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Abstract

Background: Severe burn results in a devastating and 
unique derangement called burn shock. Fluid resuscitation is 
the foundation of immediate burn care, and the primary goal 
of resuscitation is to restore and preserve tissue perfusion. His-
torically, resuscitation has been guided by a combination of 
basic laboratory values, invasive maneuvers, and clinical data, 
but the optimal guide to the end point of resuscitation remains 
controversial.

Objective: The aim of this study is: To investigate the 
diagnostic and prognostic validity of serum lactate in major 
burn patients and to determine the utility of an initial and se-
rial serum lactate measurement during the first 36 hours for 
identifying substantial risk of death and adequacy of fluid re-
suscitation.

Patients and Methods: 40 individuals who had significant 
burns (greater than 20% of TBSA). Both operated and non-op-
erated patients are included. Twenty were female and twenty 
were male of the forty cases. The research covered all adult 
burn patients hospitalized during the first twenty-four hours 
following their injury. Individuals who were released or died 
48 hours after admission, or who were hospitalized after 24 
hours following a thermal injury, were not included.

Results: As a prognostic tool, serial blood lactate measure-
ments performed better than solitary measurements. 24 hours 
after admission, lactate levels that were reduced or returned to 
normal were linked to a better chance of survival. Since seri-
al blood lactate measurements predict death in patients with 
significant burns, this study validates the predictive utility of 
serum lactate for mortality in these patients.

Conclusion: Our study demonstrated that lactate level in 
major burn patients is a promising prognostic biomarker, that 
could facilitate ideal management and initiate proper antimi-
crobial therapy and good prognostic value as an early predictor 
of mortality.
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Introduction

Burn injuries continue to be a major global 
source of morbidity in the population [1].

As per the WHO data dated March 6, 2018, 
burns result in over 18,000 fatalities per year, with 
most of these instances happening in middle- and 
low-income nations, with two-thirds of them oc-
curring in the African and Southeast Asian region 
[2].

Research from both clinical and experimental 
settings has shown that within hours of damage, a 
severely dysregulated inflammatory host response 
develops in response to severe burns, regardless of 
the etiology [2].

Large burn injuries produce a necrotic zone, 
which is followed by a stasis zone and the produc-
tion of inflammatory mediators such as histamine, 
prostaglandins, thromboxane, and nitric oxide. 
These mediators enhance capillary permeability 
and cause localized edema in the burn site [3]. This 
happens minutes to hours after the damage, and 
when the ischemic tissues are re perfused, highly 
reactive oxygen species (ROS) are produced [4].

Adequate fluid resuscitation is especially cru-
cial in burn treatment [5]. Maintaining circulation, 
replacing circulating volume, and preventing or 
treating hypovolemic shock are the objectives. Flu-
id resuscitation is our most crucial aid in keeping 
the circulation going, even if infusions could make 
the edema worse [6]. The goal of sufficient fluid re-
suscitation is to continue oxygen supply while lim-
iting the development of interstitial edema [7].
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Lactate has been shown to be a strong predic-
tor of outcome. Studies have shown that baseline 
lactate level is a useful parameter in distinguishing 
survivors from non-survivors. Smoke inhalation 
victims are especially at risk for lactate elevation 
due to inhalation of cyanide or carbon monoxide 
[8].

The larger the burned surface area and the great-
er the depth of burned tissue, the greater the fluid 
leakage, leading to hypovolemic shock and tissue 
hypoperfusion in the patient, which is accurately 
reflected in the patient’s serum lactate concentra-
tion. Similarly, a delay in initiating fluid resusci-
tation leads to failure to replace fluids for longer 
periods of time, which also leads to reduced blood 
flow to tissues, leading to elevated lactate concen-
trations [9]. 

Aim of study:
To determine lactate’s predictive value in major 

burn patients and to assess its efficacy as a diagnos-
tic and prognostic tool.

Patients and Methods

The study was conducted at the burn intensive 
care unit (ICU) of Ain Shams University Hospital.

Patient details: 40 individuals who had signifi-
cant burns (greater than 20% of total body surface 
area (TBSA)). Both operated and non-operated pa-
tients are included. Twenty were female and twenty 
were male of the forty cases.

Type of study: Prospective study.

Inclusion criteria: Both sexes, ages 18 to 65, 
arrived at the emergency room with burns that cov-
ered at least 20% of their TBSA.

Exclusion criteria: Extremes of Age, electric 
burn, inhalational Injury based on bronchoscopy 
evaluation, and medical Comorbidities, for exam-
ple, hypertension, diabetes mellitus, liver, and kid-
ney illnesses.

TBSA was calculated based on the Lund and 
Browder chart. Resuscitation fluid was calculated 
using the Parkland equation. Half of this amount 
was administered during the first 8 hours and the 
remainder during the additional 16 hours. Lactated 
Ringer’s was a resuscitation fluid.

Study procedures:
I- Assessment of the patient:

Clinically: Generally: Vital signs and full level 
of consciousness, burn: Cause, extent, distribution, 
depth, and time of presentation and burn wound 
infection and sepsis: According to American Burn 
Association guidelines.

Initial Plasma Lactate measurements were ob-
tained within the first 36 hours of admission to hos-
pital. The time of admission to ICU was considered 
zero hour (within 4 hours of burn time), the second 
measurement was performed at 12th hour, the third 
at 24th hour, and the fourth at 36th hour. 

The standard lactate level was set as 1.4–2.3 
mmol/L [10].

Sample collection:
For each sample, 5ml venous blood was settled 

in a grey top tube (sodium fluoride). (Fig. 1-B).

Specimen type: Whole blood (Venous) (Fig. 
1-A).

Transport: Transport immediately.

Plasma specimen was analyzed by Beckman 
Coulter AU480 Chemistry Analyzer (Fig. 2).

Fig. (1): (A): Grey top tube (sodium fluoride), (B): Blood sam-
ple collected.

(A) (B)

Fig. (2): Beckman Coulter AU480 Chemistry Analyzer.
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Regimen of fluids resuscitation of admitted pa-
tients:

Resuscitation of these patients was performed 
according to the Parkland formula based on the size 
of the burn and the patient’s body weight and was 
applied as a first estimate of the required rate of 
fluid administration. Fluid resuscitation was then 
adjusted to achieve a target urine output of 0.5 to 
1ml/Kg/h and a target mean blood pressure >65mm 
(about 2.56 in) Hg.

DAY 1: Started from the time of burn till the 
same hour of the next day. 
- Type: Isotonic crystalloids (lactated ringer).
- Total per 24h: 4ml/kg/%TBSA (max TBSA 60%).
- Rate: ½ the amount in 1st 8hr and ½ the amount 

over the next 16 hrs.
- Other measures were taken as standard treatment.

DAY 2: +
- 2 ml/kg/%TBSA.
- 2/3 ringer lactate at a rate of (…ml/h).
- Albumin 5% according to serum albumin level 

(100ml albumin 20% (20mg) + 300ml Ringer 
lactate). Serum albumin level of 2.5g/dl is a rea-
sonable goal.

Results

The mean age was 36.02±10.89 years. And the 
mean TBSA burn injury of the study population 
was 32.17±11.06 Table (1).

The previous table shows that initial serum lac-
tate value was proportional to total body surface 
area burned (TBSA).

Total body surface area burned was found to be 
associated with mortality with highly significant 
statistical value.

As shown in Table (3) serum lactate at zero 
hour (p=0.001), 12th hour (p=0.000), 24th hour 
(p=0.000) and 36th hour (p=0.000) was statistically 
more accurate in predicting the outcome.

An association was noted in the differences be-
tween the admission time and the 24h and between 
the admission time and 36h was found, but not be-
tween admission and the first 12h.

Table (1):  Characteristics of the patients.

No. = 30

Age

Gender

% TBSA

Mean ± SD

Range

Female

Male

Mean ± SD

Range

36.02±10.89

18-65

20 (50%)

20 (50%)

32.17±11.06

21-60

Table (2): Age, sex, and TBSA% in relation to Mortality.

S    = Significant.
NS = Non-significant.
HS = Highly significant.

Variable

              Outcome

Test value p-value Sig.
Live

No. = 28
Died

No. = 12

Age:

Mean ± SD

Range

Sex:

Female

Male

TBSA%:

Mean ± SD

Range

31.23±10.13

25-55

10 (35.7%)

18 (64.3%)

32.45±8.33

21-60

41.63±8.67

26-48

4 (33.3%)

8 (66.7%)

46.38±7.05

38-60

–2.574•

0.085*

–4.201•

0.016

0.770

0.000

S

NS

HS
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Discussion

Severe burns require appropriate fluid manage-
ment during the acute phase to ensure adequate per-
fusion of target organs. However, increased capil-
lary permeability allows intravascular fluid and 
proteins to escape into the interstitium. Reactive 
oxygen species help increase endothelial permea-
bility (Nakajima et al., 2019).

The larger the burned surface area and the great-
er the depth of burned tissue, the greater the fluid 
leakage, leading to hypovolemic shock and tissue 
hypoperfusion in the patient, which is accurately 
reflected in the patient’s serum concentration.

Similarly, a delay in initiating fluid resuscitation 
leads to failure to replace fluids for longer periods 

of time, which also leads to reduced blood flow to 
tissues, leading to elevated lactate concentrations 
(Mokline et al., 2017).

The main findings of our study are that we have 
shown that high serum lactate concentrations can 
categorize patients with severe burns into survivors 
(live) and non-survivors (died). Dead patients had 
higher blood lactate concentrations than survivors. 
Another finding is that we used serial serum lactate 
measurements to predict patient mortality, and this 
was clearly better than using a single measurement. 
Although blood lactate concentration on admission 
has neither sensitivity nor specificity as a predictor 
of mortality, reduction, or normalization of lactate 
concentration within the 24-hour period (p=0.022) 
after admission is associated with significantly 
higher survival rates. As a predictor of mortality, 

Table (3): Shows comparison between different serum lactate measurements and the outcome of each.

Serum Lactate
                       Outcome

Test value p-value Sig.Live
No. = 28

Died
No. = 12

At zero hour:
Median (IQR)
Range

12hr:
Median (IQR)
Range

24hr:
Median (IQR)
Range

36hr:
Median (IQR)
Range

3.5 (2.1-6.1)
1-13.4

2.6 (2-3.7)
1-10.3

2.95 (1.7-3.4)
1-7.9

1.95 (1.6-2.9)
0.9-4

11.55 (9.3-13.15)
3.7-18

10.65 (9.6-12.5)
5.2-15

11.85 (8.55-14)
7.8-18

15.5 (12.15-17.2)
7.7-18.5

–3.355

–3.873

–4.083

–4.129

0.001

0.000

0.000

0.000

HS

HS

HS

HS

Table (4): Comparison between changes in serum lactate measurements and throughout the different intervals.

% Changes

                   Outcome

Test value p-value Sig.Live
No. = 28

Died
No. = 12

Zero to 12hr:
Median (IQR)
Range

Zero to 24hr:
Median (IQR)
Range

Zero to 36hr:
Median (IQR)
Range

-16.07 (-33.33 – 5.41)
-67.5 – 16.67

-21.29 (-49.12 – -7.50)
-62.5 – 66.67

-46.18 (-60.40 – -22.86)
-82.5 – 80

7.29 (-13.17 – 14.43)
-38.89 – 40.54

19.09 (-19.29 – 26.27)
-35.00 – 127.03

37.63 (-0.59 – 47.73)
-37.40 – 397.30

–1.829

–2.298

–2.673

0.067

0.022

0.008

NS

S

HS
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blood lactate concentration showed higher sensitiv-
ity and specificity after 36 hours of ICU admission 
(p=0.08).

Lactate levels are known to predict survival or 
death in shocked patients. Vincent et al., 2003 re-
ported that shock patients with the best prognosis 
were those whose lactate levels decreased signif-
icantly within 1 hour of resuscitation. In 2001, 
Smith et al., suggested that hyperlactatemia could 
identify patients at risk of death and could also be 
used as an indicator of intensive care admission. 
Additionally, Husain et al., in 2003 confirmed that 
increased lactate levels on admission and after 24 
hours of admission were associated with mortal-
ity. This study supports the role of serum lactate 
as a predictor of mortality in patients with severe 
burns, as it showed that most patients who died 
had higher blood lactate concentrations than those 
who did not.

In 2009, Mikkelsen et al., showed that elevated 
blood lactate levels were strongly correlated with 
mortality in patients with severe sepsis. Addition-
ally, Cochran et al., in 2007 examined 128 patients 
with a mean TBSA rate of 41.7% and measured 
baseline deficit and lactate levels over a 6-hour 
period. They found that Non survivors had high-
er lactate levels at admission, 12, 18, and 24 hours 
compared with the survivor group. These results 
matched our results as high serum lactate levels can 
predict mortality in burned patients.

In this study, patients with major burns and 
frank shock clearly need urgent resuscitation with 
fluids and should be monitored in the intensive care 
unit. Hourly heart rate, blood pressure, and urine 
output were monitored to ensure the patient re-
mained adequately resuscitated, with serum lactate 
levels measured at 0-hour, 12-hour, 24-hour, and 
36-hour intervals.

Some authors have used a single assessment of 
blood lactate as a predictive value for mortality in 
a large retrospective study conducted by Khosra-
vani et al., in 2009. The odds ratio (OR) of death 
increased from 1.94 to 10.89 depending on lactate 
concentration, compared with hospitalized patients’ 
lactate <2mmol. The studies by Smith et al.in 2001 
and Nichol et al., in 2010 also demonstrated an in-
credibly significant impact of increased lactate on 
admission, greater than 2.0mmol/L or 1.5mmol/L, 
on mortality in hospitalized patients.

In our study most of the dead patients had high-
er blood lactate levels than the survivors and that 
their serial monitoring for predicting death is better 
than their single measurement.

In our study we demonstrated that higher blood 
lactate values can be utilized to mark patients at sub-
stantial risk of developing organ dysfunction after 

severe burns. Mortality after burns was clearly pre-
dicted from serum lactate over a 24-hour follow-up 
period. The cut-off serum lactate for prediction of 
mortality was 4mmol/L with a good sensitivity and 
specificity. Therefore, when there is a severe or 
persistent elevation in serum lactate levels, the cli-
nician will be advised to supervise patient care as 
much as possible or, alternatively, acknowledge the 
potential futility of clinical intervention.

References

1-	 WHO (2019): Violence and Injury Prevention [Internet]. 
[cited 2019 Apr. 20].

2-	 Greenhalgh D.G.: Early management of burn patients 
and fluid resuscitation. In Handbook of Burns. Springer, 
Cham., 199-209; 1, 2020.

3-	 Jeschke M.G. and Gauglitz G.G.: Pathophysiology of 
Burn Injuries. In Handbook of Burns Volume 1. Springer, 
Cham.‏, pp. 229-245, 2020.

4-	 Haberal M., Abali A.E.S. and Karakayali H.: Fluid man-
agement in major burn injuries. Indian journal of plastic 
surgery, 43 (S 01): S29-S36, 2010.‏

5-	 D’souza N.T., Kujur A.R. and Rajeswari D.: Understand-
ing the role of serum lactate as an end point in burn resus-
citation. Indian Journal of Burns, 28 (1): 7, 2020.‏

6-	  Kearns R.D., Conlon K.M., Matherly A.F., Chung K.K., 
Bebarta V.S., Hansen J.J. and Palmieri T.L.: Guidelines for 
burn care under austere conditions: Introduction to burn 
disaster, airway and ventilator management, and fluid 
resuscitation. Journal of Burn Care & Research, 37 (5): 
e427-e439, 2016.

7-	 Pham T.N., Cancio L.C. and Gibran N.S.: American Burn 
Association practice guidelines burn shock resuscitation. 
Journal of Burn Care & Research, 29 (1): 257-266, 2008.‏

8-	 Nakajima M., Kojiro M., Aso S., Matsui H., Fushimi K., 
Kaita Y. and Yasunaga H.: Effect of high-dose vitamin 
C therapy on severe burn patients: A nationwide cohort 
study. Critical Care, 23 (1): 1-8, 2019.

9-	 Andersen L.W., Mackenhauer J., Roberts J.C., Berg K.M., 
Cocchi M.N. and Donnino M.W.: Etiology and therapeutic 
approach to elevated lactate levels. In Mayo Clinic Pro-
ceedings. Elsevier, 88 (10): 1127-1140, 2013.‏

10-	 Hayek S., Ibrahim A., Sittah G.A. and Atiyeh B.: Burn re-
suscitation: Is it straightforward or a challenge? Annals of 
burns and fire disasters, 24 (1): 17, 2011.‏

11-	 Mokline A., Abdenneji A., Rahmani I., Gharsallah L., 
Tlaili S., Harzallah I. and Messadi A.A.: Lactate: Prognos-
tic biomarker in severely burned patients. Annals of burns 
and fire disasters, 30 (1): 35, 2017.

12-	 Vincent J.L., Angus D.C., Artigas A., Kalil A., Basson 
B.R., Jamal H.H. and Bernard G.R.: Effects of drotrecogin 
alfa (activated) on organ dysfunction in the PROWESS 
trial. Critical Care Medicine, 31 (3): 834-840, 2003.‏



Vol. 48, No. 2 / The Role of Serum Lactate as a Prognostic Biomarker in Major Burn Patients144 

13-	 Smith I., Kumar P., Molloy S., Rhodes A., Newman P.J., 
Grounds R.M. and Bennett E.D.: Base excess and lactate 
as prognostic indicators for patients admitted to intensive 
care. Intensive Care Medicine, 27 (1): 74-83, 2001.‏

14- Husain F.A., Martin M.J., Mullenix P.S., Steele S.R. and 
Elliott D.C.: Serum lactate and base deficit as predictors of 
mortality and morbidity. The American Journal of Surgery, 
185 (5): 485-491, 2003.

15-	 Cochran A., Edelman L.S., Saffle J.R. and Morris S.E.: 
The relationship of serum lactate and base deficit in burn 
patients to mortality. Journal of Burn Care & Research, 28 
‏.2007 ,231-240 :(2)

16-	 Mikkelsen M.E., Miltiades A.N., Gaieski D.F., Goyal M., 
Fuchs B.D., Shah C.V. and Christie J.D.: Serum lactate is 
associated with mortality in severe sepsis independent of 
organ failure and shock. Critical Care Medicine, 37 (5): 
‏.2009 ,1670-1677

17-	 Khosravani H., Shahpori R., Stelfox H.T., Kirkpatrick 
A.W. and Laupland K.B.: Occurrence and adverse effect 
on outcome of hyperlactatemia in the critically ill. Critical 
Care, 13 (3): 1-5, 2009.‏

18- Nichol A.D., Egi M., Pettila V., Bellomo R., French C., 
Hart G. and Cooper D.J.: Relative hyperlactatemia and 
hospital mortality in critically ill patients: A retrospective 
multi-centre study. Critical Care, 14 (1): 1-9, 2010.‏


