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ABSTRACT
Objective: To determine whether lactate dehydrogenase (LDH), platelet-lymphocyte ratio (PLR), neutrophil-lymphocyte ratio
(NLR), and lymphocyte-monocyte ratio (LMR) values can be used as a prediction for their relationship with stroke volume (SV)
and for in-hospital mortality in stroke patients in Emergency Department (ED).
Study Design: Analytical study.
Place and Duration of Study: Balikesir University, Turkey from 24/03/2021 to 30/06/2021.
Methodology: Patients aged 18 years or older, diagnosed with stroke in ED, were included in the study. Stroke volumes were
calculated  from  diffusion-weighted  images  (DWi)  with  3D  slicer  software  using  image-based  semi-automatic  and  manual
segmentation  methods.
Results:  Of  the  265  patients,  128  (48.3%)  were  males.  SV  was  significantly  higher  in  the  non-survivor  group  than  in  the
survivor group (p=0.007). NLR was significantly higher in the non-survivor group than in the survivor group (p=0.018).
Conclusion: The ratios of NLR and SV stand out as practical parameters for the estimation of mortality, prognosis, and manage-
ment of patients diagnosed with acute stroke. Taking into account, these parameters in the diagnosis process and prognosis
management in EDs will provide convenience.
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INTRODUCTION

Cerebrovascular diseases (CVD) are among the most common
causes of death in our country as well as in the world.1 It is also a
serious cause of morbidity and mortality. Approximately 15% of
stroke  cases  are  classified  as  hemorrhagic,  and  85%  are
ischemic CVD.2 Ischemic CVD usually develops due to embolis-
m-induced arterial occlusion or, more rarely, vascular throm-
bosis.3 There is also increased evidence that inflammation plays
an important role in the pathophysiology of ischemic stroke.4

The duration of symptoms is very important in the diagnosis of
CVD. Cranial imaging time can sometimes lead to serious time
losses that may stem from hospital or the patient. These delays
are directly related to mortality and morbidity in patients with
CVD. All these make stroke management important for Emer-
gency Department (ED) physicians.
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For this reason, it is obvious that revealing prognostic parame-
ters will help ED physicians in terms of quick and accurate deci-
sion-making in stroke management. Thus, it is required to find
helpful  parameters  in  preventing  possible  time  losses  and
reducing morbidity and mortality rates in the future.

The aim of this study was to find out whether lactate dehydroge-
nase (LDH), platelet-lymphocyte ratio (PLR), neutrophil-lympho-
cyte ratio (NLR), and lymphocyte-monocyte ratio (LMR) values
can be used as a prediction for their relationship with ischemic
tissue volume and for diagnosis, and in-hospital mortality in
patients diagnosed with ischemic stroke in ED.

METHODOLOGY

Ethics  Committee  approval  was  obtained  from  the  Ethics
Committee  of  Faculty  of  Medicine,  Balikesir  University
(E.23964; dated: March 31, 2021). The data was collected retro-
spectively, and the patients, who were aged 18 or older and diag-
nosed with ischemic stroke in ED, were included in the study.
Patients with hemorrhagic CVD, pregnancy, comorbidities, and
referred to another institution were excluded from the study.
Laboratory results and diffusion MRIs were obtained from the
hospital information system and patient files. Brain MRI exami-
nation was performed with a 1.5 T scanner (Ingenia, Philips
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Healthcare, Netherlands). The routine MRI protocol included
diffusion-weighted imaging (DWI), using single-shot spin-echo
echo-planar imaging with 500 and 1000 mm/s B values, and
axial T2-weighted imaging (Turbo Spin Echo (TSE)) with TSE
factor 15 in all patients. Stroke volumes were calculated from
DWIs with 3D slicer  software using image-based semi-auto-
matic and manual segmentation methods.5

Shapiro-Wilk test was used to test the normality of variables.
Continuous  variables  were  presented  as  mean  and  median
values (minimum-maximum), since they did not fit a normal
distribution. Mann-Whitney U-test was conducted to compare
two independent groups. Categorical variables were expressed
by counts and percentages. Comparisons between the groups
were made with the Pearson Chi-square test for categorical vari-
ables. The relationship between stroke volume and laboratory
variables (LDH, PLR, and LMR) were evaluated with Spearman’s
correlation coefficient. The significance level was taken as α =
0.05. Statistical analyses were performed on the IBM SPSS statis-
tics version 23.0 (IBM Corp., USA).

RESULTS

Of the 265 patients included in this study, 128 (48.3%) were
males, and 137 (51.7%) were females. The median age of the
patients was 72.0 (min-max: 18.0-93.0) years. There were 21
(7.9%)  patients  in  the  non-survivor  group  and  244  (92.1%)
patients in the survivor group. The age of the patients, who died,
were significantly higher than those who survived (p=0.041).
There was no significant difference between the two groups in
terms of gender (p=0.329, Table I).
 

Table  I:  Comparison between the survivor  and non-survivor
groups regarding demographic characteristics.

 Total
(n=265)

Non-survivor
(n=21)

Survivor
(n=244) p-value*

Age (years),
median (min-max)

72.0
(18.0-93.0)

77.0
(54.0-93.0)

71.0
(18.0-92.0) 0.041

Gender, n (%)
Male 128 (48.3) 8 (38.1) 120 (49.2)

0.329
Female 137 (51.7) 13 (61.9) 124 (50.8)

Figure 1: Box-plots for the (A) SV and (B) NLR in the survivor and non-sur-
vivor groups.
Outliers are values (marked with a small circle) between 1.5 IQRs and 3
IQRs from the end of the box. Extreme values (marked with a star) are
values more than 3 IQRs from the end of the box. SV: Stroke volume
(mm3), NLR: Neutrophil-to-lymphocyte ratio.

Stroke volume (SV) was significantly higher in the non-survivor
group than in the survivor group (p=0.007). We also found that
NLR was significantly higher in the non-survivor group than in
the survivor group (p=0.018) (Figure 1). There was no signifi-
cant difference between the two groups in terms of LDH, PLR,
and  LMR.  The  clinical  characteristics  of  the  patients  are
presented in Table II.

There was no significant correlation between the stroke volume
and LDH (r=0.210, p=0.120), NLR (r = 0.028, p = 0.840), PLR (r
= -0.057, p=0.674), and LMR (r = 0.170 p=0.211) in all patients.
When the authors evaluated correlations separately in terms of
gender,  no  significant  relationship  was  found among stroke
volume and LDH, NLR, PLR, and LMR for both female and male
patients (Table III).

DISCUSSION

A small proportion of CVDs (3.7%) develop under the age of 45,
and according to the study of Coşkun et al., the average age of
occurrence  of  CVD,  especially  in  western  societies,  is  75
years.6,7  Mortality  has  been  reported  as  5.5-8% in  ischemic
CVDs.8,9 The results of this study are similar to those in the litera-
ture. On the other hand, the study revealed results different
from those  of  the  literature,  showing  that  the  mean age  of
patients who developed mortality in the 3-month period after
CVD was lower than those who did not. While no relationship
was  found  between  mortality  and  age,  there  were  studies
reporting that mortality was higher in the group with patients
aged over 65 years old.10,11

Detection of cerebral infarct area is very important in terms of
treatment method and success in EDs; and is recommended in
patient  management.3  Although  computerised  brain  tomog-
raphy (CT) is the first choice in many centres for imaging, tissue
changes within minutes and days are best detected with diffu-
sion-weighted MRI imaging.2-12

The ischemic volume rate is a clear indicator of the ischemic
area.  Mortality  in  patients  with  CVD  can  reach  up  to  8%.9

Although no correlation was found between SV and mortality in
the results of the study conducted by Kasike et al., a positive
correlation was found between SV and mortality in this study.10

Slowing blood flow-bound neutrophils are one of the first param-
eters to increase.13 Kasikci et al. determined that high PLR was
associated with poor prognosis and low LMR with mortality. Low
LMR is a risk factor for atherosclerosis. Low LMR value in the
early  period was found to  be more significant,  especially  in
terms of poor prognosis, and the cutoff point was stated as
2.99.10,13,14 High neutrophil count, that is seen in the early period,
increases ischemic brain damage.10-15 Low lymphocyte count is
associated  with  poor  functional  recovery.10  Total  leukocyte
count shows a strong positive correlation with SV, but it is not
correlated  with  lymphocytes.16  Neutrophils,  lymphocytes,
monocytes, and NLR are associated with neuronal damage and
the course of stroke as a result of immune response activation in
CVD.13
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Table II: Comparison between the survivor and non-survivor groups regarding laboratory characteristics.

 Variables
Total Non-survivor Survivor

p-value*

n median
(min-max) n median

(min-max) n median
(min-max)

SV (mm3) 58 2625.2
(354.2-128843.0) 6 14508.1

(4238.2-128843.0) 52 2134.9
(354.2-78628.9) 0.007

LDH 252 218.0
(17.0-2312.0) 21 229.0

(141.0-399.0) 231 215.0
(17.0-2312.0) 0.130

NLR 263 3.5
(0.6-47.0) 21 5.1

(1.6-47.0) 242 3.3
(0.6-18.8) 0.018

PLR 263 158.7
(2.3-1215.0) 21 190.0

(57.2-1215.0) 242 154.8
(2.3-615.0) 0.057

LMR 263 3.0
(0.2-26.0) 21 2.8

(0.5-9.0) 242 3.0
(0.2-26.0) 0.627

*p-value represents comparison between the survivor and non-survivor groups.
SV: Stroke volume, LDH: Lactate dehydrogenase, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio.

Table III: Correlations between stroke volume and other laboratory
variables.

  All patients Males Females

LDH r 0.210 0.100 0.311
p-value 0.120 0.608 0.115

NLR r 0.028 0.006 0.069
p-value 0.840 0.974 0.731

PLR r -0.057 -0.098 0.012
p-value 0.674 0.613 0.951

LMR r 0.170 -0.160 0.178
p-value 0.211 0.406 0.375

NLR  was  found  to  be  significantly  higher  in  early  mortality,
and the cutoff value was calculated as 4,12.  Moreover,  WBC
was found as insignificant.11  In  this  study,  a  positive correla-
tion was found only between high NLR and mortality. PLR and
LMR values did not have a relationship with mortality.

LDH is an enzyme used to obtain energy in all cells in the
body and has a role in the energy mechanism. It also has a
very important function in neuron cells. It is a byproduct of
anaerobic metabolism. It is released into the bloodstream by
injured neurons and glial  cells.17,18  Its volume in the blood
increases in cell necrosis or damage. The increased volume of
LDH in the brain tissue increases the lactate level and exerts
a  neuroprotective  effect.18  Lactate  has  been  shown  to  be
neuroprotective  in  animal  experiments  and is  used as  an
energy source in brain tissue.19,20 The creased LDH levels in
blood  serum may  reflect  damage  to  neurons.17  However,  no
study was found showing the relationship between LDH and
acute  CVD  prognosis  and  mortality.  Elevated  lactate  was
found to  be associated with  3-month mortality.9  However,
there are also studies showing that lactate is not associated
with prognosis.21 While a relationship was reported between
high lactate and SV, no relationship was found with 3-month
mortality.22 According to the results of this study, no relation-
ship was found between LDH and mortality; and its relation-
ship with SV could not be demonstrated.

The study had some limitations. Limited number of patients
undergo DW-MRI in ED, because of instablity, technical draw-

backs at machine in some days and referral other hospital for
hospital hospital occupancy. Patients brains were  scanned by
computerised tomography and referred to other hospital with
clinic  outcomes.  Patients  with  multiple  millimetric  infarcts
were excluded due to computational difficulties. This situation
limited the number of patients, who were analysed for SV.
This study was single-centre and retrospective. It needs to be
supported by larger, prospective, and multi-centre studies.

CONCLUSION

In the whole patient group, NLR value and SV were found to
be correlated with 3-month patient mortality. These values
can be used as important parameters in the management of
patients with ischemic stroke, and estimation of prognosis in
emergency departments.
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