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The Role of Platelet Indices in Predicting Short-Term 
Mortality in Elderly Patients with Pulmonary Embolism

Pulmoner Embolisi Olan Yaşlı Hastalarda Kısa Süreli Mortaliteyi 
Öngörmede Trombosit İndekslerinin Rolü

Objective:  This study aimed to investigate the role of platelet 

count, mean platelet volume (MPV), plateletcrit, platelet 

distribution width, platelet mass index (PMI), and MPV-to-platelet 

ratio (MPR) in predicting short-term mortality in patients aged 65 

years and over with pulmonary embolism.

Material and Method: This retrospective, observational, 

cohort study included patients with computed tomography 

angiography-corrected pulmonary embolism. Demographics, 

clinical characteristics, platelet indices, and all-cause mortality data 

within 30 days after admission were noted. The receiver operating 

characteristic curve and multivariate analyses were performed to 

determine the discriminative ability of the platelet indices.

Results: A final analysis of 128 patients was performed. The 

mortality rate was 21.8%. There was no significant relationship in 

the multivariate analysis between mortality and platelet indices 

(Mann-Whitney U test). The area under curve values of the 

neutrophil-to-lymphocyte ratio, PMI, MPR, plateletcrit, platelet 

count, and MPV were 0.501, 0.640, 0.626, 0.642, 0.633, and 0.532, 

respectively.

Conclusion: Based on the results of our sample, the investigated 

platelet indices were not able to predict short-term mortality in 

elderly patients with pulmonary embolism.

Keywords: Blood platelets, pulmonary embolism, mean platelet 
volume, mortality

ÖzAbstract

Serdar Özdemir1, Abdullah Algın1,2

Amaç: Çalışmamızda 65 yaş ve üzeri pulmoner emboli hastalarında; 

trombosit sayısı, ortalama trombosit hacmi (OTH), plateletkrit, 

trombosit dağılım genişliği, trombosit kitle indeksi (TKİ) ve OTH-

trombosit sayısı oranının (OTO) kısa dönem mortaliteyi öngörmedeki 

rolünü araştırmayı amaçladık.

Gereç ve Yöntem: Bu retrospektif, gözlemsel, kohort çalışmasında, 

bilgisayarlı tomografi anjiyografi ile doğrulanmış pulmoner emboli 

olan hastalar dahil edilmiştir. Başvurudan sonraki 30 gün içinde tüm 

nedenlere bağlı ölüm verileri, demografik, klinik özellikler ve trombosit 

indeksleri kaydedildi. Trombosit indekslerinin ölümü öngörebilirliğini 

belirlemek için alıcı karakteristik eğrisi ve çok değişkenli analizler 

yapıldı.

Bulgular: Toplam 128 hastanın son analizi yapıldı. Ölüm oranı %21,8 

idi. Ölüm ile trombosit indeksleri arasında çok değişkenli analizde 

anlamlı bir ilişki yoktu (Mann-Whitney U testi). Nötrofil-lenfosit oranı, 

TKİ, OTO, plateletkrit, trombosit sayısı ve OTH'nin eğri altındaki alan 

değerleri sırasıyla 0,501, 0,640, 0,626, 0,642, 0,633 ve 0,532 idi.

Sonuç: Örneklemimizin sonuçlarına göre, trombosit indeksleri 

pulmoner emboli olan yaşlı hastalarda kısa dönem mortaliteyi 

öngörmede yeterli değildir.

Anahtar Kelimeler: Trombosit, pulmoner emboli, ortalama trombosit 

hacmi, mortalite
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INTRODUCTION
Pulmonary embolism (PE) is a common and often fatal disease. 
It is the third most common cause of cardiovascular deaths and 
the most common cause of patient death after surgery.[1] Rapid 
diagnosis and treatment significantly reduce mortality and 
long-term complications, such as chronic thromboembolic 
pulmonary hypertension and cor pulmonale.[2] The clinical 
features of pulmonary thromboembolism are variable and non-
specific, making an accurate diagnosis and prognostication 
of poor outcome difficult. There is also no specific laboratory 
test. Many ancillary diagnostic tests are utilized because 
medical history and physical examination findings are not 
sufficient alone to diagnose PE.[2,3] Various clinical scoring 
systems, including pulmonary embolism severity index (PESI) 
and simplified PESI or laboratory parameters, such as cardiac 
troponin I and T, and B-type natriuretic peptide are used in the 
prognostic evaluation of PE.[3] 
Platelets are granular cells with a diameter of 2-4 microns. 
They play a key role in hemostasis and coagulation.[4] The 
glycoprotein coat covering the platelet membrane surface 
ensures that the platelet adheres to the damaged vessel 
endothelium. This cover is especially responsible for binding 
to the damaged endothelial cells and the collagen released 
in the vessel wall.[4] In addition, phospholipids in the platelet 
membrane activate the intrinsic pathway in coagulation.[4]  
The risk of venous thromboembolism increases with age, and 
it is approximately 10 times greater in individuals aged over 
80 years compared to those aged 45-50 years.[5] Based on this 
information, we hypothesized that platelet indices might be 
associated with prognosis in thromboembolic diseases, such 
as PE in the later decades of life.
In this study, we aimed to investigate the role of platelet count, 
mean platelet volume (MPV), plateletcrit, platelet distribution 
width (PDW), platelet mass index (PMI), and MPV-to-platelet 
ratio (MPR) in predicting short-term mortality in patients aged 
65 years and over with PE.

MATERIAL AND METHOD
Study Design 
Our retrospective observational study was conducted at the 
emergency department (ED) of a 721-bed tertiary education 
hospital receiving 961 ED admissions per day (annual average 
of the study period). The data of the patients presenting to 
the ED with PE signs and symptoms over the four-year study 
period (between June 15, 2017 and June 1, 2021) were 
gathered retrospectively.

Study Population
The population of this study consisted of patients presenting 
to our ED with PE signs and symptoms between June 15, 2017 
and June 1, 2021. Patients under 65 years those for whom 
PE could not be confirmed with computerized tomography 
angiography (CTA), and those with missing data were 
excluded. Figure 1 shows the flow chart of the study. 

Data Collection
The demographic data (age, gender), symptoms, ED triage 
tags, and laboratory parameters of the study sample were 
collected from the computer-based data system of the 
hospital. The symptoms of patients were noted as chest pain, 
hemoptysis, shortness of breath, weakness, muscle-joint pain 
(leg), back pain, stomachache, palpitation, nausea-vomiting, 
and syncope. The ED triage tags of the patients were recorded 
as red, yellow, and green.  The following laboratory parameters 
were evaluated: white blood cell count, neutrophil count, 
neutrophil ratio, monocyte count, monocyte ratio, lymphocyte 
count, lymphocyte ratio, hemoglobin, hematocrit, mean 
corpuscular volume, red cell distribution weight, platelet 
count, MPV, plateletcrit, PDW, neutrophil-to-lymphocyte 
ratio (NLR), MPR, and PMI. The PMI values were calculated by 
multiplying the platelet count and MPV.

Statistical Analysis 
Microsoft Excel was used for the frequency analysis, and the 
remaining statistical analyses were conducted using SPSS 
version 22.0 for Windows (SPSS Inc, Chicago, IL, USA). The 
conformity of data to the normal distribution was evaluated 
with the Kolmogorov-Smirnov test. Interquartile range (25th-
75th percentile values) and median were used to present 
quantitative variables. The Mann-Whitney test was used to 
compare quantitative variables. To report the independent 
predictors of mortality, we performed a multivariate analysis 
of the factors determined to be significant in the univariate 
analyses and demographics.
The accuracy of the evaluated platelet indices in predicting 
short-term mortality was evaluated using the receiver 
operating characteristic (ROC) curves. The results of the ROC 
curves were presented as the area under the curve (AUC) 

Figure 1. Flow chart of the study
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values. A good predictor should have an AUC value above 
0.8. An AUC value closer to 1 indicates a better predictor. The 
optimal cut-off values of the platelet indices with the best 
specificity and sensitivity were determined using Youden's 
index. We used the DeLong equality test to test the differences 
between the AUC values of the platelet indices. P values below 
0.05 were considered statistically significant.

Ethics 
Approval for the study was obtained from the local ethics 
committee with (approval date: 08/25/2021, number 255). 
Due to the retrospective design of the study and the sample 
not including any personal data, informed consent was waived 
within the knowledge of the ethics committee.

RESULTS 
A final analysis of 128 patients was performed after applying 
the inclusion and exclusion criteria. Forty-nine (38.3%) patients 
were male. The median age of the enrolled patients was 79 (IQR: 
66-80) years. A total of 28 patients died, and the mortality rate 
was 21.8%. Table 1 presents the baseline characteristics of the 
enrolled patients and the comparison of the characteristics 
between the survivor and non-survivor groups. The green 
triage tag was assigned to 23 (18%) patients had, the yellow 
triage tag to 30 (23.4%) patients, and the red triage tag to 75 
(58.6%) patients. Of the surviving patients, 23 (23%) had the 
green triage tag, 28 (28%) had the yellow triage tag, and 49 
(49%) had the red triage tag. Of the non-survived patients, none 
had the green triage tag, while two (7.1%) had the yellow triage 
tag and 26 (92.9) had the red triage tag. There was a statistically 
significant difference between the survivor and non-survivor 
groups in terms of the triage tag (chi-square test, p<0.001).

Table 2 shows the laboratory parameters of the enrolled 
patients and their comparison between the survivor and 
non-survivor groups. Significant differences were detected 
between the survivor and non-survivor groups in terms of 
platelet count [206 (149-259) versus 241 (192-317), p=0.033]. 
However, the relationship between platelet count and 
mortality was not significant according to the multivariate 
analysis (Table 3) (Mann-Whitney U test, p=0.756). The AUC 
values of NLR, PMI, MPR, plateletcrit, platelet count, and MPV 
were determined as 0.501, 0.640, 0.626, 0.642, 0.633, and 
0.532, respectively (Table 4, Figure 2).

Table 1. Baseline characteristics of the enrolled patients and their 
comparison between the survivor and non-survivor groups

Variables
Total Survivors Non-

survivors p 
valuesn=128  (%, 

min-max)
n=100 

(78.1%)
n=28 

(21.9%)
Age, years 79 (66-80) 76 (69-82) 81 (77-88) 0.305
Gender 0.573
Male 49 (38.3%) 37 (37%) 12 (42.9%)
Female 79 (61.7%) 63 (63%) 16 (57.1%)
Frequency of symptoms 0.961
Chest pain 14 (10.9%) 14 (14%) 0
Hemoptysis 9 (7%) 7 (7%) 2 (7.1%)
Shortness of breath 59 (46.1%) 46 (46%) 13 (46.4%)
Weakness 9 (7%) 7 (7%) 2 (7.1%)
Muscle-joint pain (leg) 7 (5.5%) 6 (6%) 1 (3.6%)
Back pain 5 (3.9%) 5 (5%) 0
Stomachache 3 (2.3%) 0 3 (10.7%)
Palpitation 7 (5.5%) 5 (5%) 2 (7.1%)
Nausea-vomiting 2 (1.6%) 2 (2%) 0
Syncope 13 (10.2%) 10 (10%) 3 (10.7%)
Triage tag <0.001
Green 23 (18%) 23 (23%) 0
Yellow 30 (23.4%) 28 (28%) 2 (7.1%)
Red 75 (58.6%) 49 (49%) 26 (92.9)

Table 2. Laboratory parameters of the enrolled patients and their comparison between the survivor and non-survivor groups

Variables
Total Survivors Non-survivors

p valueMedian 
(25th-75th percentile)

Median 
(25th-75th percentile)

Median 
(25th-75th percentile)

White blood cell count 10.30 (8.41-13.88) 9.81 (8.12-12.85) 13 (10.12-17.28) 0.003
Neutrophil count 7.26 (5.63-10.87) 7.05 (5.55-10.21) 8.70 (6.35-13.43) 0.054
Neutrophil % 75 (66-82.3) 75.2 (66.4-86.9) 74.9 (57.6-87.2) 0.954
Monocyte count 0.66 (0.46-0.91) 0.66 (0.46-0.87) 0.81 (0.51 1.08) 0.077
Monocyte % 5.74 (5-7.7) 6 (5.2-7.8) 5.1 (4.3-6.8) 0.031
Lymphocyte count 1.58 (1.18-2.51) 1.56 (1.18-2.47) 1.98 (1.21-3.96) 0.172
Lymphocyte % 16.4 (10.3-24.1) 16.4 (16.4-23.7) 14.8 (7.6-33.1) 0.944
Hemoglobin 12.5 (10.8-13.7) 12.7 (11-13.7) 11.8 (9.67-13.55) 0.181
Hematocrit 37.6 (32.8-41.7) 38.8 (34.1-41.9) 36.4 (31-41.4) 0.242
Mean corpuscular volume 88.1 (85.1-92.1) 88.1 (85.6-91.3) 88.2 (83.3-94.5) 0.898
Red cell distribution weight 14.7 (13.4-16.7) 14.5 (13.3-15.9) 16.2 (14.2-18.6) 0.004
Platelet count 235 (178-293) 206 (149-259) 241 (192-317) 0.033
Mean platelet volume 9 (8.1-9.8) 9 (8.1-9.9) 9 (8.4-9.7) 0.611
Plateletcrit 0.21 (0.16-0.26) 0.22 (0.16-0.29) 0.18 (0.14-0.24) 0.022
Platelet distribution width 16.3 (16-16.9) 16.3 (15.9-16.8) 16.4 (16.2-16.9) 0.452
Neutrophil-to-platelet ratio 4.77 (2.73-7.61) 4.71 (2.81-7.32) 5.13 (1.75-11.61) 0.981
Mean platelet volume-to-platelet count ratio 0.038 (0.029-0.050) 0.038 (0.027-0.047) 0.045 (0.033-0.071) 0.042
Platelet mass index 2123.3 (1575.2-2584.4) 2171.5 (1609.5-2937) 1785.6 (1353.6-2345.9) 0.024
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DISCUSSION 
This study examined the predictive ability of platelet indices for 
short-term mortality in elderly patients with PE and revealed 
no statistically significant difference between the survivor and 
non-survivor groups in the terms of any of the indices except 
for platelet count. To the best of our knowledge, this is the first 
study to investigate the predict ability of PMI in short-term 
mortality in elderly patients with PE.
Platelet count and MPV are inexpensive and easy-to-
measure parameters used in most routine clinical practices. 
Platelet count and other platelet indices, including PDW, 
plateletcrit, and MPV increase in thromboembolic events.

[6] Physiologically, there is an inverse relationship between 
MPV and platelet count.[6] There is evidence that MPV is an 
important risk factor for arterial thrombosis, acute myocardial 
infarction, diabetes, and venous thromboembolism.[7] It is 
also known that the MPV value is higher in the acute phase 
of venous and arterial thrombosis, and this leads to poor 
clinical outcomes.[6,7] It has been shown that larger platelets 
are younger, have contain granules, adhesion receptor 
expression, are more enzymatically and metabolically active, 
aggregate more rapidly with collagen, and therefore have 
increased thrombogenic properties.[8] This can be explained 
by the migration of platelets to a larger population and a 
higher proportion of immature platelets in peripheral blood.
[9] Considering the high level of platelet turnover at the time 
of thrombus formation, platelets released into the circulation 
are more thrombogenic in their natural environment,[9] which 
is the reason for undesirable prognosis associated with higher 
levels of MPV in the PE setting.[10] Significantly increased 
MPV has been reported in different meta-analyses of various 
clinical conditions.[11] A meta-analysis reported significantly 
increased MPV and significantly decreased platelet count in 
thromboembolism.[11] However, further studies are required to 
determine whether increased MPV in thromboembolic events 
is the cause or result of venous occlusion.
PMI and MPR, which is a combination of platelet count and 
MPV, have been investigated in different clinical situations by 
different researchers.[12-16] It has suggested that low PMI and 
high MPR values may be associated with the inflammatory 
process. We consider that neither parameter being determined 
as a good predictor of mortality in our sample may be because 
platelet count and MPV were already resulted negatively in 
our sample.
Plateletcrit is the ratio of the volume of platelets to the total 
blood volume, and it is an indicator of total platelet mass.[17] It is 
generally correlated with MPV and PDW. Increased plateletcrit 
has been associated with poor prognosis in thromboembolic 

Table 4. Ability of the investigated laboratory parameters to predict 30-day all-cause mortality following admission to the emergency department
AUC Cut-off Sensitivity Specificity PPV NPV LR+ LR- Accuracy 95% CI p-value

NLR 0.501 >1.59 75 7.07 18.6 50.0 0.81 3.54 17.93 41.1-59.1 0.984
PMI 0.640 ≤1966.2 64.3 61.6 32.1 85.9 1.67 0.58 25.90 55.0-72.4 0.019
MPR 0.626 >0.062 35.7 90.9 52.6 83.3 3.93 0.71 26.62 53.6-71.0 0.051
Plateletcrit 0.642 ≤0.18 57.1 66.7 32.7 84.6 1.71 0.64 23.81 55.2-72.5 0.018
Platelet count 0.633 ≤212 60.7 62.6 31.5 84.9 1.62 0.63 23.34 54.2-71.6 0.032
MPV 0.532 >8.28 82.1 33.3 25.8 86.8 1.23 0.54 15.48 44.1-62.1 0.609
AUC: area under the curve; PPV: positive predictive value; LR: likelihood ratio; Cl: confidence interval; NPV: negative predictive value; NLR: neutrophil-to-lymphocyte ratio; PMI: platelet mass index; MPR: mean 
platelet volume-to-platelet count ratio; MPV: mean platelet volume

Table 3. Results of the univariate and multivariate logistic regression analyses 

 
Univariate Analysis Multivariate Analysis

odds ratio (95% confidence interval) p odds ratio (95% confidence interval) p
Age, years 1.025 (0.99-1.05) 0.093
Age, ≥75 vs. <75 2.928 (0.81-10.51) 0.099
Gender 0.829 (0.32-2.13) 0.699
Platelet count 0.998 (0.98-1.01) 0.756
Platelet mass index 1.009 (0.99-1.02) 0.226

Figure 2. Receiver operating characteristic curves of the investigated 
laboratory parameters for the prediction of 30-day mortality in all patients 
aged 65 years and over with pulmonary embolism
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events.[17,18] Possible explanations in the literature include 
thrombus formation due to exaggerated platelet activity 
and increased blood viscosity and aggregability resulting in 
increased plateletcrit.[18] 
Since PDW is a specific platelet activation marker, it has 
been reported to increase in thromboembolic events.[19,20]  
Several other possible mechanisms have been suggested 
for the increase in PDW in thromboembolic events. One of 
the theories is platelets being larger in bone marrow due to 
increased platelet destruction. Another possible explanation 
is platelet enlargement secondary to hypoxemia and platelet 
activation.[20] 

Limitations
The most important limitation of our study is that it was 
conducted retrospectively. Secondly, the single-center nature 
of our study reduces its generalizability. Another important 
limitation is that the PE cases could not be classified as high, 
intermediate, and low risk. Our study was a negative resulted 
study. However, the small sample size may be the reasons 
for from the absence of significant results; therefore, we 
recommend further multicenter studies with larger cohorts.

CONCLUSION 
Based on the results of our sample, the evaluated platelet 
indices were not able to predict short-term mortality in elderly 
patients with PE. However, we recommend multicenter 
prospective studies with larger cohorts to validate the results 
of our study.
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