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ABSTRACT
Aim: The present study investigated the diagnostic value of complete blood count (CBC)
parameters, neutrophil-to-lymphocyte (NLR), mean platelet volume-to-platelet (MPV/PLT), and
platelet-to-lymphocyte (PLR) ratios in patients with central vertigo (CV) compared to the value
in patients with peripheral vertigo (PV).
Methods: This retrospective study included 31 patients with CV and 132 patients with PV. CBC
parameters and NLR, MPV/PLT, and PLR were statistically analyzed in all patients with vertigo.
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Results: Statistically significant differences were found between the CV and PV groups for
white blood cell (WBC) count 9.55±2.33 and 8.24±2.34×106/mm3 (p=0.006), NLR 3.58±2.16
and 2.96±2.47 (p=0.014), neutrophil count 6.49±2.38 and 5.27±2.23×106/mm3 (p=0.007), and
monocyte count 0.68±0.24 and 0.55±0.21×106/mm3 (p=0.003).
Conclusion: WBC, neutrophil, and monocyte counts and NLR may be useful in the differential
diagnosis of CV and PV.
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Introduction
Vertigo is a common cause of admission to health centers,
from family health centers to emergency departments (EDs) (1).
It is classified into two main groups according to its underlying
factors: central vertigo (CV) and peripheral vertigo (PV).
Differentiation between CV and PV requires clinical and
laboratory examinations of acute cardiac, metabolic, toxic,
local, and systemic infection and exclusion of ischemic and
hemorrhagic disorders related to the central nervous system.
The importance of physical examinations alone in the diagnosis
of patients with acute vestibular syndrome is well known in EDs
and is tested using head impulse, nystagmus, and test of skew
(HINTS), which is a three-step examination (2). HINTS was
shown to be more useful than magnetic resonance diffusionweighted imaging (DWI) for differentiating between CV and PV.
However, ED physicians may prefer to employ a brain computed
tomography (CT) scan and/or DWI if there is suspicion of a
©Copyright

central event related to ischemia or bleeding in the posterior
fossa structures in vertigo patients (3).
Acute ischemic stroke (AIS) is a type of brain injury that
develops as a result of thrombotic or embolic occlusion of the
brain’s blood flow and is affected by inflammatory processes (4).
Complete blood count (CBC) parameters and the proportional
values obtained from these parameters were reported to have
diagnostic values as biomarkers (5-8). From the perspective of
an ED physician, tests such as a CBC are simply components
of routine practice and often have no direct impact on ED
applications or diagnostic/prognostic value (9). Furthermore,
the combined assessment of all laboratory results and clinical
findings lead to preference for expensive, often unnecessary,
central imaging methods.
The present study investigated the role of CBC parameters
and neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and mean platelet volume-to-MPV/PLT) ratio, which
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are calculated from CBC parameters, in the differential diagnosis
between CV and PV.

Methods
This retrospective study was designed in the ED of
University of Health Sciences Turkey, Gülhane Training and
Research Hospital, which is a tertiary hospital of the University
of Health Sciences Turkey. The study was approved by the
Ethics Committee for the Non-invasive Research at the Gülhane
University of Health Sciences Turkey (no: 18/366). Informed
consent was not received due to the retrospective nature of the
study.
Study design and patient selection
Patients >18 years old who had been to the ED in Gülhane
Training and Research Hospital between August 2016 and
December 2018 with a pre-diagnosis of vertigo and who had
undergone CBC tests and magnetic resonance imaging
(MRI) examinations were screened retrospectively using the
hospital information management system (FONET, Information
Technology Incorporation, Turkey). Age, sex, DWI reports
requested by the ED, all consultation results, and hospitalization
and discharge information of the screened patients were
examined using the patients’ files.
Patients with CV and PV were identified, and CBC subparameters including NLR, MPV/PLT ratio, and PLR were
statistically analyzed in all the patients. Patients were divided
into two groups, as those with CV and those with PV, after
definitive diagnoses using total examinations.
Exclusion criteria were as follows: patients <18 years old,
patients with supratentorial ischemic stroke, pregnancy, history
of recently performed surgery, trauma, major systemic diseases
(renal or hepatic disease, hematologic and autoimmune
disorder) that may affect NLR and PLR levels, evidence of
infection (excluding ear, nose, and throat and central nervous
system-related infections), and use of drugs (iron preparations,
chemotherapeutic agents, vitamins, and corticosteroids) that
could influence CBC measurements.
Power analysis
A minimum of 27 patients was calculated to be required for
each group based on the findings from a previous study [NLR
value for AIS of 4.87±3.48 (7), and NLR value for PV of 2.20 (10)
with 80% power and a two-sided error margin of 0.05].
Laboratory analysis
Blood samples taken for CBC examination in the ED
of the hospital were analyzed using Sysmex XN-1000
(Sysmex America Inc., Lincolnshire, IL, USA) and Beckman
Coulter UniCel DxH800 (Beckman Coulter, Miami, FL, USA)
analyzers. Neutrophils, lymphocytes, PLT, red blood cells,
and white blood cells (WBCs) were measured as part of the

automated CBC. NLR and PLR were calculated as NLR and
PLR, respectively.
Statistical Analysis
Statistical analyses were performed using SPSS for Windows
v18.0 (SPSS Inc., Chicago, IL, USA) software package.
Descriptive data were expressed in mean±standard deviation.
Kolmogorov-Smirnov test was used to evaluate normally
distributed data. Student’s t-test was used for the comparison
of normally distributed paired groups whereas Mann-Whitney
U test was employed for non-normally distributed groups. All p
values <0.05 were considered statistically significant. Receiver
operating characteristic (ROC) analysis was performed to
identify cutoff thresholds for WBC count, neutrophil, monocyte,
and NLR. Sensitivity, specificity, and area under the ROC curve
were used for overall estimation of the accuracy in distinguishing
CV cases.

Results
A total of 163 patients underwent MRI examination in
addition to CBC tests. In the CV group (n=31), only ischemia
was detected in the infratentorial region, and all CV patients
were hospitalized. Ischemia, hemorrhage, space-occupying
lesion, and infection were not detected in any region of the
central nervous system in the PV group (n=132), and all PV
patients were discharged from the ED.
There was no statistically significant difference for age
between the CV and PV groups (62±16 and 59±17, respectively;
p=0.35). Sex distribution analysis showed 52% of the patients in
the CV group were male (n=16) and 48% were female (n=15).
In the PV group, 46% of the patients were male (n=61) and
54% were female (n=71). There was no statistically significant
difference between the groups regarding sex (p=0.37).
WBC, neutrophil, and monocyte counts were significantly
higher in the CV group compared to those in the PV group
(p=0.006, p=0.007, and p=0.003, respectively). There was no
significant difference between the two groups for lymphocyte and
PLT counts and MPV (p=0.67, p=0.21, and p=0.72, respectively)
(Table 1).
NLR was significantly higher in the CV group compared
to that in the PV group (p=0.014). However, there was no
statistically significant difference between the groups in terms
of PLR and MPV/PLT ratio (p=0.273 and p=0.453, respectively)
(Table 2).
A cutoff value of 8.55 for WBC count, which was derived
from the ROC analysis, showed sensitivity and specificity values
of 74.19% and 62.88%, respectively, for the prediction of CV.
However, the area under the curve (AUC) value for NLR to
distinguish between CV and PV groups was 0.642. NLR had
the best cutoff value of 2.25, with a sensitivity of 61.29% and
a specificity of 56.06%. On the other hand, the AUC value for
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monocytes to distinguish between CV and PV patients was

with PV. The authors also emphasized that CT and MRI

0.676, with a cutoff value of 0.56, sensitivity of 74.19%, and

examination rates were low among CV patients, and patients

specificity of 54.55%. Other CBC parameters and ROC analysis

were hospitalized on the basis of physical examination alone.

related to NLR are shown in Table 3. ROC analysis is shown

Consequently, the use of adjuvant diagnostic tools with clinical

separately in Figure 1.

examination was suggested to provide an optimal benefit for
the differential diagnosis between CV and PV. The results

Discussion

of the present study indicated that WBC, neutrophil, and

Vertigo is a common symptom that may be encountered in
many diseases, including most benign disorders. However, to
avoid misdiagnosis, effective differential diagnosis of vertigo

monocyte counts and NLR might contribute to the differential
diagnosis of CV and PV and hospitalization (independent of
clinical findings).

is required, particularly in patients admitted to the ED. Vanni

It was previously reported that increased WBC count

et al. (11) performed CV-PV differential diagnosis using

might be an indicator of high risk for acute myocardial infarct

clinical examination only and showed that 16.4% of patients

and acute cerebrovascular events (12,13). Zheng et al. (14)

were diagnosed with CV whereas 33.4% were diagnosed

reported that increased WBC count on admission was related

Table 1. Comparison of complete blood count parameters between the central and peripheral vertigo groups
CV (n=31)
Mean ± SD

PV (n=132)
Mean ± SD

p value*

9.55±2.33

8.24±2.34

0.006

6.49±2.38

5.27±2.23

0.007

2.15±0.78

2.22±0.85

0.67

0.68±0.24

0.55±0.21

0.003

Platelets (K/μL)

270.23±67.01

253.46±66.62

0.21

MPV (fL)

9.38±1.66

9.29±1.17

0.72

WBCs (×106/mm3)
(×106/mm3)

Neutrophils

Lymphocytes (×106/mm3)
Monocytes

(×106/mm3)

*Student’s t-test.
CV: Central vertigo, MPV: Mean platelet volume, PV: Peripheral vertigo, SD: Standard deviation, WBCs: White blood cells

Table 2. Comparison of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and mean platelet volume-to-platelet
ratio between the central and peripheral vertigo groups
CV (n=31)
Mean ± SD

PV (n=132)
Mean ± SD

p value*

NLR

3.58±2.16

2.96±2.47

0.014

PLR

144.95±75.49

133.23±68.28

0.273

MPV/PLT ratio

0.04±0.01

0.04±0.01

0.453

*Mann-Whitney U test.
CV: Central vertigo, MPV/PLT: Mean platelet volume-to-platelet, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, PV: Peripheral vertigo group,
SD: Standard deviation

Table 3. Receiver operating characteristic curve analysis of complete blood count parameters and neutrophil-tolymphocyte ratio for differentiating between central vertigo and peripheral vertigo
Cutoff

AUC

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

LR+
(95% CI)

LR−
(95% CI)

p value*

WBCs
(×106/mm3)

8.55

0.675

74.19
(55.39-88.14)

62.88
(54.04-71.12)

2.00
(1.47-2.71)

0.41
(0.22-0.76)

0.002

Neutrophils
(×106/mm3)

5.40

0.664

74.19
(55.39-88.14)

62.12
(53.27-70.42)

1.96
(1.45-2.65)

0.42
(0.23-0.77)

0.005

Monocytes
(×106/mm3)

0.56

0.676

74.19
(55.39-88.14)

54.55
(45.65-63.23)

1.63
(1.23-2.16)

0.47
(0.26-0.88)

0.002

NLR

2.25

0.642

61.29
(42.19-78.15)

56.06
(47.16-64.68)

1.39
(0.99-1.96)

0.69
(0.43-1.10)

0.014

*Chi-square test.
AUC: Area under curve, CI: Confidence interval, LR−: Negative likelihood ratio, LR+: Positive likelihood ratio, NLR: Neutrophil-to-lymphocyte ratio, WBCs: White blood
cells

Gulhane Med J 2020;62:38-43

to poor prognosis at 3 months in patients with ischemic stroke
independent of other inflammation factors. Similar to these
findings, the present study found the WBC count was higher
in CV patients with ischemic stroke compared to that in the PV
group.
Ozbay et al. (10) conducted a prospective controlled study
and compared WBC, PLT, neutrophil, and lymphocyte counts
and MPV and NLR values in PV patients and in the control group.
No differences were found between the study groups, and all
parameters were within the reference intervals. Furthermore,
the sub-parameters of the hemogram (CBC) analysis were all
within the normal limits. This was an important and distinctive
factor in the exclusion of the effects of additional pathologies
due to possible inflammation in our patient groups. Thus, the
levels of cell count within the normal limits avoided a possible
bias while demonstrating the importance of WBC levels in CV
and PV distinction.
Neutrophil levels are expected to increase during inflammatory
responses activated by ischemia and reperfusion (15,16). Zhou et
al. (17) studied AIS patients undergoing clopidogrel treatment for
90 days and demonstrated that new ischemic strokes developed
in patients with high neutrophil levels. In the present study,
neutrophil counts were higher in CV patients compared to those in
PV patients, which may be because all patients were diagnosed
with AIS in the infratentorial region. In addition, the degree of
neutrophil accumulation, particularly in the early stages and in
regions of cerebral ischemia, correlates with stroke severity and
poorer stroke outcomes (18). Therefore, targeting neutrophils to
reduce brain injury in ischemic stroke may be beneficial by blocking

Figure 1. Receiver operating characteristic curves of white blood cells,
neutrophils, lymphocytes, neutrophil-to-lymphocyte ratio, and monocytes
levels for differentiating between central vertigo and peripheral vertigo
ROC: Receiver operating characteristic, WBC: White blood cells, NLR:
Neutrophil-to-lymphocyte ratio

41

neutrophil adhesion to endothelial cells, neutrophil transmigration,
and neurovascular interactions (19). The increase in neutrophils
observed in patients in the CV group compared to those in the
PV group, particularly in the early stages, although within normal
limits, justifies the need to investigate the role of antineutrophil
therapy in these patient groups.
Following AIS, monocyte levels increase and migrate to the
infarct area, contributing to the enlargement of the ischemic
lesion (20,21). Bolayır (20) reported that the monocyte count
was significantly higher in AIS patients compared to controls.
The same study also reported that monocyte count was
statistically higher in AIS patients who died within 30 days
compared to those who survived. In accordance with these
findings, the present study also showed that monocyte levels
were significantly higher in CV patients compared to those in
PV patients (Table 1). These similar findings may depend on the
early involvement of monocytes in the inflammatory processes
of acute brain ischemia.
In the present study, lymphocyte levels were lower but not
statistically significant in the CV group compared to those in
the PV group. This was attributed to the adaptive lymphocytic
response in the late phase of the inflammatory process.
Bolayır (20) took blood samples from patients hospitalized in
the neurology clinic within 24 h of hospitalization whereas the
present study used blood samples taken at admission to the
ED. In this context, the CBC parameters obtained in this study
may reflect the early stage of the inflammatory response in
AIS patients and are more valuable to initial diagnoses. Some
studies have reported decreased levels of lymphocytes in AIS
patients after ischemia (22,23). Pagram et al. (23) suggested
that lymphocyte levels decreased after the first 24 h compared to
lymphocyte levels at admission in patients with ischemic stroke.
In the present study, lymphocyte levels were within the normal
limits in both groups, and it was concluded that lymphocyte
levels had limited value in differentiating between CV and PV
patients.
The diagnostic and prognostic values of increased NLR
in AIS have previously been demonstrated (16,24-26). In
accordance with previous studies, the present study showed
increased levels of NLR accompanied by acute ischemia
in the infratentorial region in CV patients. This increase was
mainly due to elevated neutrophil counts. The difference in
neutrophil levels was more significant compared to that for
NLR values. Furthermore, since neutrophil counts were within
the normal limits in both groups, they were not considered to
have diagnostic value alone. On the other hand, neutrophil
counts were significantly higher but within normal limits in CV
patients, highlighting the need for a marker that reveals this
significant difference in the early stages of the disease. Since
there was also no difference between the groups in terms
of lymphocyte and PLT counts, PLR was shown to have no
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diagnostic value, and the importance of NLR derived from
neutrophil indices became more prominent. Therefore, NLR is
recommended as an effective, inexpensive, and fast indicator
for the differential diagnosis between CV and PV in the early
stage of vertigo. In addition, Ozbay et al. (10) were the first
to report the relationship between the CBC parameters in PV
patients and they showed that NLR in PV patients was higher
compared to that in healthy controls. In the present study, NLR
was higher in the CV group than that in the PV group. Although
this finding seems to conflict with those of Ozbay et al. (10),
the present study showed meaningful results that included CV
patients. Moreover, we found significant NLR levels in the CV
group compared to those in the PV group.
In a retrospective study by Lok et al. (27), who investigated
AIS patients, MPV was found to have no predictive or prognostic
value. This study also showed similar findings in CV patients,
and it was concluded that MPV had no value regarding the
differential diagnosis between CV and PV. Ozbay et al. (10)
found that PV patients had PLT counts and MPV within the
normal limits, and there was no difference compared to the
control group. Consistent with these findings, PLT parameters,
including PLT count and MPV, had no value in the diagnosis and
differential diagnoses of CV and PV in the present study.
The main limitation of this study is a lack of data for
proinflammatory cytokines and/or inflammation markers (e.g.,
C-reactive protein), which may play a key role in the inflammation
process in PV and CV. Another limitation is the relatively small
sample size. The present data should, therefore, be interpreted
with caution and need to be confirmed in a larger cohort.

Conclusion
In conclusion, WBC, neutrophil, and monocyte counts and
NLR may be helpful in the differential diagnosis between CV
and PV in patients who present with the complaints of vertigo
to the ED. Regarding the differential diagnosis between CV and
PV, the use of simple, easily available, and inexpensive CBC
parameters, NLR, and monocyte counts, along with the clinical
diagnostic tools, may prevent the unnecessary implementation
of advanced and expensive imaging methods such as CT and
MRI.
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