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Background: To investigate the association of clinical and hematological parameters with return of
spontaneous circulation (ROSC) in out-of-hospital cardiac arrest (OHCA).
Methods: Clinical data of successive non-traumatic adult OHCA patients with available laboratory
data of complete blood count and peripheral blood smear at emergency department (ED) arrival were
requested. Hematological parameters were collected and calculated, and logistic regression and survival
analysis were performed for association of ROSC with the parameters.
Results: From December 2015 to December 2016, a total of 188 OHCA patients transported to our ED
were enrolled. In ROSC group, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) were significantly higher and smudge cell count was significantly lower when compared with nonROSC group. In the univariate regression, NLR more than 2.0 (odds ratio [OR]: 2.40, 95% confidence
interval [CI]: 1.31–4.41; p = 0.004) and smudge cell count less than 0.45 × 109/L (OR: 0.33, 95% CI:
0.15–0.71; p = 0.004) were significantly associated with ROSC in OHCA. In logistic regression, bystander
witnessed (OR: 3.15, 95% CI: 1.59–6.27; p = 0.001) and prehospital epinephrine use (OR: 2.15, 95% CI:
1.10–4.23; p = 0.026) were significantly associated with ROSC in OHCA. NLR and smudge cell count
were also seemingly related to ROSC in OHCA, but without statistical significance. In survival analysis,
neither NLR nor smudge cell count was associated with patient survival to discharge in OHCA.
Conclusions: NLR and smudge cell count at ED arrival could be potential indicators of ROSC in OHCA.
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Introduction
Out-of-hospital cardiac arrest (OHCA) still remains one of the major health issues globally, though
lots of efforts have been made over these decades.
It was estimated that incidence of adult OHCA was
about 55 per 100,000 person-years in the world, accompanied with a poor survival to discharge rate from
0.3% to 20.4%.1-5 To date, a large amount of factors
related to clinical outcome of OHCA have been identified. Among these prognostic factors, witnessed
cardiac arrest, bystander cardiopulmonary resuscitation (CPR), presence of initially shockable rhythm
and prehospital achievement of return of spontaneous
circulation (ROSC) were considered important in enhancement of overall survival till hospital discharge in
OHCA.3,4 However, limited studies indicated the timely laboratory evaluation on the prognosis of OHCA.
Recently, it was demonstrated that neutrophil-to-lymphocyte ratio (NLR) of more than 6.0 as well as the
presence of flagged abnormalities in differential count
of blood cells was associated with increased mortality in OHCA, on the basis of automated blood cell
analysis at admission.6 Known as a marker reflecting
the balance between systemic inflammation and the
immune status, NLR was proved to be a predictor on
clinical outcome of cancer patients.7,8 Nevertheless,
the influence of NLR and abnormal differential on
patient outcomes of OHCA remains relatively controversial and additional research efforts were warranted,
in perspective of laboratory medicine and clinical
practice.
In this study, we aimed to survey potential predictors on the basis of the blood parameters at emergency department (ED) arrival for the prognosis in the
OHCA group. We also investigated the morphological
characteristics in peripheral blood smear at ED arrival
as the potential indicators of ROSC and survival interval in the patients experiencing OHCA.

Methods
Study Design and Data Collection
The investigation was conducted in Far Eastern
Memorial Hospital (FEMH) during the study interval
of December 1, 2015 to December 31, 2016, based
on a retrospective study design. Patients with OHCA
who were sent to ED of FEMH for further management were enrolled. Among these, non-adult (patient
age less than 20 years old), traumatic (including com-

mitted suicide) OHCAs, patients with the do-not-resuscitate (DNR) request, patients without laboratory
examinations in hematology and patients without
complete data as mentioned below were excluded.
The prehospital data was obtained via reviewing the
emergency medical service (EMS) sheet and clinical data were collected via electronic medical chart
review, including patient age, gender, location of
OHCA, bystander witnessed, bystander CPR, EMS
support, response time, scene time, transport time, initial rhythm and prehospital drug treatment including
epinephrine. Furthermore, the information regarding
the consent of DNR order from the family of OHCA
patients after arrival at ED was requested. The ROSC
status was defined as sustained ROSC, in which signs
of circulation persisted without chest compression
for 20 consecutive minutes. Length of intensive care
unit (ICU) and length of general ward stay were also
recorded in the OHCA group. The research approval
was acquired from the research ethics committee of
FEMH (107020-E) and the investigation was conducted in accordance with the Declaration of Helsinki
in 1964.

Laboratory Values
The first-recorded laboratory data of leukocyte
count, hemoglobin concentration, platelet count and
differential count of leukocytes were collected at ED
arrival. The complete blood count and peripheral
blood smear were performed by an automated hematology analyzer (XE-2100, Sysmex Corp. Kobe,
Japan).9 The differential count of leukocytes on morphological examination was reviewed. The count
of banded and segmented neutrophils, eosinophils,
basophils, monocytes, lymphocytes, atypical lymphocytes and immature granulocytes (including blasts,
promyelocytes, myelocytes and metamyelocytes) as
well as percentage of smudge cells in total lymphocytes were estimated by morphological examination.
To avoid artificial production of smudge cells, at least
two slides were made in each case of OHCA, either
by the automated hematology analyzer or the medical
technologist. The slide with the least smudge cells
was selected for morphological evaluation. Laboratory indicators, including NLR, lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR),
immature-to-total granulocyte ratio (ITGR) and
smudge cell count, were thus calculated according to
the differential count of leukocytes on morphological
examination for further analysis.
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Statistical Analysis
The demographic data, data with resuscitation
features, laboratory data and clinical data regarding
patient outcomes were presented as median (interquartile range, IQR) or number (%). Mann–Whitney
U test was used to evaluate the significant difference
of continuous variables and the chi-square test was
used to compare the categorical variables between
groups of ROSC and non-ROSC. The cut-off level in
each laboratory indicator was decided at a relatively
high Youden index after analysis of receiver operating
characteristic (ROC) curve. The chi-square test was
also used to evaluate the association of these laboratory indicators with ROSC status. Age, gender as well
as the resuscitation features which were found to be
statistically significant between ROSC and non-ROSC
groups would be further adjusted in the multivariate
binary logistic regression models. Kaplan–Meier analysis was also used to evaluate the association between
laboratory indicators and survival interval in OHCA.
A p value of 0.05 and less was considered statistically
significant. The statistical analysis was performed using IBM SPSS statistical software (version 19.0; IBM
Corp., Armonk, NY, USA).

Results
During the study interval, a total of 714 patients
with OHCA events were sent to our ED and 215 were
enrolled due to complete laboratory data and morphological examination on blood smear. Among these, 3
pediatric patients with OHCA, 9 adult patients with
traumatic OHCA, and 15 patients with OHCA who
had the DNR order before arrival at ED were excluded from the analysis. Eventually, a total of 188 OHCA
patients were registered and divided into ROSC (n =
94) and non-ROSC groups (n = 94). The demographic
data, including data with resuscitation features, laboratory data and outcomes in both groups were shown
in Table 1. The percentage of bystander witnessed of
the OHCA patients was significantly higher in ROSC
group in comparison with that in non-ROSC group
(48.9% vs. 25.5%, p < 0.001). There was no remarkable difference in distribution of the OHCA locations,
EMS support and prehospital time intervals in both
groups. The percentage of bystander CPR ranged
from 31.9% to 37.2% in the OHCA patients, without
difference between these groups (p = 0.540). Notably, the percentage of initially shockable rhythm in
the OHCA patients was significantly lower in ROSC

group than in non-ROSC group (9.5% vs. 22.3%, p
= 0.027). Besides, the percentage of prehospital epinephrine use in the OHCA cases was higher in ROSC
group than in non-ROSC group (47.9% vs. 34.0%, p
= 0.054).
In laboratory examination (Table 1), the total
leukocyte count of the OHCA patients with ROSC
was seemingly higher than that in non-ROSC group
(13.59 with IQR of 9.74–18.50 × 10 9/L vs. 12.66
with IQR of 10.62–15.86 × 109/L, p = 0.095). The
hemoglobin level was significantly lower in ROSC
group than in non-ROSC group (11.0 with IQR of
8.4–12.6 g/dL vs. 12.0 with IQR of 9.0–14.4 g/dL,
p = 0.026), and there was no statistical difference of
platelet level between ROSC and non-ROSC group
(200 with IQR of 126–275 × 109/L vs. 174 with IQR
of 119–254 × 109/L, p = 0.242). Besides, the neutrophil count of the OHCA patients was significantly
higher in ROSC group than in non-ROSC group (7.56
with IQR of 4.83–11.84 × 109/L vs. 5.69 with IQR of
3.48–9.27 × 109/L, p = 0.011), and the lymphocyte
count was seemingly lower in ROSC group than in
non-ROSC group (4.09 with IQR of 2.21–5.94 × 109/
L vs. 4.88 with IQR of 3.01–7.12 × 109/L, p = 0.059).
Furthermore, the NLR of the OHCA patients was significantly higher in ROSC group than in non-ROSC
group (1.80 with IQR of 0.85–4.11 vs. 1.24 with IQR
of 0.70–2.21, p = 0.006). In addition to NLR, the PLR
was also significantly higher in ROSC group than in
non-ROSC group (48.9 with IQR of 26.9–76.2 vs.
37.3 with IQR of 21.2–58.4, p = 0.021). There was
no apparent difference of LMR, ITGR and percentage
of smudge cells in peripheral blood smear between
ROSC and non-ROSC groups. Notably, the smudge
cell count of the OHCA patients in peripheral blood
smear was significantly lower in ROSC group than in
non-ROSC group (1.01 with IQR of 0.41–1.55 × 109/
L vs. 1.13 with IQR of 0.78–1.94 × 109/L, p = 0.030).
In the clinical outcome, the DNR order was requested
in 25 OHCA patients with ROSC (26.6%). Sixty-five
patients (69.1%) were admitted to ICU for further
management in ROSC of the OHCA group, with a
median length of ICU and general ward stay of two
days and IQR of 0–14 days. Among these, 17 (18.1%)
were discharged with hemodynamically stable status.
The cut-off levels of NLR, PLR and smudge
cell count were determined as 2.0, 40 and 0.45 × 109/
L, respectively; with a relatively high Youden index
after ROC curve analysis. Univariate analysis was
then performed and the results showed that the val-
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Table 1. The demographic data, resuscitation features, laboratory data and clinical outcome in the ROSC and
non-ROSC groups of the OHCA patientsa
Demographic data
Age (years)

ROSC (n = 94)
68 (56–79)

Gender (Male/female)

Non-ROSC (n = 94)
64 (50–79)

p-value
0.119

55/39

63/31

0.291

46 (48.9)

24 (25.5)

< 0.001

7 (7.4)

10 (10.6)

0.446

Resuscitation features
Bystander witnessed (%)
Location
Public (%)
Private (%)

56 (59.6)

59 (62.8)

0.655

Others (%)

31 (33.0)

25 (26.6)

0.337

80 (85.1)

86 (91.5)

0.256

5 (4–7)

5 (4-–7)

0.928

16 (11–20)

14 (10–18)

0.222

EMS support (%)
Prehospital time intervals (min)
Response time
Scene time
Transport time

5 (4–8)

5 (4–7)

0.960

Bystander CPR (%)

30 (31.9)

35 (37.2)

0.540

Initially shockable rhythm (%)

9 (9.5)

21 (22.3)

0.027

Prehospital epinephrine use (%)

45 (47.9)

32 (34.0)

0.054

Laboratory data
Leukocyte count (109/L)

13.59 (9.74–18.50)

12.66 (10.62–15.86)

0.095

Hemoglobin (g/dL)

11.0 (8.4–12.6)

12.0 (9.0–14.4)

0.026

Platelet (109/L)

200 (126–275)

174 (119–254)

0.242

7.56 (4.83–11.84)

5.69 (3.48–9.27)

0.011

9

Neutrophil count (10 /L)
9

Lymphocyte count (10 /L)

4.09 (2.21–5.94)

4.88 (3.01–7.12)

0.059

Neutrophil-to-lymphocyte ratio

1.80 (0.85–4.11)

1.24 (0.70–2.21)

0.006

Lymphocyte-to-monocyte ratio

8.00 (3.17–13.50)

7.50 (4.60–13.00)

0.787

Platelet-to-lymphocyte ratio

48.9 (26.9–76.2)

37.3 (21.2–58.4)

0.021

Immature-to-total granulocyte ratio

0.04 (0.00–0.08)

0.04 (0.00–0.09)

0.549

Percentage of smudge cells

25.0 (16.0–34.5)

26.0 (16.0–40.0)

0.484

1.01 (0.41–1.55)

1.13 (0.78–1.94)

0.030

9

Smudge cell count (10 /L)
Clinical outcome
DNR order (%)

25 (26.6)

—

N/A

Survival to ICU admission (%)

65 (69.1)

—

N/A

Survival to ICU and general ward discharge (%)

17 (18.1)

—

N/A

2 (0–14)

—

N/A

Length of ICU and general ward stay (day)
a

Data were expressed as number (%) or median (interquartile range).
CPR: cardiopulmonary resuscitation; DNR: do not resuscitate; EMS: emergency medical service; ICU: intensive care unit; N/A: not applicable;
OHCA: out-of-hospital cardiac arrest; ROSC: return of spontaneous circulation.
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ues of NLR more than 2.0 (odds ratio [OR]: 2.40,
95% confidence interval [CI]: 1.31–4.41, p = 0.004),
PLR more than 40 (OR: 1.83, 95% CI: 1.02–3.26, p
= 0.041) and smudge cell count less than 0.45 × 109/
L (OR: 0.33, 95% CI: 0.15–0.71, p = 0.004) were
significantly associated with the ROSC status in the
OHCA group.
To further evaluate the association of hematological indicators at ED arrival in ROSC in the OHCA
patients, the models of multivariate binary logistic regression was designed and performed (Table 2). The
following confounding factors, including age, gender,
bystander witnessed, prehospital epinephrine use and
initially shockable rhythm were adjusted. The analysis of multivariate binary logistic regression model
revealed that bystander witnessed (OR: 3.15, 95% CI:
1.59–6.27, p = 0.001) and prehospital epinephrine use
(OR: 2.15, 95% CI: 1.10–4.23, p = 0.026) were significantly associated with ROSC in OHCA. Besides,
NLR of more than 2.0 (OR: 2.13, 95% CI: 0.99–4.58,
p = 0.052) and smudge cell count of less than 0.45 ×
109/L (OR: 0.44, 95% CI: 0.18–1.05, p = 0.064) were
seemingly associated with ROSC of the OHCA patients, but there was no statistical significance. PLR
of more than 40 was not associated with ROSC of the
OHCA patients (OR: 1.08, 95% CI: 0.52–2.26, p =
0.829). In Kaplan–Meier survival analysis, it revealed
that NLR of more than 2.0 and smudge cell count of
less than 0.45 × 109/L were prone to patient survival
in the early course of admission, but there was no
significantly association of survival interval in the
OHCA patients (p = 0.375 and 0.753, respectively;
Fig. 1).

Discussion
Our main finding indicated that several laboratory indicators, including NLR and smudge cell
count in peripheral blood smear at ED arrival, were
associated with ROSC of the OHCA patients. We also
explored the prognostic role of NLR and smudge cell
count in relationship with ROSC status and survival
interval in OHCA. To the best of our knowledge, this
is the first study to illustrate the association of NLR,
PLR and smudge cell count in peripheral blood smear
via both automated hematology analysis and morphological assessment with ROSC of OHCA in the Taiwanese population. The laboratory indicators, NLR
and smudge cell count, appeared to be predictive of
ROSC in the OHCA population, thus facilitating the
process of patient care and information provided to
clinicians and the relatives.
As one of the simple and cost-effective parameters, NLR was often used for the assessment
of systemic inflammatory status and response. Accumulating evidence revealed that an elevated NLR
was greatly associated with poor prognosis in cardiovascular diseases,10-12 septic shock13 and a variety of
solid cancers.7,8,14-17 Further study also indicated that a
positive change of NLR (higher than initial NLR) was
significantly related to decreased survival rate when
compared with the negative change (lower than initial NLR) in gastric and pancreatic cancers, and even
had a better performance in predicting the prognosis
than the initial NLR.18,19 Although the detailed mechanisms by which the NLR was predictive of clinical
outcomes has not been totally understood yet, it was

Table 2. The multivariate binary logistic regression analysis in the ROSC and non-ROSC groups of OHCA
patientsa
OR

95% CI

p-value

Age

1.01

0.99–1.03

0.275

Gender (female)

0.70

0.36–1.36

0.290

Bystander witnessed

3.15

1.59–6.27

0.001

Initially shockable rhythm

0.40

0.16–1.01

0.051

Prehospital epinephrine use

2.15

1.10–4.23

0.026

NLR > 2.0

2.13

0.99–4.58

0.052

1.08

0.52–2.26

0.829

0.44

0.18–1.05

0.064

Binary logistic regression

PLR > 40
9

Smudge cell count > 0.45 × 10 /L
a

The model was adjusted by age, female, bystander witnessed, prehospital epinephrine use and initially shockable rhythm.
CI: confidence interval; NLR: neutrophil-to-lymphocyte ratio; OHCA: out-of-hospital cardiac arrest; OR: odds ratio; PLR: platelet-to-lymphocyte
ratio; ROSC: return of spontaneous circulation.
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(A)

(B)
NLR ≤ 2.0
NLR > 2.0

p-value of log-rank test: 0.375

Smudge cell count ≤ 0.45 × 109/L
Smudge cell count > 0.45 × 109/L

p-value of log-rank test: 0.753

Fig. 1. The Kaplan–Meier analysis to investigate the relationship of neutrophil-to-lymphocyte ratio (NLR) and smudge
cell count in survival interval of the out-of-hospital cardiac arrest (OHCA) patients. (A) The effect of NLR on
survival interval in OHCA. (B) The effect of smudge cell count on survival interval in the OHCA patients.

believed that combined effects of relative neutrophilia
and lymphocytopenia might mediate proinflammatory
cytokine release, subsequently lead to tissue inflammation and injury due to severe and uncontrolled
innate immune system activation.13,19,20 Recently, the
predictive role of NLR in OHCA was investigated,
and it was shown that NLR of 6 and more or abnormal differential count based on automated hematology analyzer was independently associated with poor
survival in comparison with NLR less than 6 in the
OHCA group by Weiser et al.,6 which was inconsistent with our results. It was also observed that expression of interleukin (IL)-8 and IL-10 was significantly
higher in the non-survivor group than in the survivors
of OHCA at ROSC,21 which may partially and indirectly elucidate the pathophysiology and role of NLR
in OHCA. As is well known, IL-8 plays a pivotal role
in the neutrophil chemotaxis, and IL-10 belongs as an
anti-inflammatory cytokine that suppresses type 1 T
helper cell-mediated cytokine release and induces B
cell activation and antigen production. Interestingly,
another study conducted by Başer et al. revealed that
NLR at initial was seemingly higher in the survivors
than in the decedents of the post-cardiac arrest (PCA;
6.0 with IQR of 10.3 vs. 3.3 with IQR of 6.7, p =
0.07).22 The above results appeared to be partially
consistent with our data, indicating that higher value
of initial NLR could be predictive of ROSC after

PCA management. Başer et al. further investigated the
therapeutic efficacy of targeted temperature management (TTM) on the PCA patients and found that NLR
of survivors was remarkably lower than that of decedents during TTM.22 Besides, there was no obvious
difference of body temperature at admission among
the group with NLR less than 6, NLR of 6 and more
as well as abnormal differential count (35.7 with IQR
of 35.2–36.3°C vs. 35.5 with IQR of 34.8–36.2°C vs.
35.6 with IQR of 34.8–36.2°C, p = 0.099); and the
percentage of TTM was significantly higher in the
group of NLR of 6 and more than of NLR less than
6 (76% vs. 61%, p < 0.001), as shown by Weiser et
al.6 These results implied that body temperature could
affect the value of NLR at admission in the OHCA
population. One previous study has shown that hypothermia could reduce neutrophil circulation and
release from bone marrow,23 thus possibly leading to
a decrease of NLR. It was also reported that OHCA
patients with low body temperature of 34.0°C and
less had poor survival rates at admission in comparison with those who had higher body temperature than
34.0°C.24 This phenomenon could partially explain
why the value of NLR was higher in survivors than
in decedents of PCA in both the data described by
Başer et al.22 and in our study. However, the NLR in
the survivors of PCA shown by Başer et al.22 exceeded the referenced normal range, whereas the NLR in
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the ROSC group of OHCA was within the referenced
range in our results.25 It was not surprising that our
data partially differed from those reported in the previous studies, since the deviation could be presented
due to the investigation in different study populations
and regions, and the etiologies varied case by case
in the PCA and OHCA populations. Eventually, the
predictive role of NLR should be carefully interpreted
in the prognosis of OHCA, and further prospective
investigation on the prognostic performance of NLR
remains to be disclosed.
In addition to NLR, PLR, LMR and ITGR were
also known as the simple and inexpensive laboratory
markers that could reflect systemic inflammatory condition and immune response. Similar to NLR, it was
demonstrated that the above indicators played predictive roles in the clinical outcome of cardiovascular
diseases,26-28 sepsis29,30 and cancers.31-33 However, the
relationship between the laboratory indicators of PLR
and LMR and OHCA remains unexplained. Previously, it was reported that high ITGR was markedly
associated with post-resuscitation shock in the OHCA
patients.34 Nevertheless, it seemed that ITGR was unable to predict the clinical outcome of OHCA in our
study population.
Previously, the smudge cell was considered as an
artifact in peripheral blood smear due to the cellular
fragility during improper slide preparation, and was
thus deemed to be of minimal clinical significance.35
However, recent studies described the association
of smudge cells with chronic lymphocytic leukemia
(CLL). 36-39 It was revealed that the percentage of
smudge cells in peripheral blood smear was independently associated with the prognosis in CLL.36-39
Besides, CLL patients with the percentage of smudge
cells of 30% and less had a significantly lower risk
of death (HR: 0.47, 95% CI of 0.32–0.71, p < 0.001)
and longer median survival interval (6.0 vs. 3.5 years)
but lower survival rate (51% vs. 81%) than those with
the percentage of smudge cells more than 30%.38 Further research elucidated that decreased expression of
vimentin, cluster of differentiation 38 (CD38) and 70
kD zeta-associated protein (ZAP-70) was contributed
to the fragility of lymphocytes, leading to the production of smudge cells.36-38 Furthermore, it was observed
that the percentage of smudge cells could be elevated
in solid and blood cancers, infections and OHCA, but
was not predictive of clinical outcome because of limited case number.40 In the present study, there was no
difference of the percentage of smudge cells between

ROSC and non-ROSC groups of OHCA. Interestingly, however, the smudge cell count in peripheral blood
smear was seemingly higher in the non-ROSC group
than the ROSC group of OHCA. The smudge cell
count may provide certain information regarding clinical outcome of OHCA to clinicians in ED for further
management and therapeutic strategies. However, the
mechanism of increased production of smudge cell in
OHCA remains to be explored.
There were some major limitations in our study.
First, this investigation was a retrospective study
design with limited case number and the participants
in this study population were all Taiwanese. Thus, it
should be certain bias leading to some discrepancies,
such as that the proportion of initial shockable rhythm
was significantly higher in the non-ROSC group in
comparison with that in the ROSC group in our study.
Second, the lack of initial body temperature data of
these OHCA patients in the EMS sheet and medical
record in ED led to difficulties in evaluating the effect
of hypothermia on the concentration of circulating
neutrophils and thus in analyzing the association
of NLR at admission with the clinical outcome of
OHCA. And the lack of following examination on
complete blood count and morphological examination
in peripheral blood smear made it failed to observe
the change of NLR in the OHCA patients. Also, the
neurological outcome was not recorded and not analyzed in the OHCA group with ROSC after discharge
in our study. Besides, though at least two slides were
made in each OHCA patient either by the automated
hematology analyzer or the medical technologist and
slide with the least smudge cells was selected for
morphological evaluation, the possibility could not
be totally excluded in which part of the presence of
smudge cells in the smear was due to artifact.

Conclusions
The present study revealed that higher value
of NLR and lower smudge cell count at ED arrival
seemed to be associated with a higher rate of ROSC
in the OHCA population. NLR and smudge cell count
at ED arrival could be potential indicators of ROSC
status in patients experiencing OHCA events.
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