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Abstract

Objective: The aim of the present study was to assess the
usability of the relationship between the red blood cell
distribution width (RDW) and the monocyte count, comp-
lete blood count (CBC) parameters routinely checked in
the intensive care units (ICUs), for mortality prediction in
the surgical ICU.

Material and methods: Five hundred thirty-seven pati-
ents who were followed up at the surgical ICU between
October 1, 2014 and October 1, 2015 were retrospectively
assessed. To ensure that the study involves patients who
really needed intensive care, patients who were followed
up at the ICU for postoperative monitoring were excluded
from the study. Patients with a hemoglobin value <10 g/dL
were also excluded from the study so that the RDW would
not be affected by anemia.

Results: A total of 183 patients were evaluated after the
exclusion criteria. The maximum RDW value and the Acute
Physiology and Chronic Health Evaluation Il score of the
patients who died were higher than those of the living
patients. On the other hand, a significant decrease in the
monocyte values of the dead patients was detected, and
there was a statistical difference between dead and living
patients (p<0.01).

Conclusion: Checking CBC is a routine in the ICUs. Of the
CBC parameters, the RDW and monocyte values have been
assessed in the present study as being convenient, easily
accessible, and practical method for predicting mortality
for surgical intensive care patients.
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Amag: Bu calismada, yogun bakimlarda rutin olarak kontrol
edilen tam kan sayim parametrelerinden, kirmizi kan hiicre
dagilim genisligi (RDW) ve monosit sayisi arasindaki iligki-
nin, cerrahi yogun bakimda mortalite tahmininde kullani-
labilirliginin degerlendirilmesi amaglanmistir.

Gereg ve Yontemler: 1 Ocak 2014 ile 1 Ocak 2015 tarihleri
arasinda cerrahi yogun bakim tnitesinde takip edilen 537
hasta retrospektif olarak degerlendirildi. Calismanin gercek
yogun bakim ihtiyaci olan hastalar kapsamast icin, posto-
peratif monitorizasyon icin yogun bakimda takip edilen
hastalar ¢alismadan dislandi. Ayrica RDW'nin anemiden
etkilenmemesi icin hemoglobin 10 gr/dL altinda olan has-
talarda ¢alismadan dislandi.

Bulgular: Diglanma kriterleri sonrasinda toplam 183 has-
ta deg@erlendirildi. Mortalite gelisen hastalarin maksimum
RDW degeri ve APACHE (Acute Physiology and Chronic
Health Evaluation) Il skoru yasayan hastalarla karsilastirildi-
ginda daha yuksekti. Ote yandan olen hastalarin monosit
degerlerinde belirgin bir dists saptandi. Mortalite gelisen
ve hayatta kalan hastalar arasinda istatistiksel olarak anlamli
fark bulundu (p<0,01).

Sonug: Tam kan sayimi kontroll yogun bakimlarda rutin-
dir. Tam kan sayimi parametrelerinden RDW ve monosit
degerleri, bu ¢alismada cerrahi yogun bakim hastalarinda
mortaliteyi ngdrmek icin uygun, kolay erisilebilir ve pratik
bir yontem olarak degerlendirilmistir.

Anahtar kelimeler: Yogun bakim, cerrahi, monositler, mor-
taliteler
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Introduction

In intensive care units (ICUs), risk assessment is often based on scoring
systems. Among the scoring systems, the most commonly used sys-
tem for scoring critical patient risk assessment is the Acute Physiology
and Chronic Health Evaluation (APACHE) II. Other than the APACHE II, a
wide range of scoring systems is available for use in the ICUs (1). How-
ever, since scoring systems require the use of both multiple complex
logarithmic cross tables and logarithmic formulas, their usefulness in
the ICUs is limited. Currently, there remains a need for risk prediction
models, which are reliable and can provide more objective numerical
evaluations that do not require complex formulas in the ICUs. These
models are needed to predict both disease severity and mortality, to
evaluate the success of the treatment performed, and to determine
the optimal use of medical resources. Red blood cell distribution
width (RDW) is a quantitative measurement of anisocytosis, the size of
circulating red blood cells. Recent studies have provided growing ev-
idence that RDW has a prognostic value. Until today, most studies on
RDW were conducted by the cardiovascular disease group (2). Apart
from this, in terms of both mortality and morbidity, a relationship has
been shown between RDW and many clinical conditions, such as met-
abolic syndrome, inflammatory bowel disease, and septic shock (3-5).
However, the underlying pathophysiology of this relationship is still
unclear. The most widely accepted hypothesis on this subject focus-
es on the effects of both systemic inflammation and oxidative stress
(6). Inflammation has been suggested to increase bone marrow me-
tabolism and lead to the expression of some proinflammatory cyto-
kines, such as tumor necrosis factor alpha, interleukin (IL)-1@3, and IL-6,
to cause the suppression of erythrocyte maturation and shorten the
lifespan of erythrocytes, and consequently, to lead to the presence of
new and larger reticulocytes in circulation. It is important to note that
as a result of this inflammation, anisocytosis occurred in erythrocytes,
and RDW increased (7-13). Monocytes are central mediators of the im-
mune response. After neutrophil infiltration, migration of monocytes
to the inflamed area occurs (14). The inflammatory stimulus affects the
number of monocytes in the peripheral blood (15). The primary role of
monocytes is to survey the environment and to fill the pool of both
tissue macrophages and dendritic cells (16). Proliferative activity in the
bone marrow that occurred as a response to an inflammatory stimulus
leads to an increase in monocytes (17, 18).

Recent studies have shown that peripheral monocyte count is an inde-
pendent predictive factor for poor prognosis and mortality in cancers of
the organs, such as head-neck, cervix, colon, biliary tract, and stomach
(19-22).

The aim of the present study was to evaluate the availability of RDW and
monocytes as markers to predict mortality and other variable patient

characteristics in the surgical ICU and to make these assessments using
the APACHE Il scoring system that is commonly used in the ICUs.

Material and Methods

In the present study, 537 patients who were hospitalized at the Hacette-
pe University School of Medicine Surgical Intensive Care Unit between
October 1, 2014 and October 1, 2015 were retrospectively evaluated.
Ethical approval was obtained from the ethical committee of Hacettepe
University (GO 15/746-25) for retrospective analyses. Patients <18 years
old were excluded from the study. Patients with a hemoglobin level <10
g/dL were excluded from the study to avoid the effects of anemia. Pa-
tients who were admitted to the ICU for postoperative observation and
whose hospital stay was <3 days were also excluded from the study to
evaluate patients who needed real intensive care.

All patient information was obtained from the Hacettepe University
School of Medicine Data Processing System. Age, gender, RDW value
(reference range: 11.7%-14.6%), monocyte count (reference range: 0.3-
0.9x10%/uL), hemoglobin value (reference range: 34.5%-46.3%), and the
APACHE Il score at 24 h after admission to the ICU were recorded in the
admission of the patients to the ICU. In addition, the highest RDW value,
the lowest and highest monocyte value, and the lowest hemoglobin
value were detected during the last 72h of ICU stay. Blood transfusions
were also recorded during the intensive care hospitalizations of the pa-
tients.

Venous blood samples were collected into K2-EDTA tubes (Becton Dick-
inson and Company, NJ, USA). Complete blood count (CBC) and differ-
ential blood count were performed by a Coulter LH 780 fully automated
cell counter (Beckman Coulter GmbH, Krefeld, Germany). Briefly, blood
was aspirated, erythrocytes were lysed, and leukocytes were counted
based on the impedance of the cell nuclei. In this system, the leukocyte
count was performed in three capillaries, and the mean was reported
as erythrocytes and platelets. A leukocyte differential count was per-
formed by VCS technology based on the simultaneous measurement
of volume, conductivity, and scattering of the laser, and the size of leu-
kocytes, surface structure, granule content, and ratio of the nucleus to
the cytoplasm are determined. Cells were classified into five leukocyte
populations: lymphocytes, monocytes, neutrophils, eosinophils, and ba-
sophils. Cell data were displayed in a matrix and transferred in clusters to
a 3D coordinate system. This 3D space presentation allowed the deter-
mination of the proportion of leukocyte subpopulations. The absolute
numbers of leukocytes could be calculated from the total leukocyte
count. The differential count also determined the means for volume,
conductivity, and scattered light and the corresponding distribution
and widths, including RDW.
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Statistical Analysis

Logistic regression analysis and receiver operating characteristic (ROC)
analysis were utilized to build a model between monocytes, RDW, and
a patient’s mortality status. In ROC analyses, both monocyte and RDW
measurements during the last 72h of ICU stay that provided the highest
area under the curve (AUC) values (minimum monocyte and maximum
RDW) were considered. The cut-off points providing optimum sensitivity,
specificity, positive predictive value (PPV), and negative predictive value
(NPV) for minimum monocyte and maximum RDW measurements were
determined. According to the determined cut-off values for monocyte
and RDW, these variables were categorized into two groups for use in
the logistic regression. The relationship between categorical variables
and mortality status was analyzed by the Pearson Chi-square or the Like-
lihood Ratio (LR) Chi-square test. Numerically measured variables were
compared using the Mann-Whitney U test to reveal the differences be-
tween the two mortality groups. Two different logisticregression models
were constructed, using minimum monocyte and maximum RDW as ex-
planatory variables. The first model included only age, minimum mono-
cyte, and maximum RDW as variables. In the second model, all variables
with significance on univariate comparisons were included in the logistic
regression model, and the variables found in the model were selected
based on the backward stepwise regression method.

Table 1. Comparison of patient status with demographic and clinical
features RDW, red blood cell distribution width.

Alive (n=144) Deceased (n=39)

Mean£SD MeanzSD P
Age (years) 59.40+17.42 67.85+14.54 0.005
APACHE Il score 6.90+3.17 13.8745.55 0.001
Minimum
monocyte (10%/ul) 0454032 0.21+£0.28 0.001
Maximum RDW (%) 16.46+3.26 19.36+3.78 0.001
Hemoglobin (g/dL) 12.67+1.78 11.47+£1.63 0.001
Frequency % Frequency % P
Gender
Male 88 772 26 228 0654
Female 56 81.2 13 18.8
Focus of infection
No 71 959 3 41 0001
Yes 73 67 36 33
Intra-abdominal
infection
No 77 87.5 11 12,5 0.009
Yes 67 70.5 28 29.5
Blood transfusion
No 105 92.1 9 79 0001
Yes 38 56.7 29 433
Type of treatment
Medical 37 787 10 213 1.000
Operation 107 787 29 213

Data were presented as mean+SD and median values for numerical variables and
frequencies and percentages for categorical variables

Statistical analyses were performed The Statistical Package for Social Sci-
ences, version 20.0 (IBM SPSS Corp.; Armonk, NY, USA) program and R
version 3.2.5 (R Development Core Team, Vienna, Austria) statistical pro-
gramming language. A p<0.05 was accepted as statistically significant.

Results

A total of 183 participants were included in the study. There were 114
(62%) men. The median age of the patients was 64 (range, 20-96) years.
While 47 patients were treated medically, 136 underwent operation.
While 144 patients lived, 39 patients died. The average hospitalization
time of the patients was 12 days.

Age, APACHE score, and maximum RDW were higher in dead partici-
pants than in patients who survived, whereas minimum monocyte and
hemoglobin were lower (Table 1, p<0.01). Figure 1 shows the median
values and distributions. If the distribution of categorical features in the
groups was examined, both focus of infection and intra-abdominal in-
fection were significant compared with the patient’s status (survival or
death), but there was no significant effect of gender and type of treat-
ment on patient outcome (p>0.05).

Results of the ROC analysis

The ROC analysis was applied to determine the cut-off values, which
are the critical cut-off points for the minimum monocyte, maximum
RDW values, and APACHE Il score measurements that are thought to be
susceptible to mortality. Table 2 shows the AUC, PPV, and NPV for the
determined cut-off values.

The best separator performance was achieved by the APACHE Il score
(AUC=0.85, sensitivity=0.71). When the best cut-off point for the mini-
mum monocyte was obtained as 0.15x10%/uL, the success rate of the di-
agnosis was found as AUC=0.75, with a mortality of <0.15x10%/uL in the
minimum monocyte value. Similarly, when the RDW value is >17.15%,
the success rate of mortality recognition was obtained as AUC=0.78.

Two different logistic regression models were developed by taking into
account the basic variables that were significant as a result of univariate
analysis between the patient’s status (survival or death) and other clin-
ical variables. The first model is a restricted model with age, minimum
monocytes (low/high based on cut-off point), and maximum RDW (low/
high based on cut-off point), whereas the second model is a full mod-
el that also included the other significant parameters, such as APACHE
Il score, hemoglobin, focus of infection, intra-abdominal infection, and
blood transfusion. The first restricted model was used to elucidate the
estimation success of monocyte and RDW measurements on patient
outcomes. In contrast, the full model includes variables selected from
the backward variable selection method among all the variables. Table 3
shows the outputs of model 1 and model 2 and the results of the log LR
test (@ comparison of goodness-of-fit) of these models.

In the first restricted model, both the minimum monocyte and the max-
imum RDW are significant (p<0.05, odds ratio=8.84 and 4.03, respec-
tively), whereas the full model does not include the maximum RDW
(although there was no important effect of age on mortality in the full
model in which the APACHE Il score was added, age was also an import-
ant factor in the first model). The risk of mortality in the full model was
4,08 times higher in patients whose monocytes were below the cut-off
value (0.15x10%/uL), whereas this risk was 8.84 times in the restricted
first model.
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Figure 1. a, b. Distribution of monocyte (a) and RDW measurements according to patient status (b).
Table 2. ROC analysis and cut-off values for mortality expectations and APACHE Il score.
Mortality scores AUC Sensitivity Specificity PPV NPV
Minimum monocyte (<0.15x10%/uL) 0.751 (0.65-0.85) 0.62 0.87 0.56 0.89
Maximum RDW (=17.15%) 0.779 (0.71-0.85) 0.70 0.72 0.40 0.90

APACHE Il score (10.50)

RDW: red blood cell distribution width; AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value

Table 3. Restricted and full model results for patient’s mortality

The LR test was performed by estimating two models and comparing

prediction.
Model 1

Odds 95% ClI
Variable ratio (lower-upper)
Age (years) 0.039 1.03 1.01 1.07
Minimum monocyte <0.001 8.84 3.16 21.06
Maximum RDW 4.03 1.70 9.55
Model 2

Odds 95% ClI
Variable ratio (lower-upper)
Minimum monocyte 0.008 4.08 1.45 11.54
APACHE Il score <0.001 1.37 1.20 1.55
Blood transfusion 445 1.55 12.76

Model 1 consists only of age, minimum monocyte, and maximum RDW

In Model 2, analysis was performed by including monocyte, RDW, APACHE II, hemoglobin,

focus of infection, intra-abdominal infection, and blood transfusion and a final model
containing monocyte, APACHE Il and blood transfusion variables, which were found to

be significant

the fit of one model with the fit of the other. We performed both the full
and the restricted models and assessed the difference in fit using the
LR test function. Therefore, our LR test statistic was 26.881 (Chi-square
distribution), with two degrees of freedom. The associated p-value
(p=0.0014) indicated that the model with all eight predictors fit signifi-
cantly better than the model with only three predictors.

It is clear that the AUC value obtained from the first restricted mo-
del (AUC=0.847) was very close to that obtained from the full model
(AUC=0.914) even though the full model provided a significant im-
provement over the restricted model.

Discussion

Complete blood count (CBC) is a routinely used test in the ICUs. In these
tests, monocyte count and RDW are routinely reported. In the present
study, we established two models for the determination of monocyte
count and RDW availability in predicting mortality in surgical intensive
care patients. We determined that RDW value and monocyte count
were important parameters in the prediction of mortality. RDW value
was higher, whereas monocyte count was significantly lower in dead
patients than in living patients.
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In a study about RDW by Patel et al. (23), they suggested that every 1%
increase in RDW results in a 22% increase in mortality. The relationship
between different patient groups and RDW has been the focus of many
studies. Lorente et al. (24) evaluated the relationship between RDW and
mortality in the first week in patients with sepsis. The RDW value was
found to be higher in patients who died within the first week than in
surviving patients. Weng et al. (25) suggested that RDW is an indepen-
dent predictive factor for mortality. As a result of the study, the RDW
value being >14.5% in 98 patients admitted to the emergency depart-
ment due to necrotizing fasciitis was found to be an independent pre-
dictor factor for mortality. In a different study on mortality conducted
by Bello et al. (26), they found that RDW >14% is an independent risk
factor for long-term mortality in acquired community pneumonia. In a
retrospective study of 2915 patients conducted by Meynaar et al. (27),
the increase in RDW in the ICU was assessed as an independent risk
factor in predicting mortality. In the ROC analysis of the present study,
the AUC value was detected as 0.845. In a study conducted by Fujita et
al. (28) with 829 patients in the medical ICU, the RDW value >16.1% for
all patients was found to be an increased risk for mortality in the ICU. In
the present study conducted in the surgical ICU, our results were con-
sistent with the literature. The cut-off value for RDW was found to be
17.15% (AUC=0.78). In our study, similar to the results of other studies,
the RDW value was found to be an independent risk factor for mortality
in patients in the surgical ICU.

To our knowledge, no studies have been found in the literature for the
comparison with our study on monocyte count. However, Kato et al.
(29) evaluated leukocyte subtypes in hemodialysis patients. There was
a statistically significant increase in mortality in patients with >270/
ul monocyte count. In 2014, Lee et al. evaluated 603 patients. In their
study, they found that preoperative peripheral blood monocyte ratio
>7% is a poor prognostic factor in patients with hepatocellular carcino-
ma (HCC). As a result of the study, the researchers suggested that pre-
operative monocyte ratio can be used as a new prognostic biomarker
in patients with HCC (30). Rezende et al. (31) investigated the relation-
ship between RDW and blood monocyte counts for the risk of venous
thrombosis. They found that an increase of >14.1%, even being in the
normal range of RDW, is associated with an increased risk of venous
thrombosis; they also showed that a monocyte count <0.12x10%L is
associated with lower risk of venous thrombosis, and a monocyte count
>0.55%10%L is associated with an increased risk of venous thrombosis.

Before the present study, we detected in our clinical observations that
there was an increase in mortality in our intensive care patients with an
increase in RDW and a decrease in monocyte count. We found consis-
tent results with our observations in the present study that was planned
as a result of our observations. However, the results of our studies
with monocyte counts were interestingly different from the results of
monocyte count studies in the literature. Studies in the literature with
monocyte counts indicate that the increase in monocyte percentage
and number is associated with poor prognosis and mortality. Howev-
er, in our study, the cut-off value for monocyte count was found to be
0.15x10%/uL (AUC=0.75), and we detected an increase in mortality in
surgical ICU patients with the monocyte count below this value. The
mechanism of this result is unclear. However, monocytes are the pre-
cursor cells of tissue macrophages and play an important role in the im-
mune system (16). Therefore, this suggests that the decrease in mono-
cyte count can lead to an insufficient immunological response and an
increase in mortality.

In our limited model composed of age, RDW, and monocyte
(AUC=0.847), we obtained similar results with full model (AUC=0.914)
composed of APACHE II, hemoglobin, focus of infection, intra-abdomi-
nal infection, and blood transfusion. Although APACHE Il is widely used
in the management of patients in the ICU and is considered as a gold
standard, it is not very practical and requires many data entries (32). The
RDW and monocyte counts may be a good alternative to the APACHE
Il score in predicting the mortality in ICU with the ease of accessibility
and lower cost.

Conclusion

Both RDW and monocyte counts in surgical intensive care patients were
considered to be an appropriate and practical method for predicting
mortality. However, data from the study were obtained retrospectively
and included only the patients in the surgical ICU. We believe that more
comprehensive and prospective studies are needed in terms of method
and number to clarify the results of the study.
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