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Prediction Score for persisting perfusion defects after pulmonary embolism
Jan Mrozeka, Tereza Necasovab, Michal Svobodab, Iveta Simkovac, Pavel Jansad

Aims. Long-term persistence of perfusion defect after pulmonaryembolism (PE) may lead to the development of 
chronic thromboembolic pulmonary hypertension. Identification of patients at risk of such a complication using a 
scoring system would be beneficial in clinical practice. Here, we aimed to derive a score for predicting persistence of 
perfusion defects after PE.
Methods. 83 patients after PE were re-examined 6, 12 and 24 months after the PE episode. Data collected at the time 
of PE and perfusion status during follow-ups were used for modelling perfusion defects persistence using the Cox 
proportional hazards model and validated using bootstrap method.
Results. A simple scoring system utilizing two variables (hemoglobin levels and age at the time of PE) was developed. 
Patients with hemoglobin levels over 140 g/L who were older than 65 years were at the highest risk of perfusion 
defects; in patients with the same hemoglobin levels and age <65 years, the risk was reduced by 79%, and by 89% in 
patients with hemoglobin <140 g/L.
Conclusion. The proposed scoring system may be useful in clinical practice for identifying patients with high risk of 
persisting perfusion defects, flagging them for closer follow up, thus improving the effectiveness of long-term treat-
ment of patients after PE.
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INTRODUCTION

Pulmonary embolism (PE) is one of the most com-
mon cardiovascular diseases1. Patients who survive the 
first days and the initial obstructive shock have a relatively 
good prognosis. The mortality rate of the PE between the 
seventh day and third month is approximately 5%, the 
same as between the third and twelfth month, with most 
patients dying from consequences of the primary disease 
that actually caused the hypercoagulative state and sub-
sequent PE (ref.2,3). Recurrence of pulmonary embolism 
is relatively rare – approx. 3% in the first 6 months and 
then approximately 3% per year4.

Nevertheless, patients who survive a PE episode may 
suffer from various functional or pathophysiological con-
sequences, so-called PE-syndrome. This includes impaired 
thromboembolic resolution, persisting dysfunction and 
dilatation of the right ventricle, or reduced functional 
capacity and overall quality of life5. The most serious 
chronic complication of PE is the chronic thromboem-
bolic pulmonary hypertension (CTEPH). It occurs in 
1-5% of patients after a PE episode6-10. The pathogenesis 
of CTEPH is not yet fully understood. One of the theories 
explains the CTEPH development through an abnormal 

hemodynamic response to the obstruction of a part of 
the pulmonary vascular bed in some patients when the 
bronchopulmonary collateral vessels are dilated, which 
subsequently leads to damage of the microvasculature 
due to a high pressure in systemic bronchial arteries11. 
Disorders of resolution of thromboemboli and persisting 
perfusion defects that are not yet meeting criteria for clas-
sification as pulmonary hypertension are called a chronic 
thromboembolic disease (CTED) (ref.12).

The CTEPH diagnosis is unfortunately often delayed 
due to a slow development and non-specific symptoms 
of the disease. Such a delay in diagnosis can worsen the 
outcome of the patients13,14. A possible solution for reduc-
tion of the diagnostic delay could be close follow-ups of 
all patients after PE and their screening for CTEPH signs. 
However, neither the method of screening nor the time 
schedule for it has not been standardized and objections 
were raised against all diagnostic methods proposed as 
standard screening methods. Echocardiography can be 
inaccurate, especially at the early stages, burdened with a 
high number of both falsely negative and falsely positive 
results and a low cost-effectiveness15; pulmonary perfusion 
scintigraphy or CT angiography (CTA) are costly as well 
and, in addition, are associated with radiation burden16-18. 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020 Dec; 164(4):394-400.

395

Therefore, referring only patients with a high risk of de-
veloping CTEPH for such examinations appears to be a 
rational course of action. 

One possible approach to the identification of patients 
with high risk of CTEPH development could lie in the use 
of a risk prediction score utilizing parameters detected at 
the time of the PE episode that would classify the level 
of risk of CTEPH development, thus providing a rule in/
rule out score. 

The disorders of reperfusion do not only represent 
the initial factor in developing CTEPH; in addition, pa-
tients with residual thrombi are at increased risk of other 
chronic consequences of PE such as persisting dyspnea, 
reduced quality of life or right heart dysfunction and they 
should also be subject to close follow-up after a PE epi-
sode. 

The aim of our work was therefore to formulate a pre-
diction risk score for persisting reperfusion defects based 
on prospective observation of reperfusion in patients after 
the first PE episode.    

METHODS

This study builds on results of a previously published 
analysis of long-term observation of reperfusion after the 
first episode of acute PE in patients diagnosed in four 
secondary hospitals in the Czech Republic and aims at 
creating a scoring system for prediction of the risk of 
persistence of perfusion defects. 

Prior to inclusion in the study, all patients were in-
formed about the study and signed an informed consent. 
The study protocol was approved by the local ethical com-
mittee.

Diagnosis, PE risk stratification, hospital care and 
subsequent follow-up on outpatient basis were performed 
according to current guidelines19. PE diagnosis was con-
firmed by pulmonary CTA or perfusion scintigraphy. All 
patients have undergone complete routine baseline in-
hospital work-up according to contemporary standards 
including assessment of medical history, concomitant 
diseases, complete laboratory tests, echocardiography, 
and/or other noninvasive methods. 

Subsequently, patients were re-examined at month 6, 
12 and 24 after the PE episode. Follow-up visits includ-
ed clinical assessment, medical history, laboratory tests 
and echocardiography. Lung perfusion scintigraphy was 
performed only in patients with abnormal perfusion on 
previous assessment. 

The data were used for modelling of perfusion defects 
persistence using the Cox proportional hazards model. 
The time from diagnosis of pulmonary embolism until 
the reperfusion, which was considered as an event in the 
survival analysis, was monitored. In four patients who 
experienced recurrent perfusion defects, only the period 
to the first reperfusion before the recurrence was used 
for modelling. In all patients who died over the course of 
the study, a complete reperfusion was recorded prior to 
their deaths; for this reason, death was not considered a 
competitive risk in the model. 

The estimates of the regression coefficients of the fi-
nal Cox model were validated using a bootstrap method 
for censored data with 1000 iterations. The proportional 
hazard assumption was assessed in individual iterations 
using the test of scaled Schoenfeld residuals. The 95 per-
centile range of bootstrap resulting estimates was used 
to estimate the confidence intervals of bootstrap-derived 
statistics. Persistence of perfusion defects according to the 
risk groups was analyzed using survival analysis, curves 
were estimated by the Kaplan-Meier method and the dif-
ference between groups was compared using the log-rank 
test. All calculations were performed in the R software20 
with ”survival“21 and “boot"22 packages.

RESULTS

Patients
83 patients were included in the study (56.6% were 

females, mean age 60 years).  In total, 25 (30.1%) patients 
suffered from provoked pulmonary embolism. The PE was 
classified as low risk in 35 (42.2%), intermediate risk in 
40 (48.2%) and high risk in 8 (9.6%) patients. Systemic 
thrombolysis was administered in 13 patients (15.7%). 

79 patients presented for re-examination 6 months 
after the initial event, 78 after 12 months and 74 after 
24 months. Three patients died over the course of the 
study and 7 patients (8.4%) experienced a recurrence of 
a thromboembolic event. In the 6th month after the initial 
episode of PE, the anticoagulant treatment was adminis-
tered in 76 out of 79 patients (96.2%); 57 of that received 
warfarin, 5 rivaroxaban, 2 low molecular weight heparin 
and 14 were enrolled in the Hokusai trial (edoxaban/
warfarin). In the 12th month, the anticoagulants were 
administered in 55 out of 77 patients (71.4%) and in the 
24th month in 24 out of 75 (36.0%). Over the study pe-
riod, a complete reperfusion was achieved in 69 (83.1%) 
patients; in three patients (3.5%), CTEPH was detected 
after 24 months. The characteristics of the patient group 
are summarized in Table 1. 

Scoring system
The survival of perfusion defects was initially mod-

elled according to individual baseline parameters using 
univariate Cox regression models (Table 2). 

Only the variables “hemoglobin” and “age”, which was 
only significant in combination with hemoglobin, were in-
cluded in the final scoring system. Of the other variables, 
none were significant either individually or in interaction 
with hemoglobin; some were not sufficiently represented 
for the purposes of modelling. 

To simplify the applicability of the scoring system in 
clinical practice, both variables (hemoglobin and age) 
were categorized into two classes. This binary categori-
zation was based on the threshold evaluated using receiver 
operating characteristic (ROC) analysis rounded down to 
the nearest meaningful value. Where hemoglobin was con-
cerned, the cut-off was determined to be 140 g/L (ROC: 
141.5 g/L, AUC = 0.792, 95% IS: 0.679‒0.906). Among 
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Table 1. Patient characteristics at baseline.

Parameter Reference range Valid n Characteristics

pulmonaryembolism 
  Age (years) 83 60.0 (27.0; 78.0)
  Females   47 (56.6%)
  BMI 80 29.7 (21.7; 38.8)
  FH VTE 18 (21.7%)
  History of DVT 9 (10.8%)
  PE risk stratification High 8 (9.6%)

Intermediate 42 (50.6%)
Low 35 (42.2%)

  Provoked PE 25 (31.3%)
Lab tests
  CRP (g/L) 0-5 80 24.5 (6.0; 118.0)
  Troponin (µg/L) 0.00‒0.03 77 0.1 (0.0; 2.3)
  Hb (g/L) 120‒160 83 139.0 (119.0; 160.0)
  Thrombocytes (109/mL) 150‒400 83 209.0 (126.0; 352.0)
  D-dimers (mg/¨L) ≤ 500 73 2 050.0 (4.1; 8 840.0)
  INR 1.8-1.2 73 1.1 (1.0; 1.3)
  APTT (s) 26.3-39.4 61 26.0 (0.9; 44.0)
Echo initial
  LVIDd (mm) < 52 82 44.0 (33.0; 55.0)
  LV EF (%) > 55 83 60.0 (50.0; 65.0)
  RVIDd (mm) < 33 81 34.0 (26.0; 47.0)
  TAPSE (mm) < 20 60 19.0 (14.5; 31.0)
  RAD (mm) < 44 42 44.0 (29.0; 53.0)
  RAA (cm2) <18 34 18.1 (9.6; 37.0)
  TR (degree) < 2 76 2.0 (1.0; 3.5)
  PG TR (mmHg) < 35 66 32.5 (10.0; 56.0)
  PASP (mmHg) < 40 66 40.0 (15.0; 64.0)
Treatment - initial
  Systemic thrombolysis 13 (15.7%)
  Anticoagulation only 69 (83.1%)

Continuous parameters are described by the known n, median (5th and 95th percentiles). Categorical parameters are described using absolute 
(relative) frequency; relative frequencies are only calculated from known data. 
n – number of valid records for the variable in question, BMI - body mass index;  FH VTE - Family History of Venous Thromboembolism; 
DVT - Deep Vein Thrombosis; PE - Pulmonary Embolism;  CRP - C Reactive Protein; Hb – hemoglobin; INR - international normalized ratio; 
APTT - Activated Partial Thromboplastin Time; LVIDd - Left Ventricle Internal Diastolic Diameter; EF LV - Left Ventricular Ejection Fraction; 
RVIDd - Right Ventricle Internal Diastolic Diameter;  TAPSE - Tricuspid Annular Plane Systolic Excursion; RAD - Right Atrium Diameter; 
RAA -Right Atrium Area; PG - Peak Gradient; TR Tricuspid regurgitation; PG TR - Peak gradient of tricuspid regurgitation; PASP - Peak systolic 
arterial pressure

patients with hemoglobin over 140 g/L, the cut-off was set 
to be 65 years of age (ROC: 67 years; AUC = 0.727, 95% 
IS: 0.545‒0.918). 

Hence, the final risk score stratifies patients into three 
groups: 1) patients with low hemoglobin (≤ 140 g/L) with 
the lowest risk of persisting perfusion defects regardless 
of the age (n=50 in our study population), i.e., patients in 
whom reperfusion was achieved the soonest; 2) younger 
patients (≤ 65 years of age) with high hemoglobin (> 140 
g/L), in whom the period until reperfusion was intermedi-
ate (n=24 in our study population) and 3) older patients 
(> 65 years of age) with higher hemoglobin levels (> 140 
g/L) who showed the highest risk of persisting perfusion 
defects (n=9 in our study population); in other words, the 
perfusion defects persisted the longest in these patients 
(Fig. 1). The characteristics of the risk groups including 

hazard ratios of reperfusion and 95% confidence intervals 
are reported in Table 3. 

Within 24 months from the PE episode, reperfusion 
was achieved in 47 (94.0%) patients in the low risk group, 
19 patients (79.2%) in the intermediate risk group and 
6 (66.7%) patients in the high risk group of our study 
population.

The results from our study group (83 patients) indi-
cate that in patients with high hemoglobin levels (over 
140 g/L) who are younger than 65 years inclusive, the risk 
of persistence of defects is reduced by 79% compared to 
patients with the same hemoglobin levels who are older 
than 65 years. In patients with hemoglobin below 140 g/L, 
the risk of persistence of perfusion defects is 89% lower 
compared to the high-risk group.
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Table 2. Cox proportional hazards model of reperfusion – one-dimensional models based on the parameters acquired during the 
initial examination. 

  n HR 95% CI P

Demography+History
  Age (years) 83 0.989 0.975‒1.004 0.165
  Sex 83 1.388 0.854‒2.255 0.186
  BMI 80 0.934 0.885‒0.985 0.013
  TED 83 0.819 0.465‒1.441 0.488
  DVT 83 1.087 0.518‒2.281 0.825
  PE Risk Stratification 
  (Low/Intermediate/High)

83 0.420 0.942‒0.939 0.450

  PE 82 0.318 0.775‒2.190 0.318
Lab tests
  CRP (g/L) 80 1.000 0.995‒1.005 0.920
  Troponin (µg/L) 77 1.123 0.730‒1.729 0.598
  Hb (g/L) 83 0.975 0.958‒0.992 0.004
  Thrombocytes (109/mL) 83 1.001 0.997‒1.005 0.542
  D-dimers (mg/L) 73 1.000 1.000‒1.000 0.286
  INR 73 2.268 0.092‒56.12 0.617
  APTT (s) 61 1.008 0.992‒1.025 0.343
ECHO – initial
  LVIDd (mm) 82 0.986 0.953‒1.020 0.412
  EF LV (%) 83 0.992 0.953‒1.032 0.685
  RVIDd (A4C)  81 0.966 0.928‒1.005 0.088
  TAPSE (mm) 60 1.026 0.976‒1.078 0.314
  RAD (mm) 42 1.004 0.973‒1.035 0.819
  RAA (cm2) 34 0.961 0.916‒1.009 0.113
  TR (degree) 75 0.954 0.684‒1.330 0.780
  PG TR (mmHg) 66 0.984 0.963‒1.005 0.135
  PASP (mmHg) 66 0.981 0.962‒1.000 0.053
Treatment - initial
  Systemic thrombolysis 83 0.720 0.377‒1.376 0.320
  Anticoagulation only 69 1.027 0.484‒2.177 0.946

n – number of valid records for the variable in question; HR – hazard ratio, CI – confidence interval, BMI - body mass index;  FH VTE - Family 
History of Venous Thromboembolism; DVT - Deep Vein Thrombosis; PE - Pulmonary Embolism;  CRP - C Reactive Protein; Hb – hemoglobin; 
INR - international normalized ratio; APTT - Activated Partial Thromboplastin Time; LVIDd - Left Ventricle Internal Diastolic Diameter; EF LV 
– Left Ventricular Ejection Fraction; RVIDd - Right Ventricle Internal Diastolic Diameter;  TAPSE - Tricuspid Annular Plane Systolic Excursion; 
RAD - Right Atrium Diameter; RAA -Right Atrium Area; PG - Peak Gradient; TR Tricuspid regurgitation; PG TR - Peak gradient of tricuspid 
regurgitation; PASP - Peak systolic arterial pressure

DISCUSSION

Prediction scores play a major role in current clinical 
medicine to allow determining the likelihood of disease oc-
currence based on known parameters (e.g. Geneva score 
for determining the probability of PE based on the clinical 
symptoms) (ref.23) to estimate the likelihood of mortality 
of a particular disease in a patient or to guide the method 
of treatment (GRACE score, CHA2DS2VASc) (ref.24).

In our study, we created a simple clinical risk predic-
tion score for persistence of perfusion defects derived 
from long-term observation of a cohort of patients after 
the first episode of acute PE. The prediction score in-
cludes two parameters – hemoglobin levels and age at the 
initial examination for pulmonary embolism. The contri-
bution of the presented study does therefore not rest in 
reporting raw data about number of patients, the novelty 
of this research lies in the analysis of individual risk fac-

tors and in creating a scoring system for prediction of the 
persistence of perfusion defects after PE. 

So far, only one study attempted to create a long time 
prediction risk score after PE for CTEPH development. 
Klok et al.25 established rule in and rule out risk scores 
in their retrospective analysis of a group of 772 patients 
with an acute PE episode and CTEPH incidence of 2.8%. 
Based on a multivariate analysis, 4 independent predic-
tive factors of increased risk were revealed: unprovoked 
pulmonary embolism, history of hypothyroidism, onset 
of symptoms more than 14 days prior to the diagnosis, 
and dysfunction of the right ventricle detected by either 
CTA or echocardiography. Those four factors were supple-
mented by two risk reducing factors – known diabetes and 
thrombolysis/embolectomy. Using logistic regression anal-
ysis, these factors were assigned individual score points 
(+6 to -3). The score was developed to yield a binary re-
sult, with patients scoring below 6 considered to be low 
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Table 3. Resulting Cox proportional-hazards model of reperfusion defects.

Risk of persisting 
perfusion defects

Group  
characteristics

Number  
of patients

HR (95% CI)  
of reperfusion

Interpretation

High risk Hb > 140 g/L and age > 65 9 (10.8%) – Reference group with the highest 
risk of persistence of the defects

Intermediate risk Hb > 140 g/L and age ≤ 65 24 (28.9%) 0.21 (0.07‒ 0.97) The risk of persistence is decreased 
by 79%

Low risk Hb ≤ 140 g/L  50 (60.2%) 0.11 (0.04‒0.43) The risk of persistence is decreased 
by 89%

Three risk groups are defined according to the level of hemoglobin and the age at initial examination. The hazard ratio (HR) of the defect reperfu-
sion is accompanied with a 95% confidence interval. Individual HRs are relative to the reference category, i.e., that with the highest risk of defect 
persistence (i.e. the lowest risk of reperfusion) (C-index = 0.624, 95% IS: 0.549‒0.692).
HR – hazard ratio, CI – confidence interval, Hb – Hemoglobin

Fig. 1. Kaplan-Meier curves of persisting perfusion defects in the individual risk groups. 
Reperfusion was considered as an event. The values of the curves correspond with the probabilities of persistence of the perfusion 
defects after reaching a given time point for individual risk groups. Absolute numbers of patients with persisting perfusion defects 
at individual time points and risk groups are indicated below the graph.

risk (incidence of CTEPH 0.38%; 73% of patients) and 
remaining patients with total score over 6 considered to 
be in the high-risk group (CTEPH incidence of 10%). 
While no follow-up was recommended for the low risk 
group, regular echocardiography follow-ups were recom-
mended for the high risk group.    

In our study aimed at prediction of the risk of persis-
tence of perfusion defects (not of symptomatic CTEPH 
as in the work by Klok et al.25, age and hemoglobin levels 
were shown to be significant predictors, which is not in 
agreement with the study mentioned previously. Of the 
risk factors reported by Klok et al. for developing CTEPH, 
unprovoked PE was not significantly associated with in-

creased risk of perfusion defects persistence in our group 
of patients. Similarly, thrombolysis was not found to act 
as a risk reducing factor in our study. Thyreopathy was 
not represented sufficiently in our patient group to allow 
us to draw any conclusions, and we have recorded neither 
the duration from the onset of symptoms to diagnosis nor 
the presence of diabetes. From the inverse point of view, 
Klok et al. did not record hemoglobin levels in their study; 
age was confirmed to be a risk factor of CTEPH but the 
odds ratio was low and, therefore, it has not been used for 
the calculation of their risk scoring system.  Compared 
with their study25, however, our scoring system utilizes 
the potential of data assembled over time and we must of 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020 Dec; 164(4):394-400.

399

course take into consideration that our data focus on a 
condition preceding CTEPH, not CTEPH itself. 

Higher hemoglobin levels and higher age were identi-
fied as predictors of persisting perfusion defects after PE 
in our study. Patients with higher age and increased hemo-
globin were at the highest risk of persistence of perfusion 
defects; in other words, the time to reperfusion in this 
group was longer than in remaining risk groups. The iden-
tification of increased hemoglobin levels as a significant 
risk factor for prediction of perfusion defects is a novel 
finding. To the best of our knowledge, hemoglobin has 
not been investigated as a possible risk factor in any study 
focused on reperfusion disorders after acute PE published 
so far. However, myeloproliferative diseases including 
polycythemia are a well known risk factor of arterial and 
vein thrombosis as well as of CTEPH development26,27. 
The reason for thrombophilia in polycythemia patients is 
a greater blood viscosity leading to greater arterial wall 
shear stress combined with formation of aggregates of red 
blood cells in arterioles and capillaries. In turn, this leads 
to activation of platelets, prothrombogenic and proinflam-
matory state and, therefore, to disorders in the resolution 
of thrombi26. Neither of these factors are however specific 
for primary polycythemia and we feel that these factors 
can be associated with any increase in hemoglobin levels, 
thus possibly explaining our findings.

Our study has some limitations. One of them is the 
fact that the data used for calculation of the prediction 
scoring system originate from a relatively small group 
of patients, especially where patients with high risk of 
persisting perfusion defects are concerned. On the other 
hand, despite the fact that our study group is by an order 
of magnitude smaller than that of Klok et al.25, our study 
was prospectively monitoring patients for 24 months af-
ter a PE episode at several time points using echocar-
diography, scintigraphy and clinical examinations, which 
makes the data more valuable and reliable. Our aim was to 
construct a scoring system that would be able to reliably 
stratify the patients according to the risk groups rather 
than to predict reperfusion in a particular time point.

The estimated hazard ratios were internally validated 
using the bootstrap method. It would be however optimal 
to verify the functionality of the scoring system on an ex-
ternal group of patients. It is necessary to point out here, 
however, that not even the scoring system by Klok et al. 
has been validated so far. Quite the contrary – the work 
by Otero et al.28 put a shade of doubt on the functionality 
of that scoring system. Otero et al. applied the score to 
a cohort of patients from the RIETE registry of PE in 
whom follow-up echocardiography examinations were per-
formed (2256 patients). Out of 586 patients suspected of 
having CTEPH based on echocardiography examination, 
only 160 had the Klok’s score over 6, i.e., belonged in the 
high risk group. On the other hand, it is also necessary to 
mention that the incidence of suspected CTEPH among 
patients in the RIETE registry was unusually high (26%), 
which might have been caused by preselection of patients. 
Using the score in an unselected population with a typi-
cal (much lower) incidence of CTEPH would be much 
preferable for acquisition of reliable results.

CONCLUSION

In this study, we derived a simple and easy to use pre-
diction scoring system which can identify patients with 
increased risk of reperfusion disorders after an acute 
PE episode. Despite the above mentioned limitation, we 
believe that such a simple score capable of categorizing 
patients according to the risk of persisting reperfusion 
disorders can be useful in clinical practice. As persisting 
perfusion disorders may precede the development of a se-
rious chronic complication of acute PE – CTEPH – using 
our simple risk scoring system can identify patients with 
high risk of persisting perfusion defects in whom a more 
intensive follow-up regime would be beneficial. 
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