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Abstract: This study aimed to assess the prognostic significance of total leukocyte count (TLC) and hemoglobin 

(Hb) levels upon admission for patients with acute pulmonary embolism (PE), considering the European 

Society of Cardiology (ESC) model for mortality risk. 1622 patients from a regional PE registry were included. 

Decision tree statistics were employed to evaluate TLC and Hb's prognostic value, both independently and in 

conjunction with the ESC model. Results indicated all-cause and PE-related in-hospital mortality rates of 10.7% 

and 6.5% respectively. Subgrouping patients based on TLC cutoff values (≤11.2, 11.2-16.84, >16.84 x10^9/L) 

revealed increasing all-cause mortality risks (7.0%, 11.8%, 30.2%). Incorporating Hb levels (≤126 g/L or above) 

further stratified the lowest risk group into two strata with all-cause mortality rates of 10.1% and 4.7%. Similar 

trends were observed for PE-related mortality. Notably, TLC improved risk assessment for intermediate-high 

risk patients within the ESC model, while Hb levels enhanced mortality risk stratification for lower risk PE 

patients in the ESC model for all-cause mortality. In conclusion, TLC and Hb levels upon admission can refine 

the ESC model's mortality risk classification for patients with acute PE, providing valuable insights for 

improved patient management. 

Keywords: pulmonary embolism; mortality; total leukocyte counts; hemoglobin 

 

1. Introduction 

The management of acute pulmonary embolism (PE) depends on the mortality risk estimation 

as soon as the diagnosis of acute PE is established and during treatment (1). The best tool for risk 

stratification is the European Society of Cardiology mortality risk assessment where patients are 

stratified into four risk strata with different strategies for diagnosis and therapy [1,2]. High-risk 

patients are hypotensive because of acute PE and need prompt reperfusion therapy to increase their 

chances of surviving. Patients with right ventricle (RV) dysfunction and elevated blood cardiac 

troponin (cTn) levels are the second step on the risk scale, and they need close hemodynamic 

monitoring for several days and reperfusion therapy in case of deterioration. Patients with 
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intermediate-low risk have simplified Pulmonary Embolism Score Index (sPESI) [3] 1 or higher may 

have either RV dysfunction or cTn increased in blood level. Low-risk patients have sPESI 0, and they 

are normotensive without RV dysfunction and increased cTn. All patients should be treated with 

anticoagulation and low-risk patients are candidates for early discharge [1]. However, fine-tuning 

risk assessment is needed. Some prediction signs before the hemodynamic crush should be easy to 

obtain and applicable to wide clinical settings. 

Total leukocyte blood cell count (TLC) represents the individual, non-specific, inflammatory 

response to acute illness. It is unknown whether white blood cell increase is only a bystander event 

associated with a general neuro-inflammatory response, or it directly contributes to some 

pathophysiology processes which can impact the outcome [4–6]. TLC is associated with higher short-

term mortality in acute PE, myocardial infarction, stroke, and sepsis [7–9]. The possible use of TLC 

together with the ESC mortality risk stratification, aiming to create a more precise clinical decision 

tool, was not studied before.  

Anemia also has a prognostic value for patients with acute PE [10]. It is commonly related to 

some important comorbidities, represents the hypo-coagulable state per se, or is a marker of ongoing 

occult bleeding which can seriously complicate the treatment of acute PE patients [11].   

This study aims to evaluate the prognostic value for short-term all-cause and PE-related death 

of TLC and hemoglobin concentration measured at admission to the hospital of patients with acute 

PE respecting the ESC mortality risk stratification. 

2. Materials and Methods 

Data for this investigation was obtained from the Regional PE registry (REPER), a multicenter, 

international registry of hospitalized patients diagnosed with acute PE using multidetector computed 

tomography pulmonary angiography (MDCT-PA). The registry was founded in 2015 and included 

data from five university clinics (Military Medical Academy Belgrade, Institute for Pulmonary 

Diseases Vojvodina, Clinical Centers Zemun, Nis, and Kragujevac), one general hospital (Pancevo) 

in Serbia, and three university cardiology clinics from Banja Luka (Bosnia and Herzegovina), 

Podgorica (Montenegro) and Skopje (North Macedonia). A total of 1622 patients had all relevant data 

for the analysis and was included in the study.  

All-cause hospital death and PE-related death (the cause of death was most probable PE) are co-

primary outcomes of the study.  

The criteria for risk stratification were defined by the 2019 European Society of Cardiology acute 

PE guidelines [1], where high-risk PE patients have a systolic arterial blood pressure of less than 90 

mmHg despite the fluid challenge. Intermediate-high-risk PE patients have RV dysfunction, 

determined by MDCT-PA RV/LV ratio of ≥ 1 or with echocardiography criteria described in the 

pulmonary embolism thrombolysis trial (PEITHO study), and also have increased cTn  level in 

blood. Intermediate low-risk patients had sPESI ≥ 1, with or without RV dysfunction or increased cTn 

blood levels [12]. Low-risk patients are normotensive, have sPESI=0, and neither RV dysfunction nor 

cTn blood level increased.  

Complete blood count, including TLC and Hb level, and cTn, as an urgent analysis, were 

measured from the venous blood of all patients at admission to the hospital using standard methods. 

Brain natriuretic peptide or NT-proBNP and C-reactive protein were measured during the first 24 

hours from admission, using various standard methods. Upper normal range limits of BNP, NT-

proBNP, and cTn level, were obtained from the laboratories of all hospitals enrolled in the study.  

Statistics 

Description analysis was presented through three subgroups of patients, survivors, all-cause 

hospital death, and PE-related hospital death. Basic characteristics of the patients were presented as 

mean values with standard deviations (age) and as frequencies. Total blood leukocyte counts and Hb 

are presented as median values with an interquartile range. The Chi-square test is used for testing 

the significant difference in the distribution of sex and comorbidities between survivors and patients 

who died during hospitalization. Total leukocyte counts, Hb, and other biomarkers are presented as 

medians and interquartile ranges, and the difference among these parameters in survivors versus all-
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cause death and PE-related death subgroups are calculated with the Mann-Whitney test. For the 

determination of cut-off values for TLC, Hb, and other biomarkers, decision tree statistics were used 

with the Chi-square automatic interaction detection (CHAID) method for the classification of 

patients’ risk regarding all-cause and PE-related hospital death.  

Univariate and multivariate regression binary analysis was performed using all variables which 

have significantly different distribution between survivals and deceased patients. For the regression 

analysis TLC and Hb levels were used as categorical variables with cut-off values calculated from the 

decision tree statistics. Receiver operating characteristics curve analysis for TLC and Hb levels for the 

prediction of all-cause and PE related death with areas under the curves, 99% confidence intervals, p 

values and optimal cut-off values and their sensitivity, specificity, negative predictive values and 

positive predictive values were done and presented in the supplementary material. P less than 0.05 

was considered significant for the differences in various parameters between subgroups of patients.  

Statistical analysis was performed using statistical software IBM SPSS statistics for Windows, 

version 20.0 (Armonk, NY, IBM Corp.), and ROC curves and statistics were performed using 

MedCalc version 19.2.6 (MedCalc Software Ltd). 

3. Results 

The mean age of the study patients was 64 (SD 16) years and 53.3% were women. The basic 

characteristics of the patients are presented in Table 1 regarding survival status and cause of hospital 

death. The rates of all-cause hospital death and PE-related hospital death were 10.7% and 6.5%, 

respectively. Different comorbidities were more often presented in patients who died during 

hospitalization. Therefore, chronic obstructive pulmonary disease (COPD) (p=0.006), chronic heart 

failure (CHF) (p<0.001), history of coronary disease (p=0.007), diabetes mellitus (DM) (p=0.001), active 

malignant disease in the last 6 months (0.004), stroke (p<0.001) and renal failure with glomerular 

filtration rate less than 60 ml/min (p<0.001) were significantly more often present in patients with all-

cause hospital death as compared with PE patients who survived. For PE-related hospital death, a 

significant difference was present for CHF (p=0.04), coronary disease (p=0.01), DM (p=0.011), stroke 

(p<0.001) and chronic renal failure (p<0.001). There was no difference in the distribution of sex, major 

surgery, and arterial hypertension between survivors and those with all-cause or PE-related death. 

Both TLC and Hb levels were significantly different between survivors and all-cause or PE-

related death subgroups (Table 1). TLC was about 2x109/L higher in all-cause and PE-related death 

as compared with the survivors’ subgroup (p<0.001 for both comparisons). Contrary, Hb levels were 

slightly, but significantly lower in all-cause death (p=0.001) and PE-related death (p=0.002) subgroups 

as compared with the survivors. 

Table 1. Basic characteristics of patients at admission to hospital. 

 
Survivors 

N=1448 

All-cause death 

N=174 

PE-related death 

N=105 

Age, y mean±SD 

Female – n, % 

COPD – n, % 

CHF – n, % 

Malignant dis. – n, % 

Surgery – n, % 

Diabetes – n, % 

Coronary dis. – n, % 

Stroke – n, % 

GRF<60ml/min – n, % 

sPESI>0 – n, % 

ESC mortality risk 

  Low 

  Intermediate-low 

  Intermediate-high 

63±16 

767, 53.0 

142, 9.8 

195, 13.5 

181, 12.5 

224, 15.5 

274, 18.9 

157, 10.9 

89, 6.2 

474, 33.0 

970, 67.0 

 

517, 35.7 

372, 25.7 

422, 29.1 

70±14 

94, 55.7 

30, 17.2 

45, 25.9 

36, 20.7 

25, 14.4 

53, 30.5 

31, 18.5 

27, 15.6 

115, 66.5 

159, 91.4 

 

14, 8.0 

23, 13.2 

69, 39.7 

69±15 

58, 55.2 

13, 12.4 

22, 21.0 

18, 17.1 

14, 13.3 

31, 29.5 

20, 19.8 

17, 16.2 

76, 72.4 

96, 91.4 

 

5, 4.8 

4, 3.8 

41, 39.0 
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  High 

TLC x109/l median (25th-75th) 

Hb g/l median (25th-75th) 

BNP or NT-proBNP (xUNRL) 

cTn (xUNRL) 

CRP mg/L (25th-75th) 

137, 9.5 

10.0 (7.9-12.7) 

133 (118-145) 

1.86 (0.58-5.85) 

2.0 (0.32-9.06) 

41.6 (16.1-89.85) 

68, 39.1 

12.1 (9.3-17.6) 

125 (110-141) 

6.8 (2.56-17.02) 

4.87 (1.57-16.16) 

80.50 (44.30-163.6) 

55, 52.4 

12.4 (9.8-17.6) 

123 (107-140) 

7.33 (3.52-18.80) 

5.06 (2.0-18.3) 

78.05 (45.85-164.6) 

COPD – chronic obstructive pulmonary disease, CHF – chronic heart failure, GRF – glomerular filtration rate, 

TLC – total leukocyte count, Hb – hemoglobin, BNP and NT-proBNP – brain natriuretic peptide, and N 

terminal brain natriuretic peptide, UNRL – upper normal range limit, cTn – cardiac troponin, CRP – C-reactive 

protein. 

Using decision tree statistics for the determination of optimal cut-off values of investigated 

parameters for the prediction of all-cause and PE-related hospital death, our study revealed that both 

TLC and Hb level at hospital admission could be used either alone or together with the ESC mortality 

risk stratification (Figures 1–4). 

 

Figure 1. Decision tree for all-cause hospital death in acute PE using blood total leukocyte count and 

Hb concentration at admission.  . 
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Figure 2. Decision tree for PE-related hospital death in acute PE using blood total leukocyte count and 

Hb concentration at admission.  . 

 

Figure 3. Decision tree for A death in acute PE using blood total leukocyte count and Hb concentration 

and ESC mortality risk stratification at admission.  . 
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Figure 4. Decision tree for PE-related death in acute PE using blood total leukocyte count and Hb 

concentration and ESC mortality risk stratification at admission. . 

According to TLC, patients can be stratified into 3 subgroups where those who have total 

leukocyte counts ≤11.2x109/L had the lowest all-cause mortality rate of 7.0%, those with TLC between 

11.2-16.84x109 had 11.8% mortality rate, and the subgroup with TLC higher than 16.84x109/L had the 

highest mortality rate of 30.2% (p<0.001). The first subgroup was further split into two groups using 

the Hb level at admission. Consequently, the group with the admission Hb levels of ≤126 g/L had 

mortality rate for all-cause mortality 10.1%. Mortality rate in the group with Hb level of >126 g/L was 

4.7% (p=0.009).  Regarding the PE-related mortality, discriminative levels of TLC and Hb levels for 

the “risk” distribution, were similar to all-cause mortality (Fig 2). 

Using decision tree statistics on the ESC mortality risk model, significant discriminative power 

has been achieved between four risk groups such as low risk, intermediate-low risk, intermediate-

high risk, and high-risk patients reaching mortality rate of 2.6%, 5.8%, 14.1% and 33.2%, respectively 

(p<0.001) (Fig 3). Furthermore, patients at the lowest risk were further allocated into two risk 

subgroups using Hb cutoff level of 131 g/L, where mortality rate was 0.7% for patients with Hb 

>131g/L, and 4.7% for patients with Hb ≤ 131 g/L (p=0.042). Using cut-off level of 16.84x109/L for TLC 

we split intermediate-high risk subgroup into two risk levels, where patients with total leukocyte 

TLC of >16.84x109/L had all-cause mortality of 33.3%, and those with ≤16.84x109/L had a mortality 

of 11.2% (p<0.001) (Fig 3). Regarding the PE-related mortality in our cohort of patients, the ESC 

mortality risk model had strong discriminatory power, putting low risk and intermediate-low risk 

patients in the same discriminatory node with PE-related mortality rate of 1.0%. PE-related mortality 

rates for intermediate-high and high-risk patients were 8.9% and 28.6%, respectively. In addition, 

having the TLC cut off value of 16.5x109/L, intermediate-high risk group PE patients were divided 

into two subgroups were patients with TLC > 16.5x109/L had PE-related mortality rate of 22.6%, and 

those with TLC ≤ 16.5x109/L had PE-mortality of 7.0% (p=0.001) (Fig 4.).     

Univariate and multivariate binary regression analysis for the prediction of all-cause and PE 

related hospital death is presented in Table 2. Tested variables were significantly different between 
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patients who survived and patients who died, either from all-causes or from PE. In the multivariate 

analysis only variables which have significant independent association with all-cause and PE related 

death are presents. In the multivariate regression model TLC > 16.5x109/L had independent 

predictive values for all-cause death (OR 3.141, 95%CI 2.062-4.784, p<0.001) and PE related death (OR 

2.738, 95%CI 1.606-4.667, p<0.001) (Table 2). Furthermore, Hb level > 125 g/L also had independent 

predictive value for all-cause death (OR 1.775, 95%CI 1.246-2.530, p<0.001) and PE related death (OR 

2.050, 95%CI 1.301-3.320, p=0.002) (Table 2). 

Table 2. Univariate and multivariate regression analysis for the prediction of all-cause and PE-

related hospital death, using total leukocyte count as categorical variable with cut-off < 16.5x109/L 

and Hb blood concentration <125 g/dl. In the multivariable analysis adjustment was done with 

variables which have significantly different distribution between survivors and deceased patients. 

In the multivariate adjusted analysis, only variables with independent significant association with 

death are presented. 

All-cause death 
Univariate analysis 

OR (95%CI, p) 

Multivariate analysis 

OR (95%CI, p) 

Age 

Chronic obstructive pulmonary disease 

Chronic heart failure 

Diabetes mellitus type 2 

Malignant disease 

Coronary disease 

Stroke 

Chronic renal failure (CrCl<60 ml/min) 

ESC mortality risk model  

  Intermediate-low 

  Intermediate-high 

  high 

Total leukocyte count (cut-off 

16.5x109/L) 

Hb (cut-off 125 g/L) 

1.033 (1.021-1.046, <0.001) 

1.916 (1.247-2.945, 0.003) 

2.242 (1.546-3.250, <0.001) 

1.877 (1.324-2.660, <0.001) 

1.903 (1.281-2.826, 0.001) 

1.858 (1.216-2.838, 0.004) 

2.822 (1.776-4.484, <0.001) 

4.032 (2.877-5.633, <0.001) 

- compare to low risk 

2.283 (1.159-4.496, 0.017) 

6.038 (3.351-10.879, <0.001) 

18.330 (10.007-33.575, <0.001) 

4.591 (3.160-6.670, <0.001) 

1.816 (1.323-2.490, <0.001) 

- 

- 

- 

1.537 (1.039-2.274, 0.031) 

- 

- 

2.110 (1.237-3.599, 0.006) 

2.549 (1.773-3.665, <0.001) 

- compare to low risk 

2.441 (1.206-4.945, 0.013) 

5.506 (2.963-10.229, <0.001) 

13.760 (7.239-26.156, <0.001) 

3.141 (2.062-4.784, <0.001) 

1.775 (1.246-2.530, <0.001) 

PE-related death   

Age 

Chronic heart failure 

Diabetes mellitus type 2 

Coronary disease 

Stroke 

Chronic renal failure (CrCl<60 ml/min) 

ESC mortality risk model  

  Intermediate-low 

  Intermediate-high 

  high 

Total leukocyte count (cut-off 

16.5x109/L) 

Hb (cut-off 125 g/L) 

1.030 (1.014-1.045, <0.001) 

1.703 (1.040-2.790, 0.034) 

1.795 (1.157-2.785, 0.009) 

2.027 (1.209-3.398, 0.007) 

2.948 (1.681-5.170, <0.001) 

5.330 (3.427-8.290, <0.001) 

- compare to low risk 

1.112 (0.297-4.168, 0.875) 

10.046 (3.935-25.648, <0.001) 

41.511 (16.302-105.70, <0.001) 

4.722 (2.997-7.441, <0.001) 

2.108 (1.412-3.1.47, <0.001) 

- 

- 

- 

- 

2.091 (1.083-4.035, 0.028) 

3.138 (1.940-5.076, <0.001) 

- compare to low risk 

1.112 (0.297-4.239, 0.865) 

8.341 (3.233-21.518, <0.001) 

29.497 (11.414-76.230, 

<0.001) 

2.738 (1.606-4.667, <0.001) 

2.050 (1.301-3.320, 0.002) 

C-reactive protein level and cardiac troponin level did not influence the risk assessment adding to the ESC 

mortality risk model for either all-cause or PE-related hospital death. Brain natriuretic peptide of NT-proBNP 

was measured on 980 out of 1662 patients and since that, this variable was not included in the multivariable 

and ROC curve analysis. 

Brain natriuretic peptide (BNP) and NT-pro-BNP presented as x upper range limit improved the 

risk stratification in the decision tree statistics of ESC model (Supplementary Figure S1). Hence, the 

PE-related mortality rates of high-risk PE patients were 14.6% and 39.1% for BNP (or NTpro-BNP) 

levels of ≤8.072xURL and >8.072xURL,respectively (p=0.004).  
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Receiver operating characteristics curve analysis was presented in the supplementary analysis 

(figures S2 a and b and S3 a and b). TLC has area under the curve of 0.649 (p<0.001) for the prediction 

of all-cause death, and 0.679 (p<0.001) for the prediction of PE related death. The Hb levels has area 

under the curve of 0.580 (p=0.001) for the prediction of all-cause death, and 0.593 (p=0.003) for the 

prediction of PE related death.  

4. Discussion 

This study showed that two commonly determined, widely used parameters, such as TLC and 

Hb level at hospital admission, can be used for the risk stratification of acute PE patients as an 

addition to the ESC suggested mortality risk model and therefore enhance the treatment decision. 

Both TLC and Hb admission levels had significant independent association for all-cause and PE 

related hospital death in the multivariate analysis adjusted to ESC mortality risk, creatinine clearance, 

stroke, and the presence of diabetes mellitus type 2 only for all-cause death. The results showed that 

using a cut-off level of 16.5x109/L of TLC can additionally allocate the patients within intermediate-

high risk PE into the lower risk subgroup for TLC value equal or lower than the cut-off who had  

PE-related mortality rate of 7.0% and the highest risk subgroup, with mortality rate of 22.3% (TLC 

higher than the cut-off), similar to the mortality rate of high-risk patients in our study. Contrary, Hb 

cut-off level of 131 g/L can be used for the risk stratification of the low-risk PE patients where patients 

with lower Hb levels had almost 5 times higher all-cause mortality (4.7% vs 0.7%) than patients with 

Hb level above the cut-off value. From the clinical point of view, these results might have two 

important consequences. The first is that subgroup of patients with intermediate-high risk PE with 

TLC higher than 16.5x109/L at admission should be considered as higher risk and treated with 

reperfusion therapy if there are no contraindications. The second is that patients with low-risk PE 

and Hb levels at admission under 131 g/L should be hospitalized and carefully evaluated because of 

the increased risk for all-cause mortality. 

Regarding the routine complete blood cells analysis, TLC, neutrophil to lymphocyte ratio, mean 

platelets volume, and anemia  are the most studied markers of poor prognosis in patients with PE 

and other acute vascular disorders [5,6,10,13–15]. Leukocytosis in acute PE may be caused by local 

inflammation derived from pulmonary infarction in peripheral PE, however, this kind of leukocytosis 

has no predictive value for mortality, especially for PE-related mortality [4]. However, in patients 

with intermediate-high and high-risk PE, leukocytosis is part of the systemic inflammatory response 

and catecholamine surge as compensatory mechanisms for severe acute disease [16]. Hence, 

leukocytosis is a part of the response to acute PE, but with an unknown role in the pathophysiology 

of the disease. Our study has revealed that leukocytosis is especially important for the prognosis of 

intermediate-high risk patients where the therapeutic approach is the most difficult and where we 

need more simple and reliable markers for early prognosis. 

Moreover, lower Hb level in acute PE is a consequence of various comorbidities, with or without 

bleeding. Several reports suggest that anemia and particularly persistent anemia are important risk 

factors for poor outcomes in acute PE. In our study, we have shown that anemia may be served as an 

additional risk for dying in patients with otherwise low-risk PE.   

We tested three other biomarkers with decision tree statistics and found that neither CRP nor 

cTn has additional predictive value to the ESC model. However, BNP and NT-proBNP increase in 

relation to the laboratory determined upper normal limit range has significant value for the 

prediction of PE-related mortality in high-risk PE patients. However, cTn is already incorporated in 

the ESC mortality risk model. Several biomarkers have a strong predictive value for mortality risk in 

normotensive PE patients, however, their prognostic value in high-risk patients is not defined [17]. 

The possible value of this finding might be important since 40% of high-risk patients had BNP or NT-

proBNP values less than 8 times above the ULR and the mortality rate was very similar to 

intermediate-high-risk PE patients.  
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Limitations of the study 

A relatively low proportion of patients (about 10%) in intermediate-high PE group, had TLC 

level above the threshold of 16x109/L. The classification of PE-related death is arbitrary, and, in some 

patients, a significant uncertainty exists regarding the real cause of death. We also did not use 

BNP/NT-proBNP levels for the multivariate models since there were a high number of missing values 

and different assays used for this marker in our study. 

5. Conclusions 

TLC and Hb level in acute PE on admission to the hospital have a significant value for the 

prediction of hospital death in addition to the ESC mortality risk model. Those parameters could be 

used in clinical practice during the decision-making process for the treatment of low-risk and 

intermediate-high-risk PE patients. 

Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Figure S1: Decision tree using ESC mortality risk model, TLC, and BNP or NTproBNP 

x URL, Figure S2: ROC curves for TLC for the prediction of all-cause (panel a) and PE related (panel b) hospital 

death.  TLC level of >11.78x109/L has PPV=17,6% and NPV = 93% for all-cause death and PPV=12,1% and NPV 

= 96% for PE related hospital death, Figure S3: ROC curves for Hb levels for the prediction of all-cause (panel a) 

and PE related (panel b) hospital death.  TLC level of >11.78x109/L has PPV=17,6% and NPV = 93% for all-cause 

death and PPV=12,1% and NPV = 96% for PE related hospital death. 
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