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Abstract
Background: The neutrophil–lymphocyte ratio (NLR) is emerging as an important biomarker of acute physiologic stress in a
myriad of medical conditions, and is a confirmed poor prognostic indicator in COVID-19.
Objective: We sought to describe the role of NLR in predicting poor outcome in COVID-19 patients undergoing mechanical
thrombectomy for acute ischemic stroke.
Methods: We analyzed NLR in COVID-19 patients with large vessel occlusion (LVO) strokes enrolled into an international 12-
center retrospective study of laboratory-confirmed COVID-19, consecutively admitted between March 1, 2020 and May 1,
2020. Increased NLR was defined as ≥7.2. Logistic regression models were generated.
Results: Incidence of LVO stroke was 38/6698 (.57%). Mean age of patients was 62 years (range 27–87), and mortality rate
was 30%. Age, sex, and ethnicity were not predictive of mortality. Elevated NLR and poor vessel recanalization (Thrombolysis
in Cerebral Infarction (TICI) score of 1 or 2a) synergistically predicted poor outcome (likelihood ratio 11.65, p = .003).
Patients with NLR > 7.2 were 6.8 times more likely to die (OR 6.8, CI95% 1.2–38.6, p = .03) and almost 8 times more likely
to require prolonged invasive mechanical ventilation (OR 7.8, CI95% 1.2–52.4, p = .03). In a multivariate analysis, NLR > 7.2
predicted poor outcome even when controlling for the effect of low TICI score on poor outcome (NLR p = .043, TICI p = .070).
Conclusions: We show elevated NLR in LVO patients with COVID-19 portends significantly worse outcomes and increased
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mortality regardless of recanalization status. Severe neuro-inflammatory stress response related to COVID-19 may negate the
potential benefits of successful thrombectomy.
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Introduction

The current SARS-CoV-2 virus pandemic has affected 21
million individuals worldwide and has accounted for
760,000 deaths at the time of the writing of this paper.
Coronavirus entry into the host cells is reportedly mediated
via the angiotensin-converting enzyme ACE 2 receptor.
The primary complication is acute lung injury resulting in
type-1 respiratory failure, with a significant proportion of
patients requiring intensive care. However, in addition to
these respiratory features, the disease can affect multiple
organs including the cardiovascular and gastrointestinal
systems. Emerging evidence suggests neurotropism of the
novel SARS-CoV-2 virus, which causes a wide range of
neurologic complications.1–3 The neutrophil–lymphocyte
ratio (NLR), a marker of acute physiological stress, is an
established prognostic marker in patients with cancer,
cardiac disease, sepsis, and acute neurological disorders
such as subarachnoid hemorrhage and acute ischemic
stroke.4–8 NLR has been demonstrated to have superior pre-
dictive valuewhen compared to leukocyte count alone in pre-
dicting poor clinical outcomes in the aforementioned
conditions.4–8 More recently, elevated NLR has been con-
firmed as a negative short-term prognostic indicator for
patients with COVID-19.9,10

We sought to describe the role of NLR in predicting poor
outcome in COVID-19 patients with acute ischemic stroke
(AIS) due to large vessel occlusion (LVO) undergoingmech-
anical thrombectomy. We hypothesize that systemic inflam-
mation and physiological stress reflected by an elevatedNLR
may outweigh any potential benefit ofmechanical thrombec-
tomy.We herein examine the relationship between NLR and
vessel recanalization in COVID-19 patients treated with
mechanical thrombectomy for LVO stroke.

Methods

Data availability statement

The data that support the findings of this study are available
from the corresponding author, upon reasonable request

Patient selection

We conducted an international multi-center retrospective
study of laboratory-confirmed COVID-19 patients with
acute LVOs consecutively admitted between March 1,
2020 and May 1, 2020 in 12 stroke centers located in

the US, UK, Spain, and Italy. The ethical review boards
of these institutions approved the study. As this was a
retrospective study, waiver of informed consent was
obtained.

Data collection & analysis

We tabulated the total number of hospitalized COVID-19
patients and obtained detailed information in all consecu-
tive LVO cases within this cohort. Per the ASA/AHA
guidelines, patients met criteria for large vessel occlusion
strokes if they had a common carotid occlusion, internal
carotid artery occlusion, middle/ anterior cerebral artery
occlusion, basilar artery occlusion, or occlusions in mul-
tiple vascular territories. All patients who had LVO in
our cohort underwent mechanical thrombectomy.
Collected data included demographics, past medical
history, baseline clinical status, imaging results, and
details of stroke treatment and complications. Details
related to the diagnosis of COVID-19 included clinical
presentation, laboratory findings, and pulmonary CT find-
ings on admission, treatment regimens, and clinical out-
comes. The diagnosis criteria and classification of
COVID-19 severity was defined by the American
Thoracic Society criteria.11 Neutrophil (PMN) and
lymphocyte counts were analyzed as percentages of the
total WBC population. NLR was calculated as the ratio
of the percentage of neutrophils over the percentage of
lymphocytes.

Outcome assessment

The primary outcome measure was poor outcome, defined
as death or discharge to a skilled nursing facility. Good
outcome was defined as discharge to home or an acute
rehabilitation facility. These definitions have been previ-
ously used in the literature, both as clinically significant
definitions of outcome as well as helpful divisions for stat-
istical analysis.12–14 Our secondary outcomes were rela-
tionships between NLR, TICI score, and mechanical
ventilation.

Statistical analysis

Data analyses were performed with Stata statistical
software (Stata Version 16.1, Statacorp LLC). P
values of≤ .05 were considered significant. Individual
variables were analyzed using chi-square or t-test,
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followed by logistic regression. Univariate associations
with a P < .05 were then tested further to assess in mul-
tivariable models to assess interactions and combined
predictive capabilities. Initial analysis of outcome
was performed using individual variables NLR, TICI,
and mechanical ventilation, using an ordered logistic
regression. Each individual variable was predictive of
outcome. While other inflammatory biomarkers were
ran on our multivariate model, such as white blood
cell count, d-dimer, serum ferritin, C-reactive protein,
fibrinogen, procalcitonin, and platelet count, only ele-
vated NLR remained an individual predictor of
outcome and mortality.

Receiver operating characteristic (ROC) analysis
was undertaken to determine if a particular cutoff for
NLR, TICI, or ventilator days may be more helpful in
predicting outcomes. compare the predictive value of
NLR and the TICI score on outcome (Table 1,
Figure 1). The NLR cutoff was determined to be >=
7.272 with 78.57% of patients correctly classified
with this cutoff (AUC .7427). TICI score (TICI 0, 1,
and 2a in one group and TICI 2b, 2c, and 3 in the
other) correlated with outcome in 73.68% of cases
(AUC .6462). There was no statistical significance
between the AUC of the NLR and TICI score (AUC:
.7427 vs. .6462; p = .51).

After cutoffs were identified on ROC curve, outcome
was converted to binary where variables were still pre-
dictive in a logistic regression. Dichotomous outcomes
helped to achieve sufficient statistical significance for
analysis.

Results

Demographic and clinical features

Out of a total of 6698 patients admitted with COVID-19 to
12 stroke centers during the study period, the incidence of
LVO stroke was 38/6698 (.57%). Mean age of the patients
with LVO stroke was 62 years (range 27–87), 50% were
female, and the hospital mortality rate was 29% (11/38).
Of these 38 patients, 28 had NLR measured on admission
and were included in the subsequent analysis. There were
no major differences between LVO patients with or
without an admission NLR with regard to demographics,
stroke characteristics, or mortality (Table 2). Eight of 38
patients (21.1%) had internal carotid artery-middle cere-
bral artery tandem occlusions. Three out of nine patients
with NLR >7.2 had tandem occlusions (p = .11).

NLR, TICI score, and outcome

Seven patients (7/28, 25%) had a normal NLR of ≤3,
whereas nine patients (9/28, 32.1%) had an admission
NLR≥ 7.2, indicative of moderate-to-severe physiologic
stress (Table 3). Among the patients who had NLR data,
seven patients (7/28, 25%) died. Mean NLR was similarly
higher in those who died compared to those who lived (9.2
vs. 4.7, P = .015) (Table 4). Mean NLR was higher in the
population that had poor outcome (discharge to SNF or
death) compared to those with good outcome (discharge
to home or ARF, 8.7 vs. 4.8, P = .019) (Table 3).
Among the patients with poor recanalization score (TICI
0, 1, or 2a) three patients died [3/7 (43%) versus 7/31
(23%), p = .27]. Five patients with TICI 0, 1, or 2a
scores had poor outcome (nursing home, death) [5/7
(71%) versus 8/31 (26%), p = .02] (Table 5). Logistic

Figure 1. ROC curves for NLR and TICI: comparative predictive
value of NLR and TICI score on outcome compared to reference
curve.

Table 2. comparison of patients with and COVID-19 With and
without admission NLR data.

Variables
Without NLR Data
(N= 10)

With NLR Data (N
= 28) P-value

Age (years) 60.8 ± 5.7 62.9 ± 2.9 0.36
Female 5 (50) 14 (50) 1.0
Ethnicity 0.125
White 5 (50) 17 (61)
Black 2 (20) 7 (26)
Hispanic 1 (10) 4 (5)
Other 2 (20) 0 (0)
NIHSS score 20.1 ± 2.3 18.8 ± 1.4 0.31
TICI Score 0.73
TICI 1 0 (0) 1 (4)
TICI 2a 2 (20) 4 (14)
TICI 2b 5 (50) 10 (36)
TICI 3 3 (30) 13 (46)
Mechanical

Ventilation
1 (33) 7 (30) 0.92

Discharge to
SNF

2 (20) 1 (4) 0.11

Died in hospital 3 (30) 7 (26) 0.80

Table 1. ROC curves for NLR and TICI.

Obs ROC Area Std. Error [95% Confidence Interval]

NLR 28 0.74 0.11 0.54–0.95
-TICI 28 0.65 0.12 0.42–0.89

P = 0.51.
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regression suggests that patients with poor outcome
(nursing home or death) are 7.2 times more likely to be
in the cohort with poor TICI scores (TICI 0, 1, or 2a),
(OR 7.2, CI95% 1.2–44.7, p = .034).

Patients with a NLR > 7.2 were 6.8 times more likely to
die (OR 6.8, CI95% 1.2–38.6, p = .03) and approxi-
mately 6 times more likely to have a poor outcome (OR
5.9, CI95% 1.3–27.3, p = .02). Ordered logistic regres-
sion of outcome and TICI score is statistically significant
and suggests that patients with better TICI grade tend to
have better outcomes, and it also predicts that patients
with worse TICI scores (TICI 0, 1, or 2a) are more
likely to have worse outcomes than those with better
TICI scores (TICI 2b, 2c, or 3), (OR 5.6, CI95% 1.2–
26.0, p = .029). When added to our model as a covariate,
both NLR (OR 1.24, 95% CI 1.02–1.50, P = .03) and a
TICI score of 0, 1 or 2a (OR 10.78, 95% CI 1.30–89.63,
P = .03) independently predicted poor outcome. In a
multivariate analysis, the predictive significance of TICI
grade on poor outcome was lost when an NLR > 7.2
cutoff was included (NLR> 7.2 p = .043, TICI p = .070).

Mechanical ventilation, ventilator days, and
outcome

In our COVID-19 LVO cohort, invasive mechanical ventila-
tion (>24 h)was a highly significant predictor ofmortality [7/
8 (88%) ventilated patients versus 3 of 30 (10%) non-
ventilated patients, P = .001] and poor outcome [7/8 (88%)
ventilated patients versus 6/30 (20%) non-ventilated patients,
P = .001]. These were all patients ventilated in the setting of
severe COVID-19 pneumonia. Note that there were 2 of 30
non-ventilated patients that were intubated for <24
h. Average number of ventilator days was significantly
higher in patients who died compared with patients who sur-
vived (5.3 vs. 1.1, days, p = .02), as well as those with poor
outcomes compared to better outcomes (4.7 vs. 1.2, p = .03).
ROC analysis was undertaken to assess the predictive value

of a longer intubation period on outcomes. The ventilator
days optimal cutoff for both mortality and poor outcome
was determined to be >= 3 days, and with this cutoff 92%
(AUC .88) of patients correctly classified with mortality
and 88.5% (AUC .83) of patients correctly classified with
poor outcome. While number of ventilator days alone was
not found in our cohort to be predictive of poor outcome or
mortality, invasive mechanical ventilation (>24 h) is a
highly significant predictor of mortality (OR 119, p =
.001) and also of poor outcome (OR 56, p = .002). Also,
patients with NLR > 7.2 were almost 8 times more likely to
be in the cohort of patients who underwent prolonged
(>24hr) invasive mechanical ventilation (OR 7.8, CI95%
1.2–52.4, p = .03). When we applied multivariate logistic
regression analysis to the 3 variables of NLR, TICI,
and mechanical ventilation, mechanical-ventilation(>24hr)
had such a strong correlation with mortality [mortality:
mechanical-ventilation(>24hr) p = 0.002, NLR(>7.2) p =
.14, TICI(0,1,2a) p = .72] and poor outcome [mortality:
mechanical-ventilation(>24 h) p = .01, NLR(>7.2) p =
.10, TICI(0,1,2a) p = .12] in our cohort that it overpowered
the effects of NLR and TICI on outcome, both of which
lost their significance.

Discussion

Immune dysregulation has long been purported to be
involved in pathophysiology of acute ischemic stroke,
and more recently COVID-19. Severe inflammatory
responses induced by COVID-19 have been shown to
contribute to weak immune adaption, and consequently
imbalanced immune responses. Evidence has shown that
patients with stroke and COVID-19 have a higher mortal-
ity rate, as well as a prolonged hospital length of stay.15

Circulating biomarkers may be surrogate markers for
inflammatory and immune status in COVID-19, and
have furthered the understanding of the rapidly evolving
pandemic.

An elevated NLR represents an immune dysregulation
state, manifested as an elevated innate immune response
(represented by higher neutrophil counts) and a decreased
adaptive immune response (represented by lower lympho-
cyte counts), causing immunosuppression by lowering the
cytolytic activities of lymphocytes.1–3,16 As a marker of
systemic subclinical inflammation, the NLR has been
demonstrated to predict worse clinical outcomes in
patients with cancer, cardiac disease and sepsis. The
NLR has also been implicated in a number of neurological
conditions including subarachnoid hemorrhage and
stroke. Studies examining NLR in hemorrhagic stroke

Table 3. NLR and outcome.

Group Obs Mean
Std.
Error

Std.
Dev.

[95% Confidence
Interval]

Good
Outcome

19 4.76 0.82 3.56 3.05–6.48

Poor
Outcome

9 8.66 1.94 5.83 4.17–13.14

Combined 28 6.01 0.89 4.68 4.20–7.83

Table 4. NLR and mortality.

Group Obs Mean
Std.
Error

Std.
Dev.

[95% Confidence
Interval]

Survival 20 4.73 0.77 3.46 3.11–6.35
Mortality 7 9.15 2.44 6.45 3.19–15.11
Combined 27 5.88 0.91 4.72 4.01–7.75

Table 5. TICI grade and outcome.

Group TICI 0, 1, 2a TICI 2b, 2c, 3 Total

Good Outcome 2 23 25
Poor Outcome 5 8 13
Total 7 31 38
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have shown that NLR is an independent predictor of
worse functional outcome after acute intraparenchymal
hemorrhage.17 Prior studies have also defined a relation-
ship between NLR and the development of delayed cere-
bral ischemia in subarachnoid hemorrhage.18 The NLR,
easily calculated by routine blood counts, can be a poten-
tially powerful tool in the prognostication of patients with
COVID-19 suffering from AIS due to LVO. In addition to
predicting a higher risk of hemorrhage and mortality, ele-
vated NLR values may also identify patients who are at
risk for other complications especially other post-stroke
infection. Given these recent data, the NLR may present
itself as an appealing candidate to assess the neurotropic
inflammatory component of COVID-19.4–8,19–22

Though elevated NLR was linked with increased mor-
tality and poor outcome in our cohort, this was a result
ultimately dwarfed by the relationship of mechanical ven-
tilation on mortality. When controlling for mechanical
ventilation in our model, all effect of NLR on outcome
disappeared. Mechanical ventilation may thus fill the
role of a mediating variable between elevated NLR and
outcome, where elevated NLR might predict outcome
through its prediction of mechanical ventilation status.

Recently, the NLR has been shown to be a potential
predictor of prognosis in COVID-19.23 Specifically, an
increased neutrophil count has been shown to be asso-
ciated with heightened risk of ARDS in COVID-19
patients, while lymphopenia has been associated with
worse outcomes.24 An elevated NLR was found to be an
independent predictor of poor clinical outcome with an
AUC of 0.841, specificity 63.6% and sensitivity of
88%.23 Liu et al. demonstrate that patients with
COVID-19, aged ≥50 and with an NLR ≥3.13 are pre-
dicted to develop critical illness, and should thus have
rapid access to an intensive care if necessary.25 In a
study of 74 hospitalized patients with confirmed
COVID-19, an NLR of >4 (P = .046) predicted admission
to the ICU, reinforcing the theory of a close association
between a hyper-inflammatory state and COVID-19
pathogenesis.26 Our results confirm these prior data and
lend increasing evidence towards using the NLR as a con-
sistent prognosticator in COVID-19. In our multivariate
analysis, patients with a NLR >7.2 were 6.8 times more
likely to die, and approximately 6 times more likely to
have a poor outcome. Patients with NLR > 7.2 were
almost 8 times more likely to be in the cohort of patients
who underwent prolonged (>24hr) invasive mechanical
ventilation, which was heavily predictive of mortality
and poor outcome.

This is not the first paper to attempt to identify risk
factors for mortality in LVO patients with COVID-19,
and, indeed, it has been previously shown that there is
an association of elevated NLR values on development
of poor outcome in this patient population: Goyal et. al
demonstrated that higher admission NLR values are inde-
pendent predictors of symptomatic intracranial hemor-
rhage and 3-month mortality in LVO patients treated
with mechanical thrombectomy.27–29 In an observational
study of 60 patients with acute ischemic stroke, Lin et.

al showed that patients with the SARS-Cov-2 virus had
a higher NLR compared to those without infection.30 In
a retrospective analysis of 116 patients with AIS second-
ary to LVO, a NLR≥5.9 predicted poor outcome and
death at 90 days that remained significant when control-
ling for age, treatment with IV tPA, and recanalization.31

In our study we found that patients with an elevated NLR
>7.2 were more likely to die and have a poor outcome,
even when controlling for the effect of poor recanaliza-
tion. Our results confirm the well-known association
between poor angiographic recanalization and outcome.
Patients in our cohort with TICI 0–2a were approximately
7 times more likely to have poor outcome. Furthermore,
our finding of the synergistically predictive ability of an
elevated NLR and low TICI score on worse outcome
improves prognostication. Patients with elevated NLR
and TICI 0–2a are nearly 12 times more likely to do
poorly.

While recanalization determined by TICI scores are a
simple and immediate post-angiographic metric to guide
treatment and provide some prognostication, when exam-
ined in isolation, they are not always reliable. This is evi-
denced by the fact that several patients fail to do well
despite TICI 3 recanalization (i.e “futile recanalization”),
and identifying these patients is the subject of ongoing
research.32 In our multivariate analysis, patients with ele-
vated NLR went on to have poor clinical outcome, despite
favorable recanalization. This finding is significant as it
suggests that in certain patients, the neuro-inflammatory
process in COVID-19 may outweigh the potential
benefit of a successful thrombectomy. This idea is corro-
borated by a recent study introducing the Poor Outcome
of Endovascular Treatment With Successful
Recanalization (PREDICT) scale. Notably, one of the
individual components of PREDICT scale is admission
NLR.33 PREDICT has been shown to have good discrim-
ination and satisfactory calibration in a multi-center cohort
of 332 LVO patients treated with thrombectomy.
Identification of patients with perhaps both elevated
PREDICT scores and NLR, may lead to improved prog-
nostication, both for patient and family counseling, and
for allocation of resources. As the allocation of healthcare
resources continues to be an ever-present dilemma during
this pandemic, NLR can be incorporated as a scoring vari-
able, to predict response after such a procedure. Accurate
identification of patients with COVID-19 who would reli-
ably do poorly despite successful thrombectomy may also
lead to more efficient ICU utilization.

Several limitations of this study deserve mention. This
is a retrospective evaluation of prospectively databases
maintained during the height of the pandemic. We were
unable to compare baseline demographic and
disease-related features between the patients with LVO
and the main cohort of COVID-19 patients. Similarly,
we also were unable to provide an estimated frequency
of stroke among the overall cohort of COVID-19 patients
who did not undergo brain imaging due to being too ill to
transfer or under sedation. Due to the fact that all of our
patients were sick enough to be admitted to the hospital,
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multiple confounding factors could have contributed to
the observed complications and outcomes. This includes
the inability to attribute NLR as a marker for neuro-
specific inflammatory stress versus a systemic inflamma-
tory response in the setting of COVID-19. Furthermore,
while we know that the data for this study was collected
in pre-Omicron and pre-Delta phases of the pandemic,
we do not have granular data on the specific subtype of
COVID-19 these patient’s had. Finally, the small
number of included patients may limit the generalizability
of our findings to other regions throughout the world.

Conclusion

An elevated NLR in patients with COVID-19 and AIS due
to LVO is a significant indicator of mechanical ventilation
which portents significantly worse outcomes and
increased mortality regardless of the TICI score. This sug-
gests that clinical scenarios may exist where the inflamma-
tory response in COVID-19 outweighs any potential
benefit of a successful thrombectomy. Further study is
necessary to characterize the details of this relationship.
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