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ABSTRACT
Circulating inflammatory markers may predict the broad clinical spectrum of traumatic brain injury (TBI). The present 
study aimed to illustrate the role of leukocytes, precisely neutrophil and lymphocytes, in neuroinflammation as a new 
vista in neuro-critical care. Search terms were: elevations in peripheral blood leukocytes counts, neutrophil, lymphocyte 
with precisely neutrophil to lymphocyte ratios, associated with adverse outcomes of traumatic brain injury, pre and 
post-operative conditions of intracerebral haemorrhage, seizures, delirium, non-convulsive status epilepticus, confusion, 
aphasia, agitation, coma, disability and death. As a result, we identified 16 publications describing leukocyte biomarkers 
associated with neuroinflammation following TBI from PubMed, Cochrane Registry of Controlled Trials, Medline and 
Embase (Ovid) on randomised controlled trials (RCTs), non-RCTs and cohort studies published in the last decade. This 
study concluded that elevations in peripheral blood leukocyte and neutrophil to lymphocyte ratios could predict adverse 
outcomes of a cerebral haemorrhage.
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INTRODUCTION

Leukocyte as neuroinflammation biomarkers 
has been centre of research interest for the clini-
cians of the neuroscience speciality in the new mil-
lennium (1-3). Neutrophil to lymphocyte ratio (NLR) 
calculated by dividing the absolute neutrophil count 
(ANC) by the absolute lymphocyte count (ALC) is a 
biomarker of a systematic inflammatory response 
(4). Several research groups have extensively stud-
ied the roles of different inflammatory cells in TBI 
viz. leukocytes with particular attention to neutro-
phil and lymphocyte and their interrellation (5,6). 
NLR has been shown to be reliably related to the 

unfavourable outcomes in intracerebral haemor-
rhage (ICH) (7,8), predictor of outcome in critical 
illness including patients with severe TBI (sTBI) (9). 
Research groups found NLR to be a predictive factor 
in different diseases, including cardiovascular 
problems, cancer (10,11) and other neurological 
conditions viz. stroke, mild TBI (mTBI), and pediat-
ric brain tumours (7,12-16). Leukocytosis, even 
without associated infection or fever, correlates 
with the extent of brain damage in the immediate 
post-operative period following major intracranial 
surgeries with values as high as 50,000/mm3 WBC 
count in the post-operative period following hemi-
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spherectomy for intractable epilepsy (17). In pediat-
ric TBI, prolonged immune response during second-
ary brain injury correlated with the changes in 
neutrophils, lymphocytes and NLR, though there 
was a lack of correlation between NLR and GOS-E at 
admission (18). The current study aimed to deter-
mine whether elevations in peripheral blood leuko-
cytes counts, precisely neutrophil to lymphocyte 
ratio, were associated with adverse outcomes in in-
tracerebral haemorrhage and traumatic brain inju-
ry (TBI).

PATHOPHYSIOLOGY FOLLOWING NEUROTRAUMA

The neuro-inflammatory cascade after traumat-
ic brain injury (TBI) peaks between 24-48 hours. 
These are the body responses to clear the devital-
ised tissue and extravasated blood called inflamma-
tion in common parlance (4). Physiologically con-
trolled upregulation of inflammatory mediators 
provide neuroprotection and complex neuroin-
flammation after injury. Leukocytes congregate at 
the damaged areas to reversion the cell damage, 
eliminate necrotic cells, and support tissue repair 
(4). Disproportionate upregulation of this inflam-
matory cascade in the brain or spinal cord causes 
further damage beyond the initial assault, acceler-
ates neurodegenerative processes, and can lead to 
permanent neurological impairment by secondary 
brain damage. The cellular and molecular media-
tors of this neuro-inflammatory process sneak out 
into the systemic circulation and, when over-
whelmed, lead to systemic responses. Thus these 
peripheral blood inflammatory circulating markers 
have the potential to predict clinical outcomes in 
brain damage. Chen et al. (9) analysed NLRs in 855 
patients of sTBI for up to one year or death (which-
ever was earlier) and reported that high NLRs in 
adult severe TBI cases were associated with unfa-
vourable functional outcomes and mortality. Petro-
ne et al. (14) observed that NLR in clinically mTBI/
concussion may be comparable to sTBI, which signi-
fies that even significant neuronal damage may still 
not be evident clinically in the short term and hence 
NLRs should be a part of indicators for triaging, de-
ciding further course of management and long-term 
follow-up. Zhao et al. (19) proposed a predictive 
model on 6-month outcome in adult TBI from con-
ventional prognostic factors, including NLR, based 
on retrospective analysis of 1291 cases of TBI. All 
these and other studies unanimously point towards 
the fact that several functions of the neutrophils 
noted in injury response are for the orchestration of 
pro-repair mechanisms with connected innate and 
adaptive immune systems, even though precise 
roles of neutrophil after post-TBI is yet to be under-
stood (20). The primary role of neutrophils is to get 

quickly activated post-injury, migrate circulation 
into the brain injury site. Neutrophils are crucial in 
the innate immune system, yet inapt or undue acti-
vation can cause tissue damage.(14) NLR is related 
to the hyperacute inflammatory response to cere-
bral injury, and increased NLR values indicate po-
tential secondary brain injury and susceptibility to 
the post-stroke extra-cranial complications (13,21).

LEUKOCYTOSIS AND THE NEUROINFLAMMATION

The common finding across all the studies that 
high NLR is associated with poorer outcomes points 
towards the correlation of NLR with initial phases 
of the pathophysiology of TBI. Consequently, it holds 
no value just for prognostication but also for opti-
mum management of TBI. Furthermore, this poten-
tial may be comparable to subjective parameters 
viz. GCS, PTA, and LOC in younger populations. NLR 
is an easily obtained clinical marker that may assist 
in predicting TBI prognosis and potentially become 
a target for treatment if pharmacological regulation 
of neuroinflammation improves TBI outcomes (18). 
A critical finding in this regard is the relationship of 
onset of significant lymphocytopenia after polytrau-
ma with poor outcome, and therefore serial white 
blood cell counts should be done to reflect stressful 
events in critically ill patients (9). The research 
group at the University of West Virginia went a step 
ahead to study changes in gene expression modu-
lating the immune system in addition to NLR in TBI 
patients. They concluded the relative patterns rath-
er than gene expressions are better predictors of 
outcomes, and further standardisations are needed 
to make these diagnostics reliable enough to tailor 
treatment approaches (14).

NLR AND ICH

As NLR is a quantitative measure of the balance 
between innate and adaptive immune responses, 
an increased NLR may reflect either an increase in 
neurotrophils or a decrease in lymphocytes or both 
(14). NLR is emerging as an easy and reliable predic-
tor in various neurological conditions, including 
ICH. There is increasing evidence to suggest that el-
evated NLR is associated with poor outcome in pa-
tients with ICH (8,13,22,23). Researchers worldwide 
have noted that inflammation plays a critical role in 
ICH progression. NLR was identified as a predictor 
for the short-term outcome in ICH patients, where-
as the association with the long-term outcome re-
mains unpredictable. A study assessing the relation-
ship between NLR and the long-term prognosis in 
ICH patients found that NLR independently predict-
ed 180-day morbidity and 180-day mortality with 
spontaneous ICH to assess (24). Considering the pos-
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sible influence of surgical evacuation on NLR, a re-
cent retrospective study to investigate the associa-
tion of NLR and 90-day functional outcome in 104 
patients who underwent surgical treatment sug-
gests that NLR at admission could predict the func-
tional outcome of patients with ICH after surgical 
treatment (25).

PEDIATRIC TBI AND LEUKOCYTES

A retrospective from the Florida Atlantic Univer-
sity College of Medicine found that reasonably ele-
vated NLRs at 24 and 48 h post-TBI were associated 
with worse outcomes in 188 pediatric TBI patients. 
These findings suggest the utility of NLR as a valua-
ble and cost-effective predictor of outcome in pedi-
atric TBI but need further validation by prospective 
trials (4,26). Here, it is essential to realise that all the 
existing prognosticating clinical measures such as 
the GCS, PTA and LOC are subjective and more so in 
pediatric patients. Hence a more objective panel 
like the NLR, which is easy to obtain, may prove to 
be a better predictive indicator to guide further 
management. Interestingly this study found a poor 
correlation between GCS and NLR which prompts 
for the need to evaluate combined parameters for 
better prognostication. 

NLR IN THE DIAGNOSIS AND PROGNOSIS OF TBI

Recently, a Chinese research group evaluated 
the post-operative neutrophil to lymphocyte ratio 
(NLR) as the prognostic marker for patients with in-
tracerebral haemorrhage (ICH) undergoing surgical 
hematoma evacuation. They found that admission 
Glasgow Coma Scale score, initial hematoma vol-
ume and post-operative NLR were independently 
associated with 30-day mortality (5). An Italian 
study evaluated the relationship between the total 
and differential leukocyte counts and the NLR at ad-
mission with neurological deterioration within sev-
en days post-ICH. They noted that high neutrophil 

and low lymphocyte counts on admission inde-
pendently predicted adverse outcomes during the 
initial week after ICH, and NLR represented a relia-
ble predictive biomarker (8). A TBI consists of two 
events viz. a. the primary injury, or the original 
force that causes damage to the neural tissue, b. the 
secondary injury, the body’s inflammatory response 
to the injury that can cause blood-brain barrier dis-
ruption, neurotoxicity, neuronal death, and neuro-
degeneration. As with any injury, TBI causes a neu-
trophil injury-response, which homeostatically 
initiates repair processes via interactions with 
brain resident microglia and peripheral mono-
cyte-derived macrophages (20,27-29).

CONCLUSIONS

The studies included varied in terms of the study 
population, study design, tools of measurement and 
analyses and therefore, the results in this narrative 
review summarises the literature available but 
could not establish the level of evidence. The utility 
of NLR should be explored as a neuroinflammation 
marker in various neurological disorders in 
well-controlled study designs. Animal models on 
neurological disorders and NLR with translational 
research can identify the link amenable to pharma-
cological therapy. Though this is not intended to be 
a systematic review, we conducted our search and 
identification of articles in a systematic process to 
minimise the error and include the maximum avail-
able literature for this review. Another major 
strength of the iterative process of searching 
through multiple electronic databases is to review 
the most updated overview. We have included stud-
ies on traumatic brain injury and intracerebral 
haemorrhage to indicate the two most common 
neurosurgical emergencies and leading pathologies 
resulting in morbidity and mortality worldwide. 
Our review contains the citations of both adult and 
pediatric patients; it provides a comprehensive 
overview across age groups on the utility of NLR.
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