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Bacground: Nucleated red blood cells (NRBCs) are immature erythrocytes that are not normally detected in the
blood of healthy adults. The detection of these cells in peripheral blood is associated with increased mortality
and poor prognosis. In this study, we aimed to investigate whether NRBCs predict for all causes of death in pa-
tients admitted to the emergency department (ED).

Method: This study was conducted retrospectively between January 2019 and December 2019 in academic emer-
gency department, faculty of medicine. We included all patients who died of non-traumatic causes and The con-

K ds: . . .
Nfﬂgte; red blood cells trol group consisted of patients discharged from the ED. NRBCs and other laboratory parameters were compared
Mortality between the two groups. The primary outcome is all-cause mortality in the ED. Multivariate logistic analysis was

performed.

Results: A total of 204 patients (119 male) were included in the study. The mean age of the patients was
66.7 + 14.6 years. NRBC value was higher in those who died (678.43 + 655.16/ pl) compared to the con-
trol group (22.55 + 57.86/ ul) (P < 0.001). According to receiver operating characteristic curve analysis
(ROC) performed for the prediction all cause mortality in the ED, the best cut-off point for NRBC was
>0 /ul (sensitivity 94,12%, specificity 82,35%, Area Under Curve (AUC) =0.97). In the multivariate logistic
regression analysis, the NRBC was associated with all-cause mortality in the ED (odds ratio,OR = 1.020,
confidence interval, CI = 1.012-1.028).

Conclusions: High blood levels of nucleated red blood cells at admission to the emergency department may be
associated with increased mortality.

Emergency department

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

Nucleated red blood cells (NRBCs) are precursor cells of the erythro-
poietic series and are not found in circulation in healthy adults, their de-
tection in peripheral blood is associated with increased mortality and
poor prognosis. They appear in peripheral blood in cases of hematopoi-
etic stress, such as inflammation, massive bleeding, hematological can-
cer, extramedullary hematopoiesis or severe hypoxia [1,2].

Recently, studies have investigated the relationship between criti-
cally ill patients and NRBCs levels. In these studies, it was emphasized
that routine analysis of NRBCs in critically ill patients may be effective
in predicting mortality. Prolonged hospital stay and increased mortality
were found to be related to NRBCs levels. Furthermore, in admission to
intensive care unit (ICU), the NRBCs values were indicated to be an in-
dependent risk factor for mortality [1-4].
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This marker may be useful in identifying patients at high risk of mor-
tality presenting to the ED. To the best of our knowledge, we have not
found any study investigating the relationship between mortality and
nucleated red blood cells in ED patients. Therefore, we hypothesized
that NRBCs blood levels may be high in patients who died in the early
period (first 24 h) admitted to ED.

In this study, we tried to investigate whether NRBCs predict mortal-
ity in patients admitted to the ED.

2. Materials and method
2.1. Patients and study design

This present retrospective study was conducted between January
2019 and December 2019 at Mersin University Hospital, a tertiary aca-
demic Emergency Medicine Department. Our ED serves approximately
100,000 patients a year. The study was conducted by retrospectively an-
alyzing all data from the hospital's electronic information operating
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system. Approval was obtained from the Ethics Committee dated 19/08/
2020 and numbered 594/17 for the study.

Patients whose laboratory data were not available, those with hema-
tological disease, patients with cancer, patients under the age of 18, im-
munosuppressive patients, trauma patients, those who received
chemotherapeutic drugs and corticosteroid therapy were not included
in the study. A total of 120 cases who died were found eligible and en-
rolled in the present study, and 18 cases were excluded and the study
was completed with 102 cases. In addition, 102 patients who applied
to ED were included in the study as a control group. The control group
consisted of patients who had no serious illnesses and who met exclu-
sion criteria. Finally, the data of 204 cases were analysed. Patients’
ages, genders, leukocyte, haemoglobin, red cell distribution width
(RDW), nucleated red blood cells (NRBC), platelet-large cell ratio (P-
LCR) and CRP values were recorded in the study form. All parameters
were statistically compared between deceased and control groups.

2.2. Laboratory examination

After blood was taken into an EDTA tube for the determination of
leukocyte, Hb, RDW, NRBC and P-LCR, the measurement was made on
the otoanalyzer (XN-1000, Sysmex Corp. Kobe, JAPAN). Normal refer-
ence values of the parameters in our study were as follows: leukocyte
(4500-11,000 /mm3), Hb (12.6-17.4 g/dl), RDW (11.6-14.8%), NRBC
(30-110 /ul), PLCR (%), serum CRP (0-5 mg / L).

2.3. Statistical analysis

Normality controls of continuous measurements were tested with
Shapiro Wilk test. For group comparisons of continuous measurements,
Student's t-test was used for normally distributed data and Mann Whit-
ney U test was used for data that did not show normal distribution.
Mean and standard deviation values are given as descriptive statistics.
Pearson's chi-square test was used for the analysis of categorical data.
Univariate logistic regression analysis was performed to determine the
factors affecting thedeaths. Significant ones (leukocyte, NRBC, PLCR,
RDW, Hb, CRP) in univariate analyzes were tested by Multivariate Logis-
tic regression analysis. In addition, ROC analyzes were used to deter-
mine the cut-off points of continuous variables. Number and
percentage values are given as descriptive statistics. Statistical signifi-
cance was taken as p < 0.05.

3. Results

A total of 204 patients, 119 (58.3%) male and 85 (41.7%) female,
were included in the study. The mean age of the patients were 66.7 +
14.6 years. When the distribution of causes of death in the emergency
department is examined; It was found to be due to cardiovascular
(37.2%), pulmonary (13.7%) and infective reasons (10.8%), respectively
(Table 1). NRBC value was higher in patients who died than in control
group (678.43 & 655.1/ul, 22.55 £ 57.86/, p < 0.001. In addition, leu-
kocyte, PLCR, RDW and CRP values were found to be statistically higher
in the patients who died. There was no difference in Hb value between
the two groups (Table 2).

Table 1

Distribution of causes of death in the emergency department
Cardiovascular 8 (37.2%)
Pulmonary 15(14 8%)
Infection 14(13 7%)
Neurological 11(10.8%)
Cancer 10(9.8%)
Gastrointestinal 4(3.9%)
Other 10(9.8%)
Total 102(100%)
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Table 2
Comparison of laboratory values between patients who died in the emergency depart-
ment and the control group.

Parameters Dead (n = 102) Control (n = 102) P
(Mean =+ SD) (Mean + SD)

Age 68,4 + 16.8 65,0+ 11,9 0,099
Leucocyte 12,988,82 + 4541,49 8640,59 + 2477,85 <0,001
PLCR 30,63 £ 6,29 28,45 4+ 6,95 0,020
Hb 12,99 + 1,85 12,83 + 1,44 0,507
RDW 15,39 + 2,92 14,29 + 2,13 0,002
NRBC 678,43 + 655,16 22,55 + 57,86 <0,001
CRP 14,12 + 13,74 6,86 + 6,23 <0,001

According to receiver operating characteristic curve analysis (ROC)
performed for the prediction all cause mortality in the ED, the best
cut-off point for NRBC was >0 /pl, the sensitivity and specificity of
94.12%, and 82.35% respectively, and positive and negative predictive
values of 84.21% and 93.33%, respectively: When the cut-off value for
leukocyte value was>10,330 /mm3, the sensitivity was 76.47% and
the specificity was 75.49%. The specificity and sensitivity of RDW,
PLCR, CRP and Hb values were found to be poorer. When the AUC values
were examined, the highest value was found in NRBC (AUC = 0.947, (p
<0.001). AUC values for leukocyte, CRP, RDW, PLCR, and Hb were 0.806,
0.680, 0.620, 0.596 and 0.505, respectively (Table 3) (Fig. 1).

Univariate logistic regression analysis was performed to determine
the factors affecting the deaths. In the univariate analysis, the following
parameters were found to be statistically associated with mortality: leu-
kocyte, NRBC, PLCR, RDW, Hb and CRP. According to the results of mul-
tivariate regression analysis using variables (Leukocyte, NRBC, PLCR,
RDW, Hb and CRP) that were statistically significant in univariate anal-
ysis, 1t was determinated that high NRBC and leukocyte levels were
found to be associated with increased mortality. The correct classifica-
tion rate of the model was calculated as 92.2%. Nucleated red blood
cells (OR = 1.020, CI = 1.012-1.028, p < 0.001) and leukocyte (OR =
1.001, CI = 1000-1.001, p < 0.001) parameters were observed to be in-
dependent variables predicting the deaths. There are 1.020 times more
deaths for 1 unit increase in NRBC values (p < 0.001). Likewise, as the
leukocyte values increase, 1.001 times more deaths occur (p < 0.001)
(Table 4).

4. Discussion

To our knowledge, this study constitutes the most comprehensive
review of the relationship between NRBCs and deaths in the ED. Our
main finding, NRBC value was found to be an independent variable of
all-cause deaths admitted to the ED. Nucleated red blood cells leuko-
cyte, PLCR, RDW and CRP values were found to be higher in the patients
who died. When the AUC values were evaluated in the ROC analysis, the
highest AUC value was found in NRBC. In addition, the specificity and
sensitivity of NRBC in distinguishing patients who died were 82.35%
and 94.12%, respectively.

NRBCs are normally observed in the peripheral blood of newborns
and during pregnancy. In all other conditions, NRBC is accepted as a
marker of severe stress or pathological erythropoiesis [5]. Systemic in-
flammation, hypoxia and massive bleeding, leading to an increase in
erythropetic pressure, can lead to an increase in NRBC [6].

Stachon et al. revealed increased mortality in critical ill patients with
elevated NRBC levels in peripheral blood. They also stated that NRBC
showed 57.9% and 93.9% sensitivity and specificity for in-hospital mor-
tality, respectively [3]. In another study, Menk et al. noted that increased
mortality and prolonged hospitalization in patients with high concen-
tration of NRBC. They also found that NRBC was an independent risk fac-
tor for mortality in admission to ICU. A cut-off level of NRBC 220/ul was
associated with more than three times the risk of ICU death [2]. Simi-
larly, Purtle et al. stated that if the NRBC concentration is above 200/l
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Table 3
Performance characteristics of laboratory parameters in determining mortality
Parameters Cut-off AUC Sensitivity Specificity PPV NPV
(p)
Leucocyte >10,330 0,806 76,47 75,49 75,73 76,24
(0,0001) (67,0-84,3) (66,0-83,5) (66,29-83,63) (66,74-84,14)
PLCR >294 0,596 58,82 60,78 60,00 59,62
(0,0159) (48,6-68,5) (50,6-70,3) (49,72-69,67) (49,54-69,12)
Hb <119 0,505 37,25 74,51 59,38 54,29
(0,9084) (27,9-47,4) (64,9-82,6) (46,37-71,48) (45,66-62,72)
RDW >15,5 0,620 40,20 83,33 70,69 58,22
(0,0021) (30,6-50,4) (74,7-90,0) (57,27-81,90) (49,78-66,32)
NRBC >0 0,947 94,12 82,35 84,21 93,33
(0,0001) (87,6-97,8) (73,5-89,2) (76,20-90,36) (86,04-97,50)
CRP >9,6 0,680 57,84 74,51 69,41 63,87
(0,0001) (47,7-67,6) (64,9-82,6) (58,47-78,95) (54,55-72,47)

the mortality rate increases [4]. Likewise, Desai et al. reported that in-
hospital and ICU mortality rates increased with increasing NRBC con-
centration [7]. In our study, we found NRBCs to be an independent pre-
dictor of death in patients in the ED, and the NRBC value was found to be
higher in patients who died (678.43 + 655.16/pl) than in the control
group. In our study, the cut-off value of NRBC was >0/pl. This means
that NRBC does not exist in peripheral blood under normal conditions.
This result corresponds exactly with the literature information. At
such a cut-off value, the sensitivity and specificity of NRBC were found
to be 82.35%, 94.12%, respectively. The sensitivity and specificity values
were found to be higher when compared with other markers. Also,
among the parameters, the highest AUC value (0.947) was found in
NRBC. According to these data, the use of NRBC may be appropriate to
distinguish critical patients, especially in crowded emergency
departments.

In emergency department patients, the mechanism of the relation-
ship between NRBC and mortality is not fully understood. However, it
has been reported in several publications that this condition is associ-
ated with severe hypoxia. In addition, the inflammatory response char-
acterized by cytokine release may be associated with increased NRBC

levels. Apart from erythropoietin(EPO), erythropoiesis is also regulated
by the influence of various factors such as granulocyte macrophage col-
ony stimulating factor, interleukins, tumor necrosis factor and glucocor-
ticoids. The main source of EPO is kidney and its production is
stimulated by hypoxia. Acute hypoxia can produce an erythropoietin re-
sponse within 1.5 h [8-10]. As with the above mechanisms, it may be
thought that the increased NRBC level in our patients who died may
be due to hypoxic and systemic inflammation. Because if we assume
that the vast majority of our patients die from cardiovascular and pul-
monary causes, this hypothesis may be more likely to be correct. In ad-
dition, high CRP and leukocyte count, which are among the early
indicators of acute phase response in cases with death in our study, sup-
port the role of inflammatory mediators in the production and release of
nucleated red blood cells. Further research on this subject may be re-
quired to elucidate possible mechanisms.

The limitations of this study are that it is single center and retrospec-
tive. In addition, the causes of death in patients admitted to the emer-
gency department were not considered separately. Therefore, we
were unable to analyze the relationship between NRBC and cause-
specific mortality. The relationship between specific patient conditions
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Fig. 1. Receiver-operating characteristics curve that shows the relationship between mortality and variables.
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Table 4
Multivariate Logistic regression analysis of variables for the prediction of mortality
Variables B Wald OR (%95 CI) P
Leucocyte ,001 18,765 1001 <0,001
(1000—1001)
PLCR ,087 3696 1091 ,055
(0,998-1191)
RDW ,061 ,251 1063 ,616
(0,838-1349)
NRBC ,020 24,579 1020 <0,001
(1012-1028)
CRP ,004 ,014 1004 ,906

(0,935-1078)

and NRBC significance can be further explored and elaborated. More-
over, using a multicenter approach may be more beneficial for
generalizability.

5. Conclusions

The presence of NRBC in peripheral blood may be an early predictor
of death in patients admitted to the emergency department. This
marker is routinely measured by analysis of hematological parameters
and can therefore be used for further evaluation at no additional cost.
This study should make clinicians think that the presence of NRBC in pe-
ripheral blood may be a predictor of all-cause death in patients admitted
to EDs. These patients should be under close follow-up.
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