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Abstract: Risk stratification methods for guiding the diagnosis and prognosis of APE
is essential for selecting treatment modalities. It was shown that RDW correlates with
ischemic events. In this study, our primary aim is to investigate the predictive
significance of RDW for 30-day mortality in APE patients. We also aim to investigate
the diagnostic significance of RDW in patients with APE. We reviewed medical
records of 237 patients including; red blood cell distribution width, hemoglobin,
hematocrit, platelet distribution width values, platelet counts, mean platelet volume
counts and pulmonary computed tomography scan results. Mortality was defined as
mortality in 30 days after APE diagnosis and caused by APE. Two hundred twenty-
nine patients were enrolled. The study population was consisted of 116 (50.3%)
patients in APE group and 113 (49.3%) patients in control group. The AUC of RDW
for mortality was 0.648 (95%CI, 0.566-0.730, p=.042). The sensitivity and the
specificity for mortality were 78.85% and 41.81% respectively when the optimal cut-
off value of RDW was set to 15%. We found that RDW is a simple and useful tool for
predicting 30-day mortality in APE patients. We also found that RDW is a significant
diagnostic tool for APE.

Keywords: Acute pulmonary embolism, Hemogram parameters, Computed
tomography, RDW, MPV.

INTRODUCTION

Red cell distribution width (RDW) is one of

Pulmonary embolism (PE) is a pulmonary
circulation disorder caused by the occlusion of the
pulmonary artery and the third most common
cardiovascular cause of hospital admission [1]. Acute
pulmonary embolism (APE) have high mortality rates
despite improvements in diagnostic and treatment
modalities [2]. Risk stratification methods for guiding
the diagnosis and prognosis of APE is essential for
selecting treatment modalities. Recent studies showed
that presence of right ventricular dysfunction shows the
risk classification for APE patients [3]. But
echocardiography is not always available in the
emergency departments (ED). In the literature, there
are several studies about biochemical markers for
diagnosis and assessment of prognosis in APE such as
d-dimer, cardiac troponins and brain natriuretic peptide
[3, 4]. These biomarkers reported to have poor
sensitivity, and they are not available in all emergency
departments. Hemogram parameters were studied for
diagnosis of APE because it was inexpensive and
faster.

the hemogram parameters that measures the variability
in size of red blood cells [5]. In the literature, it was
shown that RDW correlates with ischemic events [6].
Ozsu et al. [7] showed RDW can predict mortality in
PE and Celik et al. [8] found that RDW can be
considered as a diagnostic tool for acute APE. There
are limited studies showed RDW for use in diagnosis
and assessment of prognosis in APE.

In this study, we aimed to investigate the
predictive significance of RDW for 30-day mortality in
APE patients. We also aim to investigate the diagnostic
significance of RDW in patients with APE.

METHODS

This retrospective cohort study was conducted
in a tertiary care university hospital emergency
department (ED). After obtaining the ethical committee
approval (ID=09.2017.272), medical records of all
patients between April 2015 and April 2017, who
underwent contrast-enhanced thoracic computed
tomography (CT) scans due to attending physician's
pre-diagnosis for APE were analyzed. Written
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informed consent was not necessary since institutional
ethics committee waived the need for obtaining written
informed consent from patients due to the retrospective
nature of this study. All patients who were older than
18 years of age were included. Patients with missing
data in their records were excluded. A total number of
237 patient records were reviewed, and 229 patients
were enrolled. Enrolled patients were divided into two
groups: APE group and Non-APE group (control
group), depending on their final diagnosis. The
definitive diagnosis was achieved according to both the
ICD-10 (International Statistical Classification of
Diseases and Related Health Problems-10th revision)
codes and the results of contrast-enhanced thoracic CT
scans. Patients who had both positive ICD-10 code and
CT scan result for APE were enrolled into APE group.
Patients with either negative ICD-10 code or negative
CT scan result for APE were enrolled into the control

group.

All  demographics, blood count values,
comorbidities and contrast-enhanced thoracic CT scan
results were recorded. Blood count results were
consisted of hemoglobin (Hgb) levels (g/dL),
hematocrit (Hct) values (%), platelet counts (PC)
counts (x10%/uL), platelet distribution width (PDW)
values (%), mean platelet volume (MPV) counts (fL)
and red blood cell distribution width (RDW) values
(%). All blood counts were measured by a hematology
analyzer (Beckman Coulter -LH 780, Beckman Coulter
Inc, and Brea, CA). The normal reference ranges for
Hgb level, Htc value, platelet volume, PDW, MPV,
RDW used were 12-17 g/dL, 36-50 %, 150-440
x10%uL, 9.0-17.9 %, 7.4-11.6 fL, 11.6-165 %,
respectively. Contrast-enhanced thoracic CT scans
were performed by a 128 Slice CT Scanner (Siemens
Somatom Definition AS, Siemens AG, Germany).
Mortality was defined as mortality in 30 days after
APE diagnosis and caused by APE. All mortalities and
the cause of mortalities were scanned and confirmed
according to National Death Reporting System
(NDRS). Deceased patients with other causes of death
(e.g., trauma) were included, but they were not
analyzed in mortality group.

STATISTICAL ANALYSIS

The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to express the normality of the
distribution of continuous variables. Continuous data
are presented as median value and interquartile range
(IQR), with non-parametric analyses being used to
assess differences. Kruskal- Wallis test and y2 test
were used to assess differences. The analysis for
prognostic and diagnostic cutoff value was based on
receiver operating characteristic (ROC) curve and
calculated by taking the maximum Youden’s index

(sensibility + specificity -1) as standard. The area
under the curve (AUC) was calculated.

Sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), negative
predictive value (NPV) and positive predictive value
(PPV) for APE diagnosis and mortality were calculated
for chosen cut-off values. Univariate regression
analysis was performed to estimate the relationship
between RDW and APE. SPSS 20.0 for Windows
(SPSS, Chicago, IL, USA) was performed for
statistical analysis. P<0.05 was considered as
significant.

RESULTS

A total number of 237 patients were included
in this study. Eight patients were excluded due to the
missing data in their medical records, and 229 patients
were enrolled. The final study population consisted of
116 (50.3%) patients in APE group and 113 (49.3%)
patients in control group. Hundred and fifteen (50.2%)
of all the study population was female, and the median
(IQR) age was 66.0 (54.0, 74.0). Both groups were
similar regarding baseline demographic characteristics
including age, gender and comorbid diseases (Table 1).

The comparison of laboratory characteristics
of the study population is shown in Table 1. The
median (IQR) RDW value was 15.7 (14.3, 18.2). The
median RDW value of APE group was significantly
higher than control group (16.0; 15.1, p=.009,
respectively). The differences of Hgb, Hct, PIt, MPV,
and PDW values between two groups were
insignificant.

In table 2, the difference of hemogram
parameters for 30-day mortality is presented. The
median (IQR) RDW value of deceased patients was
17.0 (15.1, 19.8) and 15.3 (14.1, 17.4) in not deceased
patients. The difference between two groups was
statistically significant (p=.001). We found no
significant difference in other hemogram parameters
between these two groups.

ROC curves of RDW values for predicting
APE diagnosis and mortality were analyzed (Fig. 1
and 2). The AUC of RDW for APE diagnosis was
0.599 (95%CI, 0.526-0.673, p=.009) and 0.648
(95%CI, 0.566-0.730, p=.042) for mortality. The
optimal cut-off value of RDW for 30-day mortality
was set as 15%, and for APE diagnosis it was set as
14.8%. Sensitivity, specificity, PLR, NLR, NPV and
PPV for APE diagnosis and mortality were
calculated for chosen cut-off values (Table 3). And
in table 4, the univariate logistic regression analysis
of RDW for the diagnosis and mortality of APE is
shown.
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Table-1: Characteristics of the patients with APE and without APE

1.  Index 2. APE (n=116) 3. Non-APE 4. Total (n=229) 5 P
(n=113)

Age, median (IQR) 6. 68.0(55.3,748) |7. 64.0(53.0,73.0) | 8. 66.0(54.0,74.0) |9. .055

Female, n (%) 10. 56 (47.9) 11. 59 (52.7) 12. 115 (50.2) 13. .466

Comorbidities, n (%) 14. 15. 16. 17.
Any comobidity 18. 100 (86.2) 19. 98 (86.7) 20. 198 (86.5) 21. .909
HT 22. 39(33.3) 23. 25(22.3) 24. 64 (27.9) 25. .063
DM 26. 26(22.2) 27. 15(13.4) 28. 41(17.9) 29. .081
CAD 30. 17 (14.5 31. 17 (15.2) 32. 34(14.8) 33..890
CHF 34. 18(15.4) 35. 10(8.9 36. 28 (12.2) 37. .136
CRF 38. 8(6.8) 39. 4(3.6) 40. 12(5.2) 41. .268
Ischemic Stroke 42. 9(7.7) 43. 3(2.7) 44. 12 (5.2) 45. .089
COPD 46. 27 (23.1) 47. 15(13.4) 48. 42 (18.3) 49. .058
DVT 50. 0(0.0) 51. 1(0.9) 52. 1(0.4) 53. .306
Operation 54. 17 (14.5) 55. 8(7.1) 56. 25 (10.9) 57. .073
Malignency 58. 25(21.4) 59. 34(30.4) 60. 59 (25.8) 61. .120

62. Laboratory Values, Median (IQR) 63. 64. 65.
Hgb (g/dL), n=229 66. 11.5(9.9,13.1) 67. 12.0(10.3,13.7) | 68. 11.8(10.1,13.2) | 69. .472
Hct (%), n=229 70. 36.0(31.7,40.5) | 71. 36.7(32.0,415) | 72. 36.2(31.8,41.0) | 73. .645
PIt (x10%/uL), n=229 74. 227.5(173.3, 75. 245(192,313.5) | 76. 236.0 (181.5, 77. 322

288.3) 293.0)

RDW (%), n=229 78. 16.0(14.8,185) |79. 15.1(14,17.4) |80. 157 (14.3,18.2) [81. .009
MPV (fL), n=229 82. 8.2(7.6,9.0) 83. 8.3(7.5,9.0) 84. 8.3(7.5,9.0) 85. .664
PDW (%), n=229 86. 17.1(16.7,18.0) |87. 17.1(16.7,17.6) | 88. 17.1(16.7,17.7) [89. .379

QR: Interquartile range, HT:
heart failure, CRF: Chronic renal failure, COPD: Chronic Obstructive Pulmonary Disease, DVT: Deep venous trombosis,

Hypertension, DM: Diabetes mellitus, CAD: Coronary arterial disease, CHF: Congestive

Hgb: Hemoglobin, Hct: Hematocrit, Plt: Platelet, RDW: Red blood cell distribution width, MPV: Mean platelet volume,
PDW: Platelet distribution width

Table-2: Comparison of the Laboratory Characteristics of the patients for 30-day Mortality

Laboratory Values 91. Deceased (n=52) 92. Not-Deceased (n=177) 93. P
90. Median (IQR)
Hgb (g/dL), n=229 94. 11.2(9.5,13.0) 95. 12.1(104,13.5) 96. .061
Hct (%), n=229 97. 34.0(29.7,39.4) 98. 37.0(32.3,41.6) 99. .089
Plt (x10%/uL), n=229 100. 212.0 (150.0, 286,8) 101. 240.0 (189.0, 295.5) 102. .452
RDW (%), n=229 103. 17.0 (15.1, 19.8) 104. 15.3 (14.1,17.4) 105. .011
MPV (fL), n=229 106. 7.9 (7.3,8.7) 107. 8.3 (7.7,9.0) 108. .192
PDW (%), n=229 109. 17.2 (16.8, 18.2) 110. 17.1 (16.7, 17.6) 111. .347

IQR: Interquartile range, Hgb: Hemoglobin, Hct: Hematocrit, Plt: Platelet, RDW: Red blood cell distribution width,

MPV: Mean platelet volume, PDW: Platelet distribution width

Table-3: The Optimal Cutoff Values of RDW for the Diagnosis and 30-day Mortality of APE

RDW>14.8 for Diagnosis RDW>15.0 for 30-day Mortality
Index Value 95% ClI Value 95% CI
Sensitivity 76.72% 67.97-84.07 (%) 78.85% 65.30-88.94 (%)
Specificity 41.59% 32.40-51.24 (%) 41.81% 34.45-49.44 (%)
Positive LR 1.31 1.09-1.58 1.35 1.12-1.64
Negative LR 0.56 0.38-0.83 0.51 0.29-0.88
Positive PV 57.42% 52.84-61.87 (%) 28.47% 24.80-32.45 (%)
Negative PV 63.51% 53.95-72.12 (%) 87.06 % 79.47-92.12 (%)

Cl: Confidential interval, LR: Likelihood ratio, PV: Predictive value, RDW: Red blood cell distribution width

Table-4: Univariate Lo

istic Regression Analysis for the Diagnosis and Mortality of APE

Index Regression Coefficient | Wald | P OR 95% ClI
RDW for Diagnosis 0.082 3.566 | .059 | 1.085 | 0.997-1.181
RDW for Mortality 0.127 7.545 | .006 | 1.135 | 1.037-1.243

OR: Odds ratio, Cl: Confidential interval, RDW: Red blood cell distribution width
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Fig-1: ROC for RDW predicting APE diagnosis
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Fig-2: ROC for RDW predicting 30-day mortality in APE patients

DISCUSSION

Acute pulmonary embolism (APE) is a
serious disease with a mortality rate of %15-20, and
early diagnosis and management of APE are essential
[2, 9]. In recent years, there has been a search for a
simple and fast diagnostic and prognostic tool. Recent
studies have evaluated RDW values for its significance
in predicting the diagnosis and/or the prognosis of
pulmonary embolism [7, 8, 10-14]. These studies
reported that increased RDW values are associated

with higher significance in predicting diagnosis and/or
prognosis of APE.

In this study, we found that RDW values were
significantly higher in deceased patients when
compared to non-deceased patients. According to our
results, RDW is a useful indicator in predicting 30-day
mortality in patients with APE, with an AUC of 0.648
(95%CI, 0.566-0.730, p=.042) and an optimal cut-off
value of RDW for predicting mortality of 15%. Ozsu et
al. [7] also stated that high RDW levels to be an
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independent predictor of in-hospital mortality in
patients with APE, with an AUC of 0.649 (95% ClI,
0.584-0.715). The cutoff value of RDW was 15%. The
results of this study were similar to our findings.

In recent studies, Zhou et al. [10], Sen et al.
[11] and Zorlu et al. [12] also found that high RDW
values associated with higher mortality rates in APE
patients, with an AUC of 0.6646 (95% CI, 0.5585-
0.7518), 0.646 (95% Cl, 0.557-0.736) and 0.734
(95%CI, 0.646-0.822), respectively. The reported
sensitivity and specificity values of RDW for
predicting mortality in these studies were 52.2%,
79.2%, 95.2% and 87.8%, 55.6%, 53% respectively.
Our results were similar to these studies. But the
definition of mortality (30-day, 100-day, 40-day,
respectively) and the cut-off values of RDW for
predicting  mortality  (16%, 16.25%, 14.6%,
respectively) differed between our study and these
three studies which explain the differences in
sensitivities and the specificities between these studies
and our study.

Our secondary objective was to evaluate
RDW values in predicting the diagnosis of APE. We
found that the median RDW value was significantly
higher in APE group when compared to non-APE
group (16.0, 15.1, p=.009). According to our findings,
RDW is a useful indicator for predicting APE
diagnosis, with an AUC of 0.648 (95%Cl, 0.566-0.730,
p=.042). Wang et al. [13] stated that increased RDW
values can be used as a diagnostic tool in chronic
pulmonary embolism (CPE), with an AUC of 0.815
(95CI, 0.734-0.895, p = 0.000) for RDW. They
reported 82.1% sensitivity and 71.4% specificity with a
cut-off value of 13.05% for RDW in diagnosing CPE.
Although the Wang et al. set a lower cutoff value, they
reported higher values of sensitivity and specificity
when compared to our study. This difference may be
that they evaluated RDW values in diagnosing CPE
patients, whereas we assessed APE patients. In their
recent study, Celik et al. [8] also found RDW to be a
useful diagnostic tool for APE patients. They reported
an AUC of 0.559 (95CI, 0.495-0.622, p = 0.1091),
20.7% sensitivity and 93.4% specificity in predicting
the diagnosis of APE with a cut-off value of 18.9% for
RDW. Our results were similar to their findings, but
Celik et al. set a higher cutoff value of RDW, which
explains the differences in sensitivity and specificity
between the two studies.

In recent studies, other hemogram parameters
were also evaluated regarding their significance for
diagnosis and prognosis in APE [15-18]. In our study,
we found that MPV, Hgb, Hct, and PDW are
insignificant tools for predicting diagnosis and/or
mortality in APE patients (Table 1,2).

All our findings and all the data reported by
these studies support that RDW is a useful indicator for

predicting mortality and diagnosis in APE. But the
potential mechanisms that can be held responsible for
the relation between increased RDW values and APE
are unknown. On the other hand; RDW was reported to
be in association with the inflammatory process of
inflammation in pulmonary arterial hypertension
(IPAH) [19]. It has also been shown that increased
levels of inflammatory molecules are independent
predictors for survival in [IPAH[20]. Therefore,
inflammation is one of the potential mechanisms
responsible for the relation between the increased
RDW values and APE. In addition to this; oxidative
stress, which leads to increased RDW values by
increasing anisocytosis, may be the potential
mechanism[21]. Nonetheless, the pathophysiological
mechanisms remain unknown.

LIMITATIONS

All patient comorbidities were analyzed from
medical records. Since this is a retrospective study, we
didn’t have the chance to determine whether the
patients with those comorbidities were under treatment
or not, prior to their admission to ED. If there were any
comorbidities which were not treated, the mortality
rate might have increased in APE patients. But we
don't think that this limitation affects our results since
evaluating comorbidities was not our objective.

CONCLUSIONS

APE is a severe disease with the high
mortality rate, and early diagnosis and management are
vital in most cases. We found that RDW is a simple
and useful tool and it is an independent predictor for
30-day mortality in APE patients. We also found that
RDW is a significant diagnostic tool for APE. The
mechanisms responsible for the relation between
increased RDW values and APE is unclear. Further
prognostic studies are needed to be established.
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