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Abstract

Objective: to compare the different evolution of conventional laboratory parameters between
three severe trauma phenotypes.

Design: Observational study of a prospectively collected cohort of severe trauma patients, with
retrospective database completion, studied between 2012 and 2022.

Setting: A trauma intensive care unit (ICU).

Patients: Severe trauma patients were defined by an Abbreviated Injury Scale of > 3 in at least
one aspect. Three groups were stablished according to hemodynamic status and Glasgow coma
scale (GCS), and they were subsequently subdivided in prematurely deceased and survivors
after > 72 h (h). Laboratory parameters were followed up to 96 h, statistical analysis between
groups and subgroups was performed at 0 and 24 h.

Interventions: None.

Main variables of interest: Prehospital, clinical variables on admission, prognostic variables
(prospective gathering); blood count, biochemistry, coagulation, blood gas analysis (retrospec-
tively collected).
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Introduction

Results: 1631 patients were included, 8% prematurely deceased. Initial leukocytosis and hyper-
glycemia were common in all groups. Hemodynamically stable patients with a GCS < 14 stood
out due to a high neutrophil-to-lymphocyte ratio (NLR) and hypernatremia, both of them at 24
h, together with initial coagulopathy in the prematurely deceased. Hemodynamically unstable
patients exhibited an initial pattern of lactic acidosis, coagulopathy, and decreased platelet-to-
lymphocyte ratio, hemoglobin, albumin and calcium, all these changes being most prominent in
the prematurely deceased. A 24 h peak in NLR was found in both the hemodynamically unstable
and GCS < 14 groups.

Conclusion: Evolution of laboratory parameters differ according to the patient’s phenotype.
They complete the initial severity evaluation and in hemodynamically stable patients they act
as a warning for potential neurological damage.

© 2025 Elsevier Espafa, S.L.U. and SEMICYUC. All rights are reserved, including those for text
and data mining, Al training, and similar technologies.

Resumen

Objetivo: Comparar la evolucion de parametros convencionales de laboratorio en tres fenotipos
de pacientes con trauma grave.

Disefio: Estudio sobre cohorte recogida prospectivamente entre 2012 y 2022 y completada
retrospectivamente con valores analiticos.

Ambito: Unidad de cuidados intensivos especializada en trauma.

Pacientes: Pacientes con trauma grave definidos por Abbreviated Injury Scale de > 3 en al
menos un area. Clasificados en tres grupos seglin situacion hemodinamica (HD) y escala de
coma de Glasgow (GCS); después subdivididos en fallecidos precozmente y supervivientes tras
72 horas (h). Se siguieron los valores analiticos 4 dias y se compararon a las 0 y 24 h entre grupos
y subgrupos.

Intervenciones: Ninguna.

Variables de interés principales: Prehospitalarias, variables clinicas al ingreso, variables
pronosticas (recogida prospectiva); hemograma, bioquimica, coagulacion, gasometria (retro-
spectivamente).

Resultados: Se incluyeron 1631 pacientes, 8% fallecieron precozmente. Leucocitosis e hiper-
glucemia iniciales ocurrieron en todos los grupos. Pacientes estables HD con GCS < 14 destacaron
por un ratio neutofilo-linfocito (NLR) elevado e hipernatremia ambos a las 24 h, asi como por
coagulopatia inicial en fallecidos precozmente. Pacientes inestables HD mostraron un patron
inicial de acidosis lactica, coagulopatia, y disminucion de ratio plaqueta-linfocito, hemoglobina,
albumina y calcio, todos estos cambios siendo mas marcados en los precozmente fallecidos. El
pico de NLR a las 24 h se encontro tanto en inestables HD como en aquellos con GCS < 14.
Conclusiones: El patron analitico difiere en cada fenotipo de paciente. Completa la valoracion
inicial de la gravedad y en pacientes con estabilidad hemodinamica puede alertar sobre una
posible lesion neurologica.

© 2025 Elsevier Espana, S.L.U. y SEMICYUC. Se reservan todos los derechos, incluidos los de
mineria de texto y datos, entrenamiento de IA y tecnologias similares.

because they have an effect in mortality: Abbreviated injury
scale (AIS) of > 3 in two or more different anatomic AlS
regions and one of the following: hypotension, coma, base

Severe trauma carries a great burden of morbidity and mor-
tality worldwide.'"* Injury due to trauma can affect the
body in various ways depending on mechanism of injury and
patient characteristics. What ultimately leads to disabil-
ity and mortality are three main pathological components:
hypoperfusion due to shock, direct tissue injury, and direct
central nervous system injury.*>

Initial management requires combining demographic,
physiological, anatomical®-® and laboratory data.’”'? The
Berlin definition of polytrauma'® focuses on these factors

deficit of > 6 mmol/L, coagulopathy or age >70 years. Many
of these key factors influence one another, and to extract
the independent contribution of each one to patient severity
and predicted morbidity is very challenging.'

We hypothesized that some laboratory parameters offer
differential information regarding patient severity and short
term mortality in three frequent scenarios of severe trauma:
hemodynamic (HD) instability, HD stability with an altered
level of consciousness, or none of the two. We classified
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patients according to these elements because they have
proved to be two of the top main determinants of patient
prognosis after severe trauma,’>'® taking Glasgow coma
scale (GCS) score as a surrogate for the presence of trau-
matic brain injury in hemodynamically stable patients. We
defined early death as patient death in the intensive care
unit (ICU) during the first 72 h of admission, as it included
three quarters of patients deceased in the ICU and the def-
inition of short term mortality after trauma is not clearly
defined between the time points of 24, 48 and 72 h after
admission.'”"8

Our primary objectives were to compare the patterns
of conventional laboratory parameters in the three study
groups built according to hemodynamic status and GCS
score, then to explore them for further additional value
comparing them between survivors and the early deceased
at the time points 0 and 24 h after ICU admission. Our
secondary objective was to follow the evolution of those
parameters in study subgroups in those patients who were
still in the ICU after 96 h.

Patients and methods

This observational analytical study was conducted in a
trauma ICU. We included patients with traumatic injury
between 2012 and 2022, who fulfilled the following crite-
ria inspired by the Berlin definition: AIS score > 3 in at least
one anatomical area. This definition can be found elsewhere
and is one of the most inclusive of Injury Severity Score (ISS)
cut-offs in the heterogeneous landscape of severe trauma
definitions. It differs from the current Berlin definition (AIS
> 3 for > 2 different body areas + 1 altered physiologic
parameter), as the altered physiological parameters were
removed from the definition in order to be analyzed in this
study, and to include isolated traumatic brain injury (TBI)
patients.?’

We excluded patients with non-hemorrhagic mechanisms
of trauma (burns, electrocution, smoke inhalation, heat
stroke, hypothermia, near drowning), those transferred
from another center, those without available laboratory
parameters and those younger than 14 years old.

Included patients were classified into three groups
according to hemodynamic status and GCS score on admis-
sion. Hemodynamic instability was defined as the need for
vasopressors within the first hour after arrival in order to
maintain a systolic blood pressure of > 85 mmHg. GCS
between 3 and 13 was used as a surrogate for the presence of
TBI in stable patients. Patient groups were labeled ‘‘Stable
andalert’’, **Stable with GCS < 14’’, and *‘Hemodynamically
unstable’’. Within each subgroup, a further division was
made between early deceased (patients who died in the <72
h period), and survivors at >72 h.

For each patient, the following data had been col-
lected prospectively: age, sex, and injury mechanism,
prehospital clinical parameters, clinical status on arrival,
transfusion, AIS area categorization, emergency surgery or
angioembolization, and evolution data such as multiorgan
dysfunction syndrome development, days of ICU stay, ICU
mortality and cause of ICU death.

Laboratory data was recollected at different time
points: on arrival and daily up to 96 h. If a patient

died or was transferred out of the ICU before the
96 h period, laboratory data ceased to be available
after either of those events occurred. Laboratory varia-
bles were the complete blood count, blood gas analysis,
basic serum biochemistry and conventional coagulation
parameters.

Statistical analysis

After data anonymization and approval from the ethics com-
mittee, data was merged in a unified database. Qualitative
variables were expressed as absolute count and relative
frequency. Clinical quantitative variables that followed a
normal distribution were displayed as mean and standard
deviation, those which did not follow it were shown as
median and interquartile range (IQR). Variables with > 50%
missing values were not used. Many parameters had an
inevitable proportion of missing data between the 72-96 h
time points due to early ICU discharges and early deaths,
so statistical analysis was only performed in time points
0 and 24 h. Laboratory parameter comparison was first
realized between study groups, then across study groups
between survivors and early deceased, both comparisons
are described in the main text and the latter is detailed in
the supplementary material. Laboratory value distribution
is usually skewed due to outliers, however, as it is fre-
quently done in similar studies about laboratory values,'%?'
mean and standard deviation were used as measures of
central tendency and dispersion since they are able to inte-
grate the information of these relevant outliers, often very
sick patients. Mean values of laboratory data were plot-
ted, classified by study group, for the 0 and 24 h time
points in early deceased and for the 0-96 timeline for sur-
vivors at >72 h. For the contrast hypothesis of quantitative
variables against categorical variables, analysis of variance
(ANOVA) and Tukey’ tests were used for the normally dis-
tributed variables, keeping Mann-Whitney and Dunn’s test
for the non-parametric context. All statistical analysis was
performed in R software, version ‘‘RStudio/2023.12.1 +
402",

Results

Global description

Patient flow diagram can be seen in Fig. 1. Out of 3724
trauma patients admitted on the ICU, 2877 had one or more
body regions with an AIS > 3. After applying exclusion crite-
ria, a total of 1631 patients were finally included for the
analysis. Patient characteristics are reported on Table 1,
classified by the three patient groups according to presence
of hemodynamic instability and level of consciousness, the
same can be found for subgroups on Table S1. Most important
differences are summarized below.

Stable and alert group represents roughly 50% of
patients, and it was not further divided into early deceased
and survivors because only 4 patients (<1%) died in the first
72 h. In this group median ISS was 17, most patients were
not transfused, length of stay and mortality were very low.
Stable with GCS < 14 group accounts for approximately
30% of patients and one out of ten was early deceased;
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Trauma patients admitted in the ICU

n=3724

.

Trauma patients with AIS 2 3 in at
least one anatomical area

n=2877
Excluded
3 duetoage< 14
—Pp 78 due to non hemorrhagic mechanism
311 due to origin in another facility
854 due to absence of analytical registry
A 4
Finally included in the study
n=1631
v v v
Stable and alert Stable with GCS < 14 Hemodinamically unstable

n =855 (52 %) n = 449 (28 %)

I

v v

n =327 (20 %)
|

v v

Early deceased

n=51(11%)

Survivors at » 72 hours

n = 398 (89 %)

Early deceased Survivors at = 72 hours

n=280(24%) n =247 (76 %)

Figure 1  Patient flow diagram.

Flow chart depicting patient inclusion in this study after applying exclusion and inclusion criteria. Non-hemorrhagic mechanisms
include lesions due to smoke inhalation, burns, hypothermia, and electrocution.
ICU: intensive care unit, AIS: Abbreviated Injury Scale, GCS: Glasgow coma scale.

nearly all patients in this group died due to intracranial
hypertension or withdrawal of life support owing to a catas-
trophic neurological prognosis. Almost all patients suffered
from a blunt mechanism the most frequent being fall from
low heights and run-over pedestrian. Most patients had
severe TBI as their main lesion, one third received inva-
sive intracranial pressure (ICP) monitoring and 15% urgent
neurosurgery. Hemodynamically unstable group represents
20% of patients and one out of four suffered from an early
death (50% due neurological damage and 35% due to catas-
trophic bleeding). Most frequent mechanism was fall from
high altitude while stab wound, gunshot wound, run-over
pedestrian and motor vehicle accidents were all of simi-
lar frequency in this group. Most patients received early
blood cell transfusion, around 40% received massive trans-
fusion. Most frequent severe trauma lesions were thoracic,
TBI, extremities including pelvis, and abdominal. One third
received torso damage control surgery and 14% therapeu-
tic angioembolization. Incidence of multiorgan dysfunction

syndrome was high at 25% and ICU mortality was 33%, length
of stay was highest.

Laboratory data analysis

Phosphoremia and monocyte distribution width data were
not included in analysis because of >50% missing values in our
sample. Included laboratory values are shown in Tables 2,
S2 and S3, and plotted in Figs. 2A-D. We provide a sta-
tistical comparison between the early values of the three
patient groups in Table 2, with post-hoc testing in Table S4.
The in-group analysis between survivors at > 72 h and early
deceased is shown in Tables S2 and S3. Sample sizes for each
data point gradually decrease over time, mostly due to dis-
charges in the group that survives > 72 h, and to very early
deaths in the early deceased group. Detailed sample sizes
are provided in the footnote of Fig. 2. Next described in text
are the statistically significant and most clinically relevant
differences shown in the analysis.
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Figure 2 Admission and further evolution of laboratory parameters between time 0 and 96 h, in patient groups and subgroups.

(A) Acid-base, (B) Blood Count, (C) Basic biochemistry, (D) Conventional coagulation tests.

Evolution of the mean value of different laboratory values on different time points. In the early deceased subgroups, values are
In the rest of patients, values are shown at time points 0, 24, 48, 72 and 96 h after
admission. Kind of parameter and its unit of measure is indicated in each individual graph. In each graph, one line is traced per study
subgroup (green pointed line is stable and alert, blue dashed line is stable with GCS < 14, pink line is hemodynamically unstable).
In the group that survives > 72 h, values at 0 h are extracted from a sample size of n = 1400 patients, which progressively decreases
approximately to n = 500 at 96 h. In the early deceased group, values at 0 h are extracted form a sample size of n = 100 patients, and
fall to n = 60 patients at 24 h. Figure A: blood gas values. Figures B and C: blood count values and basic biochemistry, respectively.

shown at ICU admission (0 h), and at 24 h.

Figure D: conventional coagulation parameters.

Abbreviations: /uL: cell count per microliter, s: seconds, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio,
RDW: red cell distribution width, U/L (unit per liter), INR: international normalized ratio; aPTT: activated partial thromboplastin

time, h: hour.
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Figure 2

Stable and alert patients

On arrival, main blood counts are normal in these patients,
such as hemoglobin > 13 g/dL and platelets > 200.10%/ L.
Leukocytosis and hyperglycemia are the most prominent

(Continued)

changes seen even in these less severe patients, usually
resolved at 24 h. As it can be seen in Fig. 2A-D, most param-
eters are not altered on arrival in these groups: ionized
calcium keeps around 1.10 mmol/L, and no important vari-
ation is seen for albumin, creatine-kinase (CK), creatinine,
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Table 1  Baseline patient characteristics for each study group.

Stable and alert Stable with GCS < 14 Hemodynamically
unstable
n = 855 (52) n = 449 (28) n = 327 (20)
Age (yr) 44.3 (18.3) 46.8 (18.7) 44.2 (18.0)
Sex
Male 677 (79.2) 354 (78.8) 245 (74.9)
Hemodynamic status on arrival
Stable 743 (86.9) 389 (86.6) 0
Transient instability that responds to 112 (13.1) 60 (13.4) 0
initial volume administration
Unstable 0 0 295 (90.2)
Refractory shock 0 0 32 (9.8)
ISS (median, [IQR]) 17 [13-22] 25 [17-33] 34 [25—45]
Global trauma mechanism
Blunt 721 (84.3) 443 (98.7) 277 (84.7)
Penetrating 134 (15.7) 6 (1.3) 50 (15.3)
Specific trauma mechanism
Fall from height 169 (19.8) 77 (17) 83 (25)
Road traffic accident - motorcycle 160 (18.7) 43 (10) 41 (13)
Run-over pedestrian 81 (9.5) 78 (17) 48 (15)
Road traffic accident - car 114 (13.3) 48 (11) 45 (14)
Fall from low height 74 (8.7) 110 (24) 18 (6)
Stabbing 123 (14.4) 3(1) 43 (13)
Bicycle accident 42 (4.9) 29 (6) 6 (2)
Hit with blunt object 24 (2.8) 30 (7) 8(2)
Crush 23 (2.7) 6 (1) 7(2)
Firearm 13 (1.5) 3(1) 43 (13)
Other 32 (3.7) 20 (4) 18 (6)
AlS Head and Neck > 3 215 (25) 391 (87) 166 (51)
AlS Face > 3 15 (1.8) 26 (6) 24 (7)
AlIS Thoracic > 3 363 (42.5) 125 (28) 222 (68)
AlS Abdominal > 3 127 (14.9) 24 (5) 118 (36)
AlS Extremity > 3 283 (33.1) 70 (16) 157 (48)
AlS External > 3 2 (0.2) 4 (1) 5(2)
pRBC transfusion in first 24 h
No transfusion 740 (86.5) 386 (86.0) 53 (16.2)
1—-9 pRBC 110 (12.9) 59 (13.1) 155 (47.4)
> 10 pRBC 0 0 (0) 118 (36.1)
Torso damage control surgery < 24 h 73 (8.5) 6 (1.3) 113 (34.6)
Therapeutic angioembolization < 24 h 37 (4.3) 6 (1.3) 46 (14.1)
ICP neuromonitorization 12 (1.4) 150 (33.4) 46 (14.1)
Neurosurgery < 24 h 14 (1.6) 71 (15.8) 19 (5.8)
Multiorgan dysfunction syndrome 12 (1.4) 6 (1.3) 81 (24.8)
ICU length of stay (median, [IQR]) 1.97 [1.03-3.20] 3.95[1.74—12.7] 5.45 [1.85—16.2]
Early ICU Mortality (<72 h) 4 (<1) 51 (11) 80 (24)
Cause of death
MODS 2 (<1) 3 (<1) 14 (4)
Exsanguination 0 1 32 (10)
Neurological damage 6 (7) 67 (15) 61 (19)
Total ICU Mortality 8 (0.9) 71 (15.8) 107 (32.7)

Clinical patient characteristics at baseline and during ICU admission, classified by main study groups. Categorical variables are described
with absolute number followed by percentage between parentheses. Continuous variables are described with mean followed by standard
deviation, or median followed by [interquartile range] if specified. AlS per anatomical area are shown as absolute number and percentage
of patients with a score equal or greater than 3 in each are.

TBI: traumatic brain injury, yr: year, AlS: Abbreviated Injury Scale, pRBC: packed red blood cell, ISS: Injury Severity Score, ICU: intensive
care unit, MODS: multiorgan dysfunction syndrome.
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Table 2 Laboratory mean values at 0 and 24 h time points for the three study groups, and statistical comparison.

Stable and alert Stable with GCS < 14 Hemodynamically unstable p value

n = 855 (52) n = 449 (28) n = 327 (20)
Hemoglobin_0 (g/dL) 13.4 (2.0) 13.0 (2.1) 10.7 (2.8) <0.001
Hemoglobin_24 (g/dL) 11.2 (2.0) 11.3 (1.9) 10.9 (2.3) 0.072
Platelets 0 (.10%/uL) 220 (62.5) 199 (64.7) 186 (76.0) <0.001
Platelets 24 (.103/pL) 168 (51.2) 164 (53.1) 129 (53.3) <0.001
Leukocytes_0 (.103/uL) 14.3 (5.7) 14.1 (6.4) 15.4 (7.1) 0.01
Leukocytes_24 (.10%/pL) 9.9 (3.4) 11.4 (4.2) 10.7 (4.9) <0.001
Neutrophils_0 (.103/pL) 11.2 (5.4) 11.3 (5.7) 11.9 (6.4) 0.218
Neutrophils_24 (.103/uL) 7.7 (3.2) 9.4 (3.9) 9.0 (4.5) <0.001
Lymphocytes_0 (.103/puL) 2.1 (1.2) 1.9 (1.3) 2.6 (1.6) <0.001
Lymphocytes_24 (.103/pL) 1.2 (0.6) 1.1 (0.5) 0.9 (0.5) <0.001
Monocytes 0 (.103/ L) 0.8 (0.4) 0.7 (0.4) 0.7 (0.5) <0.001
Monocytes_24 (.103/pL) 0.8 (0.4) 0.8 (0.4) 0.8 (0.5) 0.116
NLR-O 7.8 (8.4) 8.1 (6.2) 6.4 (5.2) <0.001
NLR_24 7.9 (6.6) 11.5 (8.3) 12.4 (8.9) <0.001
PLR_O 142 (107.8) 140 (91.7) 98 (81.5) <0.001
PLR_24 164 (97.2) 191 (109.9) 182 (120.4) <0.001
RDW_0 13.8 (1.3) 14.0 (1.4) 14.0 (1.1) <0.001
RDW_24 14.0 (1.3) 14.2 (1.5) 14.7 (1.0) <0.001
Lactate_ 0 (mmol/L) 1.97 (1.50) 2.15 (1.47) 4.23 (3.58) <0.001
Lactate 24 (mmol/L) 1.19 (0.76) 1.37 (0.99) 2.78 (2.28) <0.001
Base excess_0 (mmol/L) —2.4 (3.7) -3.3(3.9) —6.3 (5.8) <0.001
Base excess_24 (mmol/L) —1.0 (3.1) —1.2 (3.2) —2.2 (4.1) <0.001
lonized Ca_0 (mmol/L) 1.10 0.1) 1.06 (0.1) 1.02 (0.12) <0.001
lonized Ca_24 (mmol/L) 1.09 (0.1) 1.06 (0.1) 1.01 (0.10) <0.001
Albumin_0 (g/dL) 4.0 (0.5) 3.8 (0.6) 2.9 (0.8) <0.001
Albumin_24 (g/dL) 3.4 (0.4) 3.3 (0.5) 3.0 (0.5) <0.001
Glycemia_0 (mg/dL) 138 (42.2) 147 (52.2) 195 (76.3) <0.001
Glycemia_24 (mg/dL) 122 (31.6) 133 (36.9) 140 (40.7) <0.001
Sodium_0 (mEq/L) 141 (3.1) 142 (5.4) 145 (10.0) <0.001
Sodium_24 (mEq/L) 140 (3.2) 143 (5.4) 148 (7.0) <0.001
CK_0 (U/L) 517 (923) 471 (481) 1186 (5345) <0.001
CK_24 (U/L) 1564 (2126) 1152 (1644) 4962 (10,647) <0.001
Creatinine_0 (mg/dL) 0.88 (0.31) 0.85 (0.58) 1.04 (0.38) <0.001
Creatinine_24 (mg/dL) 0.75 (0.28) 0.72 (0.45) 1.00 (0.43) <0.001
INR_O 1.15 (0.44) 1.21 (0.56) 1.43 (0.59) <0.001
INR_24 1.16 (0.20) 1.18 (0.19) 1.22 (0.18) <0.001
aPTTL0 (s) 27.2 (6.4) 28.4 (7.2) 36.1 (19.1) <0.001
aPTT_24 (s) 27.5 (3.7) 28.5 (4.1) 29.3 (5.2) <0.001
Fibrinogen_0 (mg/dL) 347 (81) 340 (92) 302 (81) <0.001
Fibrinogen_24 (mg/dL) 437 (110) 436 (107) 399 (105) <0.001

Mean value and standard deviation of different laboratory values at the time points 0 h and 24 h after ICU admission, classified by study
group. ANOVA or Kruskal-Wallis tests were performed, where appropriate, for each parameter and time point to report statistically

significant differences between study groups. Significant p values < 0.

24 h after ICU admission, respectively.

05 are in bold. **.0’’ and ‘*_24’’ accounts for time point 0 h and

Abbreviations: /pL: cell count per microliter, s: seconds, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, RDW:

red cell distribution width, Ca: calcium, INR: international normalized
kinase, ANOVA: analysis of variance, h: hour.

and coagulation parameters. During the following days,
hemoglobin falls reaching nadir at 72—96 h, platelets also
descend and plateau at 48 h. Some values become different
than those of a healthy population, such as lower albumin,
hemoglobin and lymphocyte count, higher CK (mean of 2000
U/L) or higher fibrinogen. Most other minimal alterations
resolve rapidly.

ratio; aPTT: activated Partial Thromboplastin Time, CK: creatine-

Stable with GCS < 14 patients

On arrival, altered parameters are leukocytosis due to
neutrophil rise, slight hyperglycemia, low platelet count,
slightly elevated lactate and negative base excess, as well
as lower ionized calcium. Some pathological alterations on
arrival are only seen in early deceased, such as higher
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international normalized ratio (INR) > 1.4, higher activated
partial thromboplastin time (aPTT) of 35 s; hyperglycemia
is higher nearing 200 mg/dL. During the following days,
the most salient alterations are the 24 h neutrophil-to-
lymphocyte ratio (NLR) elevation to a mean of 20 in early
deceased (elevated but less prominently in survivors), and
sodium elevation to a mean of nearly 150 mEq/L mostly in
early deceased. Most other alterations of surviving patients
plateau at 48—72 h.

Hemodynamically unstable patients

Prominent changes on arrival in this group are numerous.
Mean hemoglobin of 10—11 g/dL, low platelets, high lactate
and negative base excess, high INR and aPTT, low ionized
calcium, albumin and hyperglycemia, hypernatremia and
creatinine rise are added to the leukocytosis already seen
in the other groups. Among the early deceased these ini-
tial changes values are very profound, such as the following
means: platelet count 150.103/uL, platelet-to-lymphocyte
ratio (PLR) of 69, lactate of 6 that only clears to 4.8 mmol/L
at 24 h, base excess of —8 that only clears to —6 mmol/L
at 24 h, and very high mean values of INR 1.6 and nearly 50
aPTT. At 24 h, it is worth noting the hemoglobin rise only in
early deceased, the NLR rise which is also highest on early
deceased, and the low lactate clearance. During the follow-
ing days, parameters worth following due to salient changes
are the rise and fall of CK which peaks at 48 h, the rise of
fibrinogen which is similar with the one seen on the other
groups, and hemoglobin and platelets which show an spe-
cially low plateau of 8.5 g/dL and 100.10°/ pL, respectively
at 72 h.

Discussion

In this study we show the evolution of common serum
laboratory values during the first days after severe trau-
matic injury, highlighting different behaviors according to
a clinical classification. This partition according to hemo-
dynamic status and neurological involvement was selected
as two of the top causes of death after trauma are TBI and
exanguination??; phenotype classification seemed adequate
due to the syndromic and heterogeneous nature of severe
trauma.??

Inflammatory response is expected after traumatic
injury in every patient

After severe trauma, a complex multilevel response
(immune, metabolic, hormonal) is activated within minutes
of initial injury.?* A response originated by tissue disrup-
tion, so even in patients without shock, biomarker changes
show that some degree of inflammation is inevitable after
a significant mechanical injury. Our results reflect this mild
response on arrival in leukocytosis, mild hyperglycemia and
mild acidosis, and during the following days in the 24 h
lymphocyte fall, hemoglobin fall, rising levels of CK and fib-
rinogen. Some laboratory alterations are probably due to
clinician intervention (hemodilution) such as those seen in
albumin and hemoglobin in all study groups.

Laboratory changes in shock

This study strived to show the laboratory picture available
to most trauma teams, thus it only describes common labo-
ratory parameters. Stress mediated immune activation will
cause changes in leukocyte formula,?” sympathoadrenergic
pathways and local release of damage-associated molecular
patterns will cause metabolic changes such as stress hyper-
glycemia, acidosis and lactate production.?® These patients
with shock showed a greatly altered biochemical profile as
can be seen on Fig. 2, Tables 2 and 3, with emphasis in
lactate, base deficit, hemoglobin, leukocyte formula, and
hemostasis parameters (platelets, calcium, INR and aPTT).
Biochemical analysis of shock has rooted itself in clinical
practice as an estimator of patient severity and as an end-
point of resuscitation.?’-?® Lactate, its clearance and base
deficit measurement is recommended in a prominent trauma
guideline,? they are included in many predictive scores
of massive blood transfusion protocol activation®® and they
may reflect presence of shock and necessity of operative
intervention even better than vital signs.'%"

Results on the leukocyte formula adds to the numer-
ous scientific body of knowledge on this area in trauma
patients.?3"32 On admission, leukocytosis arises due mostly
to neutrophil counts, reaching higher numbers in the unsta-
ble groups. Platelet and PLR decrease on arrival is maximal
on unstable groups, and lowest in the early deceased among
the unstable patients.?3 At 24 h, lymphocyte count drops
markedly in the sickest groups, and the rise of the NLR begins
to convey information. This rise is shown both in unstable
patients and in patients stable with GCS < 14 h, and high-
est in the early deceased of both these groups. High NLR
acts as a sensitive biomarker of a global critical state,?' as
it rises with shock severity and also with isolated major cen-
tral nervous system injury. Persistent low lymphocytes after
48 h have been associated with the development of multior-
gan dysfunction in trauma patients,** this may be extended
to a persistent high NLR after 48 h.

Trauma induced coagulopathy (TIC) is a condition related
to tissue injury and hemorrhagic shock, and is one of the
pillars of trauma resuscitation.® Significant elevation of
admission mean INR > 1.4 and aPTT > 30 s was only seen in
the unstable group of patients and the early deceased of the
stable with GCS < 14 group, this may reflect that detectable
TIC by conventional coagulation tests on arrival is only seen
in the most severe patients either due to profound shock,
devastating cerebral injury, or both.

The degree of impact of clinician intervention (trans-
fusion, crystalloids) in platelet, calcium, INR, aPTT and
fibrinogen levels is difficult to assess. Hemodilution is prob-
ably contributing to the decline of some parameters over
the days, such as albumin, and hemoglobin. The peak in 24
h hemoglobin in unstable early deceased is probably due to
overtransfusion, and it is noteworthy that this subgroup had
the lowest initial hemoglobin.

Changes due to the presence of major TBI

The NLR rise of the 24 h is highest in the early deceased of
this subgroup. This study shows how much the NLR diagnos-
tic value for patients with major TBI can be confounded by
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Table 3  Overall picture of most salient laboratory value changes between study groups.

On arrival At 24 hours Trends in following days
Leukocytosis 21 Hemoglobin N
Every severe
(mostly due to Lymphocyte count N
trauma o
. neutrophil rise) CK 2 CcK A
patient . -
Glycemia A Fibrinogen 7/
Albumin N
Glycemia 2 NLR 7
Stable with | Platelets N
GCS<14 Sodium 7 Sodium A Sodium A
PSS lonized calcium N lonized calcium N
aPTT /A aPTT A
Lactate A Lactate A CK A
Base deficit /1 Base deficit /1
Hemoglobin Hemoglobin
Platelets N Platelets N Platelets N
Glycemia 2
Patients with | PLR N NLR A NLR A
shock Albumin N\
Sodium A Sodium A Sodium A
lonized calcium N lonized calcium N
INR 7
aPTT 7
Fibrinogen Fibrinogen 2

Schematic depiction of elevated and low laboratory values among two study groups (stable with GCS < 14 and those with shock), and
parameters altered in all patients. North east arrow means ‘‘high’’ and South east arrow means ‘‘low’’ laboratory values. Columns

depict laboratory changes over time.

Highlighted text in pink or blue expresses that the parameter alteration is only present or more salient in the early deceased subgroup,

compared with the survivors at 72h group.

Abbreviations: NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, INR: international normalized ratio; aPTT: acti-
vated Partial Thromboplastin Time, CK: creatine-kinase, GCS: Glasgow coma scale.

concomitant shock. The value of this item may be maximal
on stable HD, comatose patients, such as stable HD patients
with diffuse axonal injury and a normal initial computerized
tomography of the head and the spine.®

Other studies have shown that isolated TBI can cause pro-
found alterations in conventional coagulation studies even
on arrival.? In Table 3 we can see how conventional labora-
tory alterations strictly specific to this subgroup do not exist,
although a pattern could be drawn, since for instance 24 h
NLR is high but there is no lactic acidosis. Sodium elevation
is probably due to clinician intervention (hypertonic saline
administration). Specific central nervous system biomark-
ers will probably be needed to further assess the extent of
isolated TBI, such as proteins 5100 calcium-binding protein
B (5100B), glial fibrillary acidic protein (GFAP) or ubiquitin
carboxy-terminal hydrolase L1 (UCH-L1).’

Limitations

This study carries limitations, such as the retrospective
nature of laboratory value recollection from a single cen-
ter. The definitions for patient groups are not universally
accepted, such as our hemodynamic instability definition
which is bound to select more severe patients as it does not
include those with a systolic blood pressure < 85 mmHg that
improve with volume administration. The use of GCS < 14 as
a surrogate to select patients with major TBI is limited by
intoxication and sedation; profound shock would be another
confounder but it was excluded in this subgroup. Labora-
tory values were missing notably in the 48—72 and 96 h time
points, mostly due to early ICU discharges and also patient
early deaths, limiting the value of our depiction of their nat-
ural evolution through time. Finally, at the 24 h time point

10
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some of the sickest patients had already died, the evolution
of their parameters was not shown at intermediate moments
for the sake of figure clarity.

In conclusion, this study depicts the early evolution
of conventional laboratory values usually measured in ICU
trauma patients and shows how a different pattern arises
within each patient phenotype. It also provides a frame
of reference for those highly altered laboratory values
in patients of extreme severity, within the spectrum of
unstable patients or those with isolated low level of con-
sciousness. This could lead to a better patient categorization
and prognosis estimation through further studies and patient
modeling, as well as to a more efficient laboratory workup
protocol for the first 5 days of admission.

CRediT authorship contribution statement

All authors contributed to study design conception. GF was
in charge of prospectively acquired data collection, CF.C
and CB of retrospectively acquired laboratory data gath-
ering. MM, VF, BM and CEM contributed to analysis, MM
was responsible for manuscript preparation and writing. BM,
CEM, VF and L were in charge of manuscript drafts revi-
sion. All authors read and approved the final version of the
manuscript prior to submission.

Declaration of Generative Al and Al-assisted
technologies in the writing process

No artificial intelligence (Al) tools were used during the
preparation and writing of this work.

Funding

This work was supported by Plan Nacional de I+D+l 2013-
2016 and Instituto de Salud Carlos lll. The first author holds
a clinical research contract Rio Hortega (CM24/00108).

Declaration of competing interest

The authors declare that the study was conducted with
absence of competing interest or commercial relationship
of any kind.

Acknowledgments

We would like to thank all the colleagues of the Intensive
Care Department who took care of the patients included in
this study and their families, also to the colleagues of the
Biochemistry and Hematology Department who collected
and analyzed all the laboratory samples.

Appendix A. Supplementary data

arti-
at

Supplementary  material related to this
cle can be found, in the online version,
doi:https://doi.org/10.1016/j.medine.2025.502227.

11

References

10.

1.

12.

13.

14.

. De Simone B,

. Global, regional, and national burden of spinal cord injury,

1990-2019: a systematic analysis for the Global Burden
of Disease Study 2019. Lancet Neurol. 2023;22:1026-47,
http://dx.doi.org/10.1016/51474-4422(23)00287-9.

. Latif RK, Clifford SP, Baker JA, Lenhardt R, Haq MZ,

Huang J, et al. Traumatic hemorrhage and chain of sur-
vival. Scand J Trauma Resusc Emerg Med. 2023;31:25,
http://dx.doi.org/10.1186/s13049-023-01088-8.

. Jiang M, Li C-L, Zhang S-Y, Gao X, Yang X-F. The incidence

of brain trauma caused by road injuries: results from the
Global Burden of Disease Study 2019. Injury. 2023;54:110984,
http://dx.doi.org/10.1016/j.injury.2023.110984.

. Pape H-C, Moore EE, McKinley T, Sauaia A. Pathophysiol-

ogy in patients with polytrauma. Injury. 2022;53:2400-12,
http://dx.doi.org/10.1016/j.injury.2022.04.009.

. Moore EE, Moore HB, Kornblith LZ, Neal MD, Hoffman M, Mutch

NJ, et al. Trauma-induced coagulopathy. Nat Rev Dis Prim.
2021;7:30, http://dx.doi.org/10.1038/s41572-021-00264-3.

. Galvagno SMJ, Nahmias JT, Young DA. Advanced
Trauma Life  Support(®) Update  2019: manage-
ment and  applications for adults and special
populations. Anesthesiol Clin. 2019;37:13-32,

http://dx.doi.org/10.1016/j.anclin.2018.09.009.

. Breeding T, Martinez B, Katz J, Kim J, Havron W, Hoops

H, et al. CAB versus ABC approach for resuscitation of
patients following traumatic injury: toward improving patient
safety and survival. Am J Emerg Med. 2023;68:28-32,
http://dx.doi.org/10.1016/j.ajem.2023.02.034.

Kluger Y, Moore EE, Sartelli M, Abu-
Zidan FM, Coccolini F, et al. The new timing in acute
care surgery (new TACS) classification: a WSES Del-
phi consensus study. World J Emerg Surg. 2023;18:32,
http://dx.doi.org/10.1186/s13017-023-00499-3.

. Mutschler M, Nienaber U, Brockamp T, Wafaisade A, Fabian T,

Paffrath T, et al. Renaissance of base deficit for the initial
assessment of trauma patients: a base deficit-based classifi-
cation for hypovolemic shock developed on data from 16,305
patients derived from the TraumaRegister DGU®. Crit Care.
2013;17:R42, http://dx.doi.org/10.1186/cc12555.

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 J. 2013;30:546-50,
http://dx.doi.org/10.1136/emermed-2012-201343.

Guly HR, Bouamra O, Spiers M, Dark P, Coats T, Lecky
FE. Vital signs and estimated blood loss in patients with
major trauma: testing the validity of the ATLS classifica-
tion of hypovolaemic shock. Resuscitation. 2011;82:556-9,
http://dx.doi.org/10.1016/j.resuscitation.2011.01.013.

Tonglet ML. Early prediction of ongoing hemor-
rhage in severe trauma: presentation of the existing
scoring systems. Arch Trauma Res. 2016;5:e33377,

http://dx.doi.org/10.5812/atr.33377.

Pape H-C, Lefering R, Butcher N, Peitzman A, Leenen L,
Marzi |, et al. The definition of polytrauma revisited: an
international consensus process and proposal of the new
‘*Berlin definition’’. J Trauma Acute Care Surg. 2014;77:780-6,
http://dx.doi.org/10.1097/TA.0000000000000453.

Fachet M, Mushunuri RV, Bergmann CB, Marzi I, Hoeschen
C, Relja B. Utilizing predictive machine-learning mod-
elling unveils feature-based risk assessment system
for hyperinflammatory patterns and infectious out-
comes in polytrauma. Front Immunol. 2023;14:1281674,
http://dx.doi.org/10.3389/fimmu.2023.1281674.


https://doi.org/10.1016/j.medine.2025.502227
dx.doi.org/10.1016/S1474-4422(23)00287-9
dx.doi.org/10.1186/s13049-023-01088-8
dx.doi.org/10.1016/j.injury.2023.110984
dx.doi.org/10.1016/j.injury.2022.04.009
dx.doi.org/10.1038/s41572-021-00264-3
dx.doi.org/10.1016/j.anclin.2018.09.009
dx.doi.org/10.1016/j.ajem.2023.02.034
dx.doi.org/10.1186/s13017-023-00499-3
dx.doi.org/10.1186/cc12555
dx.doi.org/10.1136/emermed-2012-201343
dx.doi.org/10.1016/j.resuscitation.2011.01.013
dx.doi.org/10.5812/atr.33377
dx.doi.org/10.1097/TA.0000000000000453
dx.doi.org/10.3389/fimmu.2023.1281674

+Model
MEDINE-502227; No. of Pages 12

A. Marcos-Morales, J.A. Barea Mendoza, M. Valiente Fernandez et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dutton RP, Stansbury LG, Leone S, Kramer E, Hess JR,
Scalea TM. Trauma mortality in mature trauma sys-
tems: are we doing better? An analysis of trauma
mortality patterns, 1997-2008. J Trauma. 2010;69:620-6,
http://dx.doi.org/10.1097/TA.0b013e3181bbfe2a.

Han J, Yoon SY, Seok J, Lee JY, Lee JS, Ye JB, et al. Clin-
ical characteristics and mortality risk factors among trauma
patients by age groups at a single center in Korea over 7
years: a retrospective study. J Trauma Inj. 2023;36:329-36,
http://dx.doi.org/10.20408/jti.2023.0035.

Chen S, Liu M, Feng D, Lv X, Wei J. A novel strategy
for predicting 72-h mortality after admission in patients
with polytrauma: a study on the development and valida-
tion of a web-based calculator. Front Med. 2022;9:799811,
http://dx.doi.org/10.3389/fmed.2022.799811.

Wang H, Robinson RD, Moore B, Kirk AJ, Phillips JL, Ume-
jiego J, et al. Predictors of early versus late mortality in
pelvic trauma patients. Scand J Trauma Resusc Emerg Med.
2016;24:27, http://dx.doi.org/10.1186/s13049-016-0220-9.
Jeanmougin T, Cole E, Duceau B, Raux M, James A. Het-
erogeneity in defining multiple trauma: a systematic review
of randomized controlled trials. Crit Care. 2023;27:363,
http://dx.doi.org/10.1186/s13054-023-04637-w.

Niemeyer M, Jochems D, Houwert RM, van Es MA, Leenen L,
van Wessem K. Mortality in polytrauma patients with moder-
ate to severe TBI on par with isolated TBI patients: TBI as
last frontier in polytrauma patients. Injury. 2022;53:1443-8,
http://dx.doi.org/10.1016/j.injury.2022.01.009.

Hajibandeh S, Hajibandeh S, Hobbs N, Mansour M.
Neutrophil-to-lymphocyte ratio predicts acute appen-
dicitis and distinguishes between complicated and
uncomplicated appendicitis: a systematic review
and meta-analysis. Am J  Surg. 2020;219:154-63,
http://dx.doi.org/10.1016/j.amjsurg.2019.04.018.

Callcut RA, Kornblith LZ, Conroy AS, Robles AJ, Meizoso JP,
Namias N, et al. The why and how our trauma patients
die: a prospective Multicenter Western Trauma Associa-
tion study. J Trauma Acute Care Surg. 2019;86:864-70,
http://dx.doi.org/10.1097/TA.0000000000002205.

Balogh ZJ. Polytrauma: it is a disease. Injury. 2022;53:1727-9,
http://dx.doi.org/10.1016/j.injury.2022.05.001.

Dobson GP, Morris JL, Letson HL. Why are bleed-
ing trauma patients still dying? Towards a systems
hypothesis of trauma. Front Physiol. 2022;13:990903,

http://dx.doi.org/10.3389/fphys.2022.990903.

de Fraiture EJ, Bongers SH, Jukema BN, Koenderman L,
Vrisekoop N, van Wessem KJP, et al. Visualization of the
inflammatory response to injury by neutrophil phenotype cat-
egories: neutrophil phenotypes after trauma. Eur J Trauma
Emerg Surg Off Publ Eur Trauma Soc. 2023;49:1023-34,
http://dx.doi.org/10.1007/s00068-022-02134-3.

Rugg C, Schmid S, Zipperle J, Kreutziger J. Stress hyper-
glycaemia following trauma a survival benefit or an
outcome detriment? Curr Opin Anaesthesiol. 2024;37:131-8,
http://dx.doi.org/10.1097/AC0.0000000000001350.

12

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

. Fujiwara G, Okada Y, Shiomi

Wilson M, Davis DP, Coimbra R. Diagnosis and monitoring of
hemorrhagic shock during the initial resuscitation of multi-
ple trauma patients: a review. J Emerg Med. 2003;24:413-22,
http://dx.doi.org/10.1016/s0736-4679(03)00042-8.

Porter JM, Ivatury RR. In search of the opti-
mal end points of resuscitation in trauma
patients: a review. J Trauma. 1998;44:908-14,

http://dx.doi.org/10.1097/00005373-199805000-00028.
Rossaint R, Afshari A, Bouillon B, Cerny V, Cimpoesu D, Curry N,
et al. The European guideline on management of major bleeding
and coagulopathy following trauma: sixth edition. Crit Care.
2023;27:80, http://dx.doi.org/10.1186/s13054-023-04327-7.
El-Menyar A, Mekkodathil A, Abdelrahman H, Latifi R,
Galwankar S, Al-Thani H, et al. Review of existing scor-
ing systems for massive blood transfusion in trauma
patients: where do we stand? Shock. 2019;52:288-99,
http://dx.doi.org/10.1097/SHK.0000000000001359.

Dilektasli E, Inaba K, Haltmeier T, Wong MD, Clark D,
Benjamin ER, et al. The prognostic value of neutrophil-
to-lymphocyte ratio on mortality in critically ill trauma
patients. J Trauma Acute Care Surg. 2016;81:882-8,
http://dx.doi.org/10.1097/TA.0000000000000980.

Vali M, Paydar S, Seif M, Hosseini M, Basiri P, Sabetian G,
et al. Association between neutrophil density and survival in
trauma patients admitted to the Intensive Care Unit; a Ret-
rospective Cohort Study. Arch Acad Emerg Med. 2023;11:e29,
http://dx.doi.org/10.22037/aaem.v11i1.1990.

Kim JK, Sun KH. Role of platelet-to-lymphocyte ratio at
the time of arrival to the emergency room as a predic-
tor of short-term mortality in trauma patients with severe
trauma team activation. Acute Crit Care. 2024;39:146-54,
http://dx.doi.org/10.4266/acc.2023.01319.

Manson J, Cole E, De’Ath HD, Vulliamy P, Meier U, Penning-
ton D, et al. Early changes within the lymphocyte population
are associated with the development of multiple organ dys-
function syndrome in trauma patients. Crit Care. 2016;20:176,
http://dx.doi.org/10.1186/s13054-016-1341-2.

Xie Q-J, Huang W, Shen L, Wang M-H, Liu K-F, Liu F. combina-
tion of neutrophil-to-lymphocyte ratio and admission Glasgow
Coma Scale score is independent predictor of clinical outcome
in diffuse axonal injury. World Neurosurg. 2021;152:e118-27,
http://dx.doi.org/10.1016/j.wneu.2021.05.060.

N, Sakakibara T, Yamaki
T, Hashimoto N. Derivation of coagulation pheno-
types and the association with prognosis in traumatic
brain injury: a cluster analysis of nationwide mul-
ticenter  study. Neurocrit  Care. 2024;40:292-302,
http://dx.doi.org/10.1007/s12028-023-01712-6.

Amoo M, Henry J, O’Halloran PJ, Brennan P, Ben Husien
M, Campbell M, et al. S100B, GFAP, UCH-L1 and NSE as
predictors of abnormalities on CT imaging following mild trau-
matic brain injury: a systematic review and meta-analysis
of diagnostic test accuracy. Neurosurg Rev. 2022;45:1171-93,
http://dx.doi.org/10.1007/s10143-021-01678-z.


dx.doi.org/10.1097/TA.0b013e3181bbfe2a
dx.doi.org/10.20408/jti.2023.0035
dx.doi.org/10.3389/fmed.2022.799811
dx.doi.org/10.1186/s13049-016-0220-9
dx.doi.org/10.1186/s13054-023-04637-w
dx.doi.org/10.1016/j.injury.2022.01.009
dx.doi.org/10.1016/j.amjsurg.2019.04.018
dx.doi.org/10.1097/TA.0000000000002205
dx.doi.org/10.1016/j.injury.2022.05.001
dx.doi.org/10.3389/fphys.2022.990903
dx.doi.org/10.1007/s00068-022-02134-3
dx.doi.org/10.1097/ACO.0000000000001350
dx.doi.org/10.1016/s0736-4679(03)00042-8
dx.doi.org/10.1097/00005373-199805000-00028
dx.doi.org/10.1186/s13054-023-04327-7
dx.doi.org/10.1097/SHK.0000000000001359
dx.doi.org/10.1097/TA.0000000000000980
dx.doi.org/10.22037/aaem.v11i1.1990
dx.doi.org/10.4266/acc.2023.01319
dx.doi.org/10.1186/s13054-016-1341-2
dx.doi.org/10.1016/j.wneu.2021.05.060
dx.doi.org/10.1007/s12028-023-01712-6
dx.doi.org/10.1007/s10143-021-01678-z

	Key laboratory changes in severe trauma, a different pattern for each clinical phenotype
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Global description
	Laboratory data analysis
	Stable and alert patients
	Stable with GCS < 14 patients
	Hemodynamically unstable patients

	Discussion
	Inflammatory response is expected after traumatic injury in every patient
	Laboratory changes in shock
	Changes due to the presence of major TBI
	Limitations

	CRediT authorship contribution statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


