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Abstract

Introduction: Acute brain injury remains a reason for high mortality as well as a cause of long-term disability among pa-
tients hospitalized in the intensive care unit (ICU). Moreover, this injury induces a cascade of changes among morphotic
blood cells.

Aim of the research: Our study was to evaluate the most accurate predictor derived from peripheral blood cell counts for
30-day mortality in patients suffering from acute brain injury with intracranial bleeding, and therefore to determine wheth-
er simple indices based on blood morphology can predict mortality in acute brain injury.

Material and methods: This is a retrospective study of 71 patients presenting with an acute brain injury with intracranial
bleeding, hospitalized in the ICU. Daily changes in the blood morphology and ratios between the blood cells were statisti-
cally analyzed in terms of clinical data as comorbidities.

Results and conclusions: The groups differed in terms of length of hospitalization and ICU stay, age, GCS after first as-
sessment, along with SAPS II and APACHE II scores. Coefficients of variation were significant in platelet count throughout
72 hours of observation. Although the PLT:WBC ratio on day 2 was found to be statistically significant, with AUC estimated
as satisfactory, in a multivariate analysis it did not fulfil the conditions of an independent factor able to predict the assumed
short-term mortality period. No universal biomarker for predicting 30-day mortality can be defined for this heterogeneous

group of patients after acute brain injury with intracranial bleeding.

Introduction

Acute brain injury (ABI) is one of the causes of hos-
pitalization in the intensive care unit (ICU). Although
it requires multidirectional personalized treatment, it
still poses a risk of high mortality.

Acute subarachnoid hemorrhage (SAH) is a rare
form of stroke, where bleeding occurs between the
arachnoid membrane and the pia mater. The etiology
of SAH can be either spontaneous, nontraumatic, of
which about 85% are a result of aneurysm rupture, or
are traumatic in nature [1]. SAH affects 9 per 100,000
population in developed countries, especially those
aged between 50 and 60 years and the mortality rate is
high. Approximately up to 20% of patients with SAH
die before reaching the hospital, while about 25% die
within the first 24 hours after the onset [2—4]. More-
over, the burden on public health funds is high with
the mean inflation adjusted cost of hospitalization
due to SAH in the United States being estimated at
$82,514 during 2002-2014 [5].

Another severe neurological condition is traumatic
brain injury (TBI), which is defined as an acute brain inju-
ry that results from external physical force to the head [6].

According to the Global Burden of Disease Study
published in 2016, there were 27.08 million new cas-

es of TBI [7]. In addition, the Collaborative European
NeuroTrauma Effectiveness Research in Traumatic
Brain Injury (CENTER-TBI) claims that increasing TBI
severity is associated with higher costs of treatment [8].

Any acute brain injury has its own primary impact
on brain tissue. This damage results from the direct
influence of, for example, blood at the site of an aneu-
rysm rupture or mechanical trauma.

The above-mentioned causes of primary acute
brain injury are accompanied by secondary injuries
[9]. These secondary injuries result in activation of
numerous pro-inflammatory proteins, chemokines,
microglia and immune system response, along with
interference in coagulation with thrombin activation
in the affected area. Pro-inflammatory cytokines (e.g.
IL-1b, IL-6) concentration increase is noted in the ce-
rebrospinal fluid, a phenomenon which is clearly ob-
served especially in TBI-patients [10, 11].

Additionally, the excessive complement activation
has been noted [12], a factor which also accelerates the
cascade of inflammatory response. Recent studies prove
that the inhibition of complement elements has become
a target within the treatment strategy of a secondary
injury [13, 14]. The insufficiency of the brain blood bar-
rier favors the infiltration of immune cells such as mac-
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rophages, leukocytes, neutrophils as a response to the
activity of chemokines and cytokines [15, 16].

The accumulation of pro-inflammatory molecules
may promote a systemic immune response syndrome
(SIRS) leading to hyper-inflammation and, as a result,
to organ dysfunction [15, 17].

By observing the peripheral immune cell activa-
tion in this pathology, the ratios of these cells are be-
coming a valuable tool not only to predict the sever-
ity of the patient’s condition, but even their mortality
after acute brain injury [18, 19].

Aim of the research

The aim of our study was to evaluate the most ac-
curate predictor derived from peripheral blood cell
counts for 30-day mortality in patients suffering from
acute brain injury with intracranial bleeding. This is
the first study including such a detailed evaluation of
morphological indices in this important but quite het-
erogeneous clinical scenario.

Material and methods

This is a retrospective study based on laboratory
data analysis from a medical-surgical ICU at a single
medical center of the Medical University of Silesia, Ka-
towice, Poland. All data were retrieved from the hospi-
tal electronic health records (AMMS, Asseco Medical
Solutions, Rzeszow, Poland). This study was approved
by the ethics committee of the Medical University of
Silesia, Katowice (BNW/NWN/0052/KB/119/23). We
reviewed all patients’ data between January 2021 up
to the end of April 2023. The inclusion criteria were
as follows: acute brain injury with any presence of
intracranial bleeding followed by brain edema, hos-
pitalization in the ICU for at least 72 hours of deep
sedation RASS-5 (The Richmond Agitation-Sedation
Scale), and age > 18 years old. The exclusion criteria
comprised the following: edema due to infection,
ischemic stroke, sudden cardiac arrest, drug intoxica-
tion, along with sedation/hospitalization shorter than
72 hours. Analyzed variables were based on periph-
eral blood morphology test results collected routinely
from the patients during 72 hours of hospitalization.
Moreover, clinical data such as severity-of-disease
classification systems, comorbidities such as arterial
hypertension, nicotine addiction and infections were
collected. Variations of numeric data ratios were cal-
culated and analyzed statistically.

Statistical analysis

The statistical analysis was performed using Med-
Calc version 18 statistical software (MedCalc Software,
Ostend, Belgium). The type of distribution was verified
with the Shapiro-Wilk test. Continuous variables were
presented as median and interquartile ranges (IQR).
Categorical variables were expressed as numbers and
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percentages. Sample size was determined based on the
difference in illness severity represented by the SAPSII
score. Using a statistical power of 80% with an o value
of 0.05, a minimum number of 18 patients was re-
quired in each group. Statistical significance was es-
tablished by the %*> or Fisher’s exact test. Intergroup
differences were evaluated by the Mann-Whitney test
or t-test. Odds ratios (OR) with their 95% confidence
intervals (CI) were calculated, if applicable. All tests
were two-tailed. The areas under the receiver operat-
ing characteristic curves (AUC ROC) were assessed.
Diagnostic accuracy was defined as unsatisfactory if
an AUC was < 0.6, satisfactory if an AUC was 0.6-0.69,
good if an AUC was 0.7-0.79 and very good if an AUC
was at least 0.8. Moreover, a value of p < 0.05 was con-
sidered statistically significant.

Results

There were 880 records of all hospitalizations in
the analyzed period. Admissions due to other than
neurological reasons were excluded. The final groups
were distinguished and are presented in Figure 1.

The study group consisted of 71 patients, namely
31 (44%) males and 40 (56%) females. Although the de-
ceased group consisted of 15 (41%) men, mortality was
not associated with sex. The median age in the whole
group was 51 (IQR 44-64). The preferable outcome was
present in those of a younger age. The difference was
statistically significant between groups of deceased
and survivors (p = 0.02). SAH represents 53.5% of all
cases. Variables with statistically significant differences
comprised body surface area (BSA), where a lower BSA
is preferable (p = 0.02). High statistical significance
was observed in duration of hospitalization and total
length of stay in the ICU, at levels of p < 0.0001 and
p = 000.3, respectively. Moreover, statistically signifi-
cant differences between groups were noted in the

880 hospitalized patients

Admission due to other
reasons than neurological
(n = 706)

Patients with brain edema
due to ABI
(n=174)

Excluded (n = 103) due to:
post cardiac arrest (n = 37),
sedation < 72 hours (n = 26),
other (n = 40)

Survivors (n = 34)

-

Figure 1. Flowchart of the study population
ABI — acute brain injury.

| Deceased (n = 37)
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Table 1. Demographic data
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Variable

Sex

Etiology

Age

BSA

BMI

LOS total [days]
LOS ICU [days]
Ventilation [days]
Nicotinism
Diabetes mellitus
Arterial hypertension
uTl

Pneumonia

GCS basic

SAPS Il

APACHE I

SOFA

Sl [10/1]

treatment

Secondary

Primary interventional

interventional treatment

Total Deceased Survivors P-value
N=71 N =37 N =34
Male 31 (44%) 15 (41%) 16 (47%) 0.58
Female 40 (56%) 22 (59%) 18 (53%)
SAH: 38 (53.5%) 22 (59.5%) 16 (47%) 0.30
Other 33 (46.5%) 15 (40.5%) 18 (53%)
51 (44-64) 56 (47.75-70.5) 46 (39-58) 0.02
1.1 (0.98-1.31) 1.2 (1.04-1.37) 1(0.9-1.22) 0.02
25.38 (22.74-28.05) 24.69 (22.12-29.32) 25.55 (23-27.68) 0.97
18 (11-30) 13 (7.75-17.25) 28.5 (20-46) < 0.0001
14 (8-20.75) 10 (7-16) 19 (13-24) 0.0003
12 (7-17) 10 (7-16) 13 (7-18) 0.30
17 (24%) 5 (29%) 12 (71%) 0.05
4 (5.6%) 3(75%) 1(25%) 0.62
41 (58%) 20 (48%) 21 (52%) 0.63
18 (25%) 7 (39%) 11 (61%) 0.28
33 (46%) 14 (42%) 19 (58%) 0.16
9 (6-13) 8 (4-12) 11 (7-15) 0.03
43 (33-52.75) 48 (39-58) 36 (30-47) 0.0003
15 (12-20) 18 (14.75-23) 12.5 (11-16) < 0.0001
9 (8-11) 10 (9-11) 9 (8-11) 0.32
3179 (1470-4534) 2870 (1222-4991) 3425 (2291-4297) 0.25
14 (20%) 4 (29%) 10 (71%) 0.07
64 (90%) 34 (53%) 30 (47%) 0.7

BSA —body surface area, BMI — body mass index, LOS — length of stay, ICU — intensive care unit, GCS — Glasgow Coma Scale, UTI — urinary
tract infection, SAPS — Simplified Acute Physiology Score, APACHE — Acute Physiology And Chronic Health Evaluation, SOFA — Sequential
Organ Failure Assessment Score, SIl — Systemic Immune-Inflammation Index.

following classifications: GCS (Glasgow Coma Scale),
APACHE II (Acute Physiology And Chronic Health
Evaluation), and SAPS II (Simplified Acute Physiology
Score). In cases of nicotinism, p was equal to 0.05. No
statistical differences were noted, either in comorbidi-
ties or in ventilation days. SOFA (Sequential Organ
Failure Assessment Score) and SII (Systemic Immune-
Inflammation Index) scores presented no differences
either. The groups were also analyzed in terms of the
interventional treatment (endovascular or surgical)
applied. Primary interventional treatment occurred
when the patient had electively undergone any proce-
dure whose side-effect resulted in bleeding with cere-
bral edema (e.g. aneurysm coiling or brain tumor oper-
ation). Secondary interventional treatment was applied
after the onset of acute brain injury. The interventional
treatment groups also presented no statistically signifi-

cant differences. Detailed characteristics of the study
subgroups are depicted in Table 1.

Blood counts and their variability during the ini-
tial 72 hours of hospitalization after the onset were
subjected to analysis. Median values with IQR, values
with their division into subgroups are presented in
Supplementary Table S1. No statistically significant
differences were noted in terms of the total count
of the morphotic elements of the peripheral blood
throughout the whole observation period.

As brain injury and bleeding are considered to pro-
voke an inflammatory response, the trends in counts of
the morphotic elements were observed. Calculation of
coefficients of variation have been analyzed. Apart from
platelets’ coefficient of variation (p = 0.01), none of the
variables presented any statistically significant differ-
ences between the groups (Supplementary Table S2).
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In addition, ratios among morphotic blood ele-
ments were calculated. These calculations were ob-
tained for the total group and divided into those for
the deceased and the survivors. Each day of observa-
tion was taken into consideration individually, while
intergroup differences were statistically analyzed
also on a daily basis. The statistical analysis revealed
no specific changes when observed daily. The only
ratio that presented statistically significant value in
terms of intergroup differences turned out to be the
platelets (PLT):white blood cells count (WBC) ratio
on day 2 of the observation (p = 0.03). The other ratio
that might prove useful was the PLT:N ratio also on
day 2, where the p-value was 0.05. As this presented
a limited value, it would need further investigation
based on a more numerous group (Supplementary
Table S3).

In Table 2, each ratio’s per day area under the re-
ceiver operating characteristic curve (AUC ROC) has
been calculated. Only the PLT:WBC ratio of day 2 pre-
sented a satisfactory value (AUC = 0.65) for being a pre-
dictor of 30-day mortality, the cut-off for that value
being < 14.81. As presented in Table 2, the PLT:N ratio
tends to be of borderline significance with p = 0.05 and
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the AUC value is assessed as satisfactory (AUC 0.63),
with a cut-off value of < 25.18.

Other AUC ROC were assessed according to find-
ings of in-between group differences including also the
clinical data. AUC labeled as satisfactory were repre-
sented by the following factors: age (AUC = 0.67, 95%
CI: 0.55-0.78, p = 0.0072); basic GCS (AUC = 0.65, 95%
CI: 0.53-0.76, p = 0.02); BSA (AUC = 0.67,95% CI: 0.55-
0.78, p = 0.01); PLT CoV 72 hours (AUC = 0.67, 95% CI:
0.55-0.78, p = 0.009) and PLT:WBC d.2 as previously
(AUC = 0.65, 95% CI: 0.53-0.76, p = 0.03). Good val-
ues comprised SAPS II (AUC = 0.75, 95% CI: 0.63-0.85,
p <0.0001), APACHEII (AUC = 0.78, 95% CI: 0.66-0.87,
p < 0.0001), LOS ICU (AUC = 0.75, 95% CI: 0.63-0.84,
p < 0.0001) while very good was considered to be LOS
total (AUC = 0.87, 95% CI: 0.76-0.94, p < 0.0001). More-
over, WBC CoV turned out to be statistically insignifi-
cant and its AUC ROC unsatisfactory (AUC = 0.52, 95%
CI: 0.40-0.64, p = 0.74) (Supplementary Table S4).

Figure 2 presents the graphical interpretation of
the usefulness of the PLT:WBC ratio on day 2 of the
hospitalization as a predictor of 30-day mortality. Al-
though the AUC (95% CI: 0.53-0.76) value is consid-
ered satisfactory and the calculations are statistically

Table 2. Selected ratios according to the day of hospitalization.

Parameter AUC 95% Cl Cut-off P-value
Day 1
N:L 0.61 0.48-0.72 <15.72 0.12
PLT:L 0.61 0.48-0.72 <155.2 0.13
PLT:WBC 0.58 0.46-0.7 <1943 0.26
PLT:N 0.52 0.4-0.64 <2551 0.82
N:WBC 0.60 0.48-0.71 <0.87 0.15
L:WBC 0.58 0.46-0.7 >0.01 0.25
Day 2
N:L 0.57 0.44-0.69 > 6.15 0.32
PLT:L 0.52 0.39-0.64 <321.11 0.83
PLT:WBC 0.65 0.53-0.76 <14.81 0.03
PLT:N 0.63 0.51-0.75 <25.18 0.05
N:WBC 0.51 0.39-0.63 <0.814 0.87
L:WBC 0.59 0.46-0.7 <0.15 0.22
Day 3
N:L 0.54 0.42-0.66 <6.03 0.59
PLT:L 0.61 0.49-0.72 <9492 0.10
PLT:WBC 0.59 0.47-0.71 <1191 0.19
PLT:N 0.57 0.45-0.69 <18.18 0.29
N:WBC 0.51 0.39-0.63 > 0.74 0.93
L:WBC 0.53 0.41-0.65 >0.11 0.68
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Figure 2. Predicting 30-day mortality using the PLT:2WBC
ratio on day 2 of hospitalization

significant, the sensitivity (59.5%) and specificity
(73.5%) remain at mean levels.

Regarding the cut-off criteria that are based on
AUC ROC calculations, variables were dichotomized
whether they met the set criterion or not. Thus, while
31 patients met the criterion for PLT:2WBC d.2, 45 pa-
tients were older than the criterion of being 46 years
old. Moreover, the criterion was met in 47 patients for
BSA, in 25 for PLT CoV, and in 45 for WBC CoV. In
addition, 13 patients had a basic GCS score of < 4, 41
patients had spent maximum 16 days in the ICU, with
the same number of individuals having spent a maxi-
mum of 20 days in hospital. Finally, 18 patients met the

Table 3. Odds ratios of 30-day mortality assuming cut-off
points according to the AUC ROC criteria

Parameter 30-day mortality

OR 95% CI P-value
PLT:WBC D.2 4.07 1.49-11.14 0.006
Age [years] 4.08 1.45-11.45 0.008
BSA 4.29 1.48-12.40 0.007
PLT CoV 72 h 4.93 1.65-14.68 0.004
WBC CoV 72 h 1.87 0.70-4.96 0.21
GCS basic 6.77 1.38-33.29 0.018
LOS hospital 17.78 5.29-59.74 < 0.0001
LOS ICU 6.65 2.32-19.04 0.0004
APACHE Il 6.51 2.30-18.39 0.0004
SAPS Il score 12.19 2.54-58.58 0.002

Hanna Miszczenkow , tukasz J. Krzych

criterion for SAPS Il and 39 for APACHE II. After taking
all of these criteria into consideration, the odd ratios of
30-day-mortality are presented in Table 3. The highest
ORs that deserve attention, concern the total length
of hospitalization (OR = 17.78, 95% CI: 5.29-59.74,
p < 0.0001) and the SAPS II score (OR = 12.19, 95% CI:
2.54-58.58, p = 0.002). Again, WBC CoV values display
no statistical significance.

Discussion

Any acute condition that affects the central ner-
vous system is a devastating situation with an uncer-
tain prediction. Many of these conditions, including
those leading to any intracranial blood hemorrhage
are indications for admission to an intensive care unit.
Patients suffer from a wide range of symptoms that
strongly correlate with higher mortality. Such factors
as: hypoglycemia, PaO,/FiO,, mean arterial pressure
and serum hemoglobin have been proven to play
a great role in worsening patient outcomes [20]. De-
spite advanced medical technology that is even more
widely accessible, it is essential to find a tool that will
be able to help estimate the risk of death shortly after
the event without involving many complicated re-
sources. The perfect solution would be an indicator
that can be easily acquired from a simple and afford-
able blood test. Moreover, the ideal indicator should
be not only easy to gain but also universal in nature.
Thus, the aim of this study comprised an attempt to
determine such a biomarker.

Since the reaction of platelet to form microclots
in brain vessels, this may be correlated with symp-
tomatic vasospasm resulting in delayed cerebral isch-
emia (DCI). This also features in some cases and is
later a cause of delayed ischemia [21]. In our statistical
analysis we have shown that, in 72 hours observation,
only platelets presented a statistically significant coef-
ficient of variation in a between-group comparison.

Contrary to our findings, Hirashima et al. [22]
have presented two conclusions, namely the mini-
mum platelet count occurring later, namely on the
fourth day after the onset, and with statistically sig-
nificant differences not being noted until days 8, 9
and 10. However, as our study did not cover the same
time period as that by Hirashima et al., the results of
both studies cannot be directly compared.

In the further part of our research, we concentrat-
ed on different configurations that may be calculated
based on the results of morphotic blood elements. Day 2
of the observation turned out to be significant. More-
over, the statistical difference between the deceased
and the survivors in the PLT:WBC ratio is significant
(p = 0.03), while the PLT:N (platelets-to-neutrophil) ra-
tio tends to be of borderline significance (p = 0.05). The
PLT:N ratio presents a cut-off of 25 on day 2 (AUC = 0.63,
95% CI: 0.51-0.75, p = 0.05), a result which seems to con-
firm the findings of Yun et al. [23].
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Although this indicator also has predictive ability
in ischemic stroke and possible hemorrhagic trans-
formation in patients with acute cerebral infarction,
one must bear in mind possible differences due to the
diverse of pathophysiological background of various
neurological conditions [24-26]. The PLT:WBC ratio
again remains as the only ratio that is likely to be
considered as useful, with AUC ROC = 0.65, 95% CI:
0.53-0.76, p = 0.03 with a cut-off 14.81. Despite the
level of sensitivity (59.5%) and specificity (73.5%),
this ratio points out an interesting direction for fur-
ther research. Recent scientific reports indicate that
the relationship between platelets and white blood
cells indeed should be included among these factors
which play a role in predicting patient outcomes. In-
deed, this relationship is one of the most commonly
observed in subarachnoid hemorrhage where the
PLT:WBC ratio is presented as an independent risk
factor associated with poor functional outcome [26]
where the result of the optimal threshold is estab-
lished at 15.69, AUC = 0.628; 95% CI: 0.594-0.662;
p < 0.001. The authors of this research study addition-
ally indicate that patients with these ratio values pres-
ent pneumonia much more often, a factor which also
correlates with an unfavorable prognosis. Moreover, it
should to emphasized that pneumonia is considered
as the most common complication in another serious
neurological disease, namely ischemic stroke.

In addition, the PLT:L (platelets-to-lymphocyte)
ratio presented no statistically significant value in
our analysis, thus contradicting the findings of Li and
Deng [27] who stated that in moderate and severe
traumatic brain injury this ratio of the first 24 hours
after onset is a useful tool and a significant indepen-
dent biomarker for short-term mortality prediction.
Moreover, the usefulness of this ratio has been proved
in cases of DCI after subarachnoid hemorrhage, as
well as in accordance with other variables such as
C-reactive protein at a cut-off of 27 [28]. One may
presume that only one indicator is not enough to cre-
ate an algorithm with a high level of validity in order
to be useful in determining complications and both
short-term and long-term mortality.

Another interesting finding, namely the neutro-
phil-to-lymphocyte ratio (NLR), is presented as a pre-
dictive factor and a poor outcome indicator in various
neurological conditions [28-31]. Although we have not
found the functional outcome, we have proved also
the length of stay (LOS) to be also one of the variables
in a multivariable analysis that is a good predictor
for mortality when the LOS of total hospitalization
was characterized by an AUC value of 0.87, 95% CI:
0.76-0.94, p < 0.001, a cut-off < 20 days and an LOS
in the ICU, AUC of 0.75, 95% CI: 0.63-0.84, p < 0.001
and a cut off of < 16 days. In the analysis by Guo et al.
[30] the tendency of increasing the in-hospital LOS was
also -shown to be significant.
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Hathidara et al. [32] suggest taking a broader view
of the issue of the prediction of the in-hospital out-
come, especially including DCI precisely in SAH pa-
tients where a CRIG (Clinical, Radiological, Inflam-
matory, dysGlycemia) score is used. This takes into
consideration not only radiological or clinical data
but also incorporates inflammatory indications where
NLR and MPV:PLT or PLT:L ratios are included.

At the same time, the prognostic value of some
ratios such as NLR and PLT:L needs further research.
For example, Oliveira et al. [33] claim that although
their usefulness in conditions such as sepsis, cancer
and acute coronary syndrome is undeniable, their
role in the occurrence of vasospasm and, therefore its
influence on final outcomes, must be investigated at
a deeper level.

Further, platelet counts and their other charac-
teristics have attracted the interest of researchers in
terms of how they may be useful in predicting prog-
nosis in neurologically affected patients. The poten-
tial of mean platelet volume (MPV) and the MPV:PLT
(mean platelet volume to platelet) ratio or the MPV:L
(mean platelet volume to lymphocyte) ratio seem to
deserve attention [34-36]. Although there are ex-
amples of usefulness of such calculations, one must
remember about the possible limitations and bias oc-
curring due to result standardization [37].

According to the recent reports, such indices as sys-
temic inflammation response index (SIRI) and systemic
immune-inflammation index (SII) are thought to be
highly promising in nature. These use easily accessible
laboratory values such as neutrophil, monocyte, lym-
phocyte, and platelet counts. A SIRI score is obtained by
neutrophil count x monocyte count/lymphocyte count
while a SII is calculated by multiplying the platelet
count and the neutrophil-to-lymphocyte ratio. These
constitute novel independent prognostic indices espe-
cially concerning functional outcome among patients
suffering from subarachnoid hemorrhage next to clini-
cal classifications such as World Federation of Neuro-
surgical Societies (WFNS), Hunt and Hess, and Fisher
scales [38-41]. Although in our research, SII scores pre-
sented neither statistical significance nor intergroup
differences, with the accuracy for that quantity in our
research being an AUC of 0.58 with a cut off of <2047
x 10%1, 95% CI: 0.46-0.69, p = 0.25, we hope it will
prove useful probably in a more precisely defined and
homogenous group of patients. Bearing in mind the
broad possibilities that come with SIRI and SII, it is only
a matter of time when further research will certainly
appear on this issue, as well as that concerning artificial
intelligence (AI) and machine learning based on elec-
tronic health record (EHR) data [42].

Firstly, despite the very large number of patients
screened, our study group covered only 71 suitable
candidates. Unfortunately, in the study period, our
ward was temporarily transformed into a unit dedi-
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cated for COVID-19 patients. Moreover, due to the
character of our hospital, the surgical and medical
reasons for the patients’ admission took precedence
over neurological reasons, with those suffering from
mild and moderate forms of brain trauma or SAH be-
ing admitted to neurological or neurosurgical units.
Lastly, some potential subjects did not meet the cri-
terion of 72 hours of sedation. Secondly, our study
group was quite heterogeneous. Therefore, we did not
compare any other medical records such as radiologic
results apart from laboratory samples. These imaging
test classifications differ from each other due to clini-
cal reasons for the patients’ hospitalization. Moreover,
we only focused on laboratory samples. In addition,
the treatment approach, despite the established pro-
tocol in our unit for an acute brain injury, depended
on the critical care specialist’s decision according to
the clinical situation. These included administration
of neuroprotective treatment, antibiotics and main-
taining an accurate fluid balance. Thirdly, some of the
patients required neurosurgical or intravascular inter-
vention more than once during their hospitalization,
namely medical procedures, which also might have
constituted an interfering factor regarding the study.

Conclusions

In this heterogenous group of patients presenting
with acute brain injury, with any type of intracranial
bleeding, no universal indicator which is based on pe-
ripheral blood morphotic elements was found to pre-
dict 30-day mortality. Thus, further research should be
provided in order to distinguish a highly accurate in-
dicator based on peripheral blood morphotic elements
which would be useful and universal in its application
for acute brain injury. At the same time, we remain of
the opinion that simple and easily accessible tests will
prove to be useful in determining possible complica-
tions, including mortality. This will make it easier to
estimate the prognosis of individual patients, which
in turn will help in adapting advanced treatments and
managing resources. The possibility in incorporating
simple, fast, objective, minimally-invasive and, if pos-
sible, low-cost tests in the decision-making process
seems to be a necessity in terms of reducing the great
burdens currently affecting healthcare systems.

Funding

No external funding.

Ethical approval
Approval for this study was obtained from the ethics

committee of the Medical University of Silesia, Katowice
(BNW/NWN/0052/KB/119/23). Date: 21* July 2023.
Conflict of interest

The authors declare no conflict of interest.

Hanna Miszczenkow , tukasz J. Krzych

References

1. Ziu E, Khan Suheb MZ, Mesfin FB. Subarachnoid Hemorr-
hage. In: StatPearls [Internet]. Treasure Island (FL): StatPe-
arls Publishing; 2025 Jan.

2. Macdonald RL, Schweizer TA. Spontaneous subarachnoid
haemorrhage. Lancet. 2017; 389(10069): 655-666.

3. de Rooij NK, Linn FHH, van der Plas JA, Algra A, Rinkel GJE.
Incidence of subarachnoid haemorrhage: a systematic re-
view with emphasis on region, age, gender and time trends.
J Neurol Neurosurg Psychiatry. 2007; 78(12): 1365-1372.

4. Suarez JI, Bershad EM. Aneurysmal Subarachnoid Hemorr-
hage. In: Stroke. Elsevier 2016; 516-536. d0i:10.1016/B978-0-
323-29544-4.00029-3

5. Modi S, Shah K, Schultz L, Tahir R, Affan M, Varelas P. Cost
of hospitalization for aneurysmal subarachnoid hemorrha-
ge in the United States. Clin Neurol Neurosurg. 2019; 182:
167-170.

6. Gardner AJ, Zafonte R. Neuroepidemiology of traumatic
brain injury. Handb Clin Neurol. 2016; 138: 207-223.

7. GBD 2016 Traumatic Brain Injury and Spinal Cord Injury
Collaborators. Global, regional, and national burden of trau-
matic brain injury and spinal cord injury, 1990-2016: a syste-
matic analysis for the Global Burden of Disease Study 2016.
Lancet Neurol. 2019; 18(1): 56-87.

8. Kaplan ZLR, van der Vlegel M, van Dijck JTJM, Pisica D, van
Leeuwen N, Lingsma HE Steyerberg EW, Haagsma JA, Maj-
dan M, Polinder S. Intramural Healthcare Consumption and
Costs After Traumatic Brain Injury: A Collaborative European
NeuroTrauma Effectiveness Research in Traumatic Brain In-
jury (CENTER-TBI) Study. ] Neurotrauma. 2023; 40(19-20):
2126-2145.

9. Hasan GM, Anwar S, Shamsi A, Sohal SS, Hassan MI. The
neuroprotective potential of phytochemicals in traumatic
brain injury: mechanistic insights and pharmacological
implications. Front Pharmacol. 2023; 14: 1330098.

10. Berger RP, Ta’asan S, Rand A, Lokshin A, Kochanek P.
Multiplex assessment of serum biomarker concentrations
in well-appearing children with inflicted traumatic brain
injury. Pediatr Res. 2009; 65(1): 97-102.

11. Xi G, Keep RE Hoff]JT. Mechanisms of brain injury after in-
tracerebral haemorrhage. Lancet Neurol. 2006; 5(1): 53-63.

12. Li Y, Tao C, An N, Liu H, Liu Z, Zhang H, Sun Y, Xing Y,
Gao Y. Revisiting the role of the complement system in
intracerebral hemorrhage and therapeutic prospects. Int
Immunopharmacol. 2023; 123: 110744.

13. van Erp IAM, Michailidou I, van Essen TA, van der Jagt M,
Moojen W, Peul WC, Baas F Fluiter K. Tackling neuro-
inflammation after traumatic brain injury: complement
inhibition as a therapy for secondary injury. Neurothera-
peutics. 2023; 20(1): 284-303.

14. van Erp IAM, van Essen TA, Fluiter K, van Zwet E, van
Vliet P, Baas F, Haitsma I, Verbaan D, Coert Bert, de Ruiter
GCW, Moojen WA, van der Jagt M, Peul WC. Safety and
efficacy of Cl-inhibitor in traumatic brain injury (CIAO@
TBI): study protocol for a randomized, placebo-control-
led, multi-center trial. Trials. 2021; 22(1): 874,

15. Das M, Mohapatra S, Mohapatra SS. New perspectives on
central and peripheral immune responses to acute trau-
matic brain injury. ] Neuroinflammation. 2012; 9: 236.

16. Helmy A, De Simoni MG, Guilfoyle MR, Carpenter KLH,
Hutchinson PJ. Cytokines and innate inflammation in
the pathogenesis of human traumatic brain injury. Prog
Neurobiol. 2011; 95(3): 352-372.

Medical Studies 2025; 41/3


https://pubmed.ncbi.nlm.nih.gov/?term=Pisic%C4%83+D&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=van+Leeuwen+N&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=van+Leeuwen+N&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Lingsma+HF&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Steyerberg+EW&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Haagsma+JA&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Majdan+M&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Majdan+M&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Polinder+S&cauthor_id=37212277
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+H&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+Z&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+H&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+Y&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=Xing+Y&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+Y&cauthor_id=37552908
https://pubmed.ncbi.nlm.nih.gov/?term=%22van der Jagt M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Moojen W%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Peul WC%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Baas F%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fluiter K%22%5BAuthor%5D
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Erik-Zwet-Aff3
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Peter-Vliet-Aff4
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Peter-Vliet-Aff4
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Frank-Baas-Aff2
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Iain-Haitsma-Aff5
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Dagmar-Verbaan-Aff6
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Bert-Coert-Aff6
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Godard_C__W_-Ruiter-Aff1
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Wouter_A_-Moojen-Aff1
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05833-1#auth-Mathieu-Jagt-Aff7
file:///Y:/08-DZIA%c5%81-WYDAWNICZY/2025/Studia%20Medyczne%203%202025_M/teksty/javascript:;

Mortality prediction in patients with acute brain injury using peripheral blood cell analysis: a retrospective study

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Smrcka M, Mrlian A, Karlsson-Valik J, Klabusay M. The ef-
fect of head injury upon the immune system. Bratisl Lek
Listy. 2007; 108(3): 144-148.

Giede-Jeppe A, Reichl ], Spriigel M, Liicking H, Hoelter P,
Eytipoglu IY, Kuramatsu JB, Huttner HB, GernerST. Neu-
trophil-to-lymphocyte ratio as an independent predictor
for unfavorable functional outcome in aneurysmal suba-
rachnoid hemorrhage. ] Neurosurg. 2019; 132(2): 400-407.
Agnihotri S, Czap A, Staff I, Fortunato G, McCullough LD.
Peripheral leukocyte counts and outcomes after intrace-
rebral hemorrhage. ] Neuroinflammation. 2011; 8: 160.
Prisco L, Iscra F, Ganau M, Berlot G. Early predictive fac-
tors on mortality in head injured patients: a retrospective
analysis of 112 traumatic brain injured patients. ] Neuro-
surg Sci. 2012; 56(2): 131-136.

Dienel A, Kumar T P, Blackburn SL, McBride DW. Role of
platelets in the pathogenesis of delayed injury after sub-
arachnoid hemorrhage. J] Cereb Blood Flow Metab. 2021;
41(11): 2820-2830.

Hirashima Y, Hamada H, Kurimoto M, Origasa H, Endo S.
Decrease in platelet count as an independent risk factor
for symptomatic vasospasm following aneurysmal suba-
rachnoid hemorrhage. ] Neurosurg. 2005; 102(5): 882-887.
Yun S, Jun Yi H, Hoon Lee D, Hoon Sung J. Clinical signi-
ficance of platelet to neutrophil ratio and platelet to lym-
phocyte ratio in patients with aneurysmal subarachnoid
hemorrhage. J Clin Neurosci. 2021; 92: 49-54.

Geng L, Zuo L, Li H, Wang Y, Zhang Q, Ran ], Yan F
Zhang Z, Xie C. Association of platelet-to-neutrophil ratios
with 1-year outcome and mortality in patients with acute
ischemic stroke. Neurosci Lett. 2023; 798: 137016.

Liu E Jin M, Zhang Z, Gao J, Wang X. Platelet-to-neutro-
phil ratio is related to hemorrhagic transformation in pa-
tients with acute cerebral infarction. Neurologist. 2022;
27(5): 230-234.

Wang K, Li R, Chen X, Zhao Y, Hao Q. Platelet-to-white
blood cell ratio: a feasible predictor for unfavorable func-
tional outcome in patients with aneurysmal subarachno-
id hemorrhage. J Clin Neurosci. 2023; 115: 108-113.

Li W, Deng W. Platelet-to-lymphocyte ratio predicts
short-term mortality in patients with moderate to severe
traumatic brain injury. Sci Rep. 2022; 12(1): 13976.
Bolton WS, Gharial PK, Akhunbay-Fudge C, Chumas P,
Mathew RK, Anderson IA. Day 2 neutrophil-to-lympho-
cyte and platelet-to-lymphocyte ratios for prediction of
delayed cerebral ischemia in subarachnoid hemorrhage.
Neurosurg Focus. 2022; 52(3): E4.

Al-Mufti F, Amuluru K, Damodara N, Dodson V, Roh D,
Agarwal S, Meyers PM, Connolly Jr ES, Schmidt M]J, Cla-
assen J, Park S. Admission neutrophil-lymphocyte ratio
predicts delayed cerebral ischemia following aneurysmal
subarachnoid hemorrhage. J Neurointerv Surg. 2019;
11(11): 1135-1140.

Guo R, WuY, ChenR, Yu Z, You C, Ma L, Tian M. Clinical
value of neutrophil-to-lymphocyte ratio in primary in-
traventricular hemorrhage. World Neurosurg. 2019; 127:
e1051-e1056.

Tao C, Wang J, Hu X, Ma ], Li H, You C. Clinical value
of neutrophil to lymphocyte and platelet to lymphocyte
ratio after aneurysmal subarachnoid hemorrhage. Neuro-
crit Care. 2017; 26(3): 393-401.

Hathidara MY, Campos Y, Chandrashekhar S, Xu C,
Olson DWM, Venkatachalam A, Ray B. Scoring system to

Medical Studies 2025; 41/3

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

291

predict hospital outcome after subarachnoid hemorrhage-
incorporating systemic response: the CRIG Score. J Stroke
Cerebrovasc Dis. 2022; 31(8): 106577.

Oliveira AJM de, Rabelo NN, Telles JPM, Solla DJF, da Silva
Coelho ACS, Barbosa GB, Barbato NC, Yoshikawa MH, Te-
ixeira MJ, Figueiredo EG. Neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios and prognosis after aneu-
rysmal subarachnoid hemorrhage: a cohort study. Arq
Neuropsiquiatr. 2023; 81(6): 515-523.

Chen L, Zhang Q. Increased mean platelet volume is as-
sociated with poor outcome in patients with aneurysmal
subarachnoid hemorrhage. World Neurosurg. 2020; 137:
el18-e125.

Wang Z, Pei W, Chen L, Ning Y, Luo Y. Mean platelet vo-
lume/platelet count ratio is associated with poor clinical
outcome after aneurysmal subarachnoid hemorrhage.
J Stroke Cerebrovasc Dis. 2020; 29(11): 105208.

Wu F Wang Q, Qiao Y, Yu Q, Wang E A new marker of
short-term mortality and poor outcome in patients with
acute ischemic stroke: mean platelet volume-to-lympho-
cyte ratio. Medicine. 2022; 101(40): e30911.

Beyan C, Beyan E. Mean platelet volume may not be
a marker for prognosis in patients with aneurysmal sub-
arachnoid hemorrhage. J Stroke Cerebrovasc Dis. 2021;
30(2): 105492.

Hou Y, Fan ], Yuan H, Zheng H, Yang H, Li H, Chen R,
Yu J. Prognostic capacity of the systemic inflammation
response index for functional outcome in patients with
aneurysmal subarachnoid hemorrhage. Front Neurol.
2023; 14: 1054315.

LuoE LiY, Zhao Y, et al. Systemic immune-inflammation
index predicts the outcome after aneurysmal subarach-
noid hemorrhage. Neurosurg Rev. 2022; 45(2): 1607-1615.
Yun S, Yi HJ, Lee DH, Sung JH. Systemic inflammation
response index and systemic immune-inflammation in-
dex for predicting the prognosis of patients with aneu-
rysmal subarachnoid hemorrhage. J Stroke Cerebrovasc
Dis. 2021; 30(8): 105861.

Yu T, Wang Z. Use of a systemic inflammatory response
index to predict non-traumatic non-aneurysmal suba-
rachnoid hemorrhage patient outcomes. J Stroke Cere-
brovasc Dis. 2022; 31(12): 106863.

Zhu G, Yuan A, Yu D, Zha A, Wu H. Machine learning
to predict mortality for aneurysmal subarachnoid hemor-
rhage (aSAH) using a large nationwide EHR database.
PLoS Digit Health. 2023; 2(12): e0000400.

Address for correspondence

Hanna Miszczenkow

Department of Anaesthesiology and Intensive Care
Medical University of Silesia

Katowice, Poland

E-mail: hanna.miszczenkow@gmail.com

Received: 25.06.2024
Accepted: 9.12.2024
Online publication: 30.09.2025


https://pubmed.ncbi.nlm.nih.gov/?term=L%C3%BCcking+H&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Hoelter+P&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Ey%C3%BCpoglu+IY&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Ey%C3%BCpoglu+IY&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Kuramatsu+JB&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Huttner+HB&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Gerner+ST&cauthor_id=30717052
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Q&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Ran+J&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Yan+F&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Z&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Xie+C&cauthor_id=36529389
https://pubmed.ncbi.nlm.nih.gov/?term=Dodson+V&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Roh+D&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Agarwal+S&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Meyers+PM&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Connolly+ES+Jr&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Schmidt+MJ&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Claassen+J&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Claassen+J&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Park+S&cauthor_id=30979846
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+Z&cauthor_id=30980971
https://pubmed.ncbi.nlm.nih.gov/?term=You+C&cauthor_id=30980971
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+L&cauthor_id=30980971
https://pubmed.ncbi.nlm.nih.gov/?term=Tian+M&cauthor_id=30980971
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+C&cauthor_id=35623237
https://pubmed.ncbi.nlm.nih.gov/?term=Olson+DM&cauthor_id=35623237
https://pubmed.ncbi.nlm.nih.gov/?term=Olson+DM&cauthor_id=35623237
https://pubmed.ncbi.nlm.nih.gov/?term=Venkatachalam+A&cauthor_id=35623237
https://pubmed.ncbi.nlm.nih.gov/?term=Ray+B&cauthor_id=35623237
https://pubmed.ncbi.nlm.nih.gov/?term=Solla+DJF&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Coelho+ACSDS&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Coelho+ACSDS&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Barbosa+GB&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Barbato+NC&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshikawa+MH&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Teixeira+MJ&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Teixeira+MJ&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Figueiredo+EG&cauthor_id=37379863
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng+H&cauthor_id=36937535
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+H&cauthor_id=36937535
https://pubmed.ncbi.nlm.nih.gov/?term=Li+H&cauthor_id=36937535
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+R&cauthor_id=36937535
https://pubmed.ncbi.nlm.nih.gov/?term=Yu+J&cauthor_id=36937535
https://www.editorialsystem.com/editor/studmeden/js/article/197067/

	page3
	_Hlk60054323

