were in the LRS group. 
The baseline characteristics were similar between the two 
groups; including, the demographic characteristics, burden 
of coexisting conditions, and renal function (Table 1).

Figure 2 Percentage of serum lactate change after intravenous fluid resuscitation in septic patients.
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The median crystalloid resuscitation volumes for septic 
patients were 1000 mL and 750 mL for the NSS and LRS 
groups, respectively. The total median crystalloid resuscita-
tion volume for septic patients was 1000 mL in both groups.

Within 2 h of resuscitation, the LRS group had higher 
median lactate clearance (29.2%) compared with the 
NSS group (25%) without statistical significance 
(P=0.839). Within 4 h of resuscitation, the NSS group 
had higher median lactate clearance (27.1%) compared 
with the LRS group (0.8%) (P=0.515) (Figure 2). Both 
crystalloid isotonic solution resuscitation groups experi-
enced a serum creatinine increase of 0.3 mg/dL 
(P=0.838). The LRS group had a higher 48-h survival 

rate of 90% compared with 86% in the NSS group with-
out statistical significance (P=1.00). The median baseline 
creatinine level in the NSS group was 0.904 mg/dL (95% 
Cl 0.826, 0.941). Within 24 h of resuscitation, the med-
ian serum creatinine level increased by 0.4883 mg/dL 
(P<0.001). Meanwhile, the LRS group had a median 
baseline creatinine level of 0.885 mg/dL (95% Cl 
0.716, 1.054) which increased by 0.1853 mg/dL within 
24 h of resuscitations (P=0.34) (Table 2 and Figure 3).

The increased group was defined as a serum lactate 
level that increased at any time within 24 h of resuscitation 
compared with the lowest level measured. Some factors 
were statistically significantly different between the 

Table 2 Comparison of Isotonic Crystalloid Fluids in Septic Patients in the Emergency Department

Variables NSS LRS P-value

(100 Patients) (20 Patients)

Initial lactate, mmol/L, median (IQR) 3.6 (2.6, 4.9) 3 (2.4, 3.9) 0.219

Serum lactate level within 2 h, median (IQR) 2.9 (1.6, 3.8) 2 (1.7, 2.3) 0.187
Serum lactate level within 4 h, median (IQR) 3.1 (1.8, 4.3) 2.5 (1.7, 4.7) 0.802

Serum lactate changed within 2 h, median (IQR) −25 (−52.2, −9.1) −29.2 (−48.2, −13.8) 0.839

Serum lactate changed within 4 h, median (IQR) −27.1 (−51.5, −8) −0.8 (−34.8, 19.4) 0.515
Lactate trend change, decrease 83 (83) 15 (75) 0.526

Serum creatinine level within 24 h, mean (SD)** 1.4 (0.9) 1.1 (0.7) 0.226

Serum creatinine changed within 24 h, mean (SD)** 0.3 (0.5) 0.3 (0.3) 0.838
48-h survival rate 86 (86) 18 (90) 1.000

Notes: Data are presented as n (%) unless indicated otherwise. Values <0.05 are statistically significant. **Data is non-normal distribution but presented with mean because 
it was analyzed to fit to the generalized estimating equations. 
Abbreviations: NSS, normal saline solution; LRS, lactated Ringer’s solution; IQR, interquartile range; SD, standard deviation.

Figure 3 Serum creatinine level after fluid resuscitation in septic patients. *P<0.05.
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decreased and increased groups. These factors were age, 
vasopressor usage, the immunosuppressive agent used, and 
serum creatinine (Table 3).

Multivariate analysis with logistic regression revealed 
that the significant risk factors for increased lactate level in 
septic patients were older age, vasopressor usage, and the 
immunosuppressive agents used (Table 4).

Discussion
Our study revealed that septic patients treated with LRS 
resulted in a higher serum lactate clearance within 2 
h compared to NSS without statistical significance. 
Even though, a previous study reported that the serum 

lactate level rose after a 30 cc/kg bolus of LRS was 
given to healthy subjects.14 The mechanism of hyper-
lactatemia in septic patients is different from healthy 
patients. Lactate is metabolized by direct oxidation or 
as a source of glucose using both the liver and kidney. 
Meanwhile, during the sepsis process, lactate has 
increased removal, decreased production, and dilution; 
either, because of fluid administration during resuscita-
tion or all of the above in variable combinations.4 

According to the SALT-ED trial,12 serum creatinine in 
an ED patient treated with at least 500 mL of crystalloid 
fluid resuscitation within 24 h tended to increase and 
then return to baseline serum creatinine, which was 

Table 3 Comparison of the Increased and Decreased Lactate Groups

Variables Decreased Increased P-value

(98 Patients) (22 Patients)

Age, year, median (IQR) 67.5 (56, 80.8) 80 (65, 85.8) 0.032

Male 61 (62.2) 14 (63.6) 1.000
Weight, kg, median (IQR) 54.2 (50, 65.2) 55 (41, 60) 0.151

NEWS score, median (IQR) 9 (7, 12) 10 (9, 11.8) 0.244

Oxygen support 60 (61.2) 14 (63.6) 1.000
Initial SpO2, %, median (IQR) 94 (88.2, 97.8) 91 (86.5, 96) 0.212

Mechanical ventilation 28 (28.6) 10 (45.5) 0.199

Comorbidity

Diabetes mellitus 34 (34.7) 6 (27.3) 0.677
Cirrhosis 6 (6.1) 4 (18.2) 0.084

Hematologic malignancy 3 (3.1) 1 (4.5) 0.560

Autoimmune disease 2 (2) 1 (4.5) 0.458
Malignancy with chemotherapy within 1 month 15 (15.3) 3 (13.6) 1.000

HIV infection 2 (2) 0 (0) 1.000

Medication used

Vasopressor 28 (28.6) 12 (54.5) 0.037
Systemic Steroid 16 (16.3) 3 (13.6) 1.000

Immunosuppressive agent 4 (4.1) 4 (18.2) 0.037
Bronchodilator (β2-agonist) 12 (12.2) 6 (27.3) 0.097

Initial kidney function

Serum creatinine, median (IQR) 1 (0.8, 1.4) 1.4 (1, 2.2) 0.030

Chronic kidney disease 0.177

Stage 1 34 (34.7) 4 (18.2)

Stage 2 25 (25.5) 5 (22.7)
Stage 3 29 (29.6) 7 (31.8)

Stage 4 8 (8.2) 5 (22.7)

Stage 5 2 (2) 1 (4.5)

Total amount of fluid, mL, median (IQR) 1000 (565, 1500) 1500 (850, 1687.5) 0.065

Notes: Data are presented as n (%) unless indicated otherwise. Values <0.05 are statistically significant. 
Abbreviation: IQR, interquartile range.
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consistent with the results of our study. Moreover, our 
study shared some common results with the Self et al 
study. Wherein, the 48-h survival rate demonstrated no 
difference between the NSS and LRS groups.12

In our practice, we usually use NSS for resuscitation; 
however, previous studies have shown that rapid NSS 
infusion led to hyperchloremic metabolic acidosis and 
a higher rate of AKI.15,16 The results of our study provide 
important information suggesting that LRS is a good 
choice for resuscitation instead of NSS as well.

Twenty-two of 120 (18.3%) patients were classified as 
being in the increased lactate group. We found that older 
age was associated with an increased lactate level, which 
differed from the Cheng et al study. This was possibly due 
to no subgroup analysis of the elderly and non-elderly in 
our study.17 Our study found that vasopressor and immu-
nosuppressive agents usage had higher lactate levels com-
pared with the no vasopressor and immunosuppressive 
agent groups; it is possible that this is due to the severity 
of these groups. In one trial, those who received vasoac-
tive drugs had a higher lactate level18 and a higher 
APACHEII score. The APACHEII score is a predictor of 
in-hospital and 30-day mortality in septic patients.19

Immunocompromised patients are thought to be more 
vulnerable to severe infection and are often seen as a poor 
prognostic grouping in the case of septic shock. According 
to a previous study; immunocompromised patients, includ-
ing those treated with corticosteroids and other immunosup-
pressive drugs, had a greater rate of bacteremia and were 
more likely to be infected with multiresistant bacteria. It also 
leads to a higher rate of mortality,20 which is also shown in 
the group with inadequate lactate clearance.21

A strength of our trial was the hypothesis test, for 
which no previous study had performed. However, our 
study has several limitations. First, we aimed for 154 
participants but only 120 (78%) patients were enrolled 
into the study. A larger sample and extended duration 
would improve any future studies. Second, most of the 

intravenous fluid resuscitations (83%) in our study used 
NSS. Therefore, we would suggest changing the study 
design to a prospective study which could conduct rando-
mization or allocation that would make the two groups of 
population more similar. Finally, this study was conducted 
in a single tertiary center hospital. Hence, a multicenter 
study may increase the generalizability of the study.

Conclusions
Among septic patients in the ED treated with either NSS 
or LRS, there was no difference in lactate clearance, serum 
creatinine change within 24 h, or 48-h survival. However, 
some factors were associated with an increased lactate 
level. These being; older age, vasopressor usage, and the 
immunosuppressive agents used.
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