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Abstract

INTRODUCTION: Nucleated red blood cells and immature granulocytes are not normally detected in the blood
of healthy adults. We aimed to investigate the effect of nucleated red blood cells and immature granulocytes
on mortality in order to identify critically ill patients who were admitted to the emergency department,
at high risk of death, and who was not traumatic.

MATERIAL AND METHODS: This study was performed retrospectively in the emergency department of a ter-
tiary education and research hospital between January 2021 and June 2021. All patients who died out of
trauma and patients who were discharged from the emergency department on the same day were includ-
ed. Nucleated red blood cells and immature granulocytes parameters were compared between the two
groups. The primary outcome was all-cause death in the emergency department.

RESULTS: Of the 188 patients included in the study, 129 (68.6%) were male. Nucleated red blood cells
(1.88 = 6.9/uL; 0.02 = 0.08), % immature granulocytes (2.91 + 3.04/uL; 0.58 + 1.63) and immature red
blood cells in deceased patients’ granulocyte count (0.38 + 0.46/uL; 0.04 + 0.04) was significantly more
significant than the control group (p < 0.001). When the area under the curve was examined, the highest
value was found in nucleated red blood cells (Area under the curve = 0.920, p < 0.001). In multivariate
regression analysis, high nucleated red blood cells, immature granulocyte count, and white blood cell levels
were associated with all-cause mortality in the emergency department.

CONCLUSIONS: High nucleated red blood cells and immature granulocyte levels may be associated with in-
creased mortality during admission to the emergency department.
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INTRODUCTION after birth in healthy newborns and are not found
Nucleated red blood cells (NRBC) are immature eryth-  in peripheral blood in a healthy adult [1]. NRBC ap-
rocyte cells that are the progenitor cells of the eryth-  pears in circulation in a variety of situations. These
ropoietic series. They disappear within a few weeks are conditions such as inflammation-causing he-
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matopoietic stress, massive bleeding, hematologi-
cal cancer, extramedullary hematopoiesis, or severe
hypoxia [2, 3]. The increase in erythropoietin and
high proinflammatory cytokine (IL-3 and IL-6) levels
after local and systemic disorders are associated with
the formation of NRBC in the blood [4]. Although
a precise mechanism for the transfer of NRBCs from
the bone marrow to the circulation is still unclear,
it has been emphasized that their detection in pe-
ripheral blood may be associated with increased
mortality and poor prognosis [5]. It has also been
shown that NRBCs can occur up to three weeks
before death [2, 5, 6]. Recently, studies performed
on ARDS, sepsis, internal medicine, surgery, and cor-
onary intensive care patients have shown that NRBCs
have a high prognosis in terms of mortality [3, 5-8].

Immature granulocytes (IG) are neutrophils that
come from progenitor cells in the bone marrow dur-
ing maturation and are not normally seen in healthy
people [9]. IGs are a new marker of inflammation
and are released into the systemic circulation in cas-
es such as bacterial infections, acute inflammatory
diseases, cancer, tissue necrosis, acute transplant re-
jection, surgical and orthopedic traumas, myelopro-
liferative diseases, steroid use, and the last trimester
of pregnancy [10]. It has been emphasized that
the emergence of IG is an effective marker in predicting
the severity of the disease in the early period [11].

It can be measured easily and quickly from
a complete blood count on both NRBC and IG au-
tomated analyzers. Non-traumatic critical patients
in the emergency department (ED) are an important
group that has not been adequately studied in the
scientific literature. These hematological markers
may be useful in identifying patients who present to
the ED and have a high risk of mortality. To the best
of our knowledge, there are no studies investigating
the relationship between NRBC and IG and mortality
in ED patients. We thought that both NRBC and |G
levels would increase in patients who presented to
the ED and died within the first 24 hours. The aim of
this study was to investigate the effects of NRBC and
|G on mortality in order to better identify critically ill
patients presenting to the ED, at high risk of death,
and non-traumatic.

MATERIAL AND METHODS
This study was designed as a single-center, retro-
spective cross-sectional study, and ethics commit-
tee approval was obtained from Medipol University.

The study was carried out in a tertiary education
and research hospital with a capacity of 700 beds,
with an annual average of 150,000 patients. Patients
aged 18 years and older and who died within the first
24 hours, admitted to the ED between January 2021
and June 2021 were screened. Patients under the
age of 18, pregnant women, trauma patients, pa-
tients without laboratory data, cancer patients,
immunosuppressive patients, patients with hema-
tological and immunological diseases, and patients
receiving chemotherapy and steroids were exclud-
ed from the study. It was divided into two as the
dead group and the control group. The control
group consisted of patients who did not have any
serious disease, did not meet the exclusion criteria,
and were discharged from the ED. In addition, pa-
tients in the control group were included in the
same number, same day, and age group as the dead
group. For this purpose in the study form, param-
eters were recorded using the hospital information
management system database, age, gender, white
blood cell (WBC), hemoglobin (Hb), red cell distri-
bution width (RDW), NRBC, immature granulocyte
count (IGS) and percentage (IG%) at the time of ad-
mission to the ED. These parameters were measured
with an autoanalyzer after blood was drawn into
the EDTA tube, and normal reference values were leu-
kocytes (4500-11.000/mm?), Hb (12.6 17.4 g/dL),
RDW (11.6-14.8%), NRBC (0), IGS (0), and IG % (0).
All parameters were statistically compared between
the dead and control groups.

Statistical method

Statistical analysis of the data was done in IBM SPSS
Statics Version 26 program. Pearson Chi-Square
and Fisher’s Exact test were used to comparing cat-
egorical data between groups, and Mann Whitney
U statistical analyzes were used for comparisons
between the two groups since continuous data were
not normally distributed. The relationship between
laboratory values and mortality was evaluated by
logistic regression analysis and their predictive pow-
er of mortality was evaluated using ROC analysis.
P <0.05 was considered statistically significant.

RESULTS
A total of 188 patients, including 94 dead
and 94 control patients, who met the inclusion criteria
in this study, were included in the study. 129 (68.6%)
of the patients were male and 59 (31.4%) were fe-
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Table 1. Demographic and laboratory findings distribution of patients

Control Ex Total p

Mean = SD Mean = SD Mean = SD
Age [years] 68.95 = 9.97 70.35 = 12.83 69.65 = 11.4 0,099
WBC [/mms] 883 +28 13.57 £ 6.13 11.2 £ 5.31 < 0.001
Hemoglobin [g/dL] 1224 +2.2 11.36 + 2.75 11.8 +2.52 0.026
RDW 15.04 = 2.55 16.37 = 3.23 15.71 = 2.97 0.007
NRBC 0.02 = 0.08 1.88 +6.9 0.95 = 4.96 < 0.001
1G% 0.58 = 1.63 291 +3.04 1.74 £ 2.7 < 0.001
IGS 0.04 = 0.04 0.38 = 0.46 0.21 £0.36 < 0.001
Sex n (%) n (%) n (%)
Male 65 (69.1) 64 (68.1) 129 (68.6) 0.875
Female 29 (30.9) 30(31.9) 59 (31.4)
Causes of death n (%)
Cardiovascular 31 (33%)
Pulmonary 21(22.3%)
Infective 20 (21.3%)
Neurological 10 (10.6%)
Gastrointestinal 6 (6.4%)
Other 6 (6.4%)
Total 94 (100%)

Pearson Chi Square, Fisher’s Exact test Mann Whitney U analysis

1G% — percentage of immature granulocytes; IGS — immature granulocyte count; NRBC — nuclear red blood cell; RDW — red blood cell distribution width; WBC — white blood cell

male, and the mean age was 69.65 = 11.4 years.
It was NRBC value 1.88 + 6.9/uL, 0.02 = 0.08, %IG
2.91 = 3.04/uL, 0.58 = 1.63 and IGS 0.38 = 0.46/uL,
0.04 + 0.04 in the dead group and control group,
respectively. There was a statistically significant dif-
ference between the two groups in terms of all
parameters. (p < 0.001) (Tab. 1). When the distribu-
tion of causes of death in the ED was examined, the
first three cases were due to cardiovascular (33%),
pulmonary (22.3%), and infective (21.3%) patholo-
gies. (Tab. 1).

According to the results of the analysis made
for the estimation of all-cause deaths in the ED;
The sensitivity of NRBC is 87.23 specificity is 93.62%,
positive predictive value was 93.2% and negative
predictive value was 88% (p < 0.0001). The sensitiv-
ity of IG % is 75.27%, specificity is 92.55%, positive
predictive value was 90.9% and negative predictive
value was 79.1% (p < 0.0001), Sensitivity for IGS
is 86.17%, specificity is 81.91%, positive predictive
value was 82.7% and negative predictive value was
85.6% (p < 0.0001). The specificity and sensitiv-
ity of Hb and RDW values were lower. When the

area under the curve (AUC) values were examined,
the highest value was found in NRBC (AUC = 0.920,
p < 0.001). AUC values for IGS, 1G %, WBC, RDW,
and Hb respectively were 0.900, 0.895, 0.790,
0.613, and 0.594, (Tab, 2, Fig. 1).

Univariate logistic regression analysis was per-
formed to determine the factors affecting deaths.
In univariate analysis, WBC, Hb, RDW, NRBC, 1G %,
and IGS were found to be statistically significant
with mortality. According to the results of multivar-
iate regression analysis, it was determined that high
NRBC, IGS, and WBC levels were associated with in-
creased mortality. It causes 69.59 times more deaths
for every 1 unit increase in NRBC values (p = 0.000).
It causes 5.43 times more deaths for every 1 unit
increase in IGS values (p = 0.019). Likewise, as
WBC values increase, 1.25 times more deaths occur
(p =0.011) (Tab. 3).

DISCUSSION
In this study, we found that NRBC, IG %, and IGS
were useful in identifying non-traumatic critical
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Table 2. Performance characteristics of laboratory parameters in determining mortality

Cut-off AUC p Sensitivity Specificity +PV -PV
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
WBC > 9.6 0.790 < 0.0001 | 79.79 69.15 72.1 77.4
(0.725-0.846) (70.2-87.4) (58.8-78.3) (62.5-80.5) (67.0-85.8)
Hemoglobin <8.8 0.594 0.023 22.34 95.74 84 55.2
(0.520-0.665) (14.4-32.1) (89.5-98.8) (63.9-95.5) (47.2-63.0)
RDW >16.5 |0.613 0.005 41.49 75.53 62,9 56.3
(0.540-0.683) (31.4-52.1) (65.6-83.8) (49.7-74.8) (47.2-65.2)
NRBC >0 0.920 < 0.0001 | 87.23 93.62 93.2 88
(0.871-0.954) (78.8-93.2) (86.6-97.6) (85.7-97.5) (80.0-93.6)
1G% >0.8 0.895 < 0.0001 | 75.27 92.55 90.9 79.1
(0.842-0.935) (65.2-83.6) (85.3-97.0) (82.2-96.3) (70.3-86.3)
IGS > 0.06 | 0.900 < 0.0001 |86.17 81.91 82.7 85.6
(0.848-0.939) (77.5-92.4) (72.6-89.1) (73.7-89.6) (76.6-92.1)

1G% — immature granulocyte percentage; IGS — immature granulocyte count; NRBC — nuclear red blood cell; RDW — red blood cell distribution width; WBC — white blood cell
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FIGURE 1. ROC curve drawn for the diagnostic power of labora-
tory parameters in determining mortality

patients in the emergency department. We also
showed that the presence and levels of NRBC, IG
%, and IGS in peripheral blood are independent var-
iables of all-cause mortality in patients admitted to
the ED. These results can help emergency physicians
identify critically ill patients so that earlier action can
be taken for the patient.

In our results, we found that NRBC, I1G %, IGS,
WBC, Hb, and RDW values were higher in patients
who died compared to the control group. In addi-
tion, the sensitivity and specificity rates of NRBC, 1G
%, and IGS values were found to be quite high in
identifying critically ill patients. NRBC had the high-

est overall sensitivity and specificity in distinguishing
patients who died.

Immature blood cells are not normally found
in the systemic circulation in healthy adults. Hema-
tological and oncological diseases, as well as in-
flammatory and hypoxemic processes, are the main
stimuli for the further production of blood elements
by the bone marrow. The presence of these im-
mature young cells in the peripheral circulation is
directly related to the intensity of systemic inflam-
mation and hypoxemia and consequently is asso-
ciated with a worse prognosis [8, 12] Stachon et al
in their study on 4173 patients, showed that NRBC
was seen with the highest incidence in the inten-
sive care unit (ICU), the mortality rate was 21.1%
in patients with NRBC positive and it was associat-
ed with in-hospital mortality. They also noted that
NRBCs have high prognostic power for in-hospital
mortality and may serve as an early indicator of
patients at increased risk. [13]. In the observational
study of Menk et al in 404 patients with severe
acute respiratory distress syndrome (ARDS); They
showed that NRBC was associated with longer in-
tensive care unit stay and higher mortality rates,
and NRBCs were more than 3-fold higher risk of
mortality if > 220/uL. [3]. Stachon et al. [2] re-
vealed a significant relationship between NRBC
and increased mortality in a prospective study of
284 surgical intensive care patients. Stachon et al. [7]
in their study on intensive care patients; the mortal-
ity rate was determined as 44.0% in NRBC-positive
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Table 3. Results of multivariate logistic regression analysis for the effect of laboratory values on survival

Wald p OR (95% Cl)
WBC 0.220 6.411 0.011 1.25 (1.051-1.478)
Hemoglobin -0.104 0.498 0.480 0.9 (0.675-1.203)
RDW -0.062 0.231 0.631 0.94 (0.73-1.21)
NRBC 4.243 41374 0.000 69.59 (19.104-253.529)
1G% 0.082 0.449 0.503 1.09 (0.854-1.379)
IGS 1.691 5.478 0.019 5.43 (1.317-22.37)
Constant -3.030 0.838 0360

1G% — percentage of immature granulocytes; IGS — immature granulocyte count; NRBC — nuclear red blood cell; RDW — red blood cell distribution width; WBC — white blood cell

patients, and NRBCs in blood showed 83.3% sensi-
tivity and 78.9% specificity regarding intensive care
mortality. They also reported that it can serve as
a daily indicator of patients at high risk of mortality
[7]. Stachom et al in their prospective study; They
looked at the NRBC value in the daily follow-up of
383 intensive care patients, and the mortality
of NRBC-positive patients was 50.7%, and 78.6% of
patients with NRBCs greater than 200/microliter [5].
In the study of Stachom et al on 421 intensive care
patients; they showed that ICU mortality is higher in
NRBC positive patients [14]. In a retrospective study
by Narci et al; NRBC has been shown to be asso-
ciated with increased mortality [15]. In our study,
the NRBC cut-off value was > 0/uL, indicating that it
is not normally found in peripheral blood. This result
was compatible with the literature [15]. At this cut-
off value, NRBC was more associated with mortality
than other markers. Similar to the studies above,
we found that NRBC was associated with mortality
and had high sensitivity and specificity in our study.

Although the mechanism of NRBC production
in critically ill is unclear, the presence of NRBCs in crit-
ically ill patients is associated with increased mortality.
It has been reported in many publications that this
may be due to severe hypoxemia and systemic inflam-
mation [2-8]. In our study, cardiovascular, pulmonary,
and infective pathologies were the leading causes of
death in emergency room patients, which supports this.

IGS and IG % are new markers of inflamma-
tion that are poorly known by most clinicians [16].
Detection of IG in peripheral blood, which is not
normally seen in healthy people, is an indicator of
bone marrow activation and serious infection [11,
16]. Thanks to technological advances in automatic
hematological analyzers, |G can be measured easily
and quickly with a routine complete blood count [9].
Recent studies have shown that IG increases earlier

in inflammatory conditions than traditional mark-
ers such as WBC, CRP, and Neutrophil-lymphocyte
ratio and is a more effective marker in predicting
the severity of infection [16, 17]. Ayres et al. [18]
reported in their study that IG % is an adequate
marker for the diagnosis of sepsis. Tan et al in a ret-
rospective study of 1973 patients, found it to be
a potential indicator for SIRS. [19]. Huang et al. [20]
friends reported that IG % is a new biomarker
in determining the incidence and severity of ARDS in
their multicenter prospective study. In another study,
Ansari-Lari et al found a significantly higher 1G% in
infected patients than in uninfected patients, with
a specificity of greater than 90%, as an indicator of
IG > 3% sepsis [9]. Bedel et al. [21] found that 1G%
and IGS were more effective than traditional inflam-
matory markers in determining the severity of acute
pancreatitis in their study on acute pancreatitis pa-
tients. Sauneuf et al. reported that the immature/total
granulocyte ratio is an indicator of poor prognosis
in out-of-hospital cardiac arrest cases in their pro-
spective cohort study [23]. Our results showed that IG
% and IGS were associated with increased mortality
and poor prognosis, similar to the studies above.

According to the results of multivariate regres-
sion analysis, it was determined that high NRBC,
IGS, and WBC levels were associated with increased
mortality. In their study, Narci et al reported the
probability of an increase in the mortality rate of
NRBC as 1.02 [15]. In the study performed by Kuert
et al in surgical intensive care patients, the mortality
rate was found to be 41.8% in patients with NRBC
positivity, and lower arterial oxygen partial tension
levels were observed. In addition, the probability
ratio of increased mortality in NRBC-positive pa-
tients was found to be 5.79. In our study, we found
that every 1 unit increase in NRBC values causes
a 69.59 fold increase in mortality.
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However, this study had several limita-
tions. First of all, the data were collected retrospec-
tively, the study is a single-center study, and therefore
the results may not be generalizable to all critical-
ly ill patients. Secondly, the study population was
relatively small, and multicenter, larger, prospective
studies will be required. Thirdly, the mechanisms of
NRBC, 1G%, and IGS are unclear. Many clinical con-
ditions that may affect them need to be considered.

CONCLUSIONS

Peripheral blood NRBC, IG count, and percentage
may be an early predictor of mortality in patients
admitted to the emergency department. In addi-
tion, these markers can be used in the follow-up
of suspected critical patients in emergency depart-
ments. Further research may be needed to elucidate
possible mechanisms.
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