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Abstract
Introduction: This study investigated the values of red blood cell distribution width (RDW), an emerging and independent predictor of morbidity and
mortality, in patients with limb, chest and head trauma.
Material and methods: The study sample consisted of all patients who attended the emergency department (ED) of the University Hospital of Parma
for limb, chest and head traumas requiring admission to hospital wards
during the year 2014. The controls consisted of outpatients living in the
same geographical area and undergoing routine laboratory testing for
health check-up.
Results: The final study sample consisted of 290 patients with limb (n = 97),
chest (n = 49) or head (n = 144) trauma and 967 outpatients. Significantly
increased RDW values at admission were observed in all trauma patients
compared with controls. Although the frequency of increased RDW (> 14.6%)
was higher in all trauma patients than in controls, a subanalysis revealed
that increased RDW values were significantly more frequent in patients with
head trauma than in controls, but not in those with limb or chest trauma.
In multivariate analysis, a significant association was found between head
trauma and hemoglobin (p < 0.001) or RDW (p = 0.005). Head trauma patients had a ~3-fold higher likelihood of increased RDW values than controls.
The negative and positive predictive values of increased RDW for predicting
the presence of head trauma were 0.90 (95% CI: 0.88–0.92) and 0.24 (95% CI:
0.19–0.30).
Conclusions: The results of this study highlight that RDW is increased in
patients admitted to the ED with head trauma.
Key words: trauma, injury, anisocytosis, red blood cell distribution width.

Introduction
According to recent statistics of the US Centers for Disease Control
and Prevention (CDC), as many as 41 million emergency department (ED)
visits and 2.3 million hospital admissions for different types of trauma
are recorded each across the nation [1]. Overall, trauma injuries account
for approximately 30% of years of potential life lost in the US, a value
that is 2-fold and 3-fold higher than the years of potential life lost due to
cancer and heart disease, thus generating a yearly expenditure of nearly
$585 billion, including both health care costs and lost productivity. In-
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terestingly, trauma injuries are ranked first among
the leading causes of death up to 46 years of age,
and the third leading cause of death across all age
groups. The leading causes of trauma include falls
(32%), motor vehicle traffic accidents (14%), being struck by or against objects or persons (11%)
and unintentional injuries (8%) [1]. As regards our
country (i.e., Italy), the number of severely injured
patients requiring hospitalization was found to be
as high as 391 per million per year, with an overall
mortality approximating 25% and increasing with
the age of the patients [2]. Male patients aged
18–64 years were more subjected to occupational injuries, trauma on the road and violence than
others, whereas women were more vulnerable to
domestic injuries and self-inflicted violence [2].
Due to these worrying epidemiological data,
the initial assessment, management and disposition of trauma patients in the ED is now emerging
as a considerable component of the overall workload in this healthcare setting [3]. Several lines of
evidence now attest that the most efficient management of trauma patients in the ED encompasses a timely and thoughtful analysis of the patient’s
situation, by means of clinical examination, diagnostic imaging and laboratory testing [4]. Indeed,
the availability of rapid diagnostic tests that may
allow safe triage and immediate risk stratification
of the single patient should be regarded as a valuable perspective for more efficient utilization of
resources in short stay units such as trauma centers and emergency rooms [5].
Anisocytosis is conventionally defined as the
presence of red blood cells (RBC) with a large heterogeneity of volumes, and is usually reported as
RBC distribution width (RDW) in terms of standard
deviation (RDW-SD) or coefficient of variation
(RDW-CV) of erythrocyte sizes, the latter being expressed as the percentage of RDW-SD divided by
the mean corpuscular volume (MCV) [6]. Depending on the hematological analyzer, the upper limit
of the reference range of RDW-CV varies between
14.0% and 15.0%, with a reference value of 14.6%
identified in many clinical trials, as reported elsewhere [7]. Recent evidence attests that the introduction of RDW in diagnostic algorithms may be
useful in the initial evaluation of patients with
a vast array of human disorders such as cardiovascular disease [8], venous thrombosis [9], cancer
[10] and severe infections [11], but is also a powerful and independent predictor of clinical outcomes,
including short- and long-term mortality [12].
Therefore, the aim of our study was to investigate whether RDW assessment at ED admission
may be useful for the clinical reasoning and triage
of patients with limb, chest and head traumas,
which are the most frequent types of traumas observed in the ED.

Material and methods
In this retrospective investigation, the study
sample consisted of all consecutive patients aged
18 years or older visited in the ED (a level II trauma center) of the University Hospital of Parma
(Italy) during the entire year 2014 for limb, chest
and head traumas, who needed to be admitted to
hospital wards. The facility is a 1250-bed teaching university hospital, serving a population of
approximately 450,000 inhabitants. The diagnoses of trauma were systematically extracted from
local hospital records according to specific International Classification of Diseases-9 (ICD-9) codes
and related diagnostic terms. The information
was then reviewed by two expert physicians for
deleting wrong or dubious records, which mainly occur for typing errors of ICD-9 codes. No patient had received prehospital blood transfusion
before hematological testing at ED admission.
The control sample consisted of outpatients aged
18 years or older and living in the same geographical area (i.e., Parma province), who underwent
routine laboratory testing for health check-up
during the same period (i.e., the entire year 2014).
The complete blood cell count (CBC), hence entailing hemoglobin, MCV and RDW-CV, was performed in whole blood samples (13 × 75, 2.0 ml
plastic whole blood tube containing spray-coated
K2EDTA; Becton Dickinson Italia S.p.A., Milan, Italy) collected from trauma patients before receiving any type of treatment and from outpatients
during the health check up, respectively. The analysis was performed within 2 h from blood collection, using an identical hematological analyzer
(Sysmex XE-2100, Sysmex Co., Kobe, Japan). The
quality and comparability of results were guaranteed by routine performance of internal quality
controls and participation in an external quality
assessment scheme.

Statistical analysis
Since the Shapiro-Wilk test revealed that data
were non-normally distributed, the results were
finally reported as median and interquartile range
(IQR) or percentage. The significance of difference
was analyzed with the Mann-Whitney test (for
continuous variables) and Pearson’s χ2 test with
Yates’ correction (for categorical values). A multivariate linear regression analysis was also used,
to identify potential associations with trauma.
Diagnostic significance was estimated by means
of the receiver operating characteristic (ROC)
curve. The odds ratio (OR) with 95% confidence
interval (95% CI) was also calculated. The analyses including RDW values (expressed as RDW-CV)
were based on dichotomous exposures, using the
instrument-specific cut-off value of 14.6% [13].
The level of statistical significance was set at
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< 0.001

< 0.001

14.2 (13.3–15.0)

56/144 (39%)

Results

22/97 (23%)
0.308
179/967 (19%)
No. of values > 14.6%

*Versus control population. MCV – mean corpuscular volume, RDW – red blood cell distribution width.

11 (22%)
< 0.001

13.8 (13.1–14.2)
< 0.001
13.9 (13.3–14.8)
13.6 (13.1–14.3)
Values

RDW (%):

89/209 (31%)

13.9 (13.3–14.5)
< 0.001

89.6 (86.6–93.6)
< 0.001
89.7 (87.3–94.4)
< 0.001
89.7 (86.6–93.4)
90.0 (86.9–92.8)
MCV [fl]

p < 0.05. The statistical analysis was performed
using Analyse-it (Analyse-it Software Ltd, Leeds,
UK) and MedCalc Version 12.3.0 (MedCalc Software, Mariakerke, Belgium). This retrospective
study was carried out in accordance with the Declaration of Helsinki, under the terms of relevant
local legislation, and was cleared by the institutional review board of the Academic Hospital of
Parma.

0.194

< 0.001
89.7 (86.4–93.1)
< 0.001

< 0.001

< 0.001
131 (119–140)
136 (128–147)
Hemoglobin [g/l]

130 (117–141)

< 0.001

135 (122–144)

< 0.001

125 (114–139)

< 0.001

0.469
135 (94%)
912 (94%)
Caucasian origin

274 (94%)

0.456

47 (96%)

0.437

92 (95%)

0.414

0.006
68/76
567/400
Sex (F/M)

138/152

0.001

17/32

0.001

53/44

0.257

0.408
77 (61–85)
72 (59–82)
Age [years]

290
N

967

0.345

71 (55–83)

49

0.227

80 (64–85)

97

0.086

76 (82–84)

144

P-value*
Head trauma
P-value*
Limb trauma
P-value*
Chest trauma
P-value*
Total traumas
Controls
Variable

Table I. Characteristics of the study populations. Continuous variables are expressed as median and interquartile range, whereas categorical values are reported as absolute number and percentage
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After hospital database extraction, 316 records
of patients visited in the ED with limb, chest and
head traumas were identified. Twenty-six of these
cases were excluded due to wrong or dubious registration. Therefore, 290 patients with limb (n = 97),
chest (n = 49) and head (n = 144) traumas who
required hospital admission were included in this
study. The final sample of controls consisted of
967 outpatients.
The main characteristics of the study samples
are shown in Table I. No statistically significant difference was observed for age and ethnic origin,
whereas a greater number of women was present
in the total sample of trauma patients, as well as
in patients with chest and head trauma. Although
the differences were modest overall, the values of
hemoglobin, MCV and RDW were always higher
in trauma patients than in controls. A significantly
higher RDW value was also observed in patients
with head trauma than in those with chest trauma, whereas no statistically significant difference
was observed between limb trauma and both
head and chest traumas (Figure 1). The effect size
(ES) was small comparing controls with all cases
(ES, 0.15), and with patients with limb (ES, 0.14) or
chest trauma (ES, 0.10), whereas it was found to
be medium comparing controls and patients with
head trauma (ES, 0.25). The frequency of increased
RDW values (i.e., > 14.6%) was significantly higher
in the entire sample of trauma patients than in
controls. However, when the different categories
of trauma patients were compared with controls,
a higher frequency of increased RDW values was
only observed in patients with head trauma but
not in those with limb or chest trauma. Interestingly, the frequency of increased RDW was also
significantly higher in patients with head trauma
than in those with limb (p = 0.006) or chest trauma (p = 0.028). In multivariable linear regression
analysis, in which the presence of a specific type
of trauma was entered as the dependent variable
and age, sex, hemoglobin, MCV and RDW were entered as independent variables, significant associations were found between head trauma and hemoglobin (β = –0.004; p < 0.001) or RDW (β = 0.03;
p = 0.005), between limb trauma and hemoglobin (β = –0.004; p < 0.001), and between chest
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32
p < 0.001
30

p < 0.001
p = 0.150

p < 0.001

28

p = 0.046

p < 0.001
26

p = 0.227

RDW (%)

24
22
20
18
16
14
12
10

Controls

All traumas

Chest trauma

Limbs trauma

Head trauma

Figure 1. Values of red blood cell distribution width (RDW; median and interquartile range) in a control population
of unselected outpatients and in patients with chest, limb and head trauma at emergency department admission

Discussion
Taken together, the results of our study attest
that RDW values are higher in patients with chest,
limb and head trauma compared to controls of
the same geographical area, with the highest

RDW values being observed in patients with head
trauma. The frequency of higher anisocytosis (i.e.,
RDW > 14.6%) was also significantly higher in
patients with traumas than in controls, but this
difference seemed almost entirely attributable to
the subset of patients with head trauma. Interestingly, the frequency of increased RDW values
was nearly double in patients with head trauma
compared to those with chest or limb trauma. Additional important information emerging from this
study is the significant diagnostic performance
exhibited by the RDW in head trauma (Figure 2),
1.0
0.9
True positive rate (sensitivity)

trauma and hemoglobin (β = –0.002; p < 0.001).
Accordingly, patients with head trauma were
found to have a nearly 3-fold higher likelihood
of increased RDW values compared to controls
(OR = 2.80; 95% CI: 1.93–4.07; p < 0.001), whereas the likelihood of increased RDW values was
not statistically significant in patients with either
chest (OR = 1.27; 95% CI: 0.64–2.54; p = 0.491)
or limb (OR = 1.29; 95% CI: 0.78–2.13; p = 0.318)
trauma. In multivariable linear regression analysis,
the RDW value was slightly but significantly correlated with the severity of the injury in patients
with head trauma as established by positive findings (i.e., acute subdural, epidural or parenchymal
hematoma, traumatic subarachnoid hemorrhage,
cerebral contusion and brain swelling) in the computed tomography scan (β = 0.02; p = 0.047).
Interestingly, the RDW value at admission exhibited an area under the curve (AUC) of 0.61
(95% CI: 0.56–0.66; p < 0.001) for head trauma,
0.57 (95% CI: 0.51–0.63; p = 0.016) for limb trauma and of 0.55 (95% CI: 0.46–0.64; p = 0.130)
for chest trauma, respectively. The negative and
positive predictive values of increased RDW (i.e.,
> 14.6%) for predicting the presence of head
trauma were 0.90 (95% CI: 0.88–0.92) and 0.24
(95% CI: 0.19–0.30), respectively (Figure 2).
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Figure 2. Receiver operating characteristic (ROC)
curve of red blood cell distribution width (RDW) at
emergency department admission in patients with
head trauma
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along with the modest but significant association
with the severity of trauma (i.e., the diagnosis of
brain injury in CT). An AUC of 0.61 and, especially,
a negative predictive value of 0.90 further support
the potential significance of introducing RDW in
diagnostic and prognostic algorithms in the ED. Indeed, RDW is a rather simple and inexpensive laboratory parameter not requiring special training or
specific scoring systems to be interpreted, which
can be rapidly obtained by means of traditional
laboratory instrumentation, but also with point of
care devices located in the emergency room.
The increasing overcrowding in EDs is posing
serious threats to healthcare systems worldwide.
In recent years patients wait times and periods of
ambulance diversion have constantly increased,
thus raising concern about the timeliness, appropriateness, safety and overall efficiency of triage
and treatment [14]. Importantly, an increase of
mortality, medication errors, pain, and length of
stay, along with other negative effects, has been
well documented as a consequence of overcrowding [15–17].
Some organizational and cost reduction strategies have been proposed for increasing the efficiency and appropriateness of care in emergency
services [18], some of which entail the introduction and use of simple, rapid and inexpensive rule
out tests, that would enable safe discharge of
patients and reduce occupation [19, 20]. Several
lines of evidence now attest that an intriguing relationship seemingly exists between anisocytosis
and the occurrence of many human diseases and
their prognosis [21]. However, the available scientific literature on anisocytosis in patients with
traumas is scarce.
Majercik et al. studied 3,637 female and 5,901
male trauma patients with the RDW value available upon admission to a level I trauma center,
who were followed up for 1 year [22]. An increased RDW value was found to independently
predict 30-day and 1-year mortality in both sexes (hazard ratio (HR) between 1.17 and 1.43 per
quintile in women, between 1.17 and 1.52 per
quintile in men, respectively). Garbharran et al.
studied 698 consecutive patients admitted to the
hospital with hip fracture [23], and found that increased RDW values were significantly associated
with in-hospital (HR = 1.12), 120-day (HR = 1.13)
and 1-year mortality (HR = 1.13). In a subsequent
study Zhang et al. retrospectively studied 122 patients with traumatic brain injury [24], and found
that RDW values were significantly higher in the
non-survival than in the survival group (12.9% vs.
12.2%; p < 0.01). In another investigation, Paulus
et al. measured RDW in shock trauma patients admitted to a level I trauma center [25], and reported that massive transfusion (i.e., administration
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of 10 or more packed red blood cells in the first
24 h) was up to 3.5-fold more likely in patients in
the highest quintile of RDW than in those in the
lowest quintile.
As regards the putative mechanisms underlying the increased RDW values in trauma patients,
it is still unclear as to whether RDW may be regarded as a direct cause or rather as an effect of
many human diseases [6]. Indeed, anisocytosis
has been frequently observed in patients with
sustained oxidative stress and inflammation, two
common features of trauma, especially of traumatic brain injury [26, 27]. As such, the excessive
generation of proinflammatory mediators and
the imbalance between oxidant and antioxidant
agents occurring after severe injuries may directly
affect erythrocyte biology, thus ultimately impairing erythropoiesis or enhancing the heterogeneity
of erythrocyte volumes in vivo [6].
In conclusion, the use of a clinical scoring system is crucial in the initial approach to patients
with different types of traumas [28], in order to
achieve a timely diagnosis and effective therapeutic management with both conventional and innovative treatments [29, 30]. Therefore, the integration of simple and inexpensive biomarkers such as
the RDW within validated diagnostic algorithms
may be seen as a valuable perspective for initial
patient evaluation. Although a definitive mechanistic relationship between anisocytosis and trauma remains to be defined (e.g., higher erythrocyte
turnover or bone marrow stress during trauma),
this is the first cross-sectional retrospective study
showing that the RDW values are increased in
trauma patients, especially in those with head
trauma. Additional studies are needed to establish
whether the use of this simple and inexpensive
parameter combined with other factors as part of
the risk assessment may be useful during initial
evaluation at ED admission, in order to identify
a subset of patients who may require more aggressive management in the trauma center.
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