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Background: Prediction of intensive care unit (ICU) mortality in traumatic brain injury (TBI), which
is a common cause of death in children and young adults, is important for injury management.
Neuroinflammation is responsible for both primary and secondary brain injury, and C-reactive pro-
tein-albumin ratio (CAR) has allowed use of biomarkers such as procalcitonin (PCT) in predicting
mortality. Here, we compared the performance of CAR and PCT in predicting ICU mortality in TBI.
Methods: Adults with TBI were enrolled in our study. The medical records of 82 isolated TBI pa-
tients were reviewed retrospectively.

Results: The mean patient age was 49.0 £ 22.69 years; 59 of all patients (72%) were discharged,
and 23 (28%) died. There was a statistically significant difference between PCT and CAR values
according to mortality (P<0.05). The area under the curve (AUC) was 0.646 with 0.071 standard er-
ror for PCT and 0.642 with 0.066 standard error for CAR. The PCT showed a similar AUC of the re-
ceiver operating characteristic to CAR.

Conclusions: This study shows that CAR and PCT are usable biomarkers to predict ICU mortality in
TBI. When the determined cut-off values are used to predict the course of the disease, the CAR
and PCT biomarkers will provide more effective information for treatment planning and for prepa-
ration of the family for the treatment process and to manage their outcome expectations.

Key Words: C-reactive protein-albumin ratio, mortality; procalcitonin, survival, traumatic brain
injury

INTRODUCTION

Traumatic brain injury (TBI), which is known as a silent epidemic, is a common cause of dis-
ability and death in children and adults worldwide [1]. Therefore, estimation of the damage
caused by TBI is important for the treatment plan in terms of preparing families for possible
situations. The Glasgow Coma Score (GCS) has been used for many years to evaluate the
neurological status of brain injury patients and to determine the severity of TBI [2]; however,
it has limited use in predicting mortality [3].

Current scoring systems used to predict mortality in TBI include the Acute Physiology and

Original Article

Received: January 12, 2022
Revised: May 29, 2022
Accepted: June 2, 2022

Corresponding author

Canan Giirsoy

Division of Intensive care,
Department of Anesthesiology and
Reanimation, Mugla Sitki Kogman
University, Mugla Egitim ve Arastirma
Hastanesi, 3. Kat, Anestezi Yogun
Bakim Unitesi, Mentese/Mugla,
Tiirkiye

Tel: +90-535-5732-331

E-mail: gursoycanan@yahoo.com

Copyright © 2022 The Korean Society of
Critical Care Medicine

This is an Open Access article distributed
under the terms of Creative Attributions Non-
Commercial License (https://creativecommons.
org/li-censes/by-nc/4.0/) which permits
unrestricted noncommercial use, distribution,
and reproduction in any medium, provided the
original work is properly cited.

462 https://www.accjournal.org


gursoycanan@yahoo.com
https://doi.org/10.4266/acc.2022.00052
http://crossmark.crossref.org/dialog/?doi=10.4266/acc.2022.00052&domain=pdf&date_stamp=2022-08-30

Gursoy C, etal. CARand procalcitonin in mortality

Chronic Health Evaluation (APACHE) II system and a combi-
nation of the GCS and other physiological parameters. The In-
flammation, Nutrition, Consciousness, Neurological function,
and Systemic function scale [4] is a new TBI-specific scoring
system that gives accurate results; however, it requires time
to obtain the data and requires an application to perform the
calculation. Therefore, new markers in predicting mortality in
TBI continue to be investigated.

Many metabolic, physical, and biochemical events that oc-
cur after TBI initiate neuroinflammation, which affects mortal-
ity. Importantly, the mechanisms of injury include apoptosis
of neural cells, blood brain barrier dysfunction, and ischemia.
TBI activates the microglia, induces cytokine production in the
brain, and causes migration of peripheral immune cells to the
damaged area. Microglia are the first responders to brain inju-
ry, and co-activation with astrocytes might be responsible for
neuroinflammation and long-term damage [5].

C-reactive protein-albumin ratio (CAR), which has been
proven as useful in predicting mortality in diseases such as
sepsis, hepatocellular carcinoma, and pancreatic cancer, has
started to be used as a biomarker in TBI [6]. Neuroinflamma-
tion, which occurs when neural components (glial cells, axons,
neurons) are damaged by mechanical forces, is responsible
for both primary and secondary brain damage [5]. Therefore,
CAR, an inflammation-based score, can be useful in predicting
mortality in TBI.

Procalcitonin (PCT) is the 116-amino acid polypeptide pro-
hormone of calcitonin, and its presence has been identified in
many tissues, including the brain [7]. While there is no signifi-
cant amount in serum in healthy individuals, serum PCT level
is elevated in conditions such as bacterial sepsis, head trauma,
and severe trauma [8]. In this study, we aimed to compare the
performance of CAR and PCT in predicting mortality in TBL.

MATERIALS AND METHODS

The Ethical Committee for Clinical Research of Mugla Sitka
Kocman University approved this study on February 3, 2021.
(No. 3/VIII). Adults with TBI who were admitted to the Anes-
thesiology intensive care unit (ICU) of Mugla Research and
Training Hospital from 2019 to 2020 were enrolled in our
study. Patient consent was waived because the local ethics
committee approved the retrospective study. The medical re-
cords of 91 isolated TBI patients were reviewed retrospectively.
Patients younger than 18 years, pregnant women, and those
with missing data were excluded from the study (Figure 1). The
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KEY MESSAGES

= This study compared C-reactive protein-albumin ratio
(CAR) and procalcitonin (PCT) in predicting intensive
care unit mortality in traumatic brain injury and shows
both are useful markers.

= There was a statistically significant difference between
PCT and CAR values according to mortality (P=0.041 and
P=0.047, respectively).

= When the determined cut-off values are used to predict
the course of the disease, the CAR and PCT biomarkers
provide effective information for treatment planning and
for preparation of the family for the treatment process and
to manage their outcome expectations.

following data were obtained from the medical records: age,
gender, comorbidity, intubation, mechanical ventilation dura-
tion, number of days of intensive care hospitalization, surgery,
ICU exit status (discharge-exitus), and vasopressor/inotrope
need within the first 24 hours. In addition, GCS, APACHE II
score, CRP, albumin, and PCT values of the patients within the
first 24 hours of admission to ICU were noted.

Statistical Analysis

Statistical analysis was performed using the IBM SPSS ver. 23.0
(IBM Corp., Armonk, NY, USA). Continuous variables are ex-
pressed as mean+tstandard deviation and categorical variables
are expressed as percentage. Continuous variables were ana-
lyzed using Student t-tests for normally distributed variables,
and Mann-Whitney U-tests for non-normally distributed vari-
ables. Categorical variables were analyzed using Pearson’s chi-
square test analysis and Fisher’s exact tests, when appropriate.

91 Patients with TBI treated in the ICU
during 2019-2020

Excluded
4 Age <18 yr
7 Missing baseline data

i

82 Study population

Figure 1. Flowchart displaying selective and exclusive process of
patients with severe traumatic brain injury (TBI) in the current study.
ICU: intensive care unit.
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In all tests, a P-value below 0.05 was considered statistically
significant.

Receiver operating characteristics curve (ROC) analysis was
used to determine the predictive power of the APACHE 11,
GCS, CAR, and PCT variables. When a significant cut-off value
was observed, the sensitivity, specificity, and positive and neg-
ative predictive values were presented. When evaluating the
area under the curve (AUC), a 5% type-I error level was used
to accept a statistically significant predictive value of the test
variables. Calibration of the prognostic models, defined as the
accuracy of the estimated mortality rate, was assessed using
the Hosmer-Lemeshow goodness-of-fit test, standardized
mortality rate, and calibration curves.

Possible factors identified via univariate analyses were fur-
ther analyzed using the Cox regression analysis with backward
selection to determine independent predictors of survival. The
Kaplan-Meier survival estimates were calculated. Among cor-
related factors with similar effects on survival, only those with
clinical significance were included. The proportional hazards
assumption and model fit were assessed by means of residual
(Schoenfeld and Martingale) analysis. A 5% type-I error level
was used to infer statistical significance.

The G-power program was used in power calculations.
Post-treatment power levels for PCT and CAR were calculated
by referencing the statistical results outlined in Table 1. The
AUC value of PCT was 0.646+0.071 and the AUC value of CAR
was 0.642+0.066. The standard AUC value to be tested was 0.5
and the power level calculated for 82 (23 deaths, 59 survivals)
was 99.6%.

RESULTS

A total of 91 patients was identified for the study; however, five
patients were excluded due to lack of medical data and four
patients were excluded because they were younger than 18
years. Statistical analysis was conducted on 82 patients. The
mean age of the patients was 49.0+22.69 years, 56 patients
(68.3%) were male and 26 (31.7%) were female. A total of 43
patients (52.4%) had at least one comorbidity, while 18 (22%)
required a vasopressor/inotrope. A total of 59 patients (72%)
was discharged and 23 (28%) died (Table 2).

There was a statistically significant difference between PCT
and CAR values according to mortality (P=0.041 and P=0.047
respectively). Therefore, we calculated cut-off points for PCT,
CAR, and GCS according to mortality by ROC analysis. The
AUC was 0.646 with 0.071 standard error for PCT and 0.642

464 https://www.accjournal.org

T

with 0.066 standard error for CAR. The PCT showed similar
area under the receiver operating characteristic curve (AU-
ROC) score to CAR; however, the AUROC of GCS was lower
than that of PCT and CAR (AUROC: 0.614, 0.646, 0.642, respec-
tively) (Figure 2 and Table 1).

Results determined a PCT cut-off point of 1.16, with a sensi-
tivity of 65.2% and specificity of 66.1%. In addition, a CAR cut-
off point of 0.32 was identified, with a sensitivity of 61% and
specificity of 60.1% (Table 3). Cox regression analysis was per-
formed to determine the factors affecting ICU mortality. CAR
was compared with the outcome variable (death or survival) of
PCR and GCS. PCT and CAR pose a 1.040 (95% CI, 1.004-1.077)
and 16.755 (95% CI, 1.606-174.876) times higher risk for mor-
tality, respectively (Table 4).

DISCUSSION

TBI is a heterogeneous injury that occurs due to external
mechanical force and can result in temporary or permanent
neurological changes or death [9]. Contrary to the immediate
and rapid clinical effect of primary brain damage caused by
a blow to the head, secondary brain injury can occur within
minutes or even days after the event. The severity of secondary
injury determines mortality in patients recovering from a first
traumatic injury. Neuroinflammation plays a role in the patho-
physiology of both primary and secondary injuries in TBI [9].
Therefore, the use of inflammatory biomarkers, including CRP,
albumin, CAR, and PCT, in predicting mortality is widespread.

C-reactive protein (CRP) is elevated as an acute response to
inflammation after tissue injury and TBI. Studies have shown
that CRP can be used to determine prognosis and severity
after head trauma [10]. Albumin, which is a nutritional status
marker, significantly decreases after TBI [11]. CAR, which is an

Table 1. ROC curves for the PCT, CAR, GCS, CRP, and albumin compared
to ICU mortality

Variable AUROC SD 95% Cl P-value
PCT 0.646 0.071 0.506-0.785 0.041
CAR 0.642 0.066 0.513-0.771 0.047
GCS score 0.614 0.050 0.516-0.712 0.044
CRP 0.567 0.070 0.430-0.703 0.334
Albumin 0.609 0.074 0.464-0.753 0.121

ROC: receiver operating characteristics; PCT: procalcitonin; CAR: C-reactive
protein to albumin ratio; GCS: Glasgow Coma Scale; CRP: C-reactive
protein; ICU: intensive care unit; AUROC: area under the receiver operating
characteristic curve; SD: standard deviation; Cl: confidence interval.
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Table 2. Patient demographic characteristics and results between death and survival

Variable Total (n=82) Survival (n=59) Death (n=23) P-value

Age (yr) 49.1422.6 442+21.7 61.5+20.5 0.002

Sex 0.050
Female 26 (31.7) 15 (25.4) 11 (47.8)

Male 56 (68.3) 44 (74.6) 12 (52.2)

Comorbidity 39 (47.6) 23 (39) 16 (69.6) 0.013
DM 19 (23.2) 10 (16.9) 9(39.1) 0.032
HT 30 (36.6) 17 (28.8) 13 (56.5) 0.019
ACS 8(9.8) 3(13) 0.680
Others 6(7.3) 1(4.3) 0.519

Intubation 61 (74.4) 40 (67.8) 21(91.3) 0.460

Surgery 25 (30.5) 18 (30.5) 7 (30.4) 0.095

Length of stay in ICU 12.2+10.7 14.0£11.4 7.7+7.6 0.003

Vasopressor/inotropic drug 18 (22.0) 6(10.2) 12 (52.2) <0.001

APACHE Il score 25.6£12.0 22.7+£11.4 34.0+£9.4 <0.001

GCS score 6.5+4.2 7.614.3 3.6+24 <0.001

PCT (ng/ml) G515 29+5.6 44451 0.041

CAR 1.3+1.9 09423 1.4+1.7 0.046

CRP (mg/L) 39.4+53.6 24.3+53.5 453+52.8 0.036

Albumin (g/L) 34.8+6.7 353+6.0 33.6+8.1 0.321

Values are presented as meanzstandard deviation or number (%).

DM: diabetes mellitus; HT: hypertension; ACS: acute coronary syndrome; ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; GCS:
Glasgow Coma Scale; PCT: procalcitonin; CAR: C-reactive protein to albumin ratio; CRP: C-reactive protein.

ROC curve
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Figure 2. Receiver operating characteristic (ROC) curves displaying
predictive value of procalcitonin (PCT), C-reactive protein to albumin
ratio (CAR) and Glasgow Coma Scale (GCS) score for traumatic brain

injury.
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Table 3. Diagnostic scanning for the PCT and CAR

Diagnostic scanning test Value
PCT
Cut-off 1.166
Sensitivity (%) 65.2
Specificity (%) 66.1
PPV 385
NPV 81.4
CAR
Cut-off 0.320
Sensitivity (%) 61.0
Specificity (%) 60.1
PPV 37.8
NPV 80.0

PCT: procalcitonin; CAR: C-reactive protein to albumin ratio; PPV: positive
predictive value; NPV: negative predictive value.

inflammation-based score, has been used for the prognosis
and mortality of many diseases by evaluating both inflamma-
tion and nutritional status [12]. CAR in TBI was first used by
Wang et al. [5], and high levels were found to be associated
with poor outcome in TBI. In the same study, CAR was found
to be superior to other biomarkers according to logistic regres-
sion and ROC curve analysis of CRP, albumin, and CAR [6]. We
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Table 4. Cox regression analyses of the individuals associated with ICU
mortality

Variable RR (95% CI) P-value
CAR 16.755 (1.606-174.876) 0.018
PCT 1.040 (1.004-1.077) 0.029
CRP 0.885 (0.801-0.978) 0.017
Albumin 0.989 (0.920-1.063) 0.761

ICU: intensive care unit; RR: relative risk; Cl: confidence interval; CAR:
C-reactive protein to albumin ratio; PCT: procalcitonin; CRP: C-reactive
protein.

obtained similar results in our study, where CAR was superior
to CRP and albumin in predicting mortality.

PCT, a calcitonin propeptide that is produced by alternative
processing of the calcitonin/calcitonin-gene-related-peptide
(CGRP) gene transcript, is produced by thyroid C cells, the
lungs, and the intestine under physiological conditions [13,14].
Under normal conditions, PCT is found in very low level in
serum, but the level increases significantly in cases of bacterial
sepsis, multiorgan failure, and systemic inflammation [15]. The
increase in serum level of PCT has drawn attention in TBI [8].
While PCT is detected in cerebrospinal fluid after TBI in chil-
dren, it has been shown that CGRP neuropeptide accumulates
in infant rats in a hypoxic-ischemic brain injury model [13,16].
It has also been shown that PCT is released from intestinal
neuroendocrine cells into the bloodstream during acute ce-
rebral infarction [17]. In our study, the serum level of PCT was
elevated in TBI, and its relationship with mortality was veri-
fied. The performance of CAR and PCT in predicting mortality
in TBI was similar (AUROC for PCT: 0.646 [95% confidence
interval, 0.506-0.785], AUROC for CAR: 0.642 [0.513-0.771]).
GCS is considered an important parameter in determining
mortality in TBL; however, its performance in predicting mor-
tality is controversial. Studies have shown that new biomarkers
are more effective than GCS in predicting mortality [6]. Similar
results were obtained in our study. Compared to GCS, the
performance of both CAR and PCT biomarkers is superior in
predicting mortality.

PCT release increases within three to four hours after in-
duction, reaching the highest serum level at approximately
six hours and is known to plateau for 24 hours. In contrast,
CRP begins to be synthesized in the liver with inflammation
caused by tissue damage, and high serum level is reached after
12-18 hours [18]. Therefore, it takes a longer time to detect
disease-related values of CRP in serum relative to PCT. This
suggests that PCT can provide more accurate results in the
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early estimation of mortality. In addition, bleeding after TBI,
surgical procedures, and interventional procedures can affect
the reliability of CAR by causing changes in CRP and albumin
serum levels. Considering the peak times of these markers
in serum, serial measurements within the first 24 hours after
trauma can determine the most appropriate time and cut-off
value for mortality estimation.

Contrary to our study, serial PCT measurements were per-
formed on the first, second, and fifth days for prediction of
mortality in TBI patients with or without extracranial injury by
Goyal et al. [19], and it was concluded that PCT did not sup-
port the prediction of mortality in TBI. When the PCT values
of the living and deceased patients were compared, the high
PCT levels in deceased patients were statistically significant;
however, it was thought that the PCT levels might reveal risk
in terms of secondary complications. High PCT level in cases
of developing sepsis is an expected result [19]. In our study, a
single PCT data point was evaluated in isolated TBI patients.
PCT was compared with CAR and GCS to determine its role in
mortality prediction.

Our study has potential limitations. First is the retrospec-
tive design of the study. Second is the use of a single ICU data
point. In addition, only moderate and severe TBI cases were
evaluated in our study, making it difficult to interpret the per-
formance of CAR and PCT in predicting mortality in patients
with mild TBI. CRP, albumin, and PCT values were obtained
from the data within 24 hours after trauma. The results show
that CAR and PCT can be used in the earliest hours after trau-
ma to predict mortality. Further prospective study with inter-
mittent measurements is required.

This study showed that PCT and CAR are available bio-
markers to predict mortality in TBI. Using the cut-of values
determined to predict the course of the disease should provide
more effective communication about treatment planning and
preparation of the family for this process and their expecta-
tions.
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