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Abstract

Background

The presence of nucleated red blood cells (NRBCs) in the peripheral blood of critically ill
patients is associated with a poorer prognosis, though data on cardiovascular critical care
patients is lacking. The aim of the present study was to assess the role of NRBCs as a pre-
dictor of intensive care unit (ICU) and in hospital all-cause mortality among cardiologic
patients.

Methods

NRBCs were measured daily in consecutive cardiac ICU patients, including individuals with
both coronary and non-coronary acute cardiac care. We excluded patients younger than 18
years, with cancer or hematological disease, on glucocorticoid therapy, those that were
readmitted after hospital discharge and patients who died in the first 24 hours after admis-
sion. We performed a multiple logistic analysis to identify independent predictors of
mortality.

Results

We included 152 patients (60.6 + 16.8 years, 51.8% female, median ICU stay of 7 [4—11]
days). The prevalence of NRBCs was 54.6% (83/152). The presence of NRBC was associ-
ated with a higher ICU mortality (49.4% vs 21.7%, P<0.001) as well as in-hospital mortality
(61.4% vs 33.3%, p = 0.001). NRBC were equally associated with mortality among coronary
disease (64.71% vs 32.5% [OR 3.80; 95%CI: 1.45-10.0; p = 0.007]) and non-coronary dis-
ease patients (61.45% vs 33.3% [OR 3.19; 95%ClI: 1.63-6.21; p<0.001]). In a multivariable
model, the inclusion of NRBC to the APACHE |l score resulted in a significant improvement
in the discrimination (p = 0.01).
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Conclusions

NRBC are predictors of all-cause in-hospital mortality in patients admitted to a cardiac ICU.
This predictive value is independent and complementary to the well validated APACHE |l
score.

Introduction

In healthy adults, peripheral blood is usually free of nucleated red blood cells (NRBC:s) [1,2].
However, those cells may occur in some diseases, such as cancer, congestive heart failure, acute
and chronic anemia and other hematological disorders [3,4]. Their presence in the peripheral
blood has been associated with hypoxemia or infection in critical patients, owing to the high
concentrations of erythropoietin, interleukin-3 and interleukin-6 [1,3,5-8] caused by local or
systemic disorders, suggesting a reduction in oxidation of the tissue and/or inflammation.

Prior studies have also demonstrated that those cells may have significant prognostic impli-
cations, as their presence may occur in the three weeks prior to death [1-3]. In particular, Sta-
chon et al. have demonstrated that NRBCs are a prognostic indicator in the Intensive Care
Unit (ICU) environment, as its presence is associated with a higher in hospital mortality and
higher ICU readmission rates, particularly when NRBC persist in the peripheral blood even
after patients are clinically stable [1]. Although this has been demonstrated form general ICU
patients, no data on patients admitted in the ICU for acute cardiovascular diseases exist. In the
present study, we tested the hypothesis that the presence of NRBC may predict ICU (primary
end-point) and in hospital (secondary end-point) all-cause mortality among patients admitted
to a cardiac ICU.

Materials and Methods
Subjects and Protocol

All consecutive patients admitted in the cardiovascular ICU of the Pernambuco Cardiac Emer-
gency Unit (PROCAPE), a specialized tertiary care cardiovascular teaching hospital with 250
beds, between May 2013 and January 2014 were included in the present study. This ICU is
devoted to treat clinical patients with cardiovascular diseases. The study was approved by the
Research Ethics Committee in the HOSPITAL COMPLEX HUOC/PROCAPE under number
CAAE: 08412412.20000.5192 (Brazil Plataform). We excluded patients younger than 18 years,
with cancer or hematological diseases, on glucocorticoid therapy, those that were readmitted
after hospital discharge and patients who died in the first 24 hours after ICU admission. All
patients included in the study signed a free and informed consent form.

The Acute Physiology and Chronic Health Evaluation II (APACHE II) and the Sequential
Organ Failure Assessment (SOFA) scores were calculated from all patients twenty-four hours
after admission to ICU, as previously described [9,10].

In the first twenty-four hours of admission, the patients were also classified as septic or not,
according to previous criteria [11]. At the same time, the patients were also classified according
to the cardiovascular disease etiology as coronary (acute or chronic) [12,13] or non-coronary
(valvulopathies, perimyocardiopathies, cardiac arrhythmias), according to clinical and labora-
torial and echocardiographic parameters.
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Laboratory tests

Blood samples were obtained daily in the morning until discharge from ICU. Blood parameters
(NRBCs, leukocytes, neutrophils, hemoglobin and platelets) were measured using a Sysmex
XE-2100 blood analyzer [14,15]. C-reactive protein was measured using a Roche Cobas Integra
400 analyzer.

For the NRBC measurement, we used the highest value during ICU admission for each indi-
vidual. For the binary analysis, a positive NRBC was defined as any value above zero at any
time during admission.

Statistical analysis

All continuous variables are expressed as means * standard deviation, or median and quartiles,
as appropriate. Categorical variables are presented as absolute values and percents. Categorical
variables were compared using two-tailed Pearson’s chi-squared (X?) test with the Yates corre-
lation or Fisher’s exact test. The comparison of means, to establish the normality of the distri-
bution, was carried out using the Kolmogov-Smirnov test, followed by Student’s t test for
normal distribution variables or Mann-Whitney’s non-parametric test form non-normal dis-
tribution variables. The relative mortality risk was calculated for clinical and laboratory vari-
ables, with confidence intervals of 95%. Logistic univariate regressions were performed to
evaluate predictors of mortality analyzing gender, age, APACHE score, SOFA score, sepsis
diagnosis, presence of coronary artery disease and laboratorial data (Table 1). A multivariate
logistic regression model (forward) was carried out to identify independent predictors of mor-
tality. Variables with P<0.1 on univariate analysis were entered into a multivariate analysis.
Due to the highly skewed distribution of the NRBC, we chose to perform its analysis as a binary
variable based on the presence or absence of NRBC in the peripheral blood. In order to evaluate
the incremental value of NRBC beyond clinical predictor of mortality in the ICU, we con-
structed ROC curves and calculated the area under the curve for each model, and compared a
model including only the APACHE II score with a model including the APACHE II score and
the NRBCs. The level of statistical significance adopted was p < 0.05. Sample size was calcu-
lated to assess a mortality odds ratio between patients with and without NRBC of 5.2 according
to previous study by Stachon et al [1], assuming an o-error of 5% and a statistical power of
95%. The minimum sample size was 60 patients. Because many patients from our sample did
not present sepsis criteria and NRBCs in peripheral blood, we decided to recruit more patients
than previously calculated. Statistical analyses were conducted using the Statistical Program for
Social Sciences (SPSS), version 10.0 for Windows.

Results

The study initially screened 199 patients, of whom 47 were excluded as shown in Fig 1. There
were no follow-up losses and the final sample comprised 152 patients (60.6 + 16.8 years, 51.8%
female), with a median stay in ICU of 7 days (P25: 4; P75: 11) (Table 1). Approximately half of
the sample presented NRBCs in the blood (83 patients; 54.6%) and the higher incidence of
NRBC was noted after the ninth ICU day (Table 2). The presence of NRBCs was associated
with older age, longer ICU stay, higher severity (SOFA and APACHE II) scores, sepsis and
non-coronary cardiac etiology (Table 1). There was a negative correlation between levels of
platelets and those of NRBCs (R = -0.25; p = 0.03). However, levels of C-reactive protein
(R=0.18; p = 0.14), leukocytes (R = 0.22; p = 0.06), neutrophils (R = 0.20; p = 0.09), and hemo-
globin (R = -0.02; p = 0.87) were not associated with levels of NRBCs.

While the overall cardiovascular ICU mortality was 36.8% (56/152), increasing levels of
NRBC were associated with a higher ICU mortality (Fig 2). Hospital mortality following
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Table 1. Biological and clinical characteristics of patients in intensive care according to NRBC status.

Characteristics All patients NRBC-positive (n = 83) NRBC-negative (n = 69) ¢]
Sex
Male 67 (44.1%) 40 (48.2%) 27 (22.0%) 0.263
Female 85 (51.8%) 43 (51.8%) 42 (78.0%)
Age (in years) 60.6 + 16.8 63.0 + 16.1 57.6+17.4 0.049"
Skin color
White 59 (38.8%) 30 (36.1%) 29 (42.0%) 0.707
Mixed 67 (44.1%) 39 (47.0%) 28 (40.6%)
Black 26 (17.1%) 14 (16.9%) 12 (17.4%)
Origin
Emergency 123 (80.9%) 65 (78.3%) 58 (84.1%) 0.568
Wards 22 (14.5%) 13 (15.7%) 9 (13.0%)
CTRU 7 (4.6%) 5 (6.0%) 2 (2.9%)
Median duration of stay in ICU (in days)* 7 (4;11) 10 (5; 13) 4(3;7) <0.001"
Mortality
ICU 56 (36.8%) 41 (49.4%) 15 (21.7%) <0.0017
Hospital 74 (48.7%) 51 (61.4%) 23 (33.3%) 0,0017
Median APACHE II* 21 (14; 27.5) 25 (19; 33) 15 (11; 22) <0.001T
APACHE II
< 25 points 56 (36.8%) 39 (47.0%) 57 (82.6%) <0.001"
> 25 points 96 (63.2%) 44 (53.0%) 12 (17.4%)
Median SOFA* 5(2;9) 8 (4; 11) 3(1;7) <0.001"
SOFA score
< 7 points 86 (56.6%) 35 (42.2%) 51 (73.9%) <0.0017
> 7 points 66 (43.4%) 48 (57.8%) 18 (26.1%)
SEPSIS
Yes 84 (55.3%) 59 (71.1%) 25 (36.2%) <0.001"
No 68 (44.7%) 24 (28.9%) 44 (63.8%)
Coronary patient
Yes 74 (48.7%) 34 (41.0%) 40 (58.0%) 0.0377
No 78 (51.3%) 49 (59.0%) 29 (42.0%)
Coronary/Sepsis
Sepsis and coronary 30 (19.7%) 19 (22.9%) 11 (15.9%) <0.001T
Sepsis and non-coronary 54 (35.5%) 40 (48.2%) 14 (20.3%)
No sepsis and coronary 44 (29.0%) 15 (18.1%) 29 (42.0%)
No sepsis and non-coronary 24 (15.8%) 9 (10.8%) 15 (21.7%)

NRBCs: nucleated red blood cells APACHE II: Acute Physiology and Chronic Health Evaluation Il. SOFA: Sequential Organ Failure Assessment CTRU:
Cardio-Thoracic Recovery Unit.

T Statistically significant association.

*Median (P25; P75).

doi:10.1371/journal.pone.0144259.t001

discharge from ICU was 18.8% (18/96), with an in-hospital all-cause mortality of 48.7% (74/
152). The presence of NRBC in the peripheral blood was associated with both ICU (49.4% vs.
21.7%, p<0.001) and in-hospital (61.4% vs. 33.3%, p = 0.001) all-cause mortality rates, respec-
tively (Table 1) and was also associated with increased mortality among patients with coronary
disease with 64.7% vs. 32.5% (OR 3.80; 95%CI: 1.45-10.0; p = 0.006), as well as among non-
coronary disease patients with 59.2% vs 34.5% (OR 2.75; 95% CI: 1.06-7.15; p = 0.035) (Fig 3).
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199 patients

Admitted to ICU

Excluded
—

o Neoplasia: 28

o Death<24h: 7

o Chronic corticoid: 8

o Refused: 2

oaged <18 years: 1

o Readmission: 1

v

152 patients

included

Fig 1. Flowchart of patients.
doi:10.1371/journal.pone.0144259.g001

Table 2. Distribution of the measure of the maximum NRBC during the hospital stay in the ICU.

NRBC

Sample
NRBC maximum rating
Zero
From 1 a 100
From 101 a 200
> 200

Presence of NRBC per day of hospitalization

1° day
2° day
3° day
4° day
5° day
6° day
7° day
8° day
9° day
After 9° day

* Number of patients with positive NRBC / Number of patients with measures NRBC.

doi:10.1371/journal.pone.0144259.t002

Statistics

152 patients

69 (45.4%)
50 (32.9%)
18 (11.8%)

15 (9.9%)

34/152% (22.4%)
36/124 (29.0%)
30/110 (27.3%)

20/77 (25.9%)
24/84 (28.6%)
16/57 (28.1%)
15/67 (22.4%)
10/46 (21.7%)
17/44 (38.6%)
11/35 (31.4%)
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0 >0/uL >100/uL >200/uL

Fig 2. Mortality of ICU patients in relation to concentrations of nucleated red blood cells (NRBCs) P<0.001.

doi:10.1371/journal.pone.0144259.9002

100 MORTALITY (%)
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30

20

10

NRBC - NRBC +

[ ALLPATIENTS: NRBC -: 33.3% (23/69)  NRBC +: 61.45% (51/83) P<0.001
- CORONARY PATIENTS: NRBC -: 32.5% (13/40)  NRBC+: 64.71% (22/34) P=0.006

I:' NON-CORONARY PATIENTS: NRBC-: 34.5% (10/29) NRBC+: 59.2% (29/49) P=0.035

Fig 3. Mortality among coronary and non-coronary patients.

doi:10.1371/journal.pone.0144259.9003
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After adjustment, for the clinical mortality risk using the APACHE II score, sex and sepsis,
NRBC remained associated with all-cause in hospital mortality (OR 3.96; 95% CI: 1.45-10.8;
p =0.007) (Table 3). The inclusion of NRBC in a model already including the APACHE II
score resulted in a significant increase in the area under the ROC curve from 0.7668 to 0.7929,
p =0.011 (Fig 4).

Discussion

In the present study, we have demonstrated that the presence and levels of NRBC in the
peripheral blood are independent predictors of all-cause in-hospital mortality for patients
admitted to a cardiac ICU. This association also resulted in an important improvement in the
discrimination beyond the well-validated APACHE II score.

Our findings corroborate previous results in patients admitted to general ICUs, suggesting
that NRBCs are equally predictive of events in both the cardiac and non cardiac population.
[1-7]. In this population, coronary pathologies were not found to be associated with mortality
(OR 0.90; p = 0.739) and the presence NRBCs, as in general ICUs, was the best indicator of

Table 3. Univariable and multivariable predictors of ICU mortality.

Variables
OR
Biological
Sex
Male 1.0
Female 2.07
Clinical
APACHE Il Classification
< 25 points 1.0
> 25 points 4.0
SOFA Classification
<7 points 1.0
> 7 points 7.76
Sepsis
No 1.0
Yes 3.37
Coronary patient
No 1.0
Yes 0.69
Laboratory
NRBC?
Zero 1.0
From 1 a 100 2.21
> 100 7,20
CRP® 1.015

Univariate Model Multivariate Model

Cl (95%) P OR Cl (95%) P

o o 1.0 o o
1.06-4.03 0.034" 1.69 0.81-3.55 0.162

- - 1.0 - -
1.98-8.07 0.000" 2.41 1.08-5.37 0.031

3.67-16.4 0.000" - - -
1.64-6.89 0.0017 1.81 0.79-4.12 0.159

0.36-1.34 0.270 - s =

- 5 1.0 - =
0.98-4.95 0.055 1.43 0.59-3.47 0.428
2.86-18.1 0.000 3.96 1.45-10.8 0.007

0.997-1.034 0.100 - - -

OR: Odds Ratio. NRBC: nucleated red blood cells. APACHE II: Acute Physiology and Chronic Health Evaluation Il. SOFA: Sequential Organ Failure

assessment.

2 Divided into (0. 1-100. > 100).

P Calculated risk of 5 unit increase.
TStatistical significance.

doi:10.1371/journal.pone.0144259.1003
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Fig 4. Comparison of ROC curves, p = 0.01.

doi:10.1371/journal.pone.0144259.9004

higher mortality (adjusted OR 3.24; CI (95%) 1.64-6.38; p = 0.001). Possible mechanisms
involved in higher mortality among patients with elevated NRBC are hypoxemia and systemic
inflammation [1,3,5-7]. Interestingly, our results have a much higher prevalence of NRBC
(54.6%) then previous studies such as Stachon et al. [1] (17.5%), Desai et al. [3] (17.5%), Kuert
etal. [5] (28.6%), and Shah et al. [7] (24.8%). The higher frequency of the presence of NRBCs
in the present study may be explained by the overall higher severity of disease in our popula-
tion, as expressed by the fact that 63.2% of the patients had an APACHE II score >25.

When the severity of disease, represented by the APACHE II score, is taken into account,
the prevalence of our study closely replicate those previous studies, as in patients with
APACHE II score >25, in whom the majority were NRBC-positive (53%). This concurs with
the findings of Stachon et al. [1] and Desai et al. [3]. Moreover, the median SOFA score in this
study was 8 in NRBC-positive patients and 3 in those who were NRBC-negative (Table 1).
Desai et al. [3] found a median SOFA score of 10 among NRBC-positive and 8 among the
NRBC-negative. There would therefore appear to be an association between the presence of
NRBCs in the bloodstream and the seriousness of the condition of patients in ICU.

Patients who are candidates for discharge from a general ICU who present with NRBCs
should be carefully evaluated, since they have a higher mortality rate [1]. The present study
corroborates these findings and suggests a possible new use for measurement of NRBC levels
in ICU, since the mortality of NRBC-positive patients discharged from ICU was 61.4%.

Our study must, however, be read within the context of its design. First, we have not split
the coronary group into acute and chronic cases, which may have led to bias in analysis of this
sub-group and influenced other laboratory variables, such as platelets [16-18]. Second, the
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small number of patients in extreme NRBC levels may limit our analysis. However, despite the
relatively small sample size, the power for detecting differences in mortality among patients
with and without NRBC was 92%. The estimates presented in the study are influenced by ran-
dom error and from that standpoint may not be dependable.

In conclusion, NRBC predict all-cause mortality in patients admitted to a cardiac ICU. The
predictive value of NRBC is independent and complementary to the prediction provided by
the well validated APACHE II score.
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