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ABSTRACT

Background: The platelet-to-lymphocyte ratio (PLR) has emerged as a prognostic predictive marker in various
diseases, but its role in traumatic brain injury (TBI) has not been fully elucidated. This study aims to evaluate the
role of PLR as a prognostic predictive marker in adults with TBI.

Methods: This systematic review was conducted according to the Preferred Reporting Items in the Systematic
Review and Meta-analysis Guidelines 2020. A comprehensive search was performed using PubMed, Google
Scholar, Scopus, Crossref, OpenAlex, Semantic Scholar, Library of Congress, and Jisc Library Hub Discover
database to identify relevant studies published up to February 2023. Both prospective and retrospective
observational studies written in English or Indonesian were included in the study. No restrictions were placed
on the year and country of publication and duration of follow-up. Study quality was evaluated using the
Newcastle-Ottawa Scale (NOS), and the risk of bias was estimated using the Cochrane Risk of Bias Assessment
Tool for Nonrandomized Research (Ro-BANS) tool. A narrative synthesis was also conducted to summarize the
findings.

Results: We retrieved 1644 references using the search strategy, and 1623 references were excluded based on
screening the title and abstract. The full text was retrieved for 20 articles and subjected to the eligibility criteria, of
which 16 were excluded from the study. Four papers with a total of 1.467 sample sizes were included in the review.
The median of NOS for study quality was 8-9, with the risk of selection bias using the Ro-BANS tool being low
in all studies except for the blinding outcome assessments, which are all unclear. The study finding suggests that
the PLR has the potential as an independent prognostic predictive marker in adult patients with TBI. In three
studies, a high level of admission PLR may independently predict an increasing mortality risk in 30 days and
adverse outcomes measured by the Glasgow outcome scale in 6 months following TBI. However, one study shows
that PLR may have limited value as a predictor of mortality or favorable neurological outcomes compared to other
hematological parameters. Further studies were needed to establish the clinical utility of PLR and fill the present

gaps.

Conclusion: This systematic review provides evidence supporting the utilization of PLR as a prognostic predictive
marker in adult patients with TBI. The PLR can mainly be utilized, especially in rural practice, as PLR is a simple,
low-cost, and routinely performed hematological examination.
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INTRODUCTION

The Centers for Disease Control and Prevention defines
traumatic brain injury (TBI) as brain damage produced
by a bump, blow, or jolt to the head or a penetrating
head injury that disrupts normal brain function. TBI is
considered one of the leading causes of death not only in
lower- to middle-income countries but also in high-income
countries.®® TBI is more common in underdeveloped
nations than in most industrialized countries; for example,
the incidence rate in Asia is 344/100.000 people, whereas
Europe’s is 235/100.000 people. Data obtained in Indonesia
from 2009 to 2013 indicated that the average number
of persons suffering from brain damage was 1178 each
year, with fatality rates reaching 11.22%, compared to
the international benchmark of 3-8%. Based on severity,
severe TBI mortality ranges from 25.13% to 37.14%; this
statistic is also relatively high when compared to the
known research, which is 22%.!'7%!

TBI has a wide range of classifications based on macroscopic
modes of injury (e.g., mass compression, contusion, and
diffuse axonal injury) as well as a range of mechanisms by
which neuronal injury can be inflicted (e.g., “classical”
ischemia, apoptosis, mitochondrial dysfunction, cortical
spreading depression, and microvascular thrombosis), each
of which differs in proportions and clinical courses.?!! TBI
severity can be divided into mild, moderate, and severe based
on the Glasgow coma scale (GCS) on the first 24 h, duration
of consciousness lost period of consciousness alteration,
imaging result, and period of posttraumatic amnesia.l
Numerous prognostic assessments, including IMPACT and
CRASH, might guide the care and predict the fate of TBI
patients; however, it is not always simple to acquire all of the
features in the prognostic tools in diverse hospital settings.
As a result, researchers tried to develop simple biomarkers
that may be used to predict outcomes.!

While primary brain damage is nearly irreversible,
secondary brain injury caused by trauma-induced oxidative
stress, edema, ischemia, and other systemic reactions
related to inflammation can be controlled.”! The present
study demonstrates that trauma patients exhibit an
immunoinflammatory response following injury related
to platelet activation and the coagulation system.*! At
sites of injury, damaged cells release factors that trigger
the inflammatory cascade, along with chemokines and
growth factors, which will attract neutrophils, monocytes,
lymphocytes, and mast cells to the injury site.!"+*!

Studies have demonstrated that a considerable number of
indicators may be found in cerebrospinal fluid after TBI,
indicating that neuroinflammation is one of the key causes
of subsequent damage in TBI. The identification of these
markers, however, has a high technological and financial
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need."*»! Complete blood counts are a simple, low-cost
standard examination procedure that provides doctors
with information about a patient’s blood composition and
characteristics, such as platelet-lymphocyte ratio (PLR),
associated with systemic nonspecific inflammation.®** In
multiple studies, elevated PLR was associated with a worse
prognosis for non-small-cell lung cancer and colorectal
cancer.?+2¢)

Past research is abundant regarding whether PLR could be
used as a prognostic measurement for patients with TBI, but
the results vary between studies, and the quality of studies is
still unknown; therefore, there is a need for systematic review
and meta-analysis to be made to synthesize the best evidence
regarding this matter. This systematic review aims to evaluate
the role of PLR as a prognostic predictive marker in adults
with TBL

MATERIALS AND METHODS
Search strategy

The present study is a systematic review based on the
Preferred Reporting Items in the Systematic Review and
Meta-Analysis (PRISMA) 2020 checklist. The protocol
of this study has been registered on the International
Prospective Register for a systematic review with the number
CRD42023465410. The search was conducted on February
19, 2023, in eight international databases, including PubMed,
Google Scholar, Scopus, Crossref, OpenAlex, Semantic
Scholar, Library of Congress, and Jisc Library Hub Discover,
related to the study’s objectives. We formulated the PICO
question according to the following: Population: adult
patients with TBI; intervention: the PLR; comparison: none;
and outcome: patient outcomes including mortality, Glasgow
Outcome Scale (GOS), and extended GOS (GOSE). The
keywords used are as follows: (PLR OR “platelet#lymphocyte”
OR “platelet#to#lymphocyte”) AND (TBI OR “brain injury”
OR “head injury” OR “cerebral injury” OR “intracranial
injury” OR “cortical injury” OR “craniocerebral trauma”
OR “brain trauma” OR “brain concussion” OR “commotion
cerebral”), we conducted a systematic search to collect
relevant research, followed by a manual search of references
cited in the included studies to prevent missing any relevant
publications.

Inclusion and exclusion criteria

The next step was to establish the inclusion and exclusion
criteria. Both prospective and retrospective observational
studies that evaluated the association between PLR and
prognosis in adult patients (=18 years old) with TBI were
included in the study. Retrieved articles with a sample size of
at least 50 patients and written in English or Bahasa Indonesia
from any year publication were considered. No restrictions
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were placed on the year and country of publication and
duration of follow-up. On the other hand, studies that did
not report relevant outcomes and different study designs,
for instance, experimental animal studies, cross-sectional
studies, case reports, reviews, and meta-analyses, were
excluded from the study.

Selection process

Four reviewers (MFI, AL, EAB, and GPS) independently
screened titles and abstracts to identify possibly suitable
research during the selection process. Full-text papers were
found and evaluated for eligibility using the inclusion and
exclusion criteria. Any disagreements among the reviewers
were handled through mutual discussion and then with the
consensus of the fifth reviewer (GAR).

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the
quality of each study in this investigation.*? It was a scale
for assessing the quality of nonrandomized research, such as
cohort and case-control studies. The NOS has three primary
components: selection of the study groups (0-4 points),
comparability of cases and control studies (0-2 points)

or cohorts, and ascertainment of exposure/outcome (0-3
points). Research with six or more points is deemed high-
quality. Using this tool, four reviewers separately assessed
the quality of the study, and any conflicts in the assessment
among the reviewers were also handled through mutual
discussion and then with the consensus of the fifth reviewer.

Risk of bias assessment

The Risk of Bias Assessment Tool for Non-randomized
Research (Ro-BANS) tool was used to assess the risk of bias
in the included research.? The tool evaluates the risk of bias
in six areas: selection of participants, confounding variables,
measurement of exposure, blinding of outcome assessments,
incomplete outcome data, and selective outcome reporting.
Using this tool, four reviewers separately assessed the risk of
bias, and any conflicts in the evaluation among the reviewers
were also handled through mutual discussion and then with
the consensus of the fifth reviewer.

Data analysis

The data analysis in this systematic review consisted of
summarizing the findings of the included studies using
a narrative synthesis approach. The extracted data were

[ Identification of studies via databases and registers ]
G,
Records identified from: (n=1644)
= Crossref (n=534)
= Open Alex (n=432)
3 Jisc Library hub Discover (n=9) Records removed before screening:
':E-' Library of Congress (n=0) "| Duplicate records removed (n=30)
o Google Scholar (n=564)
= PubMed (n=4)
Scopus (n=101)
—/
— '
Records screened (n=21) Records excluded (n=1623)
> Reports sought for retrieval (n=20) » Reports not retrieved (n=1)
H
3 '
Q
(7]
Reports excluded:
Reports assessed for eligibility (n=4) > Literature review study (n=1)
Cross-sectional study (n=4)
Study excluded traumatic patient (n=3)
Platelet to lymphocyte ratio marker was not studied (n=3)
Follow-up of traumatic brain injury outcome was not studied (n=3)
Not specific for traumatic brain injury case (n=1)
Study in paediatric patient (n=1)
)
°
3
2
§ Studies included in review (n=4)
—

Figure 1: Preferred Reporting Items in the Systematic Review and Meta-Analysis 2020 flow diagram.
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Figure 2: Graph summary of the risk of bias assessment tool for
nonrandomized studies.

Duan, et al. (2020)

analyzed descriptively, with the mean and standard deviation
used to describe continuous outcomes, while frequencies
and percentages were used to describe categorical outcomes.
A qualitative approach was used to identify patterns and
themes across studies. Publication bias was not assessed in
this review, as a meta-analysis was not conducted. However,
the review’s limitations section mentioned the likelihood of
publication bias.

Ethical considerations

This systematic review is based on published studies that
have already undergone ethics review and approval by the
respective institutions where the research was conducted.
As such, ethical considerations related to participant
recruitment, informed consent, and data collection were
the responsibility of the original authors of the included
studies. No primary data collection or involvement of human
subjects was conducted for this systematic review. We strictly
adhered to ethical guidelines and maintained confidentiality
throughout the review process.

RESULTS
Study selection

The PRISMA diagram that follows Figure 1 gives an overview
of the gathering procedure. A total of 1624 studies were
retrieved from the databases below: Google Scholar: 564
records; Crossref: 534 records; Open Alex: 432 records; Jisc
Library Hub Discover: 9 records; Library of Congress: 0
records; PubMed: 4 records; and Scopus: 101 records. Before
the screening was done, 33 duplicate records were removed.
One thousand six hundred and twenty-three studies were
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eliminated from the study after the title and abstract were
screened. Twenty papers full texts were examined for
eligibility after one’s full text could not be obtained. One
study was a literature review; four studies were cross-
sectional; three excluded trauma patients; three did not
examine PLR markers; three did not examine the outcomes
of TBI follow-up; one did not focus on a particular TBI case;
and one studied pediatric patients. The final four articles were
selected as the conclusive studies for the qualitative synthesis.

Study characteristics

Two of the four articles included were retrospective studies,
and the other two were prospective studies. The other three
studies were from China, whereas one report was published
in India. Each article’s sample size ranged from 96 to
1.009 patients, for a total sample size of 1.467. The follow-
up period they have lasted between 14 days and 6 months.
The other two studies comprised individuals with moderate-
to-severe TBI (GCS 12), whereas the third study included
all TBI patients who underwent unilateral decompressive
craniectomy. One study only included individuals with severe
TBI (GCS 8). The entire study’s characteristic description is
visualized in Table 1.

Quality and risk of bias

The NOS instrument for the study quality and the Ro-BANS
tool for the risk of bias were then used to evaluate the chosen
articles for a more in-depth discussion. For nonrandomized
research, two of them were chosen as instruments. The
quality assessment result based on the NOS instrument is
visualized in Table 1. All of the studies are considered high-
quality since they score more than 6 points each, with three
studies scoring a maximum of 9 points and the other scoring
8 points. Subsequently, in terms of risk of bias based on the
6-item Ro-BANS questionnaire (visualized in )[Figure 2], all
of the studies included have a “low” risk of bias except for the
blinding outcome assessments, which all of the studies are
“unclear”

Results of synthesis

A retrospective study by Li and Deng (2022) in 170 patients
with moderate-to-severe TBI assessed the prognostic ability
of the PLR and Rotterdam computed tomography score on
the patients’ mortality rate. It was found that PLR can be
an independent biomarker with a good level of prognostic
ability in short-term mortality (30-day mortality), with
hazard risk = 1.523 (95% confidence interval [CI] 1.110-
2.090, P = 0.009) and area under the curve (AUC) 0.711 (95%
CI0.618-0.803, P < 0.001).1%*]

Another significant result was also found in the prospective
study by Duan et al. (2020) on 192 TBI patients, which stated



s |

(S0T)ST * $T0T * [euonewIA U £AS0[01NdN [e2181ng

Aeyg reardsof] jo ISUT ;9T @SeUDY dUNEID) YD ‘UOISSIWPY U0 [ed(J VO ‘UINQy TV UII0IJ 2AT)IAI-D) i D O[S BWOD) MoFse[n) :§DD) 9FeyLIOWSH [e1qa1d)) dnewnel], ;DL Kinfug

urerg SIEWNEI], U S[BLL], [EJTUI[D) PUE SISOUZ0IJ J0J UOISSTIAl [UOTIRWINU] :[DVJIAT AInfu] peap] jueoyrudig 1oy Uonesropuey proiajsodnio)) :HSV YD 9Pl J1/1d ©s0on[S poo[q unse] :ng, ¢ 9PIXOIp UOGIEd YIIM PIUIGUOD XIPUT UOTIBWIWEJUI JUNWIWI JTWI)SAS :7QD-I[SOD DPIXOIP U0qIe)) :zQ) ‘Oel a400uoy-a14o0ydwkT T ‘oner ajhsoyduwd]-[rydonnaN Y TN Xopul UOTBW WEJUI-dUNTIWT JTW)SAS :I[S
‘O1jel PIZI[BUWLIOU [eUOTJRUIAU] YN[ ‘UIe)01d 2AT)ORAI-D) (YD ‘@Feyrioway proutpereqns :[yS @inssaid pooyq d1[03s4S S O[eds AIn(ur pajeradiqqy :SIy @[eds awoonQ mogse[n) :gOO 9run a1ed da1sudjur ;D[ ‘owry unsejdoqurory) ensed pajeandy :1,1dV LyderSowoy payndwo) 110 9[eds ewo)) moJse[n) :gH0) D[eds awodn( MoJse[n) papulxy :gsODn ‘oner ahdoydwA]-0)-3a[a1e[d Y Td AInfur ureiq srewnery, :Jq.[,

juduIssasse AJrend)

's3nip juengeoonue Jo as) ‘¢ cuondUNIsAp uonem3eod Jo AI0ISTH ¢
SINOY §7 UTYIIM PISIRYISTP d1oM 10 D] UT PATP OYM Sjuaned T

‘Tendsoy zoyjoue ye £198ms Aousdrowe Surmoroy rejrdsoy

JINO 0} UOISSIWPY '¢ PUL SUOT)OJUT JNIE JO ‘SSIUJ[T ATOJeTUTR[JUT
sruonyd Loueudiewr resrSojojeway jo L1081 V 7 VO ‘T

Y $ Jo potrad uonezifeydsor] § ‘uo os pue ‘uondadenuod
‘sproon10o0on(3 ‘suoryestpawr uonedardSe 1opie[dnue Jo as) ¢ OSLISIP
wa)sAs poo[q pue Jowny ‘Inyrey reua dinjrej 1reay Loueudard yim
pasouSer( ‘7 “yoou pue peay ueyy 1oyjo suedio ur syurod ¢2STV ‘1

SIOPIOSIP
OIWA)SAS snotadl{d '9 ‘asn Snip joErejdnue/juendeoonuy g £103sIy
9SLISIP TR[NISBAOIGDISD/TB[NISLAOTPILD JUDI PUE A0S F ‘AI0JSIY
9SLASIP QUNWWIOINY *¢ SUOTJOJU] 7 SILIN[UT [BIULIOBIIXD dTIAIG |

BLIDJLID UOISNIXy

sypuowr 9

sqpuowr 9

quour |

sypuow 9 pue skep 1

uonyeanp dn-mofog

‘ueds 1D e £Aq pawIguod pue Lnfur

JO SINOY $Z UTYIIM ST UOTSSTUIPY "¢ ‘LTUNET)
peay Jo 1031 JedD Y 7 sTeak gT<pady T

8SSDD *¢ $5182) 10JEIIPUT Poo[q 23o[dwI0d
(M AfUT JO { 7T UTYIIM UOTSSTWPY '
(SoN11)S J02(qo TewIg)xa pue Kinfur [rey ySiy
‘SJuapIdOL Ied Aq pasned [q ], ATewnid

ueds [0 £q pawnIguo) ¢ <71>$09 T
‘A1n{ur Jo sINOY ¢ UTYIIM UOISSTWPY ']

TISSDD T s1eak 09-81 3By T

BLIDJLID uorsnpuy

1d pue ITd Qunjoa
BUWIOJRWAY [eNIU] ‘D)g,] “UOTJEULIO] BIUIIY [8IG2130 ‘DD 1opudd 93y

"SOT PUE ‘$3)4[01393]2 POOTg 1D D “‘TOD SNOUIA ‘q[Y 9$00N[D) IowWIp-(J
UANI AT WTd WIN “TIS LTd ‘TID SOO ‘HVS ‘Tidnd ggs Topuas 93y

junod 934ooydwi] pue

jo1e3e1d 213 pue ‘vorsNysueI) Poo[q AIISINSOINIU ‘GDHD) DI00S 1)) WePINoy
K (ur jo sarr0803e0 LInfur Jo SwM) sa30qeIp ‘UoIsUANIAAAY Topuad wfy
"s193owrered [eOTWIAYDOIq

pue ‘I 1.V “UNI Qun urquoryoxd Junod [erjusIafIp Junod pooiq
9)91dwod ‘s1ojowrered A1o03esrdsar pue STwWRUAPOWSH “IOPISUOD 0) SI10J0.]

[Te o€ LeI-Y 3sayd pue ‘ueds D) ureiq ‘syuauuiredwur [eo130[0IMau pazi[eso]
dnd ‘O ‘wonernyes uaLxo ‘sonysnels [e3ra Lmfur jo porrad Topudld 9fy

payrodax sdnoaSqng

uonmsut o[3uls e
Surpuajye Awo)daTueId 2AT1Ss1dWOdaP [eIa)e[TUN PAATEdAT oYM sjuared Tq T,

uonMNsuT 221y} Surpuane syusned [T, 9T9AIS YIM SINPY

uorninsul o[3urs e Jurpusjje syusnjed [g ], 9I9AS PUL 2JBIIPOW YIM S)NPY

uonmusur
o[3urs e Surpuane syusned g ], PIIROSI 9I9AIS PUE 2)RISPOW YIIM SINPY

Sumnyoas pue uondrsap uonemndog

SqUOW 9 3¢ SOD

Syjuow 9 3e SOH

Ayreazowa Aep-o¢
syjuow
938 JSOD pue

“yrpeyrowr Yyuow-9
“Ayrrerzowr Aep-§1

Ppainseauwr sawodnQ

610T 12qA0N
~£10T 19QUIAON]

1207 32quad3g
-9107 Arenue(

120T 32quia03q
-0707 Arenue(

610C ToquIaAON —dun|

uoneinp Apnyg

aseqejep
[eIIPIN
aseqejep
[edTpour pue
SMITAIAUT
sruoydafay,

aseqejep
[eIPIN
SMITAIUI
sruoydaray
pue aseqejep
[edTPaN
JUDUIINSBIW

aw02)No
J10J S[0O],

co1=u

6001=4

0L1=u

96=u

az1s opdureg

£1981ns uorssardwooapisoq

UOISSTWPE Jy

UOTSSTWIPE Io)ye A[dJerpatuuu]

UOISSTWPE Jy

JUSUIAINSBIW YT JO SWIL],

‘sisougoxd eoturp ay3 aaoxduur

pue D, Jo s1030eJ YSLI Jofewr o) azATeue of,
‘syuanyed 1g 1, Jo stsouSoxd oty ur
tOD-TISO2 PUE I[S JO $9[01 Y} 23ednsoAur
07, *¢ ‘s10}0eJ 3531} Jo dduUBWIOfId
aan1paid ayy azAeue pue aredwod of, ¢
4L 21043 M sjuanyed Jo saInjedy

[eoTUI[O [eJUATEPUN UO BJep JoyIes o, '

‘14,1, 919498 0} vﬁmhv—uoa
UM S[eNPIAIPUT UT AJI[E}IOW WLI)-}I0YS pue
Y'Td U23aM19q UOI}OUUO0D ) arednsaaur of,
Ayprqrowr
pue Lrerrow 10§ s1ojowrered asay) Jo
Ayiqe aanorpaxd oy jen[ead o, 'z
‘ppow dysousord HSVID pue LOVAINI
Y yIm SO £q passasse siojouwrered
sr3o[oyewray ure} oo aredwod o, '

Apms Jo wry

*SUOT}ONI)SUT
I 2y} 03 SUIPIOIOE JNO PALLIED Sem
PotIowW U0130939p dy1dads a7, “pajednsaaut
a1om syuedmonyred jo eyep eorurp ayJ,

‘3umsa) 10§ pazImn sem

(VSN ‘eruiojije)) ur Wiy 19)[no)-Uewddg)
0SZHT 193no)) a1aym Kiojeroqey Louadrourd
s Ay1s19A1U) NOYZ3UayyZ Jo Teidsor pajerjyje
3811 3y} 0) pajiodsuen) pue pajda[[od

SEM POO[q “UOISSTIUPE Ia)Je A[orerpauru]
‘sojdures poorq

UIOI] PaUTe)qo [[ 9I9M SISMNIBUI [eDTWAYDO0Iq

pue ‘[, 1dV NI Qwn uiquoiyjoid
UNOD [BNUAIRYIP JUN0d Poojq 33a[dwor)

JjudwRINSLIW YId

£pms 310400 2AT)02ds01q

Apmnjs [euonjeasasqo aanoadsonay

Apmys [euoryeA1asqo 2A1309dsoxay

Apnis [euonea1asqo aandadsord

uSisap Apnmig

Awoydaruerd
aarssaxdurodap
[BISYR[IUN PIATOIAI

"oFeurelp IeMOLIIUIA

puE BWIOJRWAY JO
[eAowIaI J0/pUe
uorssaxduwodap 0y
s19J21 A1981MS0IMAN
"uoIs[ pasouerp
a2y} 10§ [000301d
[ed131nsoInau a1}
12d se £[reordims
paSeuey

JusuRgeurw
paugeg

euryD

euryD

eUTYD

eIpU]

£Anunop

(0z02)
‘12
uen(y

(€207)
‘v 12

uay)

(zzo7)
Sua(q

puer]

(1202)
‘v 12
asng

(1e34)
Ioyny

(0z07)
‘v 12
uen(y

(€202)
‘v 12

uay)

(T200)
Fuaq

pue I

(1202)
‘v 12

3g
(1e34)
loyny

‘ON

“ON

*Apmys Jo onstIv)oeIRyD) T dqR],

maraar onsoudord v gL, Npe Ul Y1 v 19 seh]]




Ilyas, et al.: PLR in adult TBI: A prognostic review

that the clinical prognosis of TBI was significantly related
to PLR levels, along with admission GCS score and PLT
(P < 0.005). However, PLT and PLR cannot fully reflect the
inflammatory state and immune response to TBI; they can
only be used to assess inflammatory indicators of hemorrhage
and affect coagulation function after TBL.!®!

Further, the significance of PLR-related outcomes as an
independent predictor of prognosis in TBI patients was
also demonstrated by the study of Chen et al. (2023) in
1009 patients assessed using GOS after 6 months with
P <0.001 and AUC 0.636 (95% CI 0.660-0.670)."!

However, opposite results were shown in a prospective
study by Bilgi et al. (2021) on 96 patients who assessed
hematological parameters using GOSE with the IMPACT
and CRASH prognostic models and assessed the ability
of predictors of mortality and morbidity and found that
PLR was said to be less able to be used as a predictor of
mortality or a good neurological outcome with AUC 0.58
(95%CI 0.42-0.73; P = 0.110), OR 1.01, P = 0.11; AUC 0.53
(95%CI 0.38-0.68; P = 0.360), respectively, compared to
the international normalized ratio, total leukocyte count,
and transfusion of blood products, which were considered
statistically significant in predicting.™!

DISCUSSION

The current systematic review examined the evidence for
the predictive relevance of PLR measurement in predicting
outcomes after TBI. In the qualitative synthesis, four studies
were included. In regards to the outcomes measured and
duration of follow-up, there was substantial heterogeneity
between the included studies. The investigations are restricted
to TBI in adults. The majority of studies use the PLR level
at admission, and only one study used a blood sample after
decompression surgery. GOSE at 6 months was used as a
measure of outcome in two of the four investigations, whereas
mortality follow-up spanning from 14 days to 6 months and
GOSE at 6 months were used in the other two.

PLR clinical implication

PLR is a simple and routine laboratory test that can be
performed and evaluated instantly in TBI patients. PLR
is linked to systemic nonspecific inflammation and is
associated with a bad prognosis for a variety of illnesses.
Platelets play an essential part in malfunctioning the blood-
brain barrier (BBB) after a TBI. Platelets cling to exposed
sub-endothelium at sites of vascular damage through a bridge
between coagulation factor in the sub-endothelium, resulting
in the formation of microthrombi after TBI if left untreated,
platelet aggregation and microvascular blockage may occur
in the brain.?” In the early stages of moderate-to-severe
TBI, an imbalance between coagulation and anticoagulation
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promotes platelet hyperactivation and a drop in platelet
count. This spontaneous aggregation, followed by platelet
misuse, resulted in secondary platelet depletion, increasing
the risk of bleeding.*”!

The proportion and absolute quantity of T-cells reduced
dramatically within 24 h after a TBL."* Severe TBI has been
linked to significant decreases in the proportion and absolute
quantity of circulating T-cells.>**42 This decrease, which at
first has been observed within the first 24 h of injury,**!
and on day four postinjury,*? is attributable to a substantial
decrease in each of CD4+ T helper cells and CD8+ cytotoxic
T-cells. The exact processes underlying the aforementioned
TBI-induced reduction of the circulating T-cell pool are
not understood at this time, but a recent investigation
on animal models provides a possible explanation. Nakai
et al. discovered that administering B2-adrenergic receptor
(B2AR) agonists resulted in an immediately noticeable
decrease in the number of CD4+ and CD8+ T-cells in the
blood, with additional research demonstrating that this
lymphopenia was caused by B2AR stimulation inhibiting
lymphocyte release from lymph nodes.*® Due to the fact
that TBI causes an increase in circulating catecholamines,
lymphocyte retention in lymph nodes might account for
the observed significant reduction in circulating T-cells
subsequent to TBL.!1181)

Platelets also stimulate the release of inflammatory mediators
and interact with a variety of cells, including neutrophils, T
lymphocytes, and macrophages, which promote the initiation
or exacerbation of the inflammatory process.*® Therefore, a
high PLT could indicate an elevated production of cytokines
and thrombocyte activation, both of which contribute to a
deleterious inflammatory response. In addition, high levels
of PLT have been associated with increased perihematomal
edema and a poor prognosis at discharge.*!

One investigation discovered that the PLR has the second-
highest accuracy among inflammatory markers, such as
the systemic immune-inflammation index, neutrophil-
lymphocyte ratio (NLR), and lymphocyte-monocyte ratio.
The proposed PLR cutoff value was 190.98 x 10° and a
high PLR level indicates a poor prognosis at 6 months after
discharge in patients with severe TBL!

Mortality

TBI refers to an insult to the brain that is neither congenital
nor degenerative but results from an external physical force.
It may result in a lowered or altered state of consciousness
and a loss of cognitive or physical function. Globally, TBI is
a significant public health concern and remains the primary
cause of death.’" As a sentinel outcome indicator, mortality
is utilized to evaluate the performance of healthcare systems
and make necessary improvements.®” In areas with limited
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resources, recognizing the mortality risk factors for TBI
patients would aid the healthcare provider in allocating
resources appropriately and promptly, thereby reducing the
mortality rate.”*"

The primary outcomes measured by Bilgi et al. were
mortality at 14 days and 6 months. The web-based
prognostic calculators of IMPACT (http://www.tbi-impact.
org/?pl4impact/calc.html) and CRASH (http://www.crash.
Ishtm.ac.uk/Risk%20calculator/index.html)  were  used
to predict the probability of an unfavorable outcome at
6 months and death at 6 months (IMPACT) and 14 days
(CRASH). At 14 days, the overall mortality rate was 32%;
over the next 6 months, it increased to 44%. CRASH and
IMPACT predicted respective mortality rates of 44% at
14 days and 48% at 6 months. A total of 59% of patients had
a poor prognosis at 6 months, comparable to the 60% and
57% predicted by CRASH and IMPACT, correspondingly.
According to Bilgi et al., neither the admission NLR nor
the admission PLR were effective predictors of 6-month
mortality."! Corbett et al. discovered that in severe TBI, the
platelet count had a modest predictive value (AUC = 0.447,
95%CI = 0.387-0.505) and had no effect on the anticipated
chance of a bad outcome at 18 months.!*! In the investigation
conducted by Bilgi et al., the addition of PLR to IMPACT
and CRASH can only marginally improve the prediction of
mortality.™

PLR, on the other hand, was found by Li and Deng as an
independent biomarker with strong diagnostic potential for
30-day all-cause mortality in people with moderate-to-severe
TBI. Reduced PLR levels have an independent connection
with increased mortality in short-term periods.””! Low PLR
is achieved mostly by lowering platelet count while increasing
lymphocyte count. The fundamental mechanism of harm in
TBI is capillary and vascular rupture and disruption of the
BBB, which begins an interaction between platelets and
endothelial cells or subendothelial matrix. This results in the
stimulation of platelet adhesion and the formation of platelet
emboli at the site of injury in order to maintain hemostasis.
In patients with moderate-to-severe TBI, the equilibrium
between coagulation and anticoagulation becomes disrupted,
causing platelet overactivation and lower platelet counts
in the early phase of injury. This sudden aggregation and
subsequent excessive consumption of platelets increase the
risk of hemorrhage due to secondary platelet depletion.
Platelet counts below 175 x 10°/L were associated with a
greater chance of intracranial hemorrhage progression, and
platelet counts below 100 x 10°/L were associated with a
9-fold increase in mortality.””

PLR has been studied in the context of TBI and its
connection with mortality. Multiple studies have investigated
the association between PLR and mortality in TBI patients.
Li and Deng conducted a study to determine the association

between PLR and short-term mortality among individuals
with moderate-to-severe TBI. The study of 170 patients
revealed a correlation between elevated PLR levels and
increased short-term mortality.””! This study suggests that
a high PLR might be used to predict poor outcomes in TBI
patients. Anglin et al. conducted another trial to assess the
impact of platelet and plasma transfusion on prognosis in TBI
patients with mild bleeding diatheses. According to the study,
platelet transfusion was associated with increased survival in
TBI patients with moderate hemorrhage diatheses.!"

Furthermore, Kleinveld et al. conducted a systematic review
and meta-analysis of the link between platelet-to-red blood
cell ratio and mortality in patients with bleeding trauma.
The study discovered that a high platelet-to-red blood-
cell ratio was related to better mortality rates in trauma
patients.?) Although this study did not specifically focus on
TBI patients, it provides further evidence of the potential
impact of platelet-related factors, such as the PLR, on
mortality in trauma patients. It is crucial to keep in mind that
the PLR is only one of the many factors that can affect TBI
patient mortality. Other factors, such as injury severity, age,
GCS score, and the presence of coagulopathy, serve crucial
functions in determining patient outcomes. !

GOS

GOS has long been used to describe the outcome of head
injury patients as a standard measure.!'! The traditional GOS
consists of five categories, whereas the GOSE includes eight.
The GOS severity levels are as follows: (1) death, (2) persistent
vegetative state, (3) severe disability, (4) moderate disability,
and (5) good recovery."¥ There are a variety of methods
for specifying the GOS as the primary endpoint. The most
common distinction has been between favorable outcomes,
which include good recovery and moderate disability, and
unfavorable outcomes, which include severe disability,
persistent vegetative state, and death.[

It is crucial to take into account the expected, if not actual,
time to recovery when determining the optimal time to
evaluate the efficacy of a drug, as the selection of the time
to assess the outcome can drastically alter the results of a
clinical trial. Despite the fact that the 6-month GOS has
typically been the preferred outcome, a 12-month score may
be required. One study, however, examined the transition of
GOS-based outcome states from 3 to 6 months post-injury."

A retrospective investigation of TBI was carried out on 192
individuals who had undergone unilateral decompressive
craniectomy.'®)  After decompressive surgery, the PLR
was calculated, patients were followed up 6 months after
treatment, and GOS scoring was conducted. It was discovered
that PLR, along with other parameters, was substantially
correlated with the clinical prognosis of TBI, despite the fact
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that PLR could not fully reflect the extent of inflammation
and immune response to TBI. Another study evaluating
the prognostic value of PLR in patients with severe TBI
reveals that patients with a high PLR had an inferior GOS at
6 months compared to those with a low PLR."”

The GOSE

A tertiary neurological care center conducted a prospective
observational investigation on patients with moderate
and severe isolated head injuries. Six months after being
admitted, laboratory and clinical parameters were recorded,
and the GOSE was obtained for each patient. The GOSE is a
widely used tool for assessing the outcome of patients after a
brain injury or other neurological events. It comprehensively
evaluates a patients cognitive, physical, and functional
abilities. The GOSE score ranges from (1) death, (2) vegetative
state, (3) lower severe disability, (4) upper severe disability,
(5) lower moderate disability, (6) upper moderate disability,
(7) lower good recovery, and (8) upper good recovery, with
higher scores indicating better outcomes.*! A telephone
conversation with the patient or caregiver was used to
determine the patient’s GOSE 6 months after the diagnosis.
An undesirable result was determined at 6 months as a GOSE
of 4 (upper severe impairment or worse). According to Bilgi
et al., the admission NLR and PLR were not highly predictive
of unfavorable outcomes at 6 months, either when used
separately or in conjunction.™!

There is insufficient research examining the significance
of the PLR on the GOSE score. Nonetheless, studies have
demonstrated that PLR is associated with a variety of clinical
outcomes in various medical conditions. For instance,
elevated PLR has been associated with an unfavorable
prognosis and decreased survival in patients with gastric
cancer."” Comparably, an elevated PLR has been found to
be an unfavorable prognostic factor in patients with multiple
myeloma.” These findings indicate that the PLR may
have implications for patients with TBI’s overall functional
outcomes, including the GOSE score.

These findings imply the possibility that PLR may serve as
a marker of systemic inflaimmation and disease burden,
which may influence the functional outcomes of a variety
of medical conditions. In conclusion, while there is minimal
research on the influence of the PLR on the GOSE score in
patients with TBI, studies have demonstrated that the PLR
is connected with numerous clinical outcomes in diverse
medical situations. Consequently, it is plausible that the PLR
may have implications for overall functional outcomes, such
as the GOSE score, in patients with TBI. Additional research
is required to establish a direct correlation between the PLR
and the GOSE score in this population. The study about
the correlation between GOSE and PLR is worth knowing
because it can provide additional information about a
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patient’s overall health and prognosis. By understanding the
correlation between GOSE and PLR, healthcare professionals
can better understand a patients condition and tailor their
treatment accordingly.

Therefore, the PLR should be viewed as a component of
a comprehensive evaluation of TBI patients and not as a
predictor of mortality and prognostic factor in its own
right. In a broader sense, the PLR in relation to TBI patient
mortality and patient outcomes has been studied. According
to studies, a higher PLR is associated with an increase in
short-term mortality and less favorable results in patients
with moderate-to-severe TBI. When evaluating TBI patients’
mortality risk and clinical prognosis, it is crucial to consider
the PLR in addition to other clinical factors. Despite the
limited number of evidence regarding PLR in TBI patients,
current evidence suggests that a higher PLR ratio correlates
with a poor prognosis in TBI patients. In addition to the
foregoing, drawing solid conclusions is difficult due to the
variability of the included studies in terms of measurement
intervals, sites of follow-up, and definitions of differing
findings. Additional research is necessary to corroborate the
association between the PLR ratio and TBI prognosis.

Limitation of study

The included studies in this systematic review varied in study
design, sample size, outcome measures, and methodologies.
Several studies included in the review were retrospective,
which may introduce inherent limitations such as recall bias,
incomplete data, and selection bias. Retrospective studies rely
on existing medical records, which may lack standardized
assessments and measurements. Although efforts were
made to conduct a comprehensive search, the number of
studies included in the review was relatively small. There is
a possibility of publication bias in systematic reviews, where
studies reporting significant associations between PLR and
outcomes are more likely to be published, while studies with
null or nonsignificant findings may be underrepresented.

CONCLUSION

The study finding suggests that the PLR has the potential as an
independent prognostic predictive marker in adult TBI patients.
PLR levels have been linked to a variety of negative clinical
outcomes, including short-term mortality and functional
outcomes, in both retrospective and prospective investigations.
However, one study shows that PLR may have limited value
as a predictor of mortality or favorable neurological outcomes
compared to other hematological parameters.

Despite the conflicting results, the majority of studies
included in this systematic review support the potential
of PLR as a prognostic marker in adult TBI patients. The
use of PLR may mainly be used in rural practice due to



Ilyas, et al.: PLR in adult TBI: A prognostic review

the advantages of being simple, low-cost, and routinely
performed hematological examination. Incorporating PLR
into clinical practice may aid in identifying patients at higher
risk of adverse outcomes, enabling more vigilant monitoring
and targeted interventions. However, it is essential to note
that further prospective studies with larger sample sizes,
standardized methodologies, and consideration of other
relevant variables are necessary to establish the clinical utility
of PLR in TBI management.
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