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Abstract

Acute venous thromboembolism (VTE) is a common worldwide disease admitted to emergency departments (ED), usually pre-
senting as pulmonary embolism or lower limb deep vein thrombosis (DVT). Due to the lack of typical clinical and biomarker
diagnostic features of unprovoked VTE, early identification is challenging and has direct consequences on correct treatment
delay. Longitudinal, prospective, observational study. Patients admitted to ED with a suspicion of unprovoked acute VTE between
October 2020 and January 2021 were included. Clinical and laboratorial variables were compared between VTE positive and negative
diagnoses. Red cell distribution width (RDW) cut point was determinate through a receiver operating characteristic analysis. RDW
accuracy, sensitivity, and specificity were calculated. Fifty-eight patients were analyzed. And 82.8% of suspected patients with VTE
were diagnosed with an acute thrombotic event confirmed by imaging examination. In patients with VTE, RDW at admission in
ED was higher than with other diagnosis, respectively, 14.3% (13.2-15.1) and 13.5% (13.0-13.8). Platelet count was the only additional
characteristic that revealed difference between the 2 groups (264x10°/L for VTE and 209x107/L for non-VTE). Logistic regression
models showed good discriminatory values for RDW2>14%, with an area under the curve (AUC) = 0.685 (95% confidence interval,
0.535-0.834). These findings were more pronounced in isolated DVT, with a sensitivity of 76.9%, specificity 100%, and accuracy 85.7%.
Our study demonstrated a significant association between an early high RDWV and the diagnosis of acute unprovoked DVT. RDW >
14% has an independent predictor of unprovoked VTE in adult patients.
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Pulmonary embolism (PE) and lower limb deep vein thrombosis
(DVT) are the most frequent clinical expressions of acute venous

thromboembolism (VTE), resulting in an annual incidence equal
to that of stroke." Acute VTE episodes have a significant and
constant impact on health resources, accounting for 1 million emer-
gency visits in the United States, being half of them admitted to
hospital.?> VTE episodes occurring out-of-hospital, compared to
those acquired in hospitals, are about 40 times less frequent but
have a wide range of related risk factors and morbidities.> Due to
the heterogeneity of these demographic and clinical characteristics,
particularly in PE cases, and the absence of specific and sensitive
biomarkers, VTE diagnosis in the emergency departments (ED)
is a high challenge to physicians. No single clinical symptoms
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are predictive or exclude PE, although the lack of dyspnea slightly
reduces the probability of PE.* The clinical presentation of VTE is
unspecific,’ particularly for unprovoked cases, characterized by the
absence of any transient or persistent environmental risk factor.°
When patients are admitted to the ED, the risk of VTE is assessed
by clinical gestalt or clinical scores according to symptoms and
existing risk factors.” This risk assessment is the first diagnostic
step after suspicion of VTE and it is usually followed by
D-dimer measurements to determine whether further investiga-
tions are required. Small or intermediate clinical probabilities
and negative D-dimers can exclude PE*' and DVT,'' but the
results of positive D-dimers have a low-positive predictive value
and are not useful for VTE diagnosis.'*"'* The key to diagnosis
of PE and DV T is still to perform imaging examinations, computed
tomography (CT) angiogram, and Doppler ultrasound, respec-
tively. Accessibility, radiation exposure, time-to-exam and high
costs are some of the critical aspects that are due to the need of
such examinations. The absence of alternative diagnostic biomark-
ers for VTE has a direct impact on the percentage of 60% undiag-
nosed cases among all VTE-attributable deaths.”

Efforts have been made to increase the knowledge on the diag-
nostic and prognostic importance of red cell indices of cardiovascu-
lar diseases. Red blood cell distribution width (RDW) is a
measurement of size heterogeneity of circulating erythrocytes,'®
which has been studied as a prediction tool for cardiovascular and
thrombotic diseases, including PE,'”"? although some conflicting
results have prevented it from being used in everyday practice.
The diagnostic role of RDW for acute VTE is even less well under-
stood. A previous retrospective study on VTE found an association
between high RDW at admission to ED and acute VTE, and deter-
mined a cutoff of 14.6%, with an Negative Predictive Value (NPV)
0f 0.85 for DVT and 0.91 for PE, suggesting that RDW could sup-
plement clinical preliminary examinations to exclude acute VTE
attacks.?® This study, even considering some limitations, has set a
possible threshold of RDW > 14% at admission for distinguishing
VTE from non-VTE patients in acute care setting.

In response to the same questions, we decided to investigate
the early RDW values in patients admitted to the ED for sus-
pected acute unprovoked VTE episodes and compare clinical
characteristics and biomarkers of patients with confirmed and
excluded VTE diagnosis.

Methods
Study Design and Settings

We conducted a prospective longitudinal, observational study
aiming to describe and compare clinical and laboratory param-
eters of patients admitted in an ED with suspected VTE, includ-
ing PE and DVT, from October 2020 to January 2021.

Participants

The study included patients admitted in the ED who were clinically
suspected of an acute VTE and referred, according to usual clinical
practice, for imaging examinations for diagnosis confirmation.

Inclusion criteria were individuals aged >18 years with unpro-
voked suspected acute VTE cases (DVT or PE) admitted in the
ED, or transferred to the ED (eg, from an outpatient clinic or
other hospital) with a diagnosis of suspected acute VTE <24 h.
Patients were excluded if there was VTE suspicion more than
24 h before admission to the ED, life expectancy of <3 months,
active neoplasia, pregnancy or breastfeeding, COVID-19 diagno-
sis, and fever at admission.

Ethical Considerations

The study was conducted in accordance with current International
Council for Harmonisation Good Clinical Practice guidelines, and
according to Declaration of Helsinki principles. The study proto-
col was approved by Hospital Beatriz Angelo Ethical Committee
and Board. Written informed consent was obtained from all
enrolled subjects.

Procedures and Data Collection

Data were collected from patients’ medical records. All patients
were screened for the presence of VTE and depending on the
clinical suspicion thoracic angiotomography for PE and/or
lower limb venous Doppler ultrasound for DVT were per-
formed according to usual clinical practice.

The VTE diagnosis was ruled out, if the imaging examina-
tions were negative for the initial suspicion, and another diagno-
sis was established.

Clinical, Biochemical Parameters, and Imaging
Examinations

Collected data included: demographic data (sex and age),
present and past medical history, previous medication, physical
examination, vital signs, peripheral oxygen saturation, and lab-
oratory parameters such as red blood cells, hemoglobin, hemat-
ocrit, RDW, platelets, total leukocyte count, creatinine,
D-dimer, and C-reactive protein. All patients performed an
imaging examination in the first 24 h after admission to the
ED, according to physician’s dispositions. The imaging consid-
ered to include patients in the analysis consisted of thoracic CT
angiography for PE-suspected cases and lower limb Doppler
ultrasound for DVT suspicions. Patients were allowed to
perform both examinations in the same period.

Statistical Analysis

Continuous data were presented as median and interquartile
ranges, mean and standard deviation (SD), maximum and
minimum. Discreet variables were presented as absolute and
relative frequencies. The normality of the data was assessed
using the Shapiro-Wilk test.

Between-group (VTE vs non-VTE) comparisons of continu-
ous variables were performed using Mann-Whitney U tests.
Categorical variables were compared using Fisher’s exact test.
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A receiver operating characteristic curve analysis was used to
evaluate the diagnostic value and to define the diagnostic cutoff
value of RDW concentrations. Using the cutoff point defined, the
RDW were compared between VTE versus non-VTE by the
Fisher’s exact test.

A logistic regression model was implemented to interrogate
the significance of the association of RDW in patients with
VTE, considering demographic and other clinical variables.

A significant level of 0.05 was considered for all the analysis.

SPSS 26.0 statistical software was used to analyze the data.

Results

Patients’ Characteristics and VTE Diagnosis

A total of 59 participants were initially enrolled. One patient aban-
doned ED without any imaging examination and was excluded.
Of the 58 patients included in the analysis, 44 completed thoracic
CT angiography and 33 lower limb Doppler ultrasound with diag-
nostic results of adequate quality, with 19 patients carrying out
both examinations. The characteristics of 58 patients are summarized
in Table 1. There was a total of 48 patients (82.8%) with an acute
VTE diagnosis and the remaining 10 patients received an alternative
diagnosis. There was no significant difference between patients with

Table |. Study Participants’ Baseline Characteristics.

VTE and without VTE diagnosis in terms of clinical presentation.
Considering 44 patients who completed a thoracic CT angiography,
35 (80%) presented features of acute PE, as shown in Table 2. Of
those patients who performed a lower limb Doppler ultrasound,
70% (25 cases) presented were diagnosed with acute DVT.
According to the imaging examinations, 21% (10 cases) of patients
with VTE were diagnosed with both acute PE and acute DVT.

In terms of laboratory investigation, there were significant
differences on platelet count and RDW between VTE and
non-VTE patients. There were no differences in hemoglobin,
hematocrit, leukocytes, and D-dimer. Since RDW was the var-
iable showing the strongest association with acute VTE in the
univariate analysis, we focused on RDW for further analyses.

All patients were discharged from the hospital.

Diagnostic Performance of RDW > [4%

The diagnostic accuracy of RDW > 14% for determining an
acute VTE, as quantified by the area under the curve, was
0.685 (95% CI, 0.535-0.834; Figure 1). At a threshold of
>14%, RDW ruled in 47% of individuals, with a sensitivity
of 55.6%, specificity 100%, and accuracy 79.0% (95% CI,
65.6%-89.0%). For isolated PE RDW > 14% had a sensitivity

Characteristic All patients Patients with VTE Patients without VTE P value*
Age, y, median (IQR), maximum-minimum (N) 65.0 (44.5-84.5) 64.5 (42.8-83.8) 72.5 (55.8-88.0) 415
19-90 (N =58) 19-89 (N =48) 27-90 (N=10)
Female, N (%) 38 (65.5) 31 (64.6) 7 (70.0) 1.0#
(N=58) (N=48) (N=10)
Standing heart rate at rest, bpm, mean + SD 88.0 (76-102) 88.0 (76-103) 91.0 (82-101) .597
50-130 (N=48) 50-130 (N=41) 53-127 (N=7)
Oxygen saturation (SpO;), %, mean +SD 97.0 (95-98) 97.0 (95-98) 96.0 (96-98) 618
85-100 (N =46) 85-100 (N=39) 96-98 (N=7)
Hemoglobin, g/dL 13.4 (12.3-14.5) 13.4 (12.5-14.5) 13.9 (11.6-14.1) .597
7.3-15.8 (N=48) 7.3-15.8 (N=4I) 11.2-15.3 (N=7)
Hematocrit, % 42.2 (36.9-44.3) 42.4 (37.2-44.3) 39.8 (36.2-42.7) .683
24.6-47.4 (N=48) 24.6-47.4 (N=41) 33.9-45.8 (N=7)
RDW, % 14 (13.1-14.7) 14.3 (13.2-15.1) 13.5 (13.0-13.8) .004
11.4-25.4 (N=48) 11.8-25.4 (N=41) 11.4-13.9 (N=7)
Total leukocyte count, 10'%/L 10.2 (7.6-11.6) 10.08 (7.5-11.4) 10.32 (7.8-13.5) .683
4.2-18.8(N=48) 4.2-18.8 (N=4I) 7.3-152 (N=7)
Neutrophil % 69.6 (63.4-76.7) 69.8 (63.5-76.5) 69.0 (57.4-81.6) .683
37.6-88.3 (N=48) 37.6-88.3 (N=41) 44.4-82.2 (N=7)
Lymphocyte % 19.9 (13.7-25.4) 19.6 (14.2-25.0) 20.2 (10.4-32.6) .683
2.9-50.7 (N=48) 2.9-50.7 (N=4I) 10.3-43.4 (N=7)
Platelet count, 10°/L 256.5 (210-354) 264.0 (212.5-355) 209.0 (190-230) .041
167-791 (N =48) 174-791 (N=41) 167-441 (N=7)
C-reactive protein, mg/dL 2.6 (0.8-5.7) 2.3 (0.8-4.7) 9.5 (1.4-19.5) .346
0.2-40.2 (N=43) 0.2-40.2 (N=137) 0.4-22.6 (N=6)
D-dimer, pug/mL 6.9 (3.3-10.8) 7.2 (3.8-11.3) 2.2 (0.9-10.8) 413
0.9-32.5 (N=4I) 1.3-32.5 (N=35) 0.9-16.2 (N=6)
Creatinine 0.9 (0.8-1.8) 0.9 (0.8-1.1) 1.0 (0.8-1.8) .867
0.7-2.3 (N=47) 0.6-1.8 (N=41) 0.7-23 (N=7)

Abbreviations: IQR, interquartile range; RDW, red cell distribution width; VTE, venous thromboembolism.

* Mann-Whitney U test.
# Fisher’s exact test.
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Table 2. Results of Imaging Examinations for Location of VTE
(N =48) and Diagnosis of Non-VTE (N =10).

Table 3. RDW>14% Sensitivity, Positive Predictive Value,
Specificity, Negative Predictive Value, and Accuracy.

Location of disease or diagnosis Number of patients VTE PE DVT
PE 35 Sensitivity (%; 95% ClI) 55.6 40.9 76.9
Main pulmonary artery trunk 4 40.0-70.4 20.7-63.7 46.2-94.9
Bilateral multiple segmental I8 Positive predictive value 100 100 100
Unilateral multiple segmental 6 (%; 95% Cl) 86.3-100 66.3-100 69.2-100
Segmental single 3 Specificity (%; 95% ClI) 100 100 100
Subsegmental 5 63.1-100 63.1-100 63.1-100
DVT 25 Negative predictive value 71.6 38.1 72.7
Proximal 18 (%; 95% Cl) 51.5-86.9 18.1-61.6 39.0-94.0
Distal 7 Accuracy (%; 95% Cl) 79.0 56.7 85.7
No VTE 10 65.689.0 37.5-74.6 63.7-97.0
Erysipelas 4
Superficial phlebitis 3 Abbreviations: le confidence interval; DVT, dieep v.ein thrombosis; PE,
Anxiety I pulmonary embolism; RDW, red cell distribution width; VTE, venous

. . . thromboembolism.
Pericardial effusion |
Tachycardia |

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE,
venous thromboembolism.

ROC Curve

Source of the Curve

rdw2
— Reference Line

Sensitivity

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure |I. ROC analysis for RDW.
Abbreviations: RDW, red cell distribution width; ROC, receiver
operating characteristic.

of 40.9% and the specificity of 100%, with an accuracy of
56.7%. And, for isolated DVT RDW > 14% had a sensitivity
of 76.9%, specificity 100%, and accuracy 85.7% (Table 3).

Logistic regression analysis confirmed RDW as a predictor
of VTE, being RDW > 14% and age the only independent pre-
dictors of acute VTE.

Discussion

Our study aims to improve the early, rapid, and accurate diag-
nosis of patients who present to the ED with a suspicion of acute

VTE. We evaluated the diagnostic value of clinical and labora-
tory findings at the time of ED presentation, keeping in mind the
need for urgent recognition of acute VTE in this setting, for the
emergent initiation of anticoagulation and, in the catastrophic
situations, fibrinolytics therapy.?'** Our findings showed that
RDW value and platelet count were the only variables with a
significant association with acute DVT. A high RDW (>
14.0%) at admission to ED was significantly associated with
the presence of acute DVT, independent of other clinical and
laboratory variables, including D-dimer. These findings are
consistent with those of previous general population studies
or retrospective series,>*° that utilized healthy controls for
comparison. RDW was demonstrated to be higher than
normal cutoffs in such diverse conditions as cardiac stent
thrombosis,>! heart failure,32 inflammatory diseases,>® or
acute exacerbation of chronic obstructive pulmonary
disease.** One of the studies®® described the association of an
RDW > 14% to acute deep and superficial vein thrombosis at
an ED at the admission, but it mixed unprovoked and provoked
VTE—by cancer, trauma, infection, surgery, and other causes
—which can be very different populations in terms of RDW.
More so, it used outpatients on routine follow ups as controls,
expected to present normal RDW, thus not completely reliable
as a comparator if we consider that RDW is higher in many of
the diseases presenting to the ED. To the best of our knowledge,
this is the first study to document that high RDW is associated
with the presence of VTE among acutely ill patients who
present clinical features suspicious of acute unprovoked VTE,
thus distinguishing confirmed from excluded VTE cases. The
detailed analysis of RDW > 14% confirmed its high specificity
and positive predictive value for distinguishing between acute
VTE and other alternative acute diseases, in line with the afore-
mentioned results. We could also observe that all patients
admitted to the ED who were diagnosed non-VTE conditions
had higher than normal RDW measurements, but RDW value
was always inferior to 14%. In the light of these data, we
propose that RDW > 14% could be tested as an early biomarker
to predict acute VTE among acutely ill patients.
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For unprovoked VTE attacks, which make up to a half of all
acute VTE episodes® and present a much higher risk of recur-
rence compared to patients with VTE provoked by a major tran-
sient risk factor,®*” baseline risk assessment of patients with
suspected VTE on ED admission may be particularly difficult.
The lack of typical clinical characteristics, which our study also
found, increases the risk of unprovoked VTE being missed. The
use of a high D-dimer should be discouraged to differentiate
acute VTE in situations of acute medical or surgical illnesses,
even with cutoff adjustments.*®*° Considering the high preva-
lence of high D-dimer values in these circumstances, ordering
costly, often unavailable, and potentially harmful, contrasted
imaging tests for exclusion of VTE is necessary. Our study
found that an RDW > 14% alone, for both PE and DVT, had
a significant positive predictive value, which is comparable to
the association of clinical assessment and D-dimer for
low-risk patients. We have arguments to suggest that this diag-
nostic parameter should be further studied, along with clinical
characteristics and risk factors, to augment both the specificity
and sensitivity of scores in the early diagnosis of acute VTE.
The low specificity demonstrated by D-dimer for both PE and
DVT,'>*! and that contrasts with its significant negative predic-
tive value, limits its usefulness among acute ED patients. By
contrary, further evidence on a high positive predictive value
of RDW >14% in the first hours of acute VTE, particularly in
DVT that showed more consistent results when we analyzed
separate subgroups of venous thrombosis, may add some
value to the existing algorithms. In fact, the combination of
both D-dimer and RDW measurements may, eventually, con-
tribute to a higher predictive value of clinical and easily ready
blood tests to the diagnosis before imaging examinations.
Being this confirmed, we could expect a strong impact in clin-
ical settings where imaging examinations are not immediately
accessible and the decision making for beginning anticoagula-
tion is needed.

Our study had several limitations. The first one is directly
related to COVID-19 pandemics. During COVID-19 pandemics,
worldwide ED were re-arranged to handle patients with potential
or confirmed SARS-CoV-2. There was a modification of accessi-
bility to EDs during COVID-19 pandemics, overloaded with
COVID-19 cases that consumed most healthcare resources, pre-
venting patients from receiving clinical care. ED visits declined
44%,* and clinical assessment of all incoming patients were
likely altered from the “usual” procedures. Furthermore, disorders
like PE and DVT, which require extensive workups, may have
been significantly affected by the reduction in one-third of the
diagnostic examinations. Although in Portugal 48% reduction
in ED visits did not impact the mix case of visiting patient,**
little is known about the use of diagnostic imaging tests in the
ED. In the light of these details, we could advise against extrap-
olating the findings to a population not affected by the
COVID-19 pandemic. The same caution should be applied due
to our small-sized and single-center population. Although we col-
lected data on concomitant diagnosis (ICD-10), we were not
exhaustive and lack data on nutritional status, shown to modify
RDW among unhealthy populations.?® Finally, we would like

to address the dearth of information regarding patient outcomes.
Aside from the mortality outcome, we lacked information on
the clinical evolution during the in-hospital stay and after hospital
discharge. The analysis of those variables could provide some
insight into the potential prognostic significance of RDW over
the course of the illness.

In summary, we have demonstrated that high RDW and
platelet count, 2 parameters that are inexpensive and easily
obtainable, were independently associated with an increased
risk of venous thrombosis. Further research is necessary to
determine whether this association is causative. Future studies
should target the evaluation of these variables as predictors of
a recurrent event, which could assist in future decisions regard-
ing anticoagulation and prophylaxis.
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