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Abstract
Hypo-perfusion is usual in patients suffering from traumatic injury that may be indicated by serum lactate elevation. This 
study was performed to analyze the relation of the lactate value with trauma mortality and its clearance. The research 
included a total of 202 trauma patients admitted into ICU. Study parameters such as patient demography, injury mechanism, 
Blood Pressure (BP), heart rate (HR), Glasgow Coma Scale (GCS) and level of lactate in the blood. All these parameters were 
documented in the first 3 hours of hospitalization, and lactate clearance was recorded between 3 and 9 hours afterwards. 
For the study point; death up to 7 days was considered as a direct impact of trauma and considered in study. The study 
was divided into two subgroups, either expired (n=79) or survivors (n=123) according to the final outcome. The mean 
age, mean body weight, sex ratio, HR, Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) in both groups 
were comparable. The difference in lactate at admission, lactate at 6 hours and lactate clearance in between survivors 
and deaths were found to be insignificant statistically. Among trauma patients there is no significant relationship between 
lactate admission or lactate clearance and mortality. Higher sample size may be appropriate for definitive proof to be 
reached.

Evaluation of Lactate and Lactate Clearance as a 
Marker of Outcome in Trauma ICU

 Manjaree Mishra1, Mohammad Zeeshan Hakim2, Shashi Prakash Mishra2*, 
 Shobhit Saxena3 and Nitesh Trivedi4

1Assistant Professor, Department of Anesthesiology, Trauma and Superspeciality Hospital,  
Institute of Medical Sciences, Banaras Hindu University, Varanasi - 221005, UP, India;  

drmanjareemd@gmail.com 
2Associate Professor, Department of General Surgery, Trauma and Superspeciality Hospital,  

Institute of Medical Sciences, Banaras Hindu University, Varanasi - 221005, UP, India;  
hakim.mohammad.zeeshan@gmail.com, spmishra.gs@bhu.ac.in 

3Senior Resident, Department of Anesthesiology & Critical Care Medicine, Trauma and  
Superspeciality Hospital, Institute of Medical Sciences, Banaras Hindu University,  

Varanasi - 221005, UP, India; shobhit.rims@gmail.com 
4Junior Resident, Department of General Surgery, Institute of Medical Sciences, Banaras  

Hindu University, Varanasi - 221005, UP, India; niteshtriv@gmail.com

Keywords: Clearance, ICU, Lactate, Mortality, Trauma

1. Introduction
Trauma is the major cause of mortality  in the world, 
having a marked impact on the population below age 40. 
Accident on the road is responsible for the highest number 

of accidents, among all causes. Around 3000 people die 
every day from injuries caused by Road Traffic Accident 
(RTA) worldwide. According to reports from the WHO, 
these especially affect the 15–29-year age range1, 2.
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Hypoperfusion is often characterized by blood loss 
in traumatic cases, whereas the existence of vital sign 
abnormalities can guide to diagnose shock, their absence 
definitely does not rule out occult hypoperfusion3, 4.

Lactate elevation helps distinguish patients where 
hypoperfusion of the tissue can initially be persistent 
in normal vitals5. Previous research showed that initial 
lactate levels were substantially elevated in non-survivors 
relative to the survivors of sepsis and cardiac arrest trauma 
patients3, 6 - 11. The elevated lactate and lactate clearance 
levels are significantly associated with an increased risk 
of multi-organ failure and rehabilitation after traumatic 
injury, and lactate clearance which may serve as an 
endpoint for resuscitation guidance12 - 15. So, we designed 
this study to analyze the correlation between lactate value 
and its clearance with trauma mortality.

2. Materials and Methods
The research was performed over an 18-month period 
in a Trauma Center and Multispecialty Hospital of 
Medical Sciences Institute, Banaras Hindu University, 
Varanasi, UP, India. The report obtained approval from 
the Committee on Institute Ethics.

2.1. Participants
We conducted longitudinal prospective study to 
investigate the role of lactate association with mortality 
patients in trauma.  Enrollment of subjects was started 
on January 2017 to June 2019 with proper consent from 
patient’s attendant.  

2.2 Inclusion and Exclusion Criteria
Previously healthy trauma patients with no comorbidity 
needed resuscitation and ICU care were also included 
in the study. Patients with extremes of age i.e. age < 15 
years and > 65 years, patients with end stage renal disease, 
uncontrolled hypertension, uncontrolled diabetes, 
and liver failure, Acute Respiratory Distress Syndrome 
(ARDS) and obesity (BMI > 30kg/m2) and patients 
required vasopressors support were excluded from the 
study. Sixty patients were also excluded because of lack 
of second lactate collection. Finally, 202 patients were 
included for final analysis.

2.3 Methods
For measuring the lactate value arterial sample was taken, 
preferably from radial artery and where radial is not 
possible sample drawn from femoral artery. The study 
variables i.e. age of patient, sex, injury mechanism, BP, HR, 
Glasgow coma scale and blood lactate were recorded in 
the first 3 hours of admission and 3 to 9 hours afterwards.

The lactate clearance was calculated by the following 
formula5:

For the study point; death up to 7 days was considered 
as a direct impact of trauma and considered in study. 
Beyond seven days death were supposed to be related 
to other cause and not considered in the study. For 
resuscitation of these patients’ Intravenous fluids 
(crystalloids) and blood and blood product were used 
according to the hemodynamics and blood volume status. 
Patients with low GCS were intubated and ventilator 
supports were given according to the need. Depending on 
the final outcome the patients were categorized into two 
subgroups, expired (n=79) or survivors (n=123).

2.4 Statistical Analysis
Statistical analysis was carried out using version 23.0 
(IBM Inc. USA) of the SPSS program. For comparing two 
groups of mean Independent Simple Test was used. The 
discrete variables were compared by χ2 test and Fisher’s 
exact test. P < 0.05 has been found statistically significant.

3. Results
The mean age in survivors was 31.89±6.74 years and 
in expired group was 32.54±6.88 years, which was 
found to be statistically insignificant (p=0.507). The 
mean body weight in survivors was 68.8±7.64 kg and 
in expired group was 67.03±6.32 kg which was found 
to be statistically insignificant (p=0.087). There was 
no statistically significant association between the two 
groups in terms of sex ratio (p=0.820). The HR, SBP 
and DBP were comparable in both the groups (p=0.364, 
p=0.548 and p=0.633). On comparing Mode of Injury 
(MOI), motorcycle accident was higher in both the group. 

Lactate admission – Lactate6 hour
Lactate clearance= 100

             Lactate admission
×
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On comparing the car, fall from height and motorcycle 
accident in between the groups, it was found to statistically 
insignificant (p=0.364) (Table 1). The mean GCS score 
was significantly low in expired patients as compared to 
survivor (p<0.001) (Table 2).

The mean lactate level at admission among survivors 
was 2.557mmol/l and among deaths was 2.954mmol/l. 
The mean lactate level after 6 hours was 1.667 mmol/l 
in survivors, and 1.871 mmol/l in  expired patients. The 
mean lactate clearance among survivors was 28.73 and 
among deaths were 31.368. On comparing lactate level 
at admission, after 6 hours and lactate clearance in 
between survivors and expired patients were found to be 
statistically insignificant (Table 3 & Figure 1). 

The statistically insignificant difference was observed 
when lactate clearance was graded as low (0 to 29%), 
moderate (30 to 59%) and high (60%  or more) and 
compared in the expired and survivor groups (Table 4).

4. Discussion
Our study compared the value of serum lactate at 
admission and lactate clearance as a biomarker in 
predicting the patient mortality, in patients of trauma 
and found no correlation with mortality. However, some 
studies were found lactate value to be useful in predicting 
the mortality16, 17.

Lactate is produced by anaerobic glucose metabolism 
and can be used as a marker of deficient tissue perfusion 
and or hypoxia, as in various shock states. Initial high 
lactate level on admission of patients with multiple 
traumas is correlated with higher mortality rates18 - 21. 
Because of higher death rate  patients affected by septic 
shock22 and predicting the need for blood products, it can 
also help to diagnose severity early19. The use of lactate as 
an indicator of severity and mortality was established by 
several investigators14, 18 - 20, 22 - 24. Lactate value > 4 mmol/l 
is rare, and is associated with systemic inflammation and 
needs ICU care.25, 26

In 2013, 4742 trauma patients were included in their 
analysis by Stephen R. Odom, who concluded that lactate 
values <4 mEq/l were the best death predictors in trauma 
patients14. Unlike previous research in 2015, Freitas and 

Table 2. GCS values of patients in two groups

Variable Survived (n=123) Expired (n=79) p-value 
GCS 8.07±1.073 6.30±1.304 <0.001

Table 1. Mechanism of Injury in two groups

MOI
Survived 
(n=123) Expired (n=79)

p-value
No. % No. %

Car 12 9.8 7 8.9

0.364Fall from 
height 21 17.1 20 25.3

Motorcycle 90 73.2 52 65.8
Total 123 100 79 100

Table 4. Lactate Clearance in Two Groups 

Lactate clearance Survived 
(n=123)

Expired 
(n=79) p-value 

0-29 55 (44.7) 26 (32.9) 0.094
30-59 64 (52.0) 48 (60.8) 0.223
>60 4 (3.3) 5 (6.3) 0.301

Table 3.  Comparison of Lactate level and Lactate 
Clearance

Variable Survived 
(n=123) Expired (n=79) p-value

Lactate at 
0 hr. 2.557±1.4806 2.954±1.3658 0.056

Lactate at 
6 hr. 1.667±.7716 1.871±.8370 0.077

Lactate 
clearance 28.733±19.5987 31.368±14.2998 0.304

Figure 1. Mean Lactate level in two groups.
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Franzon found that in patients treated with multiple 
traumas there is no association between lactate admission 
and mortality25.

In the present study serum lactate value at admission 
in trauma patients found to be insignificant in survivor 
and expired group of patients. In an Abramson study that 
first assessed the correlation of lactate rates with death in 
trauma patients. They observed that the time required 
to normalize the lactate level over 24 and 48 hours was 
associated with increased incidence. Before 24 hours, 
early normalized lactate values had a survival rate of 
100%13.

After 48 hours of admission, Lefering et al., revealed 
a strong correlation between serum lactate levels and 
death, with the highest levels present in patients with late 
death22. They stated that increased lactate clearance is 
related to reduce mortality. In fact, for every 10% increase 
in lactate clearance, death was decreased by around 11%. 
Patients with a lactate clearance > 10 percent experienced 
a better increase in the Acute Physiology and Chronic 
Health Assessment score (APACHE II) and a lower 
60-day mortality18.

Stephen R. Odom also conducted the lactate clearance 
measurement in 2013, with a time period of 6 hours, and 
they also stated that low clearance is related to greater 
mortality14. Over the time, Chana et al. also observed 
a significant reduction in the lactate value related to 
lower mortality; suggesting therapeutic intervention24. 
Contrary to previous Freitas and Franzon report in 2015, 
there was no association between lactate clearance and 
death in multiple trauma-treated patients25. In the present 
study the relation between lactate clearance and mortality 
was not found to be statistically significant.

5. Conclusion
No significant relationship exists in our study between 
lactate admission or lactate clearance and death rates in 
trauma patients. Higher sample size can be appropriate to 
arrive at definitive evidence.

6. Source(s) of Support
No financial support was received for this study.

7.  Conflicting Interest
 The authors declare no conflict of interest.

8. References
1. Murray CJ, Lopez AD. Mortality by cause for eight regions 

of the world: Global Burden of Disease Study. Lancet. 3 
May 1997; 349(9061): 1269–76. https://doi.org/10.1016/
S0140-6736(96)07493-4

2. DiMaggio C, Ayoung-Chee P, Shinseki M, Wilson C, 
Marshall G, Lee DC, et al. Traumatic injury in the United 
States: in-patient epidemiology 2000–2011. Injury. 2016; 
47: 1393–403. https://doi.org/10.1016/j.injury.2016.04.002

3. Kaplan LJ, Kellum JA. Initial pH, base deficit, lactate, 
anion gap, strong ion difference, and strong ion gap pre-
dict outcome from major vascular injury. Crit Care Med. 
2004; 32(5): 1120–1124. https://doi.org/10.1097/01.
CCM.0000125517.28517.74

4. Blow O, Magliore L, Claridge JA, Butler K, Young JS. The 
golden hour and the silver day: detection and correction 
of occult hypo perfusion within 24 hours improves out-
come from major trauma. J Trauma. 1999; 47(5): 964–969. 
https://doi.org/10.1097/00005373-199911000-00028

5. Wo CC, Shoemaker WC, Appel PL, Bishop MH, Kram 
HB, Hardin E. Unreliability of blood pressure and heart 
rate to evaluate cardiac output in emergency resuscitation 
and critical illness. Crit Care Med. 1993; 21(2): 218–223. 
https://doi.org/10.1097/00003246-199302000-00012

6. Tisherman SA, Barie P, Bokhari F, Bonadies J, Daley B, 
Diebel L, et al. Clinical practice guideline: endpoints of 
resuscitation. J Trauma. October 2004; 57(4): 898–912. 
https://doi.org/10.1097/01.TA.0000133577.25793.E5

7. Martin M, Murray J, Berne T, Demetriades D, Belzberg H. 
Diagnosis of acid-base derangements and mortality predic-
tion in the trauma intensive care unit: the physiochemical 
approach. J Trauma. 2005; 58(2): 238–243. https://doi.
org/10.1097/01.TA.0000152535.97968.4E

8. Cerovic O, Golubovic V, Spec-Marn A, Kremzar B, Vidmar 
G. Relationship between injury severity and lactate levels 
in severely injured patients. Intensive Care Med. 2003; 
29(8):1300–1305. https://doi.org/10.1007/s00134-003-
1753-8

9. Durham RM, Moran JJ, Mazuski JE, Shapiro MJ, Baue 
AE, Flint LM. Multiple organ failure in trauma patients. J 
Trauma. 2003; 55(4): 608–616. https://doi.org/10.1097/01.
TA.0000092378.10660.D1

https://doi.org/10.1016/S0140-6736(96)07493-4
https://doi.org/10.1016/S0140-6736(96)07493-4
https://doi.org/10.1016/j.injury.2016.04.002
https://doi.org/10.1097/01.CCM.0000125517.28517.74
https://doi.org/10.1097/01.CCM.0000125517.28517.74
https://doi.org/10.1097/00005373-199911000-00028
https://doi.org/10.1097/00003246-199302000-00012
https://doi.org/10.1097/01.TA.0000133577.25793.E5
https://doi.org/10.1097/01.TA.0000152535.97968.4E
https://doi.org/10.1097/01.TA.0000152535.97968.4E
https://doi.org/10.1007/s00134-003-1753-8
https://doi.org/10.1007/s00134-003-1753-8
https://doi.org/10.1097/01.TA.0000092378.10660.D1
https://doi.org/10.1097/01.TA.0000092378.10660.D1


Evaluation of Lactate and Lactate Clearance as a Marker of Outcome in Trauma ICU

Asian Journal of Pharmaceutical Research and Health Care106 Vol 12 (3) | 2020 | www.informaticsjournals.org/index.php/ajprhc

10. Aslar AK, Kuzu MA, Elhan AH, Tanik A, Hengirmen S. 
Admission lactate level and the APACHEII score are the 
most useful predictors of prognosis following torso trauma. 
Injury. 2004; 35(8): 746–752. https://doi.org/10.1016/j.
injury.2003.09.030

11. Lavery RF, Livingston DH, Tortella BJ, Sambol JT, Slomovitz 
BM, Siegel JH. The utility of venous lactate to triage injured 
patients in the trauma center. J Am Coll Surg. 2000; 190(6): 
656–664. https://doi.org/10.1016/S1072-7515(00)00271-4

12. Manikis P, Jankowski S, Zhang H, Kahn RJ, Vincent JL. 
Correlation of serial blood lactate levels to organ failure 
and mortality after trauma. Am J Emerg Med. 1995; 13(6): 
619–622. https://doi.org/10.1016/0735-6757(95)90043-8

13. Abramson D, Scalea TM, Hitchcock R, Trooskin SZ, Henry 
SM, Greenspan J. Lactate clearance and survival follow-
ing injury. J Trauma. 1993; 35(4): 584–588. https://doi.
org/10.1097/00005373-199310000-00014

14. Odom SR, Howell MD, Silva GS, Nielsen VM, Gupta A, 
Shapiro NI, et al. Lactate clearance as a predictor of mortality 
in trauma patients. J Trauma Acute Care Surg. 2013; 74(4): 
999–1004. https://doi.org/10.1097/TA.0b013e3182858a3e

15. Moralesa C, Ascuntarc J, Londoñod JM, Niñod CD, Leóna 
JP, Bernald E, Vargasb C, Jaimes F. Lactate clearance: prog-
nostic mortality marker in trauma patients. 2019; 47(1): 
41–48. https://doi.org/10.1097/CJ9.0000000000000084

16. Hasegawa D, Nishida K, Hara Y, Kawaji T, Moriyama K, 
Shimomura Y, Niimi D, Komura H, Nishida O.  Differential 
effect of lactate in predicting mortality in septic patients 
with or without disseminated intravascular coagulation: a 
multicenter, retrospective, observational study. J Intensive 
Care 2019; 7: 35. https://doi.org/10.1186/s40560-019-
0389-x

17. BouChebl R, El Khuri C, Shami A, Rajha E, Faris N, Bachir 
R, AbouDagher G. Serum lactate is an independent pre-
dictor of hospital mortality in critically ill patients in the 
emergency department: a retrospective study. Scand J 
Trauma Resusc Emerg Med. 14 Jul 2017; 25(1): 69. https://
doi.org/10.1186/s13049-017-0415-8

18. Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin 
A, Ressler JA, Tomlanovich MC. Early lactate clearance 
is associated with improved outcome in severe sepsis and 

septic shock. Crit Care Med. 2004; 32(8): 1637–42. https://
doi.org/10.1097/01.CCM.0000132904.35713.A7

19. Caputo N, Fraser R, Paliga A, Kanter M, Hosford K, 
Madlinger R. Triage vital signs do not correlate with serum 
lactate or base deficit, and are less predictive of operative 
intervention in penetrating trauma patients: a prospective 
cohort study. Emerg Med. 2013; 0(7): 546–50. https://doi.
org/10.1136/emermed-2012-201343

20. Guyette F, Suffoletto B, Castillo J-L, Quintero J, Callaway 
C, Puyana J-C. Prehospital serum lactate as a predictor of 
outcomes in trauma patients: a retrospective observational 
study. J Trauma 2011; 70(4):782–6. https://doi.org/10.1097/
TA.0b013e318210f5c9

21. Husain F, Martin JM, Mullenix PD, Steele S, Elliot DC. 
Serum lactate and base deficit as predictors of mortality 
and morbidity. Am J Surg. 2003; 185(5): 485–491. https://
doi.org/10.1016/S0002-9610(03)00044-8

22. Lefering R, Zielske D, Bouillon B, Hauser C, Levy H. Lactic 
acidosis is associated with multiple organ failure and need 
for ventilator support in patients with severe hemorrhage 
from trauma. Eur J Trauma Emerg Surg. 2013; 39(5): 487–
93. https://doi.org/10.1007/s00068-013-0285-3

23. Callaway DW, Shapiro NI, Donnino MW, Baker C, Rosen 
CL. Serum lactate and base deficit as predictors of mor-
tality in normotensive elderly blunt trauma patients. J 
Trauma. 2009; 66(4): 1040–4. https://doi.org/10.1097/
TA.0b013e3181895e9e

24. Chana M, Manson J, Davenport R, De’Ath H, Spoors C, 
Raza I, et al. Time course of lactate clearance in trauma and 
its relevance to outcomes. Scand J Trauma Resusc Emerg 
Med; 2012; 20(Suppl 1): O9. https://doi.org/10.1186/1757-
7241-20-S1-O9

25. Freitas AD, Franzon O. Lactate as predictor of mortality 
in polytrauma. Arq Bras Cir Dig. 2015; 28(3): 163–166. 
https://doi.org/10.1590/S0102-67202015000300004 

26. Kushimoto S, Akaishi S, Sato T, Nomura R, Fujita M, Kudo 
D, Kawazoe Y, Yoshida Y, Miyagawa N. Lactate, a useful 
marker for disease mortality and severity but an unreliable 
marker of tissue hypoxia/hypoperfusion in critically ill 
patients. Acute Med Surg. 2016; 3(4): 293-297. https://doi.
org/10.1002/ams2.207

https://doi.org/10.1016/j.injury.2003.09.030
https://doi.org/10.1016/j.injury.2003.09.030
https://doi.org/10.1016/S1072-7515(00)00271-4
https://doi.org/10.1016/0735-6757(95)90043-8
https://doi.org/10.1097/00005373-199310000-00014
https://doi.org/10.1097/00005373-199310000-00014
https://doi.org/10.1097/TA.0b013e3182858a3e
https://doi.org/10.1097/CJ9.0000000000000084
https://doi.org/10.1186/s40560-019-0389-x
https://doi.org/10.1186/s40560-019-0389-x
https://doi.org/10.1186/s13049-017-0415-8
https://doi.org/10.1186/s13049-017-0415-8
https://doi.org/10.1097/01.CCM.0000132904.35713.A7
https://doi.org/10.1097/01.CCM.0000132904.35713.A7
https://doi.org/10.1136/emermed-2012-201343
https://doi.org/10.1136/emermed-2012-201343
https://doi.org/10.1097/TA.0b013e318210f5c9
https://doi.org/10.1097/TA.0b013e318210f5c9
https://doi.org/10.1016/S0002-9610(03)00044-8
https://doi.org/10.1016/S0002-9610(03)00044-8
https://doi.org/10.1007/s00068-013-0285-3
https://doi.org/10.1097/TA.0b013e3181895e9e
https://doi.org/10.1097/TA.0b013e3181895e9e
https://doi.org/10.1186/1757-7241-20-S1-O9
https://doi.org/10.1186/1757-7241-20-S1-O9
https://doi.org/10.1590/S0102-67202015000300004

	_GoBack

