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The prognostic usefulness of the lactate/albumin ratio for predicting multiple
organ dysfunction syndrome in severe trauma
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Objective: Early prediction of the multiple organ dysfunction syndrome (MODS) and providing early innovative treatment
may improve outcomes in patients with severe trauma. Lactate and serum albumin levels, which are widely used markers
predicting the severity of critically ill patients, tend to diverge during clinical deterioration. This study aimed to evaluate the
clinical utility of the lactate/albumin ratio (LAR) as a predictive factor for MODS and 30-day mortality in patients with

severe trauma.

Methods: This retrospective, observational cohort study was performed with patients prospectively integrated into a criti-
cal pathway for trauma. We analyzed severe trauma patients (Injury Severity Score >16) admitted to the emergency
department (ED), between January 1, 2011, and May 31, 2017. The outcomes were the development of MODS and 30-

day mortality.

Results: In total, 348 patients were enrolled, of which 18 (5.2%) died within 96 hours of ED admission, and the remaining
330 patients (94.8%) were evaluated for the development of MODS. An increase in the LAR at admission (odds ratio,
1.618; P=0.028) was an independent predictor of MODS development. The area under the receiver operating character-
istic curve (0.755) and Harrell's C-index (0.783) showed that LAR could predict MODS and 30-day mortality.

Conclusion: Initial LAR is an independent predictor of MODS development in patients with severe trauma. Our study
results suggest that an elevated LAR can be a useful prognostic marker in patients with severe trauma.
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Capsule Summary

What is already known in the previous study
The development of multiple organ dysfunction syn-
drome (MODS) in patients with severe trauma is closely
associated with higher mortality. Early prediction and
aggressive treatment for MODS are key elements in
improving clinical outcomes.

What is new in the current study

A higher lactate/albumin ratio at admission is an inde-
pendent predictor of MODS development in patients
with severe trauma.
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Fig. 1. Flow diagram of patient enrolment, exclusions, and clinical outcomes. CP, critical pathway; NCU, neurosurgical inten-
sive care unit; ISS, Injury Severity Score; ICU, intensive care unit; MODS, multiple organ dysfunction syndrome.
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Fig. 2. The development of multiple organ dysfunction syndrome (MODS) as a predictor of 30-day mortality. Occurrence of
MODS was significantly associated with increased 30-day mortality risk among patients with severe trauma. HR, haz-
ard ratio; Cl, confidence interval; MODS, multiple organ dysfunction syndrome.
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Table 1. Clinical characteristics of the study patients stratified according to development of MODS
Development of MODS

. Total
Variable _ No Yes
(n=330) P-value
(n=271, 82.1%) (n=59, 17.9%)
Age (yr) 49.7+£18.8 4941187 51.5+£19.4 0.433
Male sex 236 (71.52) 190 (70.11) 46 (77.97) 0.226
BMI 239+3.6 239t3.6 242+38 0.552
Mental change 56 (17.0) 31(11.49) 25 (42.4) <0.001*
I'SS score (point) 29.1*+104 27.3t84 37.2*t14.1 <0.001*
APACHE |1 score (point) 11.2*+6.7 9.9+57 16.9£8.2 <0.001*
SOFA score (point) 46+3.6 3.6t28 95£3.0 <0.001*
Initial vital sign
Systolic blood pressure (mmHg) 112.6+32.9 115.7*+31.6 98.3£35.2 <0.001*
Diastolic blood pressure (mmHg) 68.3119.2 69.71+18.0 61.9+22.9 0.017*
Heart rate (bpm) 92.8+23.6 92.0£22.0 96.5+29.9 0.284
Shock index 0.90£0.38 0.86*£0.35 1.09+0.47 0.001*
Mechanism 0.66
Motor vehicle accident at high speed 44 (13.33) 34 (12.55) 10 (16.95)
Ejection or rollover of vehicle 13 (3.94) 10 (3.69) 3(5.08)
Pedestrian stuck by moving vehicle 97 (29.39) 79 (29.15) 18 (30.51)
Bicycle accident>20 kph 7(2.12) 6 (2.21) 1(1.69)
Fall>3 m 77 (23.33) 62 (22.88) 15(25.42)
Motorcycle accident with separation 57 (17.27) 50 (18.45) 7(11.86)
Crushing injury 16 (4.85) 12 (4.43) 4(6.78)
Stab wound 19 (5.76) 18 (6.64) 1(1.69)
Comorbidity
Hypertension 84 (25.45) 66 (24.35) 18 (30.51) 0.325
Diabetes mellitus 51 (15.45) 41 (15.13) 10 (16.95) 0.726
Chronic pulmonary disease 18 (5.45) 14 (5.17) 4 (6.78) 0.541
Cardiovascular disease 20 (6.06) 15 (5.54) 5(8.47) 0.373
Old cerebrovascular accident 6(1.82) 5(1.85) 1(1.69) >0.999
Malignancy 7(2.12) 7 (2.58) 0 0.36
Chronic liver disease 2(0.61) 1(0.37) 1(1.69) 0.326
Chronic kidney disease 6(1.82) 5(1.85) 1(1.69) >0.999
Treatment within 24 hr
Surgery 116 (35.15) 87 (32.10) 29 (49.15) 0.013*
Embolization 63 (19.09) 46 (16.97) 17 (28.81) 0.036*
Conservative management 166 (50.30) 145 (53.51) 21 (35.59) 0.013*
Transfusion in first 24 hr
pRBC (unit) 3.28+6.67 2.01+:4.04 9.10£11.59 <0.001*
FFP (unit) 2.14+513 117345 6.56+8.35 <0.001*
P-Conc (unit) 2.02+557 0.87*£2.93 7.29+10.08 <0.001*
Laboratory data
White blood cell count (< 10%/pL) 12.97+5.12 13.14*£5.17 12.16+4.85 0.182
Hemoglobin (g/dL) 13.03+2.35 13.07£2.30 12.82+2.60 0.448
Platelet count (< 10%/4L) 233.02£76.65 237.09£73.28 214.29+88.84 0.07
PT (INR) 1.02+0.20 1.00£0.18 1.10+0.27 0.009*
BUN (mg/dL) 16.9+6.6 16.9£6.8 16.5+5.8 0.674
Creatinine (mg/dL) 0.98+0.73 0.95*£0.72 1.15+0.76 0.048
AST (U/L) 137.9+169.2 127.4+159.4 186.8+202.8 0.038*
ALT (U/L) 93.8+130.1 86.91123.8 125.8+153.1 0.07
Potassium (mmol/L) 4.04£0.57 4.05+0.53 4,02*£0.72 0.746
tCO, (mmol/L) 18.85+3.45 19.21+3.22 17.17+3.98 <0.001*
Lactate (mmol/L) 3.80+2.89 3.32*t242 5.99+3.78 <0.001*
Albumin (g/dL) 3.71+0.63 3.77£0.58 3.43£0.75 0.001*
LAR 1.12+1.22 0.92*0.78 2.02+£2.15 <0.001*

Values are presented as mean =+ SD or number (%).

MODS, multiple organ dysfunction syndrome; BMI, body mass index; ISS, Injury Severity Score; APACHE, Acute
Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; pRBC, packed red blood cells; FFP,
fresh frozen plasma; P-Conc, platelet concentrate; PT, prothrombin time; INR, international normalized ratio; BUN, blood
urea nitrogen; AST, aspartate aminotransferase; ALT, aanine aminotransferase; tCO,, total CO,; LAR, lactate albumin ratio.

* P<0.05.
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Table 2. Univariable logistic regression analysis for predictors of the developments of multiple organ dysfunction syndrome

(MODS)
Varizble Development of MODS
OR (95% ClI) P-value
Age (per 1 year) 1.006 (0.991-1.021) 0.432
Male (vs. female) 1.508 (0.773-2.942) 0.228
BMI 1.023 (0.949-1.104) 0.551
Mental change (vs. aert) 5.693 (3.009-10.770) <0.001*
ISS score (per 1 point) 1.088 (1.057-1.119) <0.001*
APACHE |1 score (per 1 point) 1.150 (1.101-1.202) <0.001*
SOFA score (per 1 point) 1.736 (1.526-1.974) <0.001*
Initial vital sign
Systolic blood pressure (per 1 mmHg) 0.984 (0.975-0.993) <0.001*
Diastolic blood pressure (per 1 mmHg) 0.979 (0.965-0.994) 0.006*
Heart rate (per 1 bpm) 1.008 (0.996-1.021) 0.19
Shock index 3.773 (1.907-7.465) <0.001*
Mechanism
Motor vehicle accident at high speed Ref
Ejection or rollover of vehicle 1.020 (0.234-4.438) 0.979
Pedestrian stuck by moving vehicle 0.775 (0.324-1.852) 0.566
Bicycle accident>20 kph 0.567 (0.061-5.277) 0.618
Fal>3m 0.823(0.333-2.029) 0.672
Motorcycle accident with separation 0.476 (0.165-1.373) 0.17
Crushing injury 1.133 (0.299-4.299) 0.854
Stab wound 0.189 (0.022-1.595) 0.126
Comorbidity
Hypertension 1.364 (0.734-2.534) 0.327
Diabetes mellitus 1.145 (0.537-2.441) 0.726
Chronic pulmonary disease 1.335(0.423-4.211) 0.622
Cardiovascular disease 1.580 (0.551-4.533) 0.395
Old cerebrovascular accident 0.917 (0.105-7.999) 0.938
Malignancy 0.297 (0.014-6.404) 0.438
Chronic liver disease 4.655 (0.287-75.511) 0.279
Chronic kidney disease 0.917 (0.105-7.999) 0.938
Treatment within 24 hr
Surgery 2.044 (1.156-3.617) 0.014*
Embolization 1.980 (1.037-3.779) 0.038*
Conservative management 0.480 (0.268-0.861) 0.014*
Transfusion in first 24 hr
pRBC (per 1 unit) 1.167 (1.105-1.231) <0.001*
FFP (per 1 unit) 1.195(1.123-1.272) <0.001*
P-Conc (per 1 unit) 1.199 (1.128-1.275) <0.001*
Laboratory data
White blood cell count (per 10%/L) 0.960 (0.904-1.019) 0.182
Hemoglobin (per 1 g/dL) 0.956 (0.850-1.074) 0.447
Platelet count (per 10°/L) 0.996 (0.992-1.000) 0.039*
PT (per 1INR) 6.831 (1.677-27.823) 0.007*
BUN (per 1 mg/dL) 0.990 (0.947-1.036) 0.673
Creatinine (per 1 mg/dL) 1.326 (0.956-1.838) 0.091
AST (per 1 U/L) 1.002 (1.000-1.003) 0.02*
ALT (per 1U/L) 1.002 (1.000-1.004) 0.045*
Potassium (per 1 mmol/L) 0.903 (0.544-1.497) 0.692
tCO; (per 1 mmol/L) 0.850 (0.784-0.921) <0.001*
Lactate (per 1 mmol/L) 1.308 (1.187-1.442) <0.001*
Albumin (per g/dL) 0.451 (0.295-0.689) <0.001*
LAR 2.217 (1.624-3.026) <0.001*

MODS, multiple organ dysfunction syndrome; OR, odds ratio; Cl, confidence interval; BMI, body mass index; 1SS, Injury
Severity Score; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment;
pRBC, packed red blood cells; FFP, fresh frozen plasma; P-Conc, platelet concentrate; PT, prothrombin time; INR, interna-
tional normalized ratio; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, aanine aminotransferase; tCO,,
total CO;; LAR, lactate albumin ratio.

* P<0.05.
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Table 3. Multivariable logistic regression analysis for predictors of the development of MODS
Development of MODS
Variable P
OR (95% Cl) P-value
Age (per 1 year) 1.019 (1.000-1.038) 0.048*
ISS score (per 1 point) 1.078 (1.042-1.115) <0.001*
Shock index 1.499 (0.641-3.506) 0.35
Mental change (vs. alert) 2.071 (0.915-4.686) 0.081
PT (per 1INR) 1.074 (0.209-5.524) 0.932
Creatinine (per 1 mg/dL) 1.171 (0.781-1.755) 0.445
tCO; (per 1 mmol/L) 1.014 (0.903-1.140) 0.81
LAR 1.618 (1.053-2.489) 0.028*

MODS, multiple organ dysfunction syndrome; OR, odds ratio; Cl, confidence interval; ISS, Injury Severity Score; PT, pro-
thrombin time; INR, international normalized ratio; tCO,, total CO,; LAR, lactate albumin ratio.

* P<0.05.
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Table 4. Univariable Cox proportional hazard regression analysis for predictors of 30-day mortality

30-Day mortality

Variable
HR (95% Cl) P-value
Age (per 1 year) 1.025 (1.006-1.043) 0.008*
Male (vs. female) 0.940 (0.464-1.902) 0.863
BMI 1.031 (0.948-1.120) 0.48
Mental change (vs. aert) 5.633 (2.948-10.762) <0.001*
ISS score (per 1 point) 1.068 (1.048-1.088) <0.001*
APACHE |1 score (per 1 point) 1.150 (1.113-1.187) <0.001*
SOFA score (per 1 point) 1.468 (1.345-1.602) <0.001*
Initial vital sign
Systolic blood pressure (per 1 mmHg) 0.974 (0.967-0.982) <0.001*
Diastolic blood pressure (per 1 mmHg) 0.958 (0.946-0.971) <0.001*
Heart rate (per 1 bpm) 0.986 (0.974-0.998) 0.026
Shock index 3.815 (2.083-6.988) <0.001*
Mechanism
Motor vehicle accident at high speed Ref
Ejection or rollover of vehicle 1.081 (0.112-10.396) 0.946
Pedestrian stuck by moving vehicle 2.495 (0.731-8.514) 0.144
Bicycle accident>20 kph 4572 (0.764-27.371) 0.096
Fall>3 m 1.886 (0.519-6.852) 0.335
Motorcycle accident with separation 0.511 (0.085-3.061) 0.463
Crushing injury 0.917 (0.095-8.813) 0.94
Stab wound 0.775 (0.081-7.447) 0.825
Comorbidity
Hypertension 1.623 (0.827-3.188) 0.16
Diabetes mellitus 1.558 (0.712-3.409) 0.267
Chronic pulmonary disease 0.980 (0.236-4.076) 0.978
Cardiovascular disease 1.404 (0.431-4.572) 0.573
Old cerebrovascular accident 0.724 (0.043-12.238) 0.823
Malignancy 1.206 (0.165-8.795) 0.854
Chronic liver disease 8.782 (2.101-36.702) 0.003*
Chronic kidney disease 0.724 (0.043-12.238) 0.823
Treatment within 24 hr
Surgery 2.989 (1.538-5.810) 0.001*
Embolization 1.992 (1.001-3.966) 0.05*
Conservative management 0.324 (0.153-0.686) 0.003*
Transfusion in first 24 hr
pRBC (per 1 unit) 1.067 (1.050-1.084) <0.001*
FFP (per 1 unit) 1.088 (1.065-1.111) <0.001*
P-Conc (per 1 unit) 1.085 (1.061-1.110) <0.001*
Laboratory data
White blood cell count (per 10%/L) 0.939 (0.871-1.011) 0.097
Hemaoglobin (per 1 g/dL) 0.845 (0.753-0.949) 0.005*
Platelet count (per 10%/xL) 0.996 (0.992-1.000) 0.073
PT (per 1INR) 4.178 (2.335-7.476) <0.001*
BUN (per 1 mg/dL) 1.028 (0.992-1.066) 0.132
Creatinine (per 1 mg/dL) 1.233 (0.998-1.524) 0.052
AST (per LU/L) 1.001 (1.000-1.002) 0.088
ALT (per 1UIL) 1.001 (1.000-1.003) 0.148
Potassium (per 1 mmol/L) 1.334 (0.779-2.285) 0.294
tCO; (per 1 mmol/L) 0.854 (0.791-0.921) <0.001*
Lactate (per 1 mmol/L) 1.233 (1.159-1.313) <0.001*
Albumin (per g/dL) 0.562 (0.369-0.856) 0.007*
LAR 1.280 (1.163-1.409) <0.001*

HR, hazard ratio; Cl, confidence interval; BMI, body mass index; ISS, Injury Severity Score; APACHE, Acute Physiology
and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; pRBC, packed red blood cells; FFP, fresh
frozen plasma; P-Conc, platelet concentrate; PT, prothrombin time; INR, international normalized ratio; BUN, blood urea
nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; tCO,, total CO,; LAR, lactate albumin ratio.

* P<0.05.
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Table 5. Multivariable Cox proportional hazard regression analysis for predictors of 30-day mortality
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30-Day mortality

Variable

HR (95% ClI) P-value
Age (per 1 year) 1.039 (1.017-1.060) <0.001*
ISS score (per 1 point) 1.063 (1.034-1.092) <0.001*
Shock index 2.579 (1.272-5.230) 0.009*
Mental change (vs. alert) 1.901 (0.812-4.449) 0.139
Chronic liver disease 7.866 (1.009-61.351) 0.049*
PT (per 1 INR) 2.625 (0.994-6.935) 0.052
tCO; (per 1 mmol/L) 0.982 (0.877-1.101) 0.761
LAR 1.019 (0.802-1.294) 0.878

HR, hazard ratio; Cl, confidence interval; ISS, Injury Severity Score; PT, prothrombin time; INR, international normalized

ratio; tCO,, total CO;; LAR, lactate albumin ratio.
* P<0.05.
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Fig. 4. Comparison of receiver operating characteristic (ROC) curve, assessing the discriminatory ability of clinical marker to
stratify the risk of development of multiple organ dysfunction syndrome (statistical information is shown in Table 6).
AUC, area under the ROC curve; LAR, lactate albumin ratio; APACHE, Acute Physiology and Chronic Health
Evaluation; ISS, Injury Severity Score; Cl, confidence interval.
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Fig. 5. Comparison of Harrell’ s C-index, assessing the discriminatory ability of clinical marker to stratify the risk of 30-day
mortality (statistical information is shown in Table 7). LAR, lactate albumin ratio; APACHE, Acute Physiology and
Chronic Health Evauation; 1SS, Injury Severity Score; Cl, confidence interval.
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Table 8. Comparison of the performance of MODS prediction with and without the LAR by area under receiver operating characteristic

Development of MODS

Prediction model Comparison
AUC (95% CI) P.value

APACHE I 0.762 (0.692-0.832) 0.698

APACHE II+LAR 0.781 (0.713-0.849)

ISS 0.722 (0.645-0.799) 0.156

ISS+LAR 0.793 (0.726-0.861)

Shock index 0.664 (0.584-0.745) 0.024*

Shock index+LAR

0.764 (0.697-0.830)

MODS, multiple organ dysfunction syndrome; LAR, lactate/albumin ratio; AUC, area under the curve; Cl, confidence inter-
val; APACHE, Acute Physiology and Chronic Health Evaluation; LAR, lactate albumin ratio; 1SS, Injury Severity Score.

* P<0.05.
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Appendix 1. The criteriaof ‘TRAUMA'’ critical pathway activation. CP, critical pathway.

Activation Criteria of TRAUMA CP

Mechanism

Clinical suspiciaon

» Any motor vehicle at high speed(>60 kph)
* Ejection or rollover or death
of vehicle occupants
* Pedestrian stuck by moving vehicle
* Bicycle accident > 20 kph impact
* Fall down injury >3 m
» Motorcycle accident with separation
from vehicle
* Crushing injury in head, neck, chest,
abdomen and pelvis

* Glasgow coma scale < 14

* Systolic blood pressure < 90 mmHg

» Flail chest

* Penetrating torso injury

* Definite hemothorax or pneumothorax

* Open skull fracture, limb paralysis

* Pelvic bone fracture

» Amputation wrist/ankle, upper elbow/knee
* Penetrating injury

* Penetrating head or neck injury




