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A simple scoring system in COVID-19 patients with
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Abstract

Background: Coronavirus disease 2019 (COVID-19) has affected a rapidly growing patient population
worldwide. To effectively manage the disease, physicians need tests or methods that classify patients
according to their risks. Our aim is to determine the importance of mean platelet volume (MPV),
neutrophil-lymphocyte ratio (NLR), MPVNLR score (MPVxNeutrophil/lymphocyte) in predicting
the clinical course and mortality in hospitalized COVID-19 patients with neurological manifestations.
Methods: A total of 300 patients were enrolled in the study. MPV, NLR, MPVNLR score, CRP,
D-dimer, IL-6, and procalcitonin tests were obtained for each patient. Results: MPV, NLR, MPVNLR
score, IL-6, D-dimer, procalcitonin, and CRP in the non-survivor group were higher than the survivor
group (p=0.001, p:0.001, p=0.001, p=0.001, p=0.001, p=0.027, and p=0.001, respectively). MPV,
NLR, MPVNLR score, IL-6, D-dimer, procalcitonin and CRP were higher in patients with altered
mental status (p=0.001, p=0.001, p=0.001, p=0.014, p=0.002, p=0.026, and p=0.001, respectively).
Conclusion: High MPV, NLR, and MPVNLR scores may be simple markers to predict mortality and
mental deterioration in COVID-19.
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METHODS

The study population consisted of all COVID-19
patients with neurological manifestations
hospitalized in Ankara City Hospital between
April 2020 and September 2020.

All neurological findings were collected,
including headaches, dizziness, paresthesia,
paresis, speech disorder, seizure attack, and
consciousness level.

If the patient’s level of consciousness and
interaction with the environment was normal,
this was defined as normal mental status (NMS).
If somnolence, agitation, delirium, confusion,
and coma were present in the neurological
examination, this condition was described as
altered mental status (AMS).

Complete blood cell count (CBC), creatinine,
CRP, D-dimer, IL-6, and procalcitonin tests were
obtained for each patient on the first day of
admission to the hospital.

We calculated the MPVNLR score as
MPVxNeutrophil / lymphocyte.

The study was approved by the local ethical
committee (Ankara City Hospital Ethics
Committee).

All statistical analyses were done using
IBM SPSS statistic 22.0 (Chicago, IL, USA).
Data were expressed as mean+SD. Categorical
variables were compared using the Chi-Square
test. Continuous variables were compared
using the Student’s t-test. Receiver operating
characteristic (ROC) curve analysis was used
to identify optimal cut-off values of MPVNLR
and other inflammation markers to identify with
maximum sensitivity and specificity the prediction
of mental deterioration and mortality rate. Binary
logistic regression analysis was performed to
detect independent factors associated with AMS
and mortality. A p-value < 0.05 was considered
statistically significant.

RESULTS

A total of 300 patients, 121 (40.3%) female, and
179 (59.7%) male, were enrolled in the study. The
mean age was 68.20+18.31 years for females and
67.63+13.76 for males.

One hundred eighty-nine patients (63%) were
treated in the intensive care unit, and 55 patients
(18.3%) needed intubation.

Ninety-seven patients died during hospital
follow-up (mortality rate of 32.3%). The platelet
count was similar in both survivor and non-
survivor groups (p=0.785). MPV,NLR, MPVNLR
score, IL-6, D-dimer, procalcitonin, and CRP

522

September 2021

levels in the non-survivor group were higher than
the survivor group (p=0.001, p=0.001, p=0.001,
p=0.001, p=0.001, p=0.027, and p=0.001,
respectively)(TablelA). In binary logistic
regression analysis, MPV, NLR, CRP, D-dimer,
IL-6, and age were found to be independent risk
factors for mortality (Table1B).

MPVNLR, CRP, D-dimer, procalcitonin, IL-6
and platelet had 0.727,0.670,0.720,0.725,0.680
and 0.495, respectively the area under the ROC
curve (AUROC) for mortality. MPVNLR cut-off
point of 75.360 for mortality had a sensitivity of
79 4, specificity of 58.9, positive predictive value
(PPV) of 48.1% and negative predictive value
(NPV) of 85.6% (Table 2) (Figurel).

The most common neurological manifestation
was AMS (209 patients, 69.7%). The platelet
count, hemoglobin, and creatinine levels were
comparable in both AMS and NMS groups
(p=0.192, p=0.155, and p=0.170, respectively).
MPV, NLR, MPVNLR score, IL-6, D-dimer,
procalcitonin, and CRP levels in the AMS patients
were higher than the NMS patients (p=0.001,
p=0.001, p=0.001, p=0.014, p=0.002, p=0.026
and p=0.001, respectively) (Tablel A). In binary
logistic regression analysis, MPV, NLR, and age
were found to be independent risk factors for
AMS (TablelB).

MPVNLR, CRP, D-dimer, procalcitonin, IL-6
and platelet count had 0.694,0.678,0.677,0.709,
0.595 and 0.477, respectively AUROC for AMS.
MPVNLR cut-off point of 62.990 for AMS had
a sensitivity of 63.9, specificity of 70.3, PPV of
83.1% and NPV of 46.1% (Table 2) (Figurel).

In patients with cerebral infarction, platelet
count, MPV, NLR and MPVNLR values were
comparable to patients without cerebral infarction
(p=0.463, p=0.444, p=0.861 and p=0.941,
respectively) (Table 3).

Platelet count was lower in patients with
seizures than in patients without seizures (p:
0.015). MPV, NLR, and MPVNLR values were
similar in both groups (p=0.441, p=0.077 and
p=0.121, respectively) (Table 3).

The NLR was significantly lower in patients
with headache (p=0.031), but the platelet count
was similar to those without headache (p=0.447).
Although MPV and MPVNLR values in patients
with headache were lower, and the difference was
not significant (p=0.053 and p=0.065) (Table 3).

DISCUSSION

Our study showed that the mortality rate is
high in COVID-19 patients with neurological



Table 1A: Comparison of demographic and laboratory of the NMS group versus AMS group and
survivor group versus non-survivor group. B. Independent factors associated with mortality
and altered mental status in binary logistic regression analysis

A
Survivor Non-survivor NMS AMS
n: 203 n: 97 p n: 91 n: 209 P
Age 65.67+16.66 72.43+12.44 0.001 | 61.93x17.17  7044+1434  0.001
Sex Female/Male 121 /82 58 /39 0.975 33/58 88 /121 0.343
Creatinine mg/dL.  1.13+1.16 1.54+1.44 0.015 1.11+1.43 1.33+1.19 0.170
Hemoglobin g/dL.  12.28+2.28 11.55+2.31 0.012 12.33+2.17 11.92+2.37 0.155
Neutrophil 10°/L  6.40+3.60 11.3749.22 0.001 5.84+3.03 8.95+7.26 0.001
Lymphocyte 10°/L  1.21+1.28 0.90+.64 0.025 1.41+1.75 0.98+0.65 0.002
Platelets 10°/L 262.86+£117.64 258.48+152.58 0.785 |276.26+124.30 254.99+131.78 0.192
MPV fL 8.74+1.14 9.46+1.46 0.001 8.57+0.97 9.15+1.38 0.001
CRP mg/dL 61.40+62.71 112.36+81.53  0.001 | 51.98+65.26  89.15+73.77  0.001
D-dimer mg/L 2.90+5.81 7.65+9.56 0.001 2.37+4.89 5.33+8.30 0.002
Procalcitonin p/L.  0.85+3.89 3.36x15.14 0.027 0.42+2.23 2.19+1092  0.026
IL-6 pg/mL 45.95+73.30 169.81+268.65 0.001 | 53.13+99.90 101.81+197.91 0.014
NLR 7.93+7.28 21.34+32.14 0.001 6.42+5.54 14.84+23.50  0.001
MPVNLR score  69.09+61.91 213.02+400.37 0.001 | 55.01+48.96 142.38+285.03 0.001
B
Mortality Altered Mental Status
p Exp (B) %95 CI p Exp (B) %95 CI

Age 0.017 1.033 1.006-1.061 0.001 1.042 1.019-1.065
Platelets 10°/L 0.139 1.002 0.999-1.005 0.598 1.001 0.998-1.004
MPV fL 0.031 1.343 1.028-1.756 0.046 1.430 1.006-2.033
CRP mg/dL 0.006 1.007 1.002-1.012 0.223 1.004 0.998-1.010
D-dimer mg/L 0.001 1.100 1.042-1.161 0.175 1.050 0.978-1.127
Procalcitonin u/L 0.358 0.980 0.940-1.023 0.190 1.384 0.851-2.251
Interleukin-6 pg/mL  0.003 1.004 1.001-1.007 0.856 1.000 0.998-1.003
NLR 0.001 1.069 1.033-1.107 0.025 1.061 1.007-1.117

NMS: Normal mental status, AMS: Altered mental status, MPV: Mean platelet volume, CRP: C reactive protein, IL-6:
Interleukin-6, NLR: Neutrophil Lymphocyte ratio, MPVNLR score: MPVxNeutrophil/lymphocyte

manifestations. MPVNLR score calculated
from simple complete blood count parameters
was successful in predicting mortality. Also,
the MPVNLR score was efficient in detecting
mental deterioration. Although procalcitonin had
apredictive power comparable to MPVNLR score
in detecting mental deterioration, only MPV,NLR,
and age were found to be independent risk factors
in predicting mental deterioration.

Some studies reported that the neurological
involvement of COVID-19 patients was associated
with the severity of the disease, and could indicate
high mortality."'> Our study found that the

mortality rate was 32.3% in hospitalized patients
with neurological manifestations. All available
data revealed that the healthcare system had to
have tests and scoring systems that can quickly
identify patients at risk that can be applied easily.

In many studies, NLR, BLR, platelet count
and platelet-to-lymphocyte ratio have been
used as markers to determine the disease’s
severity and mortality rate in COVID-19.568
MPV has been evaluated in a few studies.”!* In
a study, it was reported that the high values of
MPR score obtained by proportioning MPV to
the platelet count predicted the development of
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Table 2: AUC, sensitivity, specificity, positive and negative predictive values to predict the mortality
and altered mental status

Cut-off AUROC  Sensitivity %  Specificity % PPV % NPV%

Mortality

MPVNLR score 75.360 0.727 794 58.9 48.1 85.6
CRP 63.500 0.670 732 58.1 455 81.9
D-dimer 1.895 0.720 75.0 57.1 453 82.9
Procalcitonin 0.125 0.725 76.3 63.1 49.7 84.8
Interleukin-6 32.900 0.680 73.2 51.6 448 78.2
Platelet 245.500 0.495 48.5 50.2 31.8 67.1
Altered Mental Status

MPVNLR score 62.990 0.694 63.9 70.3 83.1 46.1
CRP 50.500 0.678 62.2 714 83.3 45.1
D-dimer 1.245 0.677 61.5 65.9 80.5 429
Procalcitonin 0.095 0.709 69 .4 714 84.8 50.8
Interleukin-6 24.050 0.595 60.9 54.1 79.1 54.1
Platelet 244.300 0.477 474 45.1 66.4 27.2

MPVNLR score: MPVxNeutrophil/lymphocyte, CRP: C-reactive protein

severe pneumonia in COVID-19." Guclu et al.
reported that high MPV levels are associated with
an increased risk of mortality.!® In our study, we
demonstrated that MPV is an independent marker
for predicting mortality in COVID-19 patients
with neurological manifestations. At the same
time, the ROC analysis of mortality showed that
the MPVNLR score has a higher AUC than all
parameters.

COVID-19 can lead to broad-spectrum
neurological disorders. Neurological symptoms
and signs may not be apparent at the beginning.
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However, in the course of time, neurological
involvement may progress, become more severe,
and even life-threatening. The development of
mental impairment has been associated with
a high mortality rate.'” In our study, mental
deterioration was the most common neurological
manifestation, and the mortality rate in these
patients was significantly higher (44%). We
detected high MPV levels in patients with
mental deterioration. We also demonstrated that
high MPV is an independent marker for mental
deterioration. Metabolic alterations and hypoxia
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Figure 1. Receiver operator characteristic (ROC) curves of laboratory parameters for predicting mortality and

altered mental status.
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Table 3: MPYV, platelet count, NLR and MPVNLR score in neurological manifestations

MPV Platelet NLR MPVNLR
Cerebral infarct
Absent (n:190) 8.90+1.29 259.05+124.16 12.48+21.43 119.50+277.87
Present (n:88) 9.02+1.02 271.38+142.26 12.96+19.63 117.08+180.36
p 0.444 0.463 0.861 0.941
Seizure
Absent (n:255) 8.95+1.30 269.07x£128.72 10.66+13.84 96.65+129.29
Present (n:45) 9.11+1.29 218.20+128.25 21.43+39.52 223.80+536.60
p 0.441 0.015 0.077 0.121
Headache
Absent (n:260) 9.03+1.34 259.20+131.15 13.27+21.46 125.96+258.58
Present (n:40) 8.60+0.89 276.00+£120.58 5.86x4.85 49.89+40.70
p 0.053 0.447 0.031 0.065

MPYV: Mean platelet volume, NLR: Neutrophil Lymphocyte ratio,

MPVNLR score: MPVxNeutrophil/lymphocyte

may be responsible for mental changes in these
patients. Microangiopathic thrombi, which cannot
be detected by neuroimaging tests, may be another
factor causing mental deterioration. Autopsy
studies showed thrombotic microangiopathy and
intravascular platelet aggregates in lung, kidney,
liver, and brain.'*!8

COVID-19 reduces the activity of the
angiotensin receptor (ACE) 2 and increases
angiotensin II levels. Angiotensin II, a potent
vasoconstrictor, activates the coagulation cascade
by increased platelet activation and size.'*"
COVID-19 causes a decrease in the platelet count
through many mechanisms. As a hemostatic
response to this decrease in platelets, thrombocyte
production increases in the body, and in this
case, a large number of young platelets enter
the circulation. Young platelets are larger in size
and more active. Therefore, platelets activated
by SARS-CoV-2 infection may be responsible
for the microangiopathic thrombosis observed
in biopsy specimens of COVID-19 patients.'**2
The increased MPV level in COVID-19 may
predict thrombotic microangiopathy in many
organs, including the brain, lung, kidney, and
heart. In patients with high MPV, initiation of an
effective anticoagulant and anti-platelet therapy
may prevent damage in these organs.'#?

In our study, MPV and platelet counts in patients
with ischemic stroke detected on neuroimaging
were not different from those without ischemic
stroke. Consistent with our study, Melazzini et al.
did not detect an increase in thrombocyte count
in patients with venous thrombosis detected by
imaging methods.?!

Another neurological manifestation evaluated

in our study was epileptic seizures. We found a
significant decrease in platelet count in patients
with seizures, but we could not detect a substantial
increase in MPV. We could not find any study on
this subject in the literature.

Trigo et al. showed that headache was
associated with a low mortality rate and
good prognosis. The headache had an inverse
relationship with abnormal platelet count, but
MPV was not evaluated in their study.?? We did not
find a significant relationship between headache
and MPV or platelet count.

In conclusion, our study is the first study
investigating the effect of complete blood count
parameters such as MPV, platelet count, and NLR
on mortality rate and clinical course in COVID-19
patients with neurological manifestations. High
MPV,NLR, and MPVNLR scores are simple and
useful markers for predicting mortality and mental
impairment. Our results support that patients with
high values in these parameters, especially those
accompanied by significant neurological findings,
should be managed in the intensive care setting.
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