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Introduction

Until twenty years ago, the standard treatment for patients with non-massive 
pulmonary embolism (PE) and deep venous thromboembolism (DVT) was in-
travenously administered unfractionated heparin (UFH) therapy in combination 
with oral anticoagulation therapy. The latter comprises one of the registered vi-
tamin K antagonists acenocoumarol or phenprocoumon, where dosage is based 
upon the international normalized ratio (INR) of the prothrombin time. 
In 1992, Hull et al reported that a once daily subcutaneous injection of low-mo-
lecular-weight heparin (LMWH) was at least as effective and safe as continuous 
intravenous UFH in patients with DVT [1]. In the years thereafter, several inves-
tigations confirmed that this was also true for PE [2-4]. Presently, UFH has given 
way for LMWH bridging therapy in patients with DVT and nonmassive PE. The 
simple subcutaneous administration of LMWH, once daily and without the need 
for laboratory monitoring, has opened up possibilities for investigations of tre-
atment of venous thromboembolisms (VTE) on an outpatient basis [5-8]. These 
studies have resulted in outpatient treatment of DVT worldwide. Outpatient treat-
ment has improved the quality of life and reduced healthcare costs [9, 10].
DVT and PE are considered to be manifestations of the same disease process. Ne-
arly 50% of individuals with a proximal DVT have evidence of a coexistent PE 
[11]. In accordance to outpatient treatment of DVT, it is an actual issue, whether 
some PE-patients can be treated in an outpatient setting. International guidelines 
for PE still recommend initiating therapy in a hospital setting [12]. Although it 
is obvious that outpatient treatment should be limited to low risk PE-patients, no 
explicit criteria exist to accurately identify these low risk patients. The group for 
outpatient treatment must be chosen carefully, as patients presenting with acute 
PE have a fourfold increased risk to die of recurrent VTE in the following year 
than patients presenting with acute DVT (1.5 versus 0.4%) [13].
Two clinical prediction rules have been developed for selecting low risk patients 
[14, 15]. The pulmonary embolism severity index (PESI) predicts 30-day morta-
lity [14]. Age ≥ 70, history of cancer, heart failure, chronic lung disease, chronic re-
nal disease, cerebrovascular disease, pulse ≥ 110 beats/min, systolic blood pressure 
< 100 mm Hg, altered mental status and oxygen saturation < 90% are the 10 fac-
tors in this PESI-model. Patients with none of these criteria are defined as low risk.  
The Geneva prognostic index identifies six predictors of adverse outcome in a 
period of 90 days of diagnosis: cancer, hypotension, heart failure, prior DVT, 
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hypoxemia and proven DVT [15]. In both scoring systems, data for the prediction 
of early (the first 10 days) in-hospital mortality are not available.
Besides these prediction rules, right ventricular dysfunction (RVD) on echocar-
diography is an independent and strong tool for risk stratification in acute PE 

[16-18]. Patients without right ventricular dysfunction on echocardiography have 
an in-hospital mortality rate of < 4%. However, the in-hospital mortality rate of 
patients with right ventricular dysfunction and cardiogenic shock can reach ap-
proximately 30% [19]. The major disadvantages of echocardiography are its limi-
ted availability and its occasional poor imaging quality, particularly in overweight 
or mechanically ventilated patients and in patients with lung disease [20]. 
Cardiac biomarkers are promising variables for risk stratification of patients with 
PE. Cardiac troponins are markers of myocardial cell damage. In acute PE, tro-
ponin levels correlate with the extent of RVD [21, 22]. Myocardial ischemia due 
to alterations in oxygen supply and demand of the failing right ventricle, probably 
play a major role in the pathogenesis of troponin release [20]. It has been reported 
that elevation of the troponin I and T subunits identifies patients with PE at high 
risk of adverse clinical outcome [21-23].  
During the past decade, several studies have demonstrated that N-terminal pro-
brain natriuretic peptide (NT-proBNP) is another promising biomarker in risk 
stratification of patients with PE [24-27]. Pro-BNP is synthesized in myocytes in 
response to stretch. It is split into the active hormone BNP and the inactive N-
terminal fragment NT-proBNP [28]. Patients with normal NT-proBNP levels are 
supposed to have less risk for serious adverse events [24-27, 29, 30]. NT-proBNP 
seems to be the biomarker with the strongest predictive value in the risk stratifica-
tion of patients with acute PE [31]. In contrast to echocardiography, NT-proBNP 
or its derivates can be determined within a few hours after presentation in most 
hospitals.
New insights into risk stratification of patients with PE in combination with the 
safety of LMWH-therapy have led to the actual interest in the development of 
strategies for treatment of a selected group of PE-patients in an outpatient set-
ting.
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Outline of the thesis 

The aim of this thesis is to study several aspects of risk stratification in patients 
with acute PE with a special focus on the short term outcome, in order to contri-
bute to the development and implementation of guidelines for outpatient treat-
ment of low-risk PE-patients.

In chapter 2, risk factors for serious adverse events in patients with PE during 
the first ten days of treatment (the so-called initial in-hospital period) are studied. 
This study shows that the use of the pulse rate and D-dimer concentration allows 
clinicians to select patients in whom treatment on an outpatient basis should be 
discouraged.

Several studies demonstrated that cardiac biomarkers are promising in risk strati-
fication of patients with acute PE. One of these biomarkers is brain natriuretic 
peptide (BNP), which is released from ventricular myocytes on stretch. Low (NT-
pro) BNP concentrations are associated with an uncomplicated course in patients 
with acute PE and are therefore useful to identify low risk patients. Chapter 3 
shows an easily accessible prognostic model, based on NT-proBNP and other 
clinical and laboratory parameters, to predict adverse events during the first ten 
days after the diagnosis of acute PE.

To develop criteria for home treatment of PE-patients, it is relevant to know if 
early discharge before reaching an adequate INR, results in the same quality of 
treatment compared to patients who are hospitalized until reaching an adequate 
INR. In chapter 4, we analyze the current practice of anticoagulant therapy dur-
ing the first 3 months after diagnosis of acute PE in patients discharged before 
and patients discharged after reaching an adequate INR.

High levels of NT-proBNP are found in patients with acute PE and right ventricu-
lar overload. Right ventricular overload is a powerful predictor of fatal outcome 
and may be the result of large perfusion defects in patients with PE. Chapter 5 
addresses the question, whether NT-proBNP correlates with the amount of per-
fusion defects, expressed as the percentage of pulmonary vascular obstruction 
(PVO) on perfusion scintigraphy or not. 
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The key question is if outpatient treatment of a selected group of low risk patients 
with acute PE is safe. Chapter 6 describes a multicenter management study on 
the clinical outcome of outpatient treatment of hemodynamically stable patients 
with acute PE and a low NT-proBNP level.

Complete resolution of a PE is not achieved in every patient with PE. Persistent 
obstruction of the pulmonary vasculature can lead to progressively pulmonary 
hypertension and right ventricular dysfunction. It would be helpful to predict a 
subgroup of PE-patients with a high chance of residual defects. Early additional 
diagnostic tests can be performed and subsequently treatment can be initiated 
more rapidly. In chapter 7, risk factors for incomplete recovery of lung perfusion 
six months after the diagnosis of PE, are identified.

Finally, the findings of the above mentioned studies are summarized in chapter 8. 
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Abstract

Introduction: To enable outpatient treatment of a selected group of patients with 
PE, insight in the determinants of adverse clinical outcome is warranted. We have 
identified risk factors for serious adverse events (SAE) within the first 10 days of 
acute PE.

Methods: We have retrospectively analysed data of 440 consecutive patients with 
acute PE. Collected data included age, gender, medical history, blood pressure, 
pulse rate and D-dimer concentration. The variables associated with SAE in the 
first 10 days in univariate analysis (p<0.15) have been included in a multivariate 
logistic regression model (backward conditional, p out >0.10).

Results: In 440 patients with acute pulmonary embolism, 20 SAE’s occurred in 
a 10-day follow-up period. Pulse rate ≥ 100 beats per minute (bpm) (OR, 6.85; 
95%CI 1.43-32.81) and D-dimer concentration ≥ 3000 μg/ml (Odds ratio (OR), 
5.51; 95% Confidence interval (CI) 0.68-44.64) were significantly related to the 
SAE’s. All SAE’s were predicted by a pulse rate ≥ 100 bpm and/or a D-dimer 
concentration ≥ 3000 μg/ml. Older age, gender, history of VTE, heart failure, 
Chronic obstructive pulmonary disease (COPD), cancer or a systolic blood pres-
sure < 90 mm Hg had no significant influence on short term SAE’s.

Conclusions: Pulse rate and D-dimer concentration can be used to identify pa-
tients with acute PE, who are at risk for adverse clinical outcome during the first 
10 days of hospitalization. Outpatient treatment of PE-patients with a pulse rate ≥ 
100 bpm and/or a D-dimer concentration ≥ 3000 μg/ml has to be discouraged.

Risk stratification based on pulse rate and D-dimer
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Introduction

The spectrum of PE ranges from clinical asymptomatic small PE to life threate-
ning massive PE, with systemic hypotension, cardiogenic shock or respiratory 
failure [1, 2]. Treatment of non-massive PE comprises subcutaneous injection of 
LMWH, followed by a variable period of oral anticoagulation therapy [3]. This 
type of treatment is effective and safe for treatment in patients with non-massive 
PE [4-6] and presumably also for outpatient treatment of this condition. In this 
situation it has the potential of being patient-friendly and cost reducing of care 
[7]. However, outpatient treatment of patients with non-massive PE is not widely 
accepted as no explicit criteria exist to accurately identify patients with a low risk 
for adverse outcomes [8]. 
Previous studies investigated the incidence and risk factors of SAE’s for patients 
with acute PE [8-15]. However, most of these studies were focussed on determi-
ning risk factors of SAE’s during a follow-up period of 3 months after the start 
of the therapy [9, 11-14]. Some authors described risk factors of SAE’s during 
a follow-up period of only 2 weeks [10, 11] or 1 month [8, 15]. None of these 
studies identified risk factors for SAE’s for a follow-up period of 10 days. Most 
of the patients with acute PE stay in the hospital for 6-10 days [16-19]. To de-
fine patients, having acute PE, in which outpatient treatment may be considered, 
more insight is required in risk factors for adverse outcome during the period of 
hospitalization. We studied the determinants of adverse clinical outcome during a 
follow-up period of 10 days after the diagnosis of acute PE. 

Materials and Methods

Patients
We retrospectively analyzed the data of consecutive patients who presented with 
clinically suspected pulmonary embolism at the emergency department of the 
St. Antonius Hospital Nieuwegein using the database of the hospital comprising 
information on the discharge diagnosis, the admission and discharge data. All 
patients with a primary or secondary discharge diagnosis of PE were selected. 
Outpatients with an acute PE on admission were included and inpatients with an 
acute PE or patients with chronic pulmonary hypertension were excluded. 
Diagnosis of PE was based on an intraluminal filling defect on spiral Computed 
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tomography (CT) or pulmonary angiography, a high probability ventilation-per-
fusion lung scan, or a non-diagnostic lung scan with a deep venous thrombosis 
shown by ultrasonography. 
For all patients, we used the first recorded blood pressure and pulse rate on admis-
sion in the emergency department. Clinical data such as age, gender and medical 
history (heart failure, malignancy, previous VTE or medically treated COPD) 
were also registered from the patients’ medical records. 
Heart failure was defined as New York Heart Association functional class II-IV 
for which therapy was administered and malignancy was defined as active ma-
lignancy with ongoing treatment or within the past six months or in the palliative 
stages.

Laboratory assessments
Patients underwent a measurement of a D-dimer concentration at the emergency 
department before the diagnosis of PE was confirmed and before treatment was 
initiated. Plasma D-dimer concentrations were measured using the Tina-quant® 
quantitative latex assay (Roche, Mannheim, Germany). D-dimer values above 
8000 μg/l FEU (Fibrinogen Equivalent Units) were not diluted further and were 
reported as > 8000 μg/l FEU.

Aspects considered in the study
The main outcome of the study is the incidence of SAE (death, symptomatic re-
current VTE and major bleeding) during the first 10 days of hospitalization. We 
also investigated the incidence of adverse clinical outcome during the first three 
months after diagnosis of PE for comparison to results of other studies [9, 11-14].
Information about the cause of death was obtained from autopsy reports, clini-
cal reports or from additional information of patient’s general practitioner. In all 
cases of death, the outcome events were reviewed and classified by an independ-
ent adjudication committee. Deaths were classified by the committee as caused 
by PE if autopsy confirmed PE, or if an objective test demonstrated PE prior to 
death, or if PE was extremely likely as the cause of death. 
Symptomatic recurrent VTE was considered to have occurred if recurrent PE 
or DVT were documented objectively. The objective criterion for the diagnosis 
of recurrent PE was a new intraluminal filling defect on spiral CT or pulmo-
nary angiography; cut-off of contrast material in a vessel > 2.5 mm in diameter 
on pulmonary angiography; a new perfusion defect involving at least 75% of a  
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segment, with corresponding normal ventilation; a new non-diagnostic lung scan 
accompanied by documentation of DVT by ultrasonography; or confirmation of 
a new PE at autopsy [20]. The objective criterion of a new DVT was a new, non-
compressible venous segment or a substantial increase (>4 mm) in the diameter 
of the thrombus during full compression in a previously abnormal segment on 
ultrasonography [16].  
Major bleeding was defined as clinical overt and associated with a decrease of 20 
g/L (1.24 mmol/L) or more in the haemoglobin level, was followed up by a trans-
fusion of two or more units of whole blood or  red blood cells, was retroperitoneal 
or intracranial, occurred in a critical organ, or contributed to death [16].

Statistical Analysis
Descriptive univariate statistics were used to correlate patient characteristics with 
SAE’s using the Chi-Square test or the Fisher exact test if necessary.  
We dichotomized continuous variables using clinical meaningful cut-off points as 
commonly used in literature or in clinical practice (systolic blood pressure ≤ 90 
mm Hg [11], pulse rate ≥ 100 bpm [9, 11] and D-dimer ≥ 3000 μg/ml [10]).
Multivariate stepwise logistic regression analysis was used to identify indepen-
dent predictors of SAE for the first ten days of therapy. Variables were included 
in the final (multivariate) model based on a pre-defined p-value of <0.15 in the 
univariate analysis. A backward variable elimination logarithm (conditional, p 
out > 0.10) was used to produce the most parsimonious model by removal of 
non-significant variables and re-estimation of hazard ratios, CI and p-values at 
each step. The OR and corresponding 95% CI were obtained for each variable 
in the model. The predictive power of the identified predictors of SAE in the fi-
nal regression model was determined using the area under the receiver operating 
characteristic (ROC) curve (AUC). Statistical analysis was performed using the 
Statistical Package for the Social Sciences software (version 15; SPSS; Chicago, 
IL, USA).
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Results

Characteristics of study population
Between January 2000 and January 2007, PE was diagnosed in 446 patients. Six 
patients were lost to follow-up. The mean age of the remaining 440 patients at 
diagnosis was 59.6 ± 15.3 years (range 15-93 years). Nineteen patients underwent 
thrombolysis, 2 patients were treated with a vena cava filter and one patient un-
derwent a surgical embolectomy. The other patients were treated with heparin or 
LMWH in combination with oral anticoagulation therapy or with LMWH alone. 
Fifty-one percent of the patients were female. Active cancer was reported in 81 
(18.4%) of the 440 patients and cardiac or respiratory disease in 83 (18.9%) pa-
tients. The heart rate was ≥ 100 beats/min in 148 (36.6%) patients and the systolic 
blood pressure was ≤ 90 mm Hg in 14 (3.4%) patients. 

SAE rate within the first 10 days after diagnosis of PE.
A total of 20 (4.5%) patients suffered from a SAE during the follow-up period of 
10 days (Table 1). The 10-day-mortality rate was 3.9% (17/440): 15 patients died 
due to primary PE, one patient died due to a major bleeding and one patient died 
due to a recurrent PE on the eighth day. Within the first 10 days of diagnosis, 3 
non-fatal bleedings occurred and we observed no non-fatal recurrent VTE.

SAE rate within 3 months after diagnosis of PE.
A total of 59 (13.4%) patients suffered from a SAE during 90 days of follow-up. 
Fifty-one (11.6%) patients died, of whom 25 due to PE or fatal bleeding. Of all 
deaths related to PE or its therapy, 68% (17/25) occurred within the first ten days. 
Between day 11 and 90, 39 (9.2%) of the remaining 423 patients suffered from a 
SAE. Thirty-four patients (8% of 423 patients) died between 11 and 90 days after 
diagnosis. Most of them, 19 out of 34 patients (55.9%), died due to an active ma-
lignancy, six due to recurrent PE and one patient had a recurrent PE and a major 
bleeding. Between days 11 and 90, one (nonfatal) bleeding and four non-fatal 
recurrent VTE occurred. 

Risk stratification based on pulse rate and D-dimer
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Table 1. Rates of SAE in 440 patients with confirmed PE.

Serious Events
 Days 1 
to 10 (n)

Days 11 
to 90 (n)

Total (n)

Non fatal recurrent VTE - 4 4

Non fatal major bleeding 3 1 4

Total deaths 17 34 51

Fatal PE 15 1 16

Fatal recurrent PE 1 6 7

Fatal bleeding 1 - 1
Fatal recurrent PE 
and bleeding - 1 1

Death due to carcinoma - 19 19
Death due to pulmonary 
fibrosis - 2 2

Death due to myocardial 
infarction - 2 2

Death due to other, 
no VTE - 3 3

Predictors of SAE within the first ten days after diagnosis of PE.
Two single variables were significantly related to the 20 SAE’s within the first 10 
days of diagnosis of PE: pulse rate ≥ 100 bpm (OR, 8.09; 95% CI, 2.27-28.88) 
and D-dimer level ≥ 3000 μg/ml (OR, 8.91; 95% CI, 1.14-69.83). Age > 60 years, 
gender, history of VTE, COPD, heart failure, cancer and a systolic blood pres-
sure ≤ 90 mm Hg had no statistically significant correlation to the occurrence of 
a SAE (Table 2). 
Due to missing data (D-dimer concentrations in 104 patients, pulse rate in 36 
patients and blood pressure in 26 patients) multivariate analysis concerned 310 
patients, of which 11 patients suffered from a SAE during the first 10 days of 
diagnosis. After logistic regression (backward conditional, p out > 0.10), a pulse 
rate ≥ 100 bpm (OR, 6.85; 95% CI 1.43-32.81) and a D-dimer concentration ≥ 
3000 μg/ml (OR, 5.51; 95% CI 0.68-44.64) remained independent predictors for 
SAE’s in the first 10 days of diagnosis of PE. A model combining these two clini-
cal parameters in the prediction of SAE showed an area under the ROC curve of 
0.798 (95% CI 0.696- 0.900). 
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In 208 of the 310 patients (67.1%), a pulse rate ≥ 100 bpm and/ or a D-dimer 
concentration ≥ 3000 μg/ml were found. All 11 SAE’s (5.3% of 208 patients) 
were predicted by one or both of these variables. The sensitivity and negative-
predictive value of this prediction model were 100% (Table 3). In 8 of 11 SAE’s, 
both pulse rate and D-dimer concentration were high. In one patient with a SAE, 
only the pulse rate was high and in two SAE only the D-dimer concentration was 
high. In 102 of the 310 patients (32.9%) both parameter (pulse rate and D-dimer 
concentration) were low. 

Table 2. Baseline characteristics of the 440 PE patients and their association to 
SAE within the first ten days of diagnosis (univariate analysis). 

Variables N (%) OR (95% CI)

Age ≥ 60 yr 228 (51.8) 1.42 (0.57-3.54)

Female 222 (50.5) 1.50 (0.60-3.74)
RR syst 
≤ 90mmHg* 14 (3.4) 4.28 (0.88-20.84)

Pulse ≥ 100 bpm† 148 (36.6) 8.09 (2.27-28.88)

COPD 50 (11.4) 0.91 (0.20-4.07)

Heart failure 33 (7.5) 2.44 (0.67-8.84)

Malignancy 81 (18.4) 1.62 (0.57-4.62)

Previous VTE 69 (15.7) 0.84 (0.80-0.87)
D-dimer
≥ 3000 μg/ml FEU ‡ 190 (56.5) 8.91 (1.14-69.83)

Data missing for *26, † 36 and ‡ 104 patients
N=number, RR= blood pressure
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Table 3. Sensitivity, negative-predictive value (NPV), specificity and positive-
predictive value (PPV) of pulse rate ≥100 bpm and/or a D-dimer concentration ≥ 
3000 μg/ml in the prediction of SAE in patients with PE.

Number
Prevalence 
SAE (%)

Sensitivity 
(%)

NPV 
(%)

Specificity 
(%)

PPV 
(%)

310 3.5 100
(95% CI 
74-100)

100 
(95% CI 
96-100)

34
(95% CI 
29-40)

5.3
(95% CI 
3-9)

Discussion

In this study, we observed complications in the early clinical course of acute PE-
patients with a pulse rate ≥ 100 bpm and/or a D-dimer concentration ≥ 3000 μg/
ml. These characteristics are easy to determine. A pulse measurement is a standard 
act on an emergency room and the determination of a D-dimer concentration is 
part of most diagnostic procedures in patients suspected having PE, especially in 
patients with an unlikely clinical probability. 
Tachycardia (pulse rate ≥ 100 bpm) showed to be the strongest predictor for 
SAE’s during the first 10 days after diagnosis of PE. Most PE patients with ad-
verse outcome maintain a normal systolic blood pressure until shortly before 
cardiovascular collapse. Reflex tachycardia and vasoconstriction will preserve 
systemic arterial pressure until an unexpected and sudden plunge [21]. From this 
point of view, tachycardia might be an earlier marker than hypotension for SAE’s 
in PE-patients.
Beside a pulse rate > 100 bpm, we found that a high D-dimer concentration on 
admission is a predictor for SAE’s during a follow-up period of 10 days. D-dimer 
concentration is not only a determinant of short term adverse outcome; previous 
studies showed that mortality rates in the first two weeks [10] and three months 

[10, 22, 23] after diagnosis of acute PE increased significantly with increasing 
D-dimer concentrations. It is well established that D-dimer concentrations are 
elevated in malignant conditions [10, 23-25] and in elderly patients [10, 26]. In-
terestingly, active malignancy and age were not independent predictors for short 
term SAE in our study. The frequency of active malignancy in our study (18.4 
%) is comparable to the frequencies of 18.2% to 22.5% in other cohort studies 
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of outpatients with acute PE [9, 11, 12]. In these studies, active malignancy was 
a risk factor of SAE during a follow-up period of 3 months. It is reasonable that 
medical history, especially cancer, influences mainly the mortality rate during a 
period of 3 months and to a lesser extent the short term outcome. 
The advantage of our risk score is its simplicity, objectivity, reproducibility (the 
combination of pulse rate and a laboratory parameter), high sensitivity and high 
negative predictive value. In our population 67% of the patients were classified as 
high risk patients. Of these patients, 5.3% suffered from a SAE during the first 10 
days of diagnosis of acute PE. A further reduction of the percentage of high risk 
patients may be obtained by the use of new biomarkers as NT-proBNP. 
Death, recurrent VTE and major bleeding were considered as SAE’s. The 10 day 
SAE rate in 440 patients was 4.5%. The 10-day mortality rate was 3.9%. This 
is quite comparable to the 2-weeks mortality rate of 3.86% in the study of Klok 
et al [10], but lower than the 11.4% 2-weeks mortality rate of the International 
Cooperative Pulmonary Embolism Registry [11]. The 8-day mortality rate in the 
THÉSÉE study was 1.14% [17]. However, in this study, patients with massive PE 
requiring thrombolytic therapy or pulmonary embolectomy and patients with a 
life expectancy less than three months were excluded, unlike in our study.
There are several limitations to our study. First, the retrospective design of the 
study. Second, because of missing data, the prediction model has been calculated 
comprising only 70.5% of the patients. The missing data are mainly due to in-
complete D-dimer concentrations. During the first years of our study, a D-dimer 
concentration was not obtained on a routine basis for every patient with an unlike 
probability of acute PE.  In only 11 of the 20 patients with a SAE in the first ten 
days of diagnosis of PE, both a pulse rate and a D-dimer concentration were 
measured. This may result in a selection bias. Prospective studies are warranted 
to confirm the role of D-dimer and pulse in the prediction of short term adverse 
clinical outcome in outpatients with acute PE. Third, for determination of D-
dimer concentrations, only one type of D-dimer assay was used (Tina-quant® 
assay). Given the heterogeneity of available D-dimer assays, using different mo-
noclonal antibodies reacting with low and/or high molecular weight degradation 
products, our results can not be extrapolated to other D-dimer assays. Fourth, 
the aim of this study was to identify high-risk patients in order to exclude them 
from ambulatory treatment. We, therefore, focussed on SAE’s in the first 10 days 
after diagnosis of acute PE; this resulted in a relatively small number of SAE’s. 
Fifth, not all currently known variables associated with an adverse outcome were 
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analyzed in the present study. Clot size, echocardiographic determination of right 
ventricular dysfunction and biomarkers as troponin and NT-proBNP were not in-
cluded in our analysis, because these variables were not investigated on a routine 
base in PE-patients. 
In conclusion, PE-patients with a pulse rate ≥100 bpm and/or a D-dimer concen-
tration ≥ 3000 μg/ml can be considered to be at a high risk for a SAE during the 
first 10 days of treatment. We do not recommend outpatient treatment of these 
patients.
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Abstract 

Introduction: Risk stratification of patients with PE has gained interest in terms 
of the identification of patients in whom treatment on an outpatient base can be 
considered. Previous studies are of limited value due to their focus on adverse 
clinical events within several months after diagnosis of PE. We developed a prog-
nostic model, based on easily accessible, clinical and laboratory parameters, to 
predict adverse events during the first ten days after the diagnosis of acute PE.

Methods: We have analyzed the data of 210 outpatients with confirmed PE. Col-
lected data included medical history, pulse rate, blood pressure, NT-proBNP and 
D-dimer concentrations. The primary outcome was the occurrence of adverse 
clinical events in a 10 day follow-up period. 

Results: Our final prognostic model to predict short term adverse events consists 
ofNT-proBNP levels, D-dimer concentrations, pulse rate and the occurrence of 
active malignancy; the total score ranges from 0 to 37 points. Patients with a low 
score (no active malignancy, pulse rate < 90 bpm, NT-proBNP < 500 pg/ml and 
D-dimer < 3000 µg/l FEU) have a 10-day adverse event risk <1.5%. This risk in-
creases to over 30 % in patients with a maximum score, based on high pulse rate, 
D-dimer concentrations and NT-proBNP levels.

Conclusion: Our prognostic model, once prospectively validated in an independent 
sample of patients, can be used in the early risk stratification of PE to estimate the risk  
of adverse events and to differentiate between candidates for in- or out- hospital 
treatment.
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Introduction 

Risk stratification in patients with PE is important for selecting the appropri-
ate management strategy. High risk patients may potentially benefit from throm-
bolysis and intensive in-hospital surveillance, whereas low risk patients may be 
candidates for outpatient treatment using low-molecular-weight-heparin. Despite 
extensive research in this field in recent years, no explicit criteria exist for treat-
ment of low risk PE-patients in an outpatient setting [1].
Risk stratification can be obtained using clinical variables, like the PESI or the 
Geneva prognostic index [1, 2]. Besides clinical variables, echocardiographic de-
tection of right ventricular (RV) overload and the degree of obstruction of the 
pulmonary arteries on CT are useful in risk stratification in patients with PE [3-
9]. Several studies demonstrated that cardiac biomarkers are promising in risk 
stratification of patients with acute PE. One of these biomarkers is BNP, which 
is released from ventricular myocytes on stretch. High BNP levels have been as-
sociated with ventricular dysfunction [10]. The inactive pro-hormone (pro-BNP) 
is split into the active hormone BNP and the inactive N-terminal fragment (NT-
proBNP) [11]. Low (NT-pro) BNP concentrations are associated with an uncom-
plicated course in patients with acute PE and are therefore useful to identify low 
risk patients [12-18]. 
Previous studies on risk stratification in PE have focused on adverse clinical 
events within several months after diagnosis. We investigated the role of NT-
proBNP in combination with other clinical and laboratory parameters to develop 
a simple and easily accessible prognostic model to predict short term adverse 
clinical events, during the first 10 days after diagnosis of PE in normotensive 
patients. 

Methods 

Clinical data
We analyzed the data of all consecutive outpatients with confirmed PE who pre-
sented between September 2006 and November 2008 at the emergency center of 
2 large teaching hospitals in the Netherlands. Diagnosis of PE was based on an 
intraluminal filling defect on spiral CT or pulmonary angiography, a high prob-
ability ventilation-perfusion lung scan, or a non-diagnostic lung scan with a deep 
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venous thrombosis shown by ultrasonography. 
Medical history of all included patients was obtained on admission in the emer-
gency department for all patients. All patients underwent measurement of pulse 
(bpm), blood pressure (mm Hg), NT-proBNP and D-dimer concentrations at ad-
mission before treatment was initiated. Normotensive patients, defined by the 
presence of a systolic blood pressure < 90 mm Hg on arrival in the emergency 
department or during transport to the hospital, were excluded from the study.
Plasma NT-proBNP concentrations were measured with the Elecsys proBNP 
electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Ger-
many). D-dimer levels were measured with the Tina-quant quantitative latex as-
say (Roche Diagnostics, Mannheim, Germany). D-dimer values above 8000 μg/l 
FEU were not diluted further and were reported as ≥ 8000 μg/l FEU.

Adverse clinical events
Adverse clinical events in the 10 days follow-up period were used as primary 
outcome. A follow-up period of 10 days was chosen because most of the patients 
with acute PE stay in the hospital for 6-10 days [19-22]. These adverse clinical 
events included mortality, major bleeding or recurrent VTE or an adverse clinical 
outcome defined as the need for at last one of the following: cardiopulmonary 
resuscitation, mechanical ventilation, use of vasopressors, thrombolysis, catheter 
fragmentation or surgical embolectomy [23]. 
Death was judged to be PE-related if confirmed by autopsy, or if death followed 
a clinically severe PE.

Statistical analysis
Descriptive statistics were used to describe patient characteristics. 
For selecting a subset of predictors of short term adverse events, we used the 
Lasso (least absolute shrinkage and selection operator) method, as implemented 
for logistic regression on a dichotomous outcome in the penalized package (v0.9-
24) in R [24, 25]. This method protects against overfitting and provides a parsi-
monious model by shrinking, or penalizing, coefficients toward zero, with the 
possibility that some coefficients are set to zero and and thus are excluded from 
the model. The overall amount of shrinkage is determined by a tuning parame-
ter. The optimal value of this tuning parameter was determined by leave-one-out 
cross validation, wherein the likelihood of a model fitted on all but one patient 
is evaluated independently on the one patient left out. This is repeated for each 
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patient in the dataset in turn, producing a cross validated likelihood. The ability 
of the model to distinguish between patients with and without short term adverse 
events was expressed by the AUC, determined on independent data through the 
same leave-one-out cross validation approach.
The used method differs from the most frequently used methods in risk stra-
tification PE-studies like the univariate and multiple regression analysis. With 
these methods, in studies with small numbers of patients or adverse events, often 
implausibly strong effects of variables on the outcome are seen due to overfitting 
[26, 27].In the current approach, univariable preselection of predictors will be 
avoided. Dichotomization based on the optimal cut-off level may strengthen the 
phenomenon of overfitting, therefore we introduced continuous variables in the 
Lasso method.
Statistical analysis was performed using the Statistical Package for the Social 
Sciences software (version 15; SPSS; Chicago, IL, USA) and R version 2.8.1 
(http://cran.r-project.org/).

Results

Patients 
Between September 2006 and November 2008, the diagnosis PE was confirmed 
in 220 consecutive patients. Six patients were lost to follow-up due to transfer 
to other hospitals on the day of admission. Four of the patients were excluded 
because of systolic blood pressure < 90 mm Hg at presentation. The mean age of 
the 210 patients at diagnosis was 56 ± 16.8 years. Fifty-four percent was female. 
The baseline characteristics are described in Table 1.
The diagnosis PE was confirmed using CT in 115 of the included 210 patients and 
using a high probability ventilation perfusion scintigraphy in 94 patients. In one 
patient the diagnosis PE was based on typical findings on echocardiography. 
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Table 1. Baseline characteristics of the 210 normotensive patients with PE 

Patient characteristics N (%)

Gender (female) 114 (54.3)

Age, mean (± SD) 56 ± 16.8

Active malignancy 32 (15.2)

Previous VTE 41 (19.5)

Pulse rate (bpm)† 87.1 ± 18.1

NT-proBNP (pg/ml) § 1126.9 ±  3595.5

D-dimer ≥ 8000 μg/l FEU ‡ 40 (19)

Data missing for †15, ‡25 and §11 patients 

Short term adverse clinical events 
Twelve (5.7%) of the 210 patients had adverse clinical events during the 10 days 
follow-up period. Three patients died; two of these patients died on the day of 
presentation due to PE. The third patient died on day 10 due to PE in combination 
with metastatic ovarian cancer, after cessation of cancer treatment. Seven patients 
were treated with thrombolysis (5 on the day of presentation and 2 the day after) 
and one with a surgical embolectomy on day 2. One patient underwent cardiopul-
monary resuscitation and needed vasopressors after 12 hours in hospital. 

Prognostic model for adverse clinical events 
The clinical variables age, active malignancy, previous VTE, pulse rate, dias-
tolic blood pressure and the laboratory parameters D-dimer (μg/l FEU) and log 
NT-proBNP (pg/ml) were introduced into the LASSO method. In the LASSO 
method, missings were left outside the analysis; therefore the results are based on 
165 patients including 10 adverse clinical events.
Active malignancy, pulse rate, D-dimer and log NT-proBNP were found as inde-
pendent variables for clinical adverse events in the first ten days of PE with an 
odds ratio of 1.07, 1.74, 1.38 and 2.22, respectively in the multivariate model, 
which had an area under the receiver operating curve of 0.82. 
With these four independent variables a prognostic model was developed with a 
total score ranging from 0 to 37 (Table 2). The cut-off levels for D-dimer were 
based on previous studies in which D-dimer with a cut-off level > 3000 μg/l 
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FEUwas a strong predictor for short term SAE[28,29]. The chosen cut-off level 
for NT-proBNP of > 500 pg/ml was based on our previous study in which outpa-
tient treatment of PE-patients was based on NT-proBNP levels < 500 pg/ml[30]. 
The addition of age, gender or cardiopulmonary disease did not improve the mo-
del. In Figure 1 the total score is plotted against the probability of adverse clinical 
events within the first ten days of diagnosis of PE. Patients with a low score (no 
active malignancy, pulse rate < 90 bpm, NT-proBNP < 500 pg/ml and D-dimer < 
3000 µg/l FEU) have a 10-day adverse event risk < 1.5%. This risk increases to 
over 30 % in patients with a maximum score, based on high pulse rate, D-dimer 
and NT-proBNP levels. Table 3. shows the total score of the PE-patients who had 
an adverse clinical event and the adverse event risk following our prognostic mo-
del. On www.vancreveldkliniek.nl under Research, the Utrecht Prediction Score 
(UPS) can be used to calculate the risk of adverse events during the first ten days 
of the diagnosis PE.

Table 2. Clinical score to predict adverse outcomes in the first 10 days after diag-
nosis in normotensive patients with acute pulmonary embolism

Active malignancy Points
no 0

Yes 2
D-dimer (µg/l FEU)

<500 0
500-3000 1

>3000 7
NT-proBNP (pg/ml)

<500 0
500-1000 9

>1000 15
Pulse rate (bpm)

<90 0
90-110 6

>110 13
Total score
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Table 3. Individual scored parameters of the PE-patients who had an adverse 
clinical event during the first ten days after presentation and the estimated risk of 
short term adverse clinical event following the Utrecht Prediction Score.

Pat-
ient 

Adverse 
clinical 
event

Active 
malignancy

D-dimer
(μg/l 
FEU)

NT-
proBNP 
(pg/ml)

Pulse 
rate 
(bpm)

Calcu-
lated 
risk

1 Thrombolysis 
day1

No 3205 33010 84 9%

2 Thrombolysis 
day 1

No 5676 1000 112 16.7%

3 Thrombolysis 
day 1

No 7204 1823 90 15.3%

4 Thrombolysis 
day 2

No 6590 2440 100 15.3%

5 Thrombolysis 
day 2

No 1547 1539 75 5.1%

6 Ovarian cancer, 
death day 10

Yes 8000 1028 130 30.9%

7 Resuscitation 
day 1, died

No 8000 2541 135 26.7%

8 Thrombolysis 
day 1

No 8000 123 130 7.6%

9 Resuscitation 
day 1, died

Yes 8000 3057 100 18.2%

10 Embolectomy 
day 2

No 4839 2342 80 9%
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Figure 1. The total score of the prognostic model versus the probability of clini-
cal adverse events in the first ten days after the diagnosis pulmonary embolism

Discussion 

In this observational study, a high pulse rate, high levels of NT-proBNP and 
D-dimer and active malignancy at presentation are independent risk factors for 
adverse outcome in normotensive patients during the first 10 days after diagno-
sing acute PE. We developed aprognostic model with these four easily accessible 
markers to predict short term SAE’s. A total score of 0-1 in our prediction model 
corresponds with a risk of < 1.5% for short term SAE, while the maximum of 37 
will increase this risk to over 30%. After validation, this scoring system could po-
tentially be useful in the decision-making of treatment strategies like outpatient 
treatment. Previous studies on risk stratification in PE have focused on adverse 
clinical events within 1-3 months after diagnosis. Our model is new due to its 
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focus on the occurrence of adverse clinical events during the first 10 days of treat-
ment of PE-patients. This is important for selecting the appropriate management 
strategy for high and low risk patients. Risk stratification of short term SAE’s will 
contribute to the development of treatment strategies for a selected group of low-
risk PE-patients in an outpatient setting and for a group of high-risk PE-patients 
for intensive in-hospital monitoring. Outpatient treatment is convenient and can 
contribute to the reduction of health care costs[31, 32].
In our prognostic model, a high NT-proBNP level is the strongest predictor of 
unfavourable short term outcome. Previous studies have also reported that PE-pa-
tients with high NT-proBNP levels have a relatively high mortality risk and more 
adverse events[17, 18]. The study of Vuilleumier et al shows thatNT-proBNP is 
the biomarker with the strongest predictive value in the risk stratification of pa-
tients with acute PE[16]. In other studies, the cut-off levels for NT-proBNP for 
the prediction of adverse events vary between 300 and 1000 pg/ml[12-16]. This 
variation in cut-off levels is probably the result of factors as differences in assays, 
outcome definition, duration of clinical follow-up, inclusion criteria and type of 
institution (primary versus secondary or tertiary care[16]. Standardization of NT-
proBNP assays will be very helpful for comparison of these study results. In our 
model, we have chosen for a weighted level of the NT-proBNP, where a fixed 
cut-off point is changed to a dynamic one. 
This study confirms the findings in our previous study that the D-dimer concen-
tration is also an independent predictor for short term SAE[29]. In the study of 
Klok et al, a D-dimer cut-off level of > 3000 μg/l FEU was a strong predictor 
for the two-week mortality rate[28]. For determination of D-dimer concentrati-
ons, we have used the Tina-quant® assay. Given the heterogeneity of available 
D-dimer assays, using different monoclonal antibodies reacting with low and/or 
high molecular weight degradation products, extrapolation of our results to other 
D-dimer assays should be done with caution. 
Except for the laboratory values, which are easily to determine within a relatively 
short period of time, our model contains routine clinical parameters like pulse 
rate and medical history. By intention, oxygen saturation has not been included 
in our analyses. Many patients receive oxygen in the acute phase during transport 
in the ambulance or at the emergency department as a standard of first aid. This 
makes measurement of oxygen saturation by pulse oxymeter or blood sampling 
less reliable. We have also decided to leave patients with a systolic blood pressure 
< 90 mm Hg at presentation out of our analysis because these patients need acute 
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intensive surveillance by definition. A model for risk stratification is not warran-
ted for these patients. Other parameters like clot size and echocardiographic de-
termination of right ventricular dysfunction are also not included in our analysis, 
because these variables are not immediately available on a routine base in most 
hospitals. Data about the occurrence of a DVT are missing, because no further 
testing was done in our patient population with confirmed PE.
Except the focus on the 10-days SAE rate, another benefit of our prognostic mo-
del is the used statistical method. While overfitting is common in several studies, 
visible by implausibly strong effects of prognostic variables together with wide 
confidence intervals, the used method finds a parsimonious model protected for 
overfitting by shrinking the estimates towards smaller and more realistic values. 
Despite the use of the LASSO method, there remains an uncertainty in the predic-
tion of the adverse event risk, mainly due to the small number of adverse events. 
The prediction of low risk patients is, however, appeared to be most certainly 
with the smallest confidence intervals. This is important, because patients with a 
low risk of adverse events can be good candidates for outpatient treatment. The 
acceptable early serious adverse event rate for PE-patients who are treated as 
outpatients remains to be determined. Two recent retrospective studies found an 
early (<7-15 days) SAE rate of 2-3% and the authors concluded this to be safe 
[33, 34]. Uniformity about the accepted SAE rates, including their definitions are 
needed for future studies.
In conclusion, we developed a prognostic model for risk stratification of normo-
tensive patients with PE, who could be candidates for outpatient treatment. Based 
on clinical and laboratory parameters the risk of adverse events during the first 
ten days of the diagnosis PE can be estimated. Our prospective model has the po-
tential to be used in decision making for outpatient treatment once prospectively 
validated by studying an independent sample of patients with established PE.
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Abstract

Introduction: Traditionally, patients with PE are treated in-hospital until they 
reach an adequate INR. Analogous to patients with a deep venous thrombosis, 
therapy with LMWH facilitates out of hospital treatment of PE. We retrospecti-
vely analysed the current practice of early anticoagulant therapy in 86 acute PE 
patients with emphasis on the occurrence and safety of outpatient treatment.

Methods: Data were collected from two large regional teaching hospitals and 
from a specialized anticoagulation clinical, where patients were followed in the 
period after hospital discharge. The course of hospitalization and LMWH transiti-
oning therapy and the quality of treatment in the first three months after diagnosis 
were compared between patients discharged before and patients discharged after 
reaching adequate INR. 

Results: Forty-four patients (51.2%) were discharged early, before reaching an 
adequate INR, and 42 patients (48.8%) were discharged after reaching adequate 
INR. Early discharged patients needed more time to reach adequate INR com-
pared to other patients (13 versus 6 days). In 28 patients (32.6%), the LMWH 
transitioning therapy was stopped prematurely; 21 patients were from the early 
discharged group. During the first 3 months, the mean individual times below, in 
and above the INR range were equal between the two groups. 

Conclusion: Enhanced compliance to existing guidelines and tools, and further 
development of guidelines, with focus on intensification of monitoring of INR 
values in an outpatient setting and preventing premature discontinuation of tran-
sitioning therapy, are warranted for a safe and early discharge of stable patients 
with PE. 
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Introduction

Where home treatment is a standard modality for patients with deep venous 
thrombosis, anticoagulation therapy for patients with PE is traditionally initiated 
in a hospital setting. In accordance to both international [1, 2] and Dutch [3-
5] protocols, treatment of non-massive PE comprises subcutaneous injection of 
LMWH transitioning therapy and treatment with one of the registered vitamin K 
antagonists acenocoumarol, warfarin or phenprocoumon for at least 3 months. 
There are numerous factors influencing the INR such as dietary Vitamin K [6, 7] 
variable medications [8, 9], malignancy [9, 10], age [10, 11], Vitamin K epoxide 
reductase 1 gene polymorphism [12], and patient education and compliance [13, 
14]. The setting of oral anticoagulant therapy (OAT) monitoring is also an impor-
tant factor influencing its quality, where study results seem to favour outpatient 
control by specialized anticoagulation clinics [15]. 
LMWH transitioning therapy to OAT is discontinued when INR is stable and two 
consecutive INR measurements are > 2.0 after a minimum of 5 days. The five day 
limit is based on the fact that the antithrombotic effect of OAT, caused by deple-
tion of factors II and X, takes 4 to 6 days to occur. A fast increase in INR after 
the start of OAT mainly reflects a decrease in FVII activity, and does not indicate 
proper anticoagulation. At the same time, vitamin K antagonist also inhibit the 
formation of the inhibitors of coagulation Protein C and S, thereby even incre-
asing the risk on thrombosis if LMWH transitioning therapy is stopped before 
OAT has generated its anticoagulant effect [16].
The above mentioned guidelines do not specify criteria for discharge of patients 
with PE after hospitalisation. Consequently, it is not surprising that discharge 
behaviour differs between physicians. A study of Caprini et al [17] shows that 
most patients with PE are discharged after discontinuation of transitioning the-
rapy (with LMWH or UFH). Nevertheless patients with PE are also frequently 
discharged early with LMWH transitioning therapy to OAT still ongoing.
The aim of the present study is to describe the current practice of early antico-
agulant therapy in patients with acute PE in two large teaching hospitals in the 
Netherlands. 
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Materials and Methods

Patients
We retrospectively analyzed the data of consecutive outpatients, who were admit-
ted with suspected PE at the St. Antonius Hospital, Nieuwegein or Diakonessen-
huis, Utrecht (two large teaching hospitals) between January 2005 and July 2007. 
Diagnosis of PE was confirmed with an intraluminal filling defect on spiral CT 
or pulmonary angiography, a high probability ventilation-perfusion lung scan, or 
a non-diagnostic lung scan with a deep venous thrombosis shown by compression 
ultrasonography of the legs in combination with a high clinical probability of PE. 
Eligible patients were selected out of the computerized files of the Thrombosis 
Service Utrecht. Patients were followed for a period of three months and data 
on INR values and clinical outcome were documented. INR values were col-
lected from the laboratories of the hospitals and the Thrombosis Service Utrecht. 
Information about patient characteristics and the clinical outcome was obtained 
from clinical reports or from additional information of the Thrombosis Service 
Utrecht. Patients were excluded when they received initial treatment with only 
LMWH, when they had OAT in the month preceding PE diagnosis or when it was 
necessary to stop the OAT during the follow-up period in case of surgery.

OAT monitoring
OAT was initiated in the hospital setting and controlled by the treating physici-
an. Monitoring after discharge was provided by specially trained physicians and 
nurses of the Dutch anticoagulation clinic Thrombosis Service, Utrecht. At the 
Thrombosis Service, OAT dosing schedules were determined with the aid of the 
computerized dosing program TRODIS (version II in 2005; version III in 2006 
and 2007). This program evaluates the stability of INR values and, based on a 
dosing algorithm, proposes a dosage in approximately 50% of all cases, of which 
half are subsequently overruled by the physicians or nurses upon evaluation.
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Determination of INR
In both hospitals and at the Thrombosis Service Utrecht venous blood was col-
lected in a 3.2% citrate solution and plasma was obtained by centrifugation. The 
INR of the prothrombin time was determined with the Hepatoquick reagent (Di-
agnostica STAGO/ Roche Diagnostics, France) with an International Sensitivity 
Index of 0.88-0.93, using either a STA-R or a STA-R Evolution coagulometer 
(Diagnostica STAGO/ Roche Diagnostics, France). The frequency of INR mea-
surements was variable. In hospital, INR measurement was according to the 
responsible physician. After discharge, INR measurement was according to the 
Thrombosis Service Utrecht. Time needed to reach adequate INR was calculated 
in days. INR was defined adequate when two consecutive measurements were > 
2.0, measured on day 4 and 5 or later. The day of diagnosis PE was defined as 
day 0.

Time in therapeutic range (TIR)
Day-tot-day INR values were calculated using the linear interpolation model [18]. 
With this model, the INR values on days between the INR measurements are cal-
culated by assuming a linear fashioned change between each measurement. With 
the calculated INR values the individual time spent below, in and above range 
was calculated for the first, second and third month after diagnosis. In the Nether-
lands, the therapeutic INR range for patients with PE is set on 2.0-3.5. This range 
is somewhat extended as opposed to the internationally accepted range of 2.0-3.0. 
The main reason for this extension is to escape under-anticoagulation. 

Study outcomes
Primary objective was to study the differences in location (in or out of hospital) 
and in quality of current practice of early anticoagulant therapy in patients with 
acute PE. Quality of early anticoagulant therapy was evaluated using the per-
centage of patients with inadequate LMWH treatment, time and number of INR 
measurements needed to reach adequate INR and the time spent below (INR < 
2.0), in (INR 2.0 – 3.5), above (INR > 3.5), or critically above range (INR > 4.5) 
[19] during the first three months of OAT. Secondary study outcomes included 
mean duration of hospitalisation and number of clinical serious SAE, including 
major bleeding, recurrent VTE or death [20].
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Statistical analysis 
Descriptive statistics were used to describe patient characteristics. One-way ana-
lysis of variance (ANOVA) test was used to test for differences in mean values 
between groups. Fisher’s Exact test was used to test for differences in frequen-
cies. For all analyses, a two-tailed p-value of less than 0.05 was considered to 
indicate statistical significance. Values are expressed as either number (percen-
tage) or as mean ± standard deviation (SD). When lost to follow-up, all available 
data until the day of loss were included in the analysis. Statistical analysis was 
performed using the Statistical Package for Social Science (version 15; SPSS; 
Chicago, IL, USA).

Results 

Characteristics of study population
Between January 2005 and July 2007, 86 patients were admitted for primary PE 
and included in this study. One patient was lost to follow-up in a period of three 
months. All patients received LMWH transitioning therapy and acenocoumarol 
from the day of diagnosis. Four patients crossed over from acenocoumarol to 
phenprocoumon during the second or third month of treatment (day 41, 61, 63, 
88, respectively), because of poor control with acenocoumarol. Twelve patients 
(14%) received OAT despite the presence of a known malignancy. The patient 
characteristics are shown in Table 1.
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Table 1. Patient characteristics

All patients
(n=86)

Group 1 
(n=44)

Group 2 
(n=42)

ANOVA or 
Fisher’s  

Exact
p-value

Male 41 (47.7) 25 (56.8) 16 (38.1) 0.090

Age mean years ± SD 57.7 ± 17.9 54.3 ± 18.6 61.2 ±16.6 0.071

Active malignancy 12 (14.0) 6 (13.6) 6 (14.3) 1.000

Comorbidity* 
Infectious disease
Gastrointestinal disease
Electrolyte disturbance
Diabetes mellitus
Cardiac disease
Nephrotic syndrome
No comorbidity

10 (11.6)
  4 (  4.7)
  2 (  2.3)
  1 (  1.2)
  1 (  1.2)
  1 (  1.2)
67 (77.9)

  4 (  9.1)
  1 (  2.3)
  1 (  2.3)
  -
  -
  -
38 (86.4)

  6 (14.3)
  3 (  7.1)
  1 (  2.4)
  1 (  2.4)
  1 (  2.4)
  1 (  2.4)
29 (69.0) 0.070

Values express number (%), unless indicated mean ± SD.
ANOVA and Fisher’s Exact: group 1 (patients discharged before reaching an adequate INR) versus 
group 2 (patients discharged on the day of or after an adequate INR
* Active during time of hospitalisation

Hospital Discharge
The mean length of hospital stay was 6.9 ± 4.3 days (Table 2). Forty-four patients 
(51.2%) were discharged before reaching an adequate INR after a mean 4.5 ± 3.8 
days. These patients were considered as early discharged (group 1). After a mean 
9.4 ± 3.2 days, the remaining 42 patients (48.8%) were discharged after reaching 
an adequate INR (group 2). Of these 42 patients, 16 patients were discharged 
on the day of or the day after reaching an adequate INR. From the remaining 
26 patients, 10 patients had substantial co-morbidity requiring extended hospital 
stay and 16 patients required extended stay because of persistent dyspnoea, oxy-
gen dependency or social circumstances. Early discharged patients were younger 
compared to patients who were discharged after reaching an adequate INR (54.3 
vs. 61.2 years; p 0.071). (Table 1).

Chapter 4



53

Adequate INR
The mean time all patients needed to reach an adequate INR was 9.6 ± 6.5 days. 
As shown in table 2, patients from group 1 needed more time to reach an adequate 
INR than patients from the second group (12.9 ± 7.6 versus 6.1 ± 1.4 days; p< 
0.001). During the time needed to reach an adequate INR, both groups received an 
equal amount of INR measurements (mean 4.7 vs. 4.5 measurements; p=0.620) to 
reach an adequate INR. In group 1, INR values were measured every 2.8 days ± 
1.1 until reaching an adequate INR, compared to every 1.5 day ± 0.5 in group 2 
(p <0.001). This difference is a result of a difference of time spent in hospital, as 
the number of INR measurements in the first 10 days after discharge (mean 2.4 
vs. 2.4 measurements; p= 0.601) did not differ between groups. 

Transitioning therapy
In 28 of the 86 patients (32.6%), the LMWH transitioning therapy to OAT was 
stopped before reaching an adequate INR (Table 2). From these 28 inadequately 
transitioned patients, 21 patients were from group 1, the patients discharged early 
before reaching adequate INR. In 17 (81%) of these early discharged patients 
LMWH was stopped during hospitalisation, in the other 4 patients (19%) LMWH 
was stopped by the Thrombosis Service after discharge. In 13 of these 21 pa-
tients, LMWH was stopped before day 5. 
From the 28 inadequately transitioned patients, 7 patients (25%) were from group 
2, discharged after reaching an adequate INR. In 3 out of these 7 patients LMWH 
was stopped before day 5. 
One patient still received LMWH after discharge for 13 days despite the fact that 
he had already reached an adequate INR during admission.
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Times below, in and above therapeutic range
The mean individual times below (INR < 2.0), in (INR 2.0-3.5) and above (INR > 
3.5) the therapeutic range during the 3 months follow up were 12.1%, 76.0% and 
11.8% respectively. The highest mean TIR was found in the third month of OAT 
(mean 82.4%). (Table 3/ Figure 1). There were no differences in mean individual 
times below, in and above range between groups. The mean individual time spent 
critically above range (INR >4.5) was 2.5% for all the patients in the three month 
period. 
In our study, 64% of the patients had one or more INR measurements below range 
during three months follow-up after first reaching an adequate INR. Noteworthy, 
LMWH therapy was never restarted after discharge when reaching an INR < 2.0.

SAE
During the 90 days follow-up, two patients suffered a SAE. One patient suffered 
a major bleeding 62 days after diagnosis PE. As result of a rectal bleeding the 
haemoglobin level dropped 3.1 mmol/ l. The last INR value (2.5) was measured 8 
days before the bleeding. The other patient developed a fatal intracranial bleeding 
on day 83. The last INR value (2.9) was measured 11 days before his death. There 
was no recurrent VTE during three months of follow-up.
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Table 3. Time below, in, above and critically above range

All patients
(n=86)

group 1
(n=44)

group 2
(n=42)

ANOVA
p-value

Day 1 - 30
Mean individual 
TBR 13.6 ± 17.0 15.9 ± 20.7 11.3 ± 11.7 0.214

Mean individual 
TIR 66.9 ± 21.7 66.7 ± 22.1 67.1 ± 21.6 0.930

Mean individual 
TAR 19.5 ± 21.9 17.4 ± 22.6 21.6 ± 21.1 0.381
Mean individual 
TcAR 4.6 ± 11.3 3.6 ± 10.4 5.7 ± 12.3 0.392

Day 31 – 60

Mean individual 
TBR 12.1 ± 20.6 11.8 ± 21.9 12.4 ± 19.4 0.892
Mean individual 
TIR 79.3 ± 23.5 80.2 ± 22.6 78.4 ± 24.7 0.728

Mean individual 
TAR 8.6 ± 15.9 8.0 ± 14.1 9.2 ± 17.7 0.733
Mean individual 
TcAR 1.9 ± 5.9 1.3 ± 4.0 2.5 ± 7.3 0.325

Day 61 – 90

Mean individual 
TBR 9.9 ± 20.4 7.0 ± 16.3 13.0 ± 23.8 0.174
Mean individual 
TIR 82.4 ± 24.0 84.9 ± 21.5 79.7 ± 26.5 0.317

Mean individual 
TAR 7.7 ± 16.6 8.1 ± 16.0 7.3 ± 17.4 0.828
Mean individual 
TcAR 0.9 ± 3.9 0.8 ± 3.4 1.1 ± 4.4 0.726

Day 1 – 90

Mean individual 
TBR 12.1 ± 13.9 11.7 ± 13.4 12.5 ± 14.5 0.790
Mean individual 
TIR 76.0 ± 16.0 77.2 ± 14.8 74.9 ± 17.2 0.503

Mean individual 
TAR 11.8 ± 13.3 11.1 ± 12.5 12.6 ± 14.1 0.599
Mean individual 
TcAR 2.5 ± 5.4 1.8 ± 3.7 3.1 ± 6.8 0.293

TBR = Time below range (INR < 2.0); TIR = Time in range (INR 2.0 – 3.5); TAR = Time above 
range (INR > 3.5); TcAR = Time critically above range (INR > 4.5).
Values express mean percentage of time spent in the allocated range ± SD. 
ANOVA: group 1 (patients discharged before reaching an adequate INR) versus group 2 (patients 
discharged on the day of or after an adequate INR)
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Figure 1. Percentages below, in and above range of all 86 PE patients

Percentage of patients below range (INR < 2.0), in range (INR 2.0 – 3.5) and above range (INR > 
3.5) during the first 90 days after diagnosis of PE.
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Discussion

In this study, we investigated the current practice of early anticoagulant therapy 
in patients with acute PE. We found that the current practice is to discharge 51.2% 
of the PE-patients in an early phase, without reaching an adequate INR on two 
consecutive measurements during hospitalisation. However, the intensity of mo-
nitoring after early discharge is lower as compared to monitoring during hospita-
lisation, going along with a prolonged period of the combination of LMWH and 
OAT. Moreover, in patients discharged before reaching an adequate INR, LMWH 
transitioning therapy to OAT is stopped prematurely in 47.7% of cases. Further-
more, in the situation of under-anticoagulation, LMWH was never restarted. Spe-
cial attention and new guidelines for adequate anticoagulation in early discharged 
PE patients are, therefore, warranted. 
In the Netherlands, subsequent INR monitoring after discharge is provided by the 
Thrombosis Service. This is a Dutch network of regional anticoagulation clinics, 
that cares for INR measuring and establishes the subsequent OAT dosing sche-
dule for practically all out of hospital patients. Despite inadequate INR, early di-
scharged patients were seen for first monitoring by the Thrombosis Service after a 
mean 3.5 days, a period equal to patients who had already reached adequate INR 
during hospitalisation. Also the amount of INR measurements in the first 10 days 
after diagnosis was equal in both groups. Patients discharged early, before rea-
ching adequate INR, could possibly benefit from a more intensified monitoring 
by the Thrombosis Service in the period awaiting stable OAT. 
In our study, an adequate INR in early discharged patients was reached 7 days 
later as compared to patients who were kept hospitalised. This may be explained 
by the different intervals of INR measurements between the in- and out-hospital 
periods until reaching adequate INR. The mean time between two INR measu-
rements in hospitalised patients until reaching an adequate INR was 1.5 days in 
the period awaiting adequate INR, in comparison to 2.8 days in patients who 
were discharged early. A disadvantage of early discharge in this study is the lon-
ger period of administration of LMWH, which is inconvenient and expensive. 
This disadvantage could be overcome by intensification of monitoring of early 
discharged patients by the Thrombosis Service.
Both international and national guidelines for PE seem to be incomplete with 
regard to the duration of hospitalisation [1-5]. These guidelines recommend the-
rapy in a hospital setting but do not specify criteria for discharge. In practise, 
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physicians work with different standards for discharge. Guidelines also lack ad-
vices on treatment of an INR below range. In our study, 64.0% of the patients 
had one or more INR measurements below range during three months follow-up. 
Noteworthy, LMWH therapy was never restarted after discharge when reaching 
an INR < 2.0. This may have led to an increased risk of recurrent VTE.  However, 
we did not observe recurrent VTE in our population, probably due to the relati-
vely small study group and the short periods spent below range. 
We also encountered some courses of therapy going against current guidelines. 
One patient was discharged on the day of diagnosis and 12 patients were started 
on OAT despite the presence of an active malignancy. Furthermore, in 28 of all 
PE patients (32.6%), the LMWH transitioning therapy was stopped before rea-
ching an adequate INR. Inadequate transitioning was especially high in early di-
scharged patients (47.7% of all early discharged patients). In 16 patients, LMWH 
was stopped before day 5. As reaching an adequate INR is dependent on the 
half-life of several coagulation factors and usually takes 5 days, guidelines advice 
transitioning therapy to be continued for at least 5 days. The poor compliance to 
guidelines by physicians is in concordance to the findings of Caprini et al [17]. 
In this study 6.7% of 760 VTE patients on warfarin did not receive LMWH at 
all. When discontinued during hospitalisation, LMWH was discontinued before 
reaching adequate INR in 49.4% of all cases. In 69.2% of these, LMWH was 
discontinued before the fifth day.
To calculate the individual TIR, a measure of quality of OAT, the linear inter-
polation model [18] was selected. Today this is a widely accepted method for 
calculating TIR. It is based upon the assumption of linear change between measu-
rements, which is probably particularly erroneous after an INR measurement out 
of range with subsequent change in dosing schedule. Although this may lead to an 
overestimation of time out of range, it seems to be the best available method [21]. 
No negative effects on the quality of OAT during the first 3 months of treatment 
were found in patients with early discharge. This observation questions the need 
for hospitalisation until an adequate INR is reached. To our opinion, discharge 
criteria in patients with PE have to be based merely on clinical grounds, than 
INR adequacy. Early discharge contributes to reduction in the costs of care [22] 
with the potential of being more convenient for patients. Guidelines on the early 
treatment of PE and the transition from in-hospital to outpatient treatment could 
improve the initial management after early discharge. Criteria for a safe home 
treatment of PE-patients need to be evaluated in large management studies before 
out of hospital therapy is applied in these patients.
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During three months of follow-up, only two SAE (2.1%) occurred. Both com-
prised a major bleeding, of which one was fatal. This is comparable to three other 
studies [23-25], in which incidences of major bleedings varied between 1.5% and 
2.2%. Despite the high frequency of under-anticoagulation, and especially the 
high frequency of premature ending of LMWH transitioning therapy, no recur-
rent VTE occurred. This discrepancy with the recurrence rate of 3.0 to 6.3% of 
previously mentioned studies [23-25] is probably the result of the small amount 
of patients or by selection of patients. By selecting patients of the Thrombosis 
Service, we might have obtained some bias. All patients with fatal SAE during 
initial hospitalisation never reached the Thrombosis Service and were not selec-
ted for this study. Additionally, total time spent under range was relatively low in 
this population, thereby limiting the days at risk. 
In conclusion, patients admitted for acute PE are discharged early in half of all 
cases. This leads to a prolonged time needed to reach adequate INR, probably as 
a consequence of a lower intensity of monitoring at home after early discharge. 
In our opinion, hospitalisation, only for obtaining an adequate INR, is not strictly 
necessary, provided that INR monitoring after discharged will be intensified. In 
patients with acute PE, one third of all patients are inadequately transitioned to 
OAT, mostly because LMWH is stopped against guidelines before the fifth day. 
We lack criteria for early discharge of stable patients with PE and we may inten-
sify monitoring after discharge.

Acknowledgements

The authors would like to thank Dr. Ellen A.M. Tromp, methodologist and  
epidemiologist at the St. Antonius Hospital Nieuwegein, for her assistance in 
composing Figure 1.

Chapter 4



61

References

Kearson C, Kahn SR, Agnelli G et al. Antithrombotic therapy for venous thromboembolic 1. 
disease*: American college of chest physicians evidence-based clinical practise guidelines (8th 
edition). Chest, 2008; 133: 454S-545S.
Torbicki A, Perrier A, Konstantinides et al. Guidelines on the diagnosis and management of 2. 
acute pulmonary embolism: the Task Force for the Diagnosis and Management of Acute Pul-
monary Embolism of the European Society of Cardiology (ESC). European Heart Journal, 
2008; 29: 2276-2315.
Büller HR, Assendelft WJJ, Banga JD et al.Treatment. In: Dutch Institute for Healthcare Im-3. 
provement CBO. Deep venous thrombosis and pulmonary embolism. Alphen aan den Rijn, 
The Netherlands: Van Zuiden Communications BV;1999. p. 163-236.
Delemarre JJM, Huisman MV, de Groot CJM et al. Medicinal treatment for venous throm-4. 
boembolism. In: Dutch Institute for Healthcare Improvement CBO. Guideline for diagnosis, 
prevention and treatment of venous thromboembolism and secondary prevention of arterial 
thrombosis. Alphen aan den Rijn, The Netherlands: Van Zuiden Communications BV; 2008. 
p 111-140.
Federation of Dutch Thrombosis Services. Guidebook for outpatient anticoagulation therapy 5. 
with cumarines. Den Haag, the Netherlands: Federation of Dutch Thrombosis Services; 2005. 
P 8-12.
Custódio das Dôres SM, Booth SL, Martini LA et al. Relationship between diet and anticoagu-6. 
lant response to warfarin: a factor analysis. European Journal of Nutrition, 2007; 46: 147-154.
Johnson MA. Influence of vitamin K on anticoagulant therapy depends on vitamin K status 7. 
and the source and chemical forms of vitamin K. Nutrition Reviews, 2005; 63: 91-97.
Wells PS, Holbrook AM, Crowther NR et al. Interactions of warfarin with drugs and food. 8. 
Annals of Internal Medicine, 1994; 121: 767-783.
Hylek EM, Heiman H, Skates SJ et al. Acetaminophen and other risk factors for excessive 9. 
warfarin anticoagulation. Journal of the American Medical Association, 1998; 279: 657-662.
Hylek EM, Regan S, Go AS et al. Clinical predictors of prolonged delay in return of the inter-10. 
national normalized ratio to within the therapeutic range after excessive anticoagulation with 
warfarin. Annals of Internal Medicine, 2001; 135: 393-400.
Froom P, Miron E, Barak M. Oral anticoagulants in the elderly. British Journal of Haemato-11. 
logy, 2003; 120: 526-528.
Oldenburg J, Bevans CG, Fregin A et al. Current pharmacogenetic developments in oral anti-12. 
coagulation therapy: the influence of variant VKORC1 and CYP2C9 alleles. Thrombosis and 
Haemostasis, 2007; 98: 570-578. 
Kumar S, Haigh JR, Rhodes LE et al. Poor compliance is a major factor in unstable outpatient 13. 
control of anticoagulant therapy. Thrombosis and Haemostasis, 1989; 62: 729-732.
Davis NJ, Billett HH, Cohen HW, et al. Impact of adherence, knowledge, and quality of life on 14. 
anticoagulation control. The Annals of Pharmacotherapy, 2005; 39: 632-636.
van Walraven C, Jennings A, Oake N et al. Effect of study setting on anticoagulation control: 15. 
a systematic review and metaregression. Chest, 2006; 129: 1155-1166.
Hirsh J, Dalen J, Anderson DR et al. Oral anticoagulants: mechanism of action, clinical effec-16. 
tiveness, and optimal therapeutic range. Chest, 2001; 119: 8S-21S. 
Caprini JA, Tapson VF, Hyers TM et al. Treatment of venous thromboembolism: adherence 17. 
to guidelines and impact of physician knowledge, attitudes, and beliefs. Journal of Vascular 
Surgery, 2005; 42: 726-733.
Rosendaal FR, Cannegieter SC, van der Meer FJ et al. A method to determine the optimal 18. 
intensity of oral anticoagulant therapy. Thrombosis and Haemostasis, 1993; 69: 236-239.

Out of hospital anticoagulant therapy



62

Palareti G, Leali N, Coccheri S, et al. Bleeding complications of oral anticoagulant treatment: 19. 
an inception-cohort, prospective collaborative study (ISCOAT). Italian Study on Complica-
tions of Oral Anticoagulant Therapy. Lancet, 1996; 348: 423-428.
Büller HR, Davidson BL, Decousus H et al. Subcutaneous fondaparinux versus intravenous 20. 
unfractionated heparin in the initial treatment of pulmonary embolism. New England Journal 
of Medicine, 2003; 349: 1695-1702.
Kaatz S. Determinants and measures of quality in oral anticoagulation therapy. Journal of 21. 
Thrombosis and Thrombolysis, 2008; 25: 61-66.
Aujesky D, Smith KJ, Cornuz J et al. Cost-effectiveness of low-molecular-weight heparin for 22. 
treatment of pulmonary embolism. Chest, 2005; 128: 1601-1610.
Douketis JD, Foster GA, Crowther MA et al. Clinical risk factors and timing of recurrent 23. 
venous thromboembolism during the initial 3 months of anticoagulant therapy. Archives of 
Internal Medicine, 2000; 160: 3431-3436.
Nijkeuter M, Sohne M, Tick LW et al. The natural course of hemodynamically stable pulmo-24. 
nary embolism: Clinical outcome and risk factors in a large prospective cohort study. Chest, 
2007; 131: 517-523.
Wicki J, Perrier A, Perneger TV et al. Predicting adverse outcome in patients with acute pul-25. 
monary embolism: a risk score. Thrombosis and Haemostasis, 2000; 84: 548-552.

Chapter 4



Chapter 5

No firm association between  
N-terminal pro-brain natriuretic 
peptide and percentage of  
pulmonary vascular obstruction 
in patients with acute pulmonary 
embolism

M.J. Agterof1, R.E.G. Schutgens2, J.F. Verzijlber-
gen3, M.M.C. van Buul3, E.A.M. Tromp4, M.J.C. 
Eijkemans5, R. van der Griend6, D.H. Biesma1

Departments of 1Internal Medicine, 2Hematolo-
gy/ Van Creveldkliniek and 5Biostatistics Julius 
Center for Health Sciences and Primary Care, 
University Medical Center Utrecht, Departments 
of 3Nuclear Medicine and 4Epidemiology, St. 
Antonius Hospital Nieuwegein, 6Department of 
Internal Medicine, Diakonessenhuis Utrecht, the 
Netherlands.

Thrombosis Research in press





65

Abstract

Introduction: High concentrations of NT-proBNP are found in patients with 
right ventricular overload. Right ventricular overload may be the result of large 
perfusion defects in patients with PE. NT-proBNP levels are associated with 
poorer outcome in patients with acute PE. Likewise, the PVO has shown to be a 
prognostic parameter for outcome in PE-patients. We postulated that NT-proBNP 
is associated with the amount of perfusion defects, expressed as the PVO, on 
perfusion scintigraphy.

Methods: We included 85 consecutive patients in whom the diagnosis PE was 
confirmed by ventilation-perfusion scintigraphy. PVO was calculated in all pa-
tients. NT-proBNP concentrations were measured at presentation. We plotted the 
logarithm of NT-proBNP versus the PVO. The strength of the estimated associa-
tion between NT-proBNP and the PVO was expressed by R2.

Results: Eighteen percent of the variation in PVO could be explained by NT-
proBNP. A positive association becomes apparent for NT-proBNP values above 
200 pg/mL, with an increase in PVO of 6.3% (95% CI 2.0 to 10.6), with every 
doubling of NT-proBNP.

Conclusion: There is an association between NT-proBNP concentrations and 
PVO, although this relation is quite weak. Some patients with low NT-proBNP 
values can have a high PVO, which might be relevant for outcome. Therefore, 
we advise caution in risk stratification and not to focus on NT-proBNP, without 
involving the clinical condition.
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Introduction

The outcome of patients with PE varies considerably from < 2% mortality in 
patients with non-massive PE to > 95% in patients with cardiorespiratory arrest 
[1, 2]. Clinical features, such as hemodynamic instability and hypoxemia, and 
laboratory variables, including high levels of troponin and D-dimer have previ-
ously been associated with an unfavourable outcome in patients with PE [3-6]. 
Prediction rules, like the Geneva score and the PESI, can differentiate between 
patients at low and high risk for adverse clinical outcome [7-10]. These rules 
are mainly based on a patient’s medical history and clinical characteristics. RV 
overload is another independent and powerful predictor of fatal outcome [11, 
12]. Using echocardiography, RV dysfunction is found in approximately 50% of 
patients with acute PE [11-14]; RV dysfunction is usually seen in patients with 
high pulmonary artery pressure due to vascular obstruction. 
BNP is a hormone synthesized in cardiomyocytes. Its precursor, proBNP, is for-
med after splicing of the signal peptide from the pre-prohormone. After stimu-
lation of cardiomyocytes, in case of volume expansion and pressure overload, 
pro-BNP is proteolytically split into the inactive NT-proBNP and the active com-
ponent BNP [15]. Increased levels of NT-proBNP have been observed in right 
ventricular overload [16]. PE-patients with high NT-proBNP concentrations have 
a higher mortality risk and more adverse clinical outcome [17, 18]. 
It has been reported previously that the PVO in acute PE can be correlated to 
pulmonary artery pressure (PAP) and total pulmonary resistance (TPR) [19]. As 
PAP and TPR are related to right ventricular overload, we have postulated that 
NT-proBNP is in agreement with the PVO in patients with acute PE. The aim of 
this study is to investigate the relation between NT-proBNP levels and PVO sco-
res in patients with acute PE. 

Methods

Study population 
We included consecutive adult acute PE-patients in whom the diagnosis of PE 
was based on a high probability ventilation-perfusion scan in 2 participating 
centers. In these centers, the VQ scan was the diagnostic test of choice during 
the study period.However, due to the reduced availability of the radiopharmacon 
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outside office hours, a CT scan was performed in case of suspected PE outside 
office hours or during the weekends. Therefore, patients presenting with acute PE 
during office hours underwent a Q scan, where patients outside office hours had 
a CT scan. Patients with a history of heart failure were excluded. Treatment with 
anticoagulation was started within 2 hours after diagnosis. The study protocol 
was approved by the regional ethics committee.

Percentage of vascular obstruction score
Ventilation-perfusion scintigraphy was performed within a maximum of 20 hours 
after presentation. If waiting time for the lung scan was longer than 4 hours, 
treatment with low molecular heparin was started before the PE was confirmed. 
The perfusion lung scans were obtained with 74 MBq Technetium labelled mac-
roaggregated albumin. Ventilation scans were recorded with the patient breathing 
room air through a mouthpiece to which a constant supply of Krypton was added. 
Images were performed in four standard views: anterior, posterior and right pos-
terior oblique and left posterior oblique and 500 Kcounts were obtained in each 
image. Additional right and left lateral views were performed at indication. For 
interpretation of the scans, we used the previously described Hull’s criteria and 
the lung segment reference chart [20, 21]. 
The method of Meyer et al was used to calculate the PVO [22]. Each lobe was as-
signed a weight based on regional blood flow distribution in the supine position: 
right lower lobe, 25%; right middle lobe, 12%; right upper lobe, 18%; left lower 
lobe, 20%; and left upper lobe, 25%; lingula, 12%. Perfusion within each lobe 
was estimated visually and a score from 0 (no perfusion) to 1 (normal perfusion) 
(0, 0.25, 0.5, 0.75 and 1) was given on the basis of a comparison of film density 
with an apparently normally perfused area. Each lobar perfusion score was then 
calculated by multiplying the weight by the perfusion score. The overall score 
was the sum of the 6 separate lobar scores. The PVO was calculated as follows: 
PVO (%) = (1 – total perfusion score) x 100. Each perfusion scan was scored 
by two experienced nuclear physicians, who were not aware of the NT-proBNP 
levels.

Association between NT-proBNP and PVO
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Laboratory assessments
All patients underwent measurement of NT-proBNP levels on admission before  
treatment was initiated. Plasma NT-proBNP concentrations were measured with 
the Elecsys proBNP electrochemiluminescence immunoassay (Roche Diagnos-
tics, Mannheim, Germany). 

Statistical analysis
Descriptive statistics were used for patient characteristics. We plotted the loga-
rithm of  NT-proBNP versus the PVO. On these data, a curvilinear pattern was 
fitted using a restricted cubic spline (rcs) with three knots, at the P10, P50 and 
P90 values of log NT-proBNP. The strength of the estimated association between 
NT-proBNP and the PVO was expressed by R2, the percentage of variation in 
pulmonary defects explained by NT-proBNP. Statistical analysis was performed 
using the Statistical Package for the Social Sciences software (version 15; SPSS; 
Chicago, IL, USA), and the rcs curve was fitted using the Design library in R 
version 2.8.1 (R Development Core Team (2008). R: A language and environ-
ment for statistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. ISBN 3-900051-07-0, URL http://www.R-project.org). 

Results

Patient characteristics
The study started in the St. Antonius hospital in January 2006. In the period Ja-
nuary 2006- October 2007, 96 outpatients with confirmed PE were admitted to 
this hospital. Of these 96 patients, 49 patients underwent a VQ scan and 47 pa-
tients a CT scan. In the period August 2007- March 2009, the diagnosis PE was 
confirmed in 74 patients in the Diakonessen hospital. Of these 74 patients, 45 
underwent a VQ scan and 29 a CT scan. 
Ninety-four patients had a high probability ventilation perfusion scan during the 
study period. Four patients were excluded due to a left ventricular ejection frac-
tion of 25-30% and five patients due to missing NT-proBNP levels. The mean age 
at diagnosis of the 85 included patients was 54.6 ± 16.4 years (range 20-85 years). 
Forty percent was male. The mean NT-proBNP was 762.5 ± 1413.4 pg/ml (range 
10-9299). Two of the 85 patients were hemodynamically instable. All patients 
had a creatinine level <150 mmol/l. Other clinical baseline characteristics are 
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described in Table 1. During 90 days follow-up, two patients suffered from a seri-
ous adverse event (SAE). One patient underwent thrombolysis, the other patient 
died on day 40 due to progression of a non-Hodgkin’s lymphoma. 

Table 1. Baseline characteristics of the study population 

Feature
Mean ± SD or number 
of subjects (%)

Age, yrs 54.6 ± 16.4

Heart rate, beats per min 86.4 ± 15.8  (range 47-120)

Systolic blood pressure, mm Hg 143.2 ± 22.7  (range 90-207)

Oxygen saturation, oximetry, % 95.3 ±  3.8  (range 83-100)

Female 51 (60)

Chronic Obstructive Pulmonary Disease 8 (9.4)

Previous venous thromboembolism 16 (18.8)

NT-proBNP, pg/ml 762.5 ± 1413.4 

Percentage of pulmonary vascular obstruction, % 33.9 ± 19.8 

PVO 
The mean PVO was 33.9 ± 19.8% (range 3.0-76.5). There was no significant dif-
ference between the PVO in male or in female (34.1 ± 19 vs.33.8 ± 20.5; p=0.94). 
There was no significant difference in PVO between the 16 patients with and the 
69 patients without a history of venous thromboembolism (37.1 ± 18.7 vs.33.2 ± 
20.1; p=0.48). There was no difference in PVO between younger and older pa-
tients (≤ 60 years of age; 33.3 ± 21.5 vs. > 60 years of age; 34.9 ± 17.2; p=0.72)

Association between PVO and NT-proBNP 
A non-linear curve was fitted between PVO and the logarithm of NT-proBNP of 
the 85 included patients (Figure 1). This curve explained 18% of the variation in 
PVO. A positive association becomes apparent for NT-proBNP values above 200 
pg/mL, with an increase in PVO of 6.3% (95% Confidence Interval 2.0 to 10.6), 
with every doubling of NT-proBNP.

Association between NT-proBNP and PVO
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Figure 1. Association between N-terminal pro-brain natriuretic peptide and the 
percentage of pulmonary vascular obstruction

Discussion

In our study cohort of patients with acute PE who underwent a ventilation per-
fusion scan, we observed merely a weak correlation between NT-proBNP levels 
and the percentage of pulmonary perfusion defects, reflected by PVO. Eighteen 
percent of the variation in PVO could be explained by NT-proBNP. This weak 
association renders NT-proBNP a mediocre to poor estimator of the PVO.
PVO has shown to be a prognostic parameter for outcome in PE-patients [23]. 
Likewise, NT-proBNP levels are associated with poorer outcome in acute PE 
[17, 18]. The lack of a strong association between PVO and NT-proBNP in our 
study might be explained by several factors. First the PVO is dependent on the 
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total percentage of perfusion defects, irrespective of clot localisation. A PVO of 
multiple peripheral defects can therefore be equal to a PVO of a large one-side 
effect, where the amount of acute right ventricular overload, and subsequent NT-
proBNP release might be different. Second, NT-proBNP concentrations may vary 
over time and do not always have reached their maximum concentrations, when 
measured at first presentation with acute PE.
One might speculate that PVO calculated using CT-scanning is not directly com-
parable with PVO obtained by perfusion scintigraphy. CT-based PVO scores are 
based on the number and the degree of the obstructed central and peripheral pul-
monary arteries, where PVO scores on perfusion scintigraphy do not reflect the 
size of the clots or the degree of occlusion of an artery, but merely the distribution 
of peripheral pulmonary blood flow. However, in a previous study from Kline et 
al, using a CT-based PVO, also no relation was found between BNP and PVO 
[24, 25].
NT-proBNP is a very relevant marker of adverse outcome. However, no firm 
conclusions can be drawn about the predictive role of NT-proBNP for the percen-
tage of vascular obstruction in PE-patients. Some patients with low NT-proBNP 
values can have a high PVO, which might be relevant for outcome. Therefore, 
we advise caution in risk stratification and not to focus on NT-proBNP, without 
involving the clinical condition.
In conclusion, we found an association between NT-proBNP and the PVO on 
perfusion scintigraphy, although this relation was quite weak and should be inter-
pretated with reservation. 

Association between NT-proBNP and PVO
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Abstract

Introduction: Low NT-proBNP levels are associated with an uncomplicated 
course in patients with PE. The aim of this multicenter management study was to 
investigate the safety of home treatment of PE-patients with low (< 500 pg/ml) 
NT-proBNP.

Methods: Hemodynamically stable outpatients with acute PE and NT-proBNP 
level < 500 pg/ml were included. Patients were discharged immediately from the 
emergency room or within a maximum of 24 hours after admission. The primary 
study objective was the absence of mortality during the first 10 days of treatment. 
Secondary objectives were the incidence of re-admission due to PE or its treat-
ment and the patient’s satisfaction during the first ten days of treatment as well as 
the incidence of serious adverse events during the 3-months follow-up period. 

Results: Of 351 patients, 152 (43%) fulfilled the inclusion criteria and were tre-
ated as outpatients. No deaths, major bleedings or recurrent venous thromboem-
bolism occurred in the first 10 days of treatment or in the follow-up period of 3 
months in these patients. Seven patients required readmission in the first 10 days: 
three because of complaints that could be related to PE and four due to an illness 
unrelated to PE. The HADS-A anxiety score did not change significantly between 
day 0 and day 10. The PSQ-18 showed a high score for satisfaction with home 
treatment.

Conclusion: Out of hospital treatment is safe in hemodynamically stable PE-
patients with low (< 500 pg/ml) NT-proBNP levels. Approximately 45% of PE-
patients can be treated in an outpatient setting. Patients do not consider out of 
hospital treatment as inconvenient and have no increase in anxiety scores.
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Introduction

Treatment of DVT and PE comprises subcutaneous injection of LMWH, followed 
by a variable period of OAT [1]. Studies towards quality of life and cost of health 
care are in favor of outpatient treatment of DVT and PE-patients [2, 3]. Outpatient 
treatment of patients with DVT is safe [2, 4-6], but out of hospital treatment for 
patients with acute PE has not been validated prospectively.
The majority of PE-patients have an uncomplicated course [7] and the need for 
hospitalization of all PE-patients can be questioned. The implementation of 
LMWH as bridging therapy in patients with PE facilitates early discharge. Out-
patient treatment for patients with non-massive PE is, however, not widely ac-
cepted as no explicit criteria exist for an accurate identification of patients who 
are suitable candidates for outpatient treatment [8]. 
BNP is a hormone synthesized in cardiomyocytes. Its precursor, proBNP, is for-
med after splicing of the signal peptide from the pre-pro-hormone. After stimu-
lation of cardiomyocytes, in case of volume expansion and pressure overload, 
pro-BNP is proteolytically split into the inactive NT-proBNP and the active com-
ponent BNP [9]. PE-patients with low BNP [10-14] or NT-proBNP [10, 11, 15-20] 
concentrations have low risks for death or hemodynamic deterioration [10]. 
There is increasing interest for NT-proBNP as parameter for risk assessment in 
patients with acute PE, especially in the identification of low-risk patients [16, 18, 
20]. In this management study, we investigated the safety of outpatient treatment 
of hemodynamically stable PE-patients with a low NT-proBNP level at presen-
tation. 
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Methods

Study population 
Inclusion criteria
This is a multicenter, prospective management study in PE-patients, aged 18 
years or older, who presented at the emergency room in one of the five participa-
ting centers in the Netherlands between September 2006 and March 2009. The 
diagnosis of PE had to be confirmed within 24 hours after presentation and was 
based on an intraluminal filling defect on spiral CT or pulmonary angiography, 
a high probability ventilation-perfusion lung scan, or a non-diagnostic lung scan 
with a proximal or distal deep venous thrombosis shown by ultrasonography of 
the legs. 
All outpatients with confirmed acute PE were registered by research nurses or 
doctors within 24 hours of admission. The screening was performed at a 24 hours 
basis, 7 days a week. For all patients, we used the first recorded blood pressure, 
oxygen saturation and pulse rate on admission to the emergency department. Cli-
nical data such as age, gender and medical history (heart failure, malignancy, 
previous VTE or medically treated chronic obstructive pulmonary disease) were 
also registered. 
Only patients with a NT-proBNP level < 500 pg/ml, measured before treatment 
was initiated, were included in the study. Plasma NT-proBNP concentrations 
were measured with the Elecsys proBNP electrochemiluminescence immunoas-
say (Roche Diagnostics, Mannheim, Germany). 
The medical ethical committees of the participating hospitals approved the study 
protocol. Written informed consent was obtained from all patients. Clinical Trial 
Registration Information: http://clinicaltrials.gov/ct2/show/NCT00455819

Exclusion criteria
We excluded patients with the following criteria: 1) hemodynamic or respiratory 
instability, defined as one of the following symptoms: collapse, systolic blood 
pressure <  90 mm Hg, pulse rate> 100 bpm or the need for oxygen therapy 
to maintain oxygen saturation > 90%; 2) illness unrelated to PE for which the 
patient would require hospitalization for more than 24 hours; 3) pain requiring 
intravenous analgesia; 4) need for acute thrombolysis at presentation; 5) active 
bleeding or known hemorrhagic diathesis; 6) pregnancy; 7) in-hospital patients; 
8) likelihood of poor compliance; 9) no support system at home; 10) renal insuf-
ficiency, defined as a creatinine level >150 μmol/l.
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Treatment program
All eligible patients were treated with therapeutic dosages of LMWH subcutane-
ous once a day as bridging towards OAT, or with LMWH alone in case of a malig-
nancy. The first dose of LMWH was given as soon as possible after the diagnosis 
PE was established (usually within three hours of presentation). A nurse educated 
the patient how to administer LMWH. Patients were discharged immediately from 
the emergency room or within a maximum of 24 hours after admission. Subse-
quent INR monitoring after discharge was provided by the Thrombosis Services. 
This is a Dutch network of regional anticoagulation clinics, that cares for INR 
measuring and establishes the subsequent OAT dosing schedule for out of hos-
pital patients. All participating patients received an information leaflet about the 
study with instructions about readmission in case of well-defined symptoms or 
signs, pointing towards recurrent VTE or bleeding. A 24-hours emergency num-
ber was provided. Patients were asked to complete an anxiety and a satisfaction 
score. The patients were contacted by telephone on day 2 and 4 after inclusion. 
All patients were seen on the outpatient department on day 10.

Study objectives
The primary objective was the safety of out of hospital treatment of PE-patients 
with a NT-proBNP < 500 pg/ml. Because the mean in-hospital stay of PE-patients 
varies between 6.4 and 10 days [21-24], the main outcome parameter was the 
mortality rate due to PE or its treatment during the first ten days of outpatient 
treatment.
The secondary objectives were to: 1) estimate the incidence of re-admission to 
hospital due to PE or its treatment during the first ten days; 2) investigate the rates 
of recurrence of VTE and major bleeding during the first ten days; 3) assess the 
patient’s satisfaction and anxiety during the first ten days of outpatient treatment; 
4) investigate the mortality rate and the rates of recurrence of VTE and major 
bleeding during a period of 90 days.
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Definition of outcomes
The main objective was the 10-days mortality rate due to PE or its treatment. 
Fatal outcome was classified to be related to PE, bleeding, cancer or another di-
agnosis according to the judgment of an independent steering committee.  
Information about the cause of death was obtained from autopsy reports, clinical 
reports or from additional information of the patient’s general practitioner. In all 
cases of death, the outcome events were reviewed and classified by an independ-
ent adjudication committee. Deaths were classified by the committee as caused 
by PE if autopsy confirmed PE, or if an objective test demonstrated PE prior to 
death, or if PE was most likely as the cause of death. 
Recurrent PE was defined as a new intraluminal filling defect on spiral CT or 
pulmonary angiography with a cut-off of contrast material in a vessel > 2.5 mm 
in diameter on pulmonary angiography or a new perfusion defect involving at 
least 75% of a segment, with corresponding normal ventilation or a new non-
diagnostic lung scan accompanied by documentation of DVT by ultrasonography 
of the legs or confirmation of a new PE at autopsy [25]. The objective criterion 
defining a new DVT was a new, non-compressible venous segment or a substan-
tial increase (> 4 mm) in the diameter of the thrombus during full compression in 
a previously abnormal segment on ultrasonography of the legs [21].  
Major bleeding was defined as clinical overt and associated with a decrease of 2.0 
g/dL (1.24 mmol/L) or more in the hemoglobin level, led to the transfusion of two 
or more units of whole blood or  red cells, occurred in a critical area or organ, or 
contributed to death [26].
Patient’s satisfaction with their out of hospital treatment was evaluated with the 
Patient Satisfaction Questionnaire PSQ-18 score on day 10 [27]. The PSQ-18 
contains 18 items tapping each of the following seven subscales: general satisfac-
tion, technical quality, interpersonal manner, communication, financial aspects, 
time spent with doctor and accessibility and convenience. The minimum score for 
every item was 0 (not satisfied); the maximum score was 5 (very satisfied). Items 
within each subscale were averaged after scoring. 
Patient anxiety during the first ten days of outpatient treatment was evaluated 
with an anxiety score containing 7 questions, which is part of the Hospital Anxi-
ety and Depression Scale (HADS-A); questions with regard to depression were 
omitted. The anxiety score was scored on the day of admission and on day 10. 
The minimum score was 0 points; the maximum score was 21 points. A higher 
score indicates higher distress. The score on day 0 was compared to the score on 
day 10 to intercept possible increase of anxiety during outpatient treatment. 
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Sample size and premature termination of the trial
We considered the outpatient treatment of PE-patients with a normal pro-BNP 
level as safe if death would not appear in the outpatient group during the first ten 
days of therapy. Therefore, this management study had to be stopped if death (re-
lated to PE or its therapy) would appear in more than 1 percent of the included pa-
tients. If no patient of the study-group of 150 patients died in the first ten days of 
therapy, our hypothesis (that outpatient treatment of patients with PE based on a 
normal pro-BNP level is safe) was confirmed. If one patient would die in the out-
patient group, the chance to die would be 0.67% (95% CI: 0-1.9%). By chance, 
the 1% limit could have been crossed. Therefore, another 150 patients would be 
recruited. Expanding the population to 300 would have resulted in 1death in 300, 
which is a chance of 0.3% with 95% confidence intervals below 1% (0-0.98%).  
This study would be stopped definitely if 2 or more patients in the outpatient 
group died due to PE or its therapy during the first ten days of therapy.
This study would also be stopped if there would be more than 5% re-admissions 
due to PE or to the treatment, like hemodynamic instability, recurrence VTE or 
major bleeding, in the first ten days of therapy. An independent steering commit-
tee was installed to judge all deaths and re-admissions in the outpatient group.

Statistical analysis
Descriptive statistics were used to describe patient characteristics. The statisti-
cal analysis was performed using the Statistical Package for the Social Sciences 
software (version 16; SPSS; Chicago, IL, USA).

Results

Characteristics of study population
PE was diagnosed in 351 consecutive patients during the study period (Figure 
1). A total of 68 patients were excluded for reasons of other illnesses (unrelated 
to PE) for which hospitalization was required (n=21), collapse (n=10), oxygen 
saturation < 90% (n=9), systolic blood pressure < 90 mm Hg (n=6), psychiatric 
co-morbidity (n=5), asystole (n=4), severe hemoptysis (n=1) pregnancy (n=1), 
age < 18 years (n=1) or no support system at home (n=10)  (Figure 1). A total of 
283 patients were eligible. Protocol violation occurred in 26 patients due to an 
unacceptable delay (> 24 hours after admission) in the time needed to inform and 
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include these patients. A total of 25 patients refrained from participation in the 
study. Eighty (34.5%) of 232 eligible patients had a NT-proBNP level > 500 pg/
ml and were excluded. Finally, 152 (43.3 %) of 351 patients presenting with acute 
PE at the emergency room were included in this study. 
None of the 152 patients were lost to follow-up during the first 3 months. The 
clinical and laboratory characteristics of these patients are given in Table 1. The 
mean age of these 152 patients was 53.4 ± 14.3 years (range 20-84) and 51.3% 
of the patients were female. One hundred and five (69.1%) patients returned to 
home directly from the emergency room without hospitalization and 47 patients 
(30.9%) were hospitalized for a period of 6-24 hours. 

Table 1. Baseline characteristics of 152 included patients with acute pulmonary 
embolism Values are presented as mean values with standard deviation, unless 
otherwise stated.

Age 53.4 ± 14.3 years

Female N (%) 78 (51.3)

Systolic blood pressure 144 ± 21.2 mm Hg

Pulse rate 82.3 ± 14.9 bpm

Oxygen saturation 97.1 ± 1.9 % O2

Active malignancy N (%) 20 (13.2)

Cardiac failure N (%) 1 (0.7)

COPD N (%) 8 (5.3)

Previous VTE N (%) 23 (15.1)

NT-proBNP 116.8 ± 102.1 pg/ml
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Figure 1. Study flow diagram

Primary outcome
There were no deaths during the first 10 days in these 152 patients, resulting in a 
mortality rate as primary outcome parameter of 0%. 

Secondary outcome
Seven (4.6%) patients required renewed hospitalization in the first 10 days after 
the diagnosis of PE. Four of these 7 patients were admitted because of an illness, 
unrelated to PE: one with cellulitis, one with myocardial failure due to severe 
mitral valve insufficiency, one with pneumonia and one because of fever and 
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neutropenia after chemotherapy. Three patients were admitted because of com-
plaints, possibly related to PE: two patients had complaints of anxiety in combi-
nation with chest pain and one patient had dyspnoea with an oxygen saturation 
of 88%. These three patients remained hemodynamically stable and NT-proBNP 
levels remained low during their in-hospital stay. In 2 of these 3 patients (1 with 
anxiety in combination with chest pain and 1 with hypoxemia) a new CT scan 
was performed; there were no signs of progression of PE. The two patients, read-
mitted because of anxiety and pain stayed in the hospital for respectively 2 and 
3 days and the patient readmitted with dyspnoea for 5 days; the primary treat-
ment (LMWH in combination with OAT) was continued, no other anticoagulant 
therapy was given in these 3 patients. All 3 patients had a quick recovery.
There were no recurrences of VTE or major bleedings during the first 10 days of 
treatment, nor deaths, recurrences of VTE or major bleedings during the 90 day 
follow-up period.

Patient satisfaction 
One hundred three patients (67.8%) returned the Patient Satisfaction Question-
naire score (PSQ-18) on day 10. The mean (SD) score for satisfaction with out of 
hospital treatment was 3.80 (0.97); the mean (SD) scores for communication and 
interpersonal manner were 3.98 (0.89) and 4.07 (0.95), respectively. The mean 
scores of the total PSQ-18 are given in Table 2. 

Table 2. Patient Satisfaction Questionnaire (PSQ-18) score on day 10

Subscale

General satisfaction 3.80 ± 0.97

Technical quality 3.88 ± 0.98

Interpersonal manner 4.07 ± 0.95

Communication 3.98 ± 0.89

Financial aspects 4.11 ± 0.90

Time spent with doctor 3.78 ± 0.94

Accessibility and convenience 3.74 ± 0.90

Scores are presented as mean values with standard deviation.
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Patient anxiety
Hundred and one patients (67.1%) returned the HADS-A anxiety score on both 
days (day 0 and day 10). There was no difference in the mean score on day 0 
as compared to the mean (SD) score on day 10 [4.29 (3.34) versus 4.31 (3.59); 
p=0.968]. In 72 (71.3%) patients, the anxiety score did not decrease or increase 
with 2 or more points between day 0 and day 10. In 12 patients, the anxiety score 
decreased with > 2 points between day 0 en day 10. In 5 of these 12 patients the 
anxiety score decreased with 5 or more points. In 17 patients, the anxiety score 
increased with > 2 points between day 0 and day 10. In 5 of these 17 patients, the 
anxiety score increased with 5 or more points. 

Outcome of the 80 patients, excluded because of a NT-proBNP level > 500 pg/ml 
Eighty (34.5%) of 283 eligible patients had a NT-proBNP level > 500 pg/ml and 
were excluded. The baseline characteristics of these patients are given in Table 3. 
These patients were older than the 152 patients included in the study (61.2 ± 17.6 
versus 53.4± 14.3 years, p=0.002). The mean oxygen saturation in the patients 
with a NT-proBNP level> 500 pg/ml was lower than the mean oxygen saturation 
in the included patients (94.8 ± 3.2% versus 97.1 ± 1.9%, p< 0.001).  There were 
more patients with cardiac failure in the high NT-proBNP group than in the in-
cluded patients (p=0.007).  No differences were found in gender, blood pressure, 
pulse rate, rate of active malignancy, chronic pulmonary disease or previous VTE 
between patients with a high NT-proBNP level and the 152 patients with a NT-
proBNP level< 500 pg/ml. 
One of the 80 patients underwent thrombolysis on the first day. In another patient 
an embolectomy occurred on the second day after a collapse. One patient died 
on day 32 because of cardiac decompensation. No major bleedings or recurrent 
VTE’s occurred during the follow-up period. 
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Table 3. Baseline characteristics of the 80 excluded patients due to NT-proBNP 
levels > 500 pg/ml 

Age 61.2 ± 17.6 years

Female N (%) 47 (58.8)

Systolic blood pressure 138.4 ± 22.2 mm Hg

Pulse rate 89.7 ± 16.9 bpm

Oxygen saturation 94.8 ± 3.2 % O2

Active malignancy N (%) 6 (7.5)

Cardiac failure N (%) 6 (7.5)

COPD N (%) 8 (10)

Previous VTE N (%) 11 (18.8)

NT-proBNP 2909.3 ± 4875.4 pg/ml

Values are presented as mean values with standard deviation, unless otherwise stated.

Discussion

This management study is the first prospective study to demonstrate the safety of 
out of hospital treatment in hemodynamically stable PE-patients with a low risk 
prophile, based on a low NT-proBNP level (< 500 pg/ml). No SAE, including 
death, recurrent VTE or major bleeding, occurred in the first 10 days of outpa-
tient treatment or during the 3 month follow-up period. Forty-three percent of 
all patients presenting with PE at the emergency department could be treated in 
an outpatient setting in our study. Home treatment was considered to be conve-
nient by most patients according to the Patient Satisfaction Questionnaire and the 
HADS-A anxiety-score. 
The treatment of PE with LMWH is simple and effective. LMWH has become the 
drug of choice in bridging towards long-term anticoagulation with coumarins like 
warfarin in patients with VTE. Nowadays, the treatment of most patients with 
DVT occurs on an outpatient base. Nearly 50% of patients with a proximal DVT 
have evidence of a coexistent PE, often without typical symptoms [28]. Therapy 
for VTE is no longer a reason for hospitalization. However, most patients with 
acute PE stay in the hospital for at least 6-10 days [21-24]. Only 4.5% of PE-
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patients are confronted with serious complications during the first 10 days of 
treatment [29]. Patients defined as low risk based on the PE severity index have 
mortality rates below 2% [8]. There is an actual interest in the development of 
strategies for treatment of a selected group of PE-patients in an outpatient setting. 
A prerequisite for home treatment is the absence of hemodynamic complications 
in patients with PE. Several studies pointed towards the role of cardiovascular 
biomarkers (such as BNP or its derivates and troponin) or plasmin degradation 
products (such as D-dimer concentration) in the risk stratification of patients with 
PE, but none of them have implemented these biomarkers in a prospective ma-
nagement model for outpatient treatment.
To our knowledge, this study is the largest prospective study in which PE patients 
are treated entirely as outpatients. Six previous prospective studies have also iden-
tified subgroups of PE-patients who appeared to be suitable for safe outpatient 
treatment [30-35]. Exclusion was based only on clinical signs and symptoms. 
None of these studies used a low NT-proBNP level as inclusion criterion. Four of 
these studies treated patients as outpatients [30-33] and in one study patients were 
treated in an outpatient hotel [34]. Furthermore, the numbers of patients in these 
studies are rather small, ranging from 36 to100 patients. Only the study of Davies 
et al had more patients (156 patients). However, in this study patients were al-
lowed to stay for 3 days in the hospital [35]. No PE-related deaths and one death 
due to a major bleeding were reported in these 6 studies. The small percentage 
of recurrent VTE (0 - 6.2%) or major bleeding (0 - 3.7%) resembles the low-risk 
group of PE-patients in these studies. 
An intriguing point is whether risk-identification in PE-patients can be restricted 
to clinical signs and symptoms only. An advantage of risk stratification based 
on clinical symptoms is its simplicity, but its reliability can be questioned. In 
recent years several studies have shown that, in patients with acute PE, abnormal 
levels of cardiac biomarkers such as (NT-pro)BNP, correlate with right ventri-
cular dysfunction and predict an increased risk of short term adverse outcome 

[36]. PE-patients with low NT-proBNP concentrations have low risks for adverse 
clinical outcome [10, 11, 15-20]. In the study of Bova et al, that included a hete-
rogeneous population, BNP did not suffice as a prognostic marker for in-hospital 
PE-related adverse events. However, we found a high negative predictive value 
for NT-proBNP for adverse outcomes. This supports the use of (NT-pro)BNP to 
be included in the algorithm to identify patients who can be treated without, or 
with only a short admission to the hospital [37]. 
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At the initiation of this study, the cut-off concentrations for NT-proBNP to dis-
criminate between patients at low and at high risk for adverse clinical outcome 
varied from 500 to1000 pg/ml [15-18]. For safety reasons, we used a cut-off level 
of < 500 pg/ml in our study. Standardization of NT-proBNP assays will be very 
helpful to determine the optimal cut-off level in the discrimination between high- 
and low-risk groups and for the interpretation of study results in daily practice. 
Our study has some limitations. First, patients were not randomized. Due to the 
nature of the study with a very low (near zero) a priori chance of hemodynamic 
complications in patients with a low NT-proBNP, a very large randomized con-
trolled trial is needed. We, therefore, preferred the setting of a management study. 
Second, it takes several hours for NT-proBNP levels to increase significantly after 
the onset of acute myocardial stretch [38]. It is possible that a very recent (within 
hours) onset of PE can be attended with a not yet increased NT-proBNP level. It 
is to consider determining a second NT-proBNP level, several hours after admis-
sion in patients with a very recent onset of complaints. Third, we recently found 
that tachycardia is a strong predictor for short term adverse outcome in patients 
with PE [29]. For safety reasons, an amendment was written to add pulse rate> 
100 bpm to the exclusion criteria. This additional exclusion criterion was applied 
to the last 38 patients.
In conclusion, our prospective management study has shown that outpatient tre-
atment of a selected group of low risk patients with non-massive acute PE and a 
NT-proBNP level < 500 pg/ml appears to be safe. Approximately 45% of acute 
PE-patients are candidates for home treatment. Out of hospital therapy is consi-
dered to be convenient by the vast majority of the patients and it can contribute 
to the reduction of health care costs. The ideal setting to confirm our findings is 
a randomized controlled trial, for which however large numbers of patients are 
needed.
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Abstract

Introduction: Persistent obstruction of the pulmonary vasculature after acute 
pulmonary embolism may result in ongoing dyspnoea, development of right ven-
tricular dysfunction and pulmonary hypertension. The identification of risk fac-
tors for incomplete recovery of lung perfusion after the diagnosis of pulmonary 
embolism could assist clinicians in refining acute treatment or long term follow-
up of patients at higher risk.

Methods: We included patients in whom a perfusion scintigraphy was performed 
at least 3 months after the diagnosis of acute pulmonary embolism. The percen-
tage of pulmonary vascular obstruction was calculated in all patients. Data of 
clinical variables such as age, gender, provoked or unprovoked pulmonary em-
bolism, medical history, blood pressure and pulse rate, NT-proBNP and D-dimer 
concentrations were collected. 

Results: In 46% of the included 61 patients, residual pulmonary thrombi were 
found. D-dimer concentrations, NT-proBNP levels and older age were identified 
as predictors for residual defects on perfusion scintigraphy with an odds ratio of 
2.00, 1.57 and 1.16, respectively and an AUC of 0.74 (95% CI 0.60-0.89). 

Conclusion: Patients with high D-dimer concentrations, high NT-proBNP levels 
and older age at time of diagnosis of PE were at risk for residual perfusion de-
fects. Further investigations are warranted to validate these prognostic markers.  
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Introduction

Treatment of nonmassive PE comprises subcutaneous injection of LMWH, fol-
lowed by a variable period of oral anticoagulation therapy [1]. Although heparin 
does not resolve thrombi, it favours the action of the fibrinolytic system and pre-
vents the formation of new thrombi [2]. Early appropriate anticoagulation therapy 
improves the restoration of pulmonary flow. Complete resolution of defects after 
acute PE is not achieved in every patient [2-4]. In case of a persistent thrombus, 
chronic obstruction of the pulmonary vasculature may occur. Chronic obstruction 
can cause complaints of dyspnoea and can lead to progressive pulmonary hy-
pertension with right ventricular dysfunction [5]. The incidence of symptomatic 
chronic thromboembolic pulmonary hypertension (CTEPH) in patients with first-
time, symptomatic PE is estimated to be 1.3-3.8% within 1-2 years [6, 7]. Risk 
factors for partial resolution of thrombi are largely unknown [2, 4]. Early recogni-
tion of patients with a high risk for persistent obstruction of the pulmonary vascu-
lature can be helpful: a selection of patients can be made for additional diagnostic 
tests and subsequently treatment can be initiated more rapidly. The aim of this 
study was to identify predictors for these residual pulmonary perfusion defects.

Methods

Study population 
In this historical cohort study, patients with acute PE diagnosed in the period Ja-
nuary 2006 to November 2008 in a large teaching hospital (St. Antonius Hospital, 
Nieuwegein, the Netherlands) were included. In all patients, a control lung perfu-
sion scintigraphy was performed at least 3 months after the diagnosis of PE.
Patients who had undergone thrombolysis were excluded. Patients who had suf-
fered a previous confirmed episode of VTE were also excluded, to avoid any pos-
sible residual defects of previous events which could mislead the interpretation of 
the lung scans. By design, those patients who did not survive PE or the follow-up 
period of at least 3 months were not included. All included patients were treated 
with LMWH bridging therapy and oral acenocoumarol during a period of at least 
6 months. Data on the following possible predictors were collected: age, gender, 
provoked or unprovoked PE, medical history, blood pressure, pulse rate, D-dimer 
concentration and NT-proBNP level at presentation with PE.
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PVO
Pulmonary perfusion scintigraphy was performed at least 3 months after diagno-
sis of acute PE. The perfusion lung scans were obtained with 74 MBq Technetium 
labelled macroaggregated albumin. Images of 500 Kcounts were performed in 
four standard views: anterior, posterior, right posterior or oblique and left poste-
rior oblique. Additional right and left lateral views were performed at indication. 
For interpretation of the scans, we used the previously described Hull’s criteria 
and the lung segment reference chart [8, 9]. 
The method of Meyer et al was used to calculate the PVO [10]. Each lobe was 
assigned a weight based on regional blood flow distribution in the supine posi-
tion: right lower lobe, 25%; right middle lobe, 12%; right upper lobe, 18%; left 
lower lobe, 20%; and left upper lobe, 25%; lingula, 12%. Perfusion within each 
lobe was estimated visually and a semi quantitative analysis was performed us-
ing a score of 0 for no perfusion to 1 for normal perfusion (0, 0.25, 0.5, 0.75 and 
1). Each lobar perfusion score was then calculated by multiplying the weight by 
the perfusion score. The overall score was the sum of the 6 separate lobar scores. 
The PVO was calculated as follows: PVO (%) = (1 – total perfusion score) x 100. 
Each perfusion scan was scored by two experienced nuclear physicians; if there 
was disagreement between them, the mean of the two scores was used. Both nu-
clear physicians were unaware of the clinical findings. A PVO less than or equal 
to 5% was considered as normal, because this value is associated with a very low 
or low probability of PE according to PIOPED criteria [11, 12].

Laboratory assessments
All patients underwent measurement of D-dimer and NT-proBNP concentrati-
ons at time of diagnosis of PE, before treatment was initiated. D-dimer levels 
were measured with the Tina-quant quantitative latex assay (Roche Diagnostics, 
Mannheim, Germany). As D-dimer values above 8000 μg/l FEU were not diluted 
further, no linear comparison between the groups could be made. Therefore, D-
dimers > 8000 μg/l FEU were considered as 8000 μg/l FEU. Plasma NT-proBNP 
concentrations were measured with the Elecsys proBNP electrochemilumines-
cence immunoassay (Roche Diagnostics, Mannheim, Germany).
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Statistical analysis  
Descriptive statistics were used to correlate patient characteristics with residual 
defects using the MannWhitney non-parametric test for continuous variables and 
the Chi-Square test or the Fisher exact test for categorical variables.  
For selecting a subset of predictors of residual perfusion defects, we used the 
Lasso method, as implemented for logistic regression on a dichotomous outcome 
in the penalized package (v0.9-24) in R [13, 14]. This method is robust against 
overfitting on data with a low number of events and provides a parsimonious mo-
del by shrinking, or penalizing, coefficients toward zero, with the possibility that 
some coefficients are set to zero and and thus are excluded from the model. The 
overall amount of shrinkage is determined by a tuning parameter. The optimal 
value of this tuning parameter was determined by leave-one-out cross validation, 
wherein a model fitted on all but one patient is evaluated independently on the 
one patient left out. This is repeated for each patient in the dataset in turn. The 
ability of the model to distinguish between patients with and without residual 
perfusion defects was expressed by the AUC, determined on independent data 
through the same leave-one-out cross validation approach. Missings were left 
outside the analysis.
The used method differs from the most frequently used methods in risk stratifi-
cation PE-studies like the univariate and multiple regression analysis. With these 
methods, in studies with small numbers of patients, often implausibly strong ef-
fects of variables on the outcome are seen due to overfitting [15, 16]. In the cur-
rent approach, univariable preselection of predictors will be avoided. Dichoto-
mization based on the optimal cut-off level may strengthen the phenomenon of 
overfitting, therefore we introduced continuous variables in the Lasso method.
Statistical analysis was performed using the Statistical Package for the Social 
Sciences software (version 15; SPSS; Chicago, IL, USA) and R version 2.8.1 
(http://cran.r-project.org/).
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Results

Patient characteristics
There were 65 eligible patients for a control lung perfusion scintigraphy at least 3 
months after the diagnosis PE. In 61 of these 65 patients a control perfusion scan 
was performed and in one patient a control CT scan. In one patient it was decided 
not to make a control scan in relation to the age of 84 years and in 2 patients no 
scan was performed due to protocol violation. 
The perfusion scans were made after a mean period of 5.9 ± 1.5 months (range 
3-12). The mean age of the included 61 patients at time of diagnosis of PE was 
51.8 ± 16.1 years. Other baseline characteristics are described in Table 1. 

Table 1. Baseline characteristics of the 61 patients at the time of diagnosis of 
acute pulmonary embolism 

Patient 
characteristics

Total amount 
of patients 
(N=61)

Patients without 
residual defects 
(N=33)

Patients with 
residual 
defects 
(N=28)

P-
value

Gender (female) 30 (49.2) 16 (48.5) 14 (50) 0.906

Age, mean (± SD) 51.8 ± 16.1 46.6 ± 16 57.9 ± 14.4 0.006

Active malignancy 4 (6.6) 2 (6.1) 2 (7.1) 1.0
Cardiopulmonary 
disease 6 (9.8) 2 (6.1) 4 (14.3) 0.4

Provoked PE 34 (55.7) 17 (51.5) 17 (60.7) 0.471
Pulse rate 
(bpm)* 88 ± 17.4 87.5 ± 16.5 88.6 ± 19 0.821

RR systolic 
(mmHg)* 143 ± 24.7 143.7 ± 21.5 142 ±  28.8 0.808

NT-proBNP 
(pg/ml) 

721.2 ±  
1312.5 293.2 ± 522.9 1225.2 ± 

1736.8 0.005

D-dimer 
(μg/l FEU) †

3137 
(319-8000)

1587.5 
(319-8000)

4457.5 
(1091-8000) 0.001

Data in N (%) or mean ± SD or median (minimum-maximum)
Data missing for *3 and †8 patients 
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PVO 
Mean PVO at control perfusion scintigraphy was 8.9% ± 12.2% (range 0%-52%). 
There was no difference in mean PVO between male and female (8.5 ± 11.7 vs. 
9.3 ± 12.9; p=0.79). There was no difference in the mean PVO between the 6 
patients with and the 55 patients without previous cardiac or pulmonary disease 
(20.6 ± 21.5 vs. 7.6 ± 10.3; p=0.20).

Prognostic markers for incomplete recovery of the lung perfusion scintigraphy
Residual obstruction (PVO >5%) was documented in 28 patients (46%). The cli-
nical variables age, gender, provoked or unprovoked PE, blood pressure, pulse 
rate, D-dimer concentration (μg/l FEU) and NT-proBNP level (pg/ml) at presen-
tation with PE were introduced into the Lasso method. D-dimer, NT-proBNP and 
age were found as independent variables for clinical adverse events in the first 
ten days of PE with an odds ratio of 2.00, 1.57 and 1.16, respectively in the multi-
variate model. This multivariate model had an AUC of 0.74 (95% CI 0.60-0.89), 
assessed on independent data through Leave-one-out crossvalidation. 

Discussion

In this study, we demonstrate that high D-dimer and NT-proBNP concentrations 
and older age are prognostic markers for persistent perfusion defects after the 
initial diagnosis of acute PE. Risk factors for partial resolution of thrombi were 
largely unknown. Early recognition of patients with a high risk for persistent 
obstruction after PE can be helpful to start early additional diagnostic procedures 
and subsequently treatment in patients with ongoing complaints of dyspnoea or 
to intensify monitoring for complaints during long term follow-up.
In our study, a high D-dimer concentration is the strongest prognostic marker 
for residual perfusion defects. This is in agreement with the study of Janssen et 
al, which reported higher D-dimer levels at diagnosis deep venous thrombosis 
in patients without normalization as compared to patients with normalization of 
the duplex scanning [17]. There is cumulating evidence for the D-dimer level as 
predictor of adverse events, including death and the development of cancer, in 
patients with venous thromboembolism [18-21]. A possible explanation may be 
that the height of the D-dimer levels correlates with the extent of thrombus size 

[22] and thrombus size is linked to adverse outcome [23, 24].
In acute PE, increased concentrations of natriuretic peptides are associated with 
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mortality and serious adverse events [25, 26]. In our study, NT-proBNP levels are 
also associated with an increased risk for unresolved perfusion defects. This sug-
gests that NT-proBNP levels appear to be suitable for the prediction of long-term 
complications, in terms of persistent perfusion defects, in patients with PE. 
The degree of the effect of older age in the risk stratification in patients with PE 
is not entirely clear. For example, age is included in the PESI prediction rule, but 
not in the Geneva score [27, 28]. For the occurrence of residual perfusion defects 
it was an independent prognostic parameter in our study. In the study of Janssen 
et al the mean age was also higher in the group without normalization of the du-
plex scanning in patients with a DVT than in the group with normalization [17]. 
We found residual obstruction on perfusion scintigraphy in 46% of the patients. 
This is in line with the 50% residual defects, found at 6 months after acute PE, 
reported by Nijkeuter et al [4]. This high percentage of patients with unresolved 
defects may complicate the diagnosis in patients suspected for recurrent PE. It 
supports also the consideration of routine re-imaging after discontinuation of an-
ticoagulant therapy to obtain a new baseline and to identify patients at risk for 
long term complications of the PE.
The mean PVO in our study was 8.9% ± 12.2%. This is somewhat higher than the 
mean PVO of 4.1% ± 4.2% at 6 months reported by Menéndez et al [2]. Probably, 
these different findings are due to the fact that some of our control scans were 
made earlier than 6 months after the diagnosis or due to different score systems 
used to score the perfusion scans. A confounding but unavoidable factor in the 
scoring system is the fact that physicians cannot rule out other defects responsible 
for a decreased perfusion [4]. 
There are some limitations in our study. First, the sample size was fairly small. 
Further large studies are warranted, first to determine an optimal cut-off level 
of the prognostic markers and second to develop a prediction model to make an 
early indication of patients with acute PE, who are at high risk for residual perfu-
sion defects. Early detection of residual defects can be helpful in order to perform 
early additional diagnostic procedures and eventually therapeutic interventions 
in patients with ongoing complaints of dyspnoea. A second limitation is that de-
termination of D-dimer and NT-proBNP levels was performed with one type of 
D-dimer and NT-proBNP assay. Given the heterogeneity of available assays, our 
results can not be extrapolated to clinical situations, in which other assays are 
used. In conclusion, in our study high D-dimer concentrations, NT-proBNP levels 
and older age are predictive for residual perfusion defects in patients with PE. 
Further investigations are warranted to validate these prognostic markers.  

Prognostic markers for residual perfusion defects



102

References 

Büller HR, Agnelli G, Hull RD et al. Antithrombotic therapy for venous thromboembo-1. 
lic disease: the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. 
Chest 2004; 126:401S-28S
Menéndez R, Nauffal D, Cremades MJ. Prognostic factors in restoration of pulmonary flow after 2. 
submassive pulmonary embolism: a multiple regression analysis. Eur Respir J 1998;11:560-4
Hvid-Jacobsen K, Fogh J, Nielsen SL et al. Scintigraphic control of pulmonary embolism. Eur 3. 
J Nucl Med 1988; 14:71-72
Nijkeuter M, Hovens MMC, Davidson BL et al. Resolution of thromboemboli in patients with 4. 
acute pulmonary embolism. A systematic review. Chest 2006; 129:192-197
Riedel M, Stanek V, Widimsky J et al. Longterm follow-up of patients with pulmonary throm-5. 
boembolism. Late prognosis and evolution of hemodynamic and respiratory data. Chest 1982; 
81:151-8
Miniati M, Monti S, Bottai M et al. Survival and restoration of pulmonary perfusion in a long 6. 
term follow-up of patients after pulmonary embolism. Medicine 2006; 85:253-62
Pengo V, Lensing AWA, Prins MH et al for the Thromboembolic Pulmonary Hypertension 7. 
Study Group. Incidence of chronic thromboembolic pulmonary  hypertension after pulmo-
nary embolism. N Engl J Med 2004; 350: 2257-64
Hull RD, Raskob GE, Coates G et al. A new non-invasive management strategy for  patients 8. 
with suspected pulmonary embolism. Arch Intern Med. 1989; 149: 2549-55
Lensing AW, van Beek EJ, Demers C et al. Ventilation-perfusion lung scanning and the dia-9. 
gnosis of pulmonary embolism: improvement of observer agreement by the use of a lung 
segment reference chart. Thromb Haemost 1992; 68: 245-9
Meyer G, Collignon MA, Guinet F et al. Comparison of perfusion lung scanning and angiogra-10. 
phy in the estimation of vascular obstruction in acute pulmonary embolism. Eur J Nucl Med 
1990; 17:315-9
The PIOPED Investigators. Value of the ventilation/perfusion scan in acute pulmonary em-11. 
bolism: results of the prospective investigation of pulmonary embolism diagnosis (PIOPED). 
JAMA 1990; 263:2753-2759
Wartski M, Collignon MA for the THESEE study group. Incomplete recovery of lung perfu-12. 
sion after 3 months in patients with acute pulmonary embolism treated with antithrombotic 
agents. J Nucl Med 2000; 41:1043-48
Tibshirani R. Regression shrinkage and selection via the Lasso. J R Statist Soc B 1996;58:267–28813. 
Goeman JJ. L1 penalized estimation in the Cox proportional hazards model. Biom J 14. 
2010;52:70-84
Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in developing mo-15. 
dels, evaluating assumptions and adequacy, and measuring and reducing errors. Stat Med 
1996;15:361-387
Steyerberg EW. Clinical Prediction Models: A Practical Approach to Development, Validation, 16. 
and Updating. Springer, 2009
Janssen MCH, Verbruggen H, Wollersheim H et al. D-dimer determination to assess regression 17. 
of deep venous thrombosis. Thromb Haemost 1997; 78:799-802
Klok FA, Djurabi RK, Nijkeuter M et al. High D-dimer level is associated with increased 15-d 18. 
and 3 months mortality through a more central localization of pulmonary emboli and serious 
comorbidity. Br J Haematol 2008;140:218-222
Paneesha S, Cheyne E, French K et al. High D-dimer levels at presentation in patients with ve-19. 
nous thromboembolism is a marker of adverse clinical outcome. Br J Haematol 2006;135:85-90
Schutgens REG, Beckers MMJ, Haas JLM et al. The predictive value of D-dimer measure-20. 
ment for cancer in patients with deep vein thrombosis. Haematologica 2005; 90:214-219

Chapter 7



103

Gaffney PJ, Creighton LJ, Callus MJ et al. Monoclonal antibodies to crosslinked fibrin de-21. 
gradation products (XL-FDP). II Evolution in a variety of clinical conditions. Br J Haematol. 
1988; 68:91-96 
Galle C, Papazyan JP, Miron MJ et al. Prediction of pulmonary embolism extend by clinical 22. 
findings, D-dimer level and deep vein thrombosis shown by ultrasound. Thromb Haemost 
2001; 86: 1156-60
Wu AS, Pezzullo JA, Cronan JJ et al. CT pulmonary angiography: quantification of pulmonary 23. 
embolus as a predictor of patient outcome- initial experience. Radiology 2004; 230: 831-35
van der Meer RW, Pattynama PM, van Strijen MJ et al. Right ventricular dysfunction and 24. 
pulmonary obstruction index at helical CT: prediction of clinical outcome during 3-month 
follow-up in patients with acute pulmonary embolism. Radiology 2005; 235: 798-803
Lega JC, Lacasse Y, Lakhal L et al. Natriuretic peptides and troponins in pulmonary embolism: 25. 
a meta-analysis. Thorax 2009; 64 :869-875
Sanchez O, Trinquart L, Caille V et al. Prognostic factors for pulmonary embolism: the PREP 26. 
study, a prospective multicenter cohort study. Am J Respir Crit Care Med 2009; Nov 12
Aujesky D, Obrosky DS, Stone RA et al. A prediction rule to identify low-risk patients with 27. 
pulmonary embolism. Arch Intern Med 2006; 166:169-175
Wicki J, Perrier A, Perneger TV et al. Predicting adverse outcome in patients with acute pul-28. 
monary embolism: A risk score. Thromb Haemost 2000;84:548 52 

Prognostic markers for residual perfusion defects





Chapter 8

Summary and future 
perspectives





107

Summary
 
The implementation of LMWH bridging therapy, as substitution for UFH in the 
standard treatment of patients with nonmassive PE, has led to high interests in 
the treatment of PE-patients on an outpatient basis. PE is in a small amount of 
patients a fatal disease. To enable outpatient treatment of patients with PE, it is of 
utmost importance to identify patients at low risk for adverse clinical outcome. 
Therefore, insights in risk stratification were the initial focus of this thesis. In 
chapter 2, we identified risk factors for SAE during the first 10 days, the in-hos-
pital period for most patients, after diagnosis of PE. Retrospectively, clinical data 
including age, gender, medical history, blood pressure, pulse rate and D-dimer 
concentrations, were collected in 440 outpatients with confirmed PE. SAE was 
defined as the occurrence of a recurrent venous thromboembolism, major bleed-
ing or death. After logistic regression (backward conditional p out > 0.10), pulse 
rate ≥ 100 bpm and D-dimer ≥ 3000 μg/l were related to SAE (OR, 6.85; 95 % 
CI 1.43-32.81 and OR, 5.51; 95 % CI 0.68-44.64, respectively). Using either two 
parameters, we classified 208 (67%) patients at risk for SAE. Of these patients, 
11 (5.3%) suffered a short term SAE. All SAE’s could be predicted by a pulse rate 
≥ 100 bpm and/or a D-dimer concentration ≥ 3000 μg/ml. Therefore, outpatient 
treatment of patients, in whom one of these two parameters is elevated, has to be 
discouraged.

NT-proBNP, a marker reflecting right ventricular overload, is a promising bi-
omarker in risk stratification of patients with PE. In chapter 3, we developed a 
prognostic model, based on NT-proBNP and other easily accessible, clinical and 
laboratory parameters, to predict adverse events during the first ten days after the 
diagnosis of acute PE. Medical history, pulse rate, blood pressure, NT-proBNP 
and D-dimer concentrations were collected in 210 consecutive outpatients with 
confirmed diagnosis of acute PE. We constructed a prognostic model, with a to-
tal score ranging from 0 to 37 points, consisting of NT-proBNP levels, D-dimer 
concentrations, pulse rate and the occurrence of active malignancy. Patients with 
a low score (no active malignancy, pulse rate < 90 bpm, NT-proBNP < 500 pg/ml 
and D-dimer < 3000 µg/l FEU) have a 10-day adverse event risk < 1.5 %. This 
risk increases to over 30 % in patients with a maximum score, based on an active 
malignancy, high pulse rate, D-dimer and NT-proBNP levels. Our model has the 
potential to be used in decision making for outpatient treatment.  
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Guidelines do not specify criteria for discharge of patients with PE after hos-
pitalization. Consequently, discharge behaviour differs between physicians. To 
develop criteria for home treatment of PE-patients, it is relevant to know if early 
discharge before reaching an adequate INR, results in the same quality of treat-
ment compared to patients who are hospitalized until reaching an adequate INR. 
We retrospectively analyzed the current practice of early anticoagulant therapy in 
86 acute PE patients in chapter 4.
Forty-four patients (51.2 %) were discharged before reaching an adequate INR 
(early discharge) and 42 patients (48.8 %) were discharged after reaching an ad-
equate INR. Early discharged patients needed more time to reach an adequate 
INR compared to the other patients (13 versus 6 days), probably due to a different 
monitoring intensity. In 28 (32.6 %) patients the LMWH was stopped premature-
ly; before reaching an adequate INR. Twenty-one of these 28 patients were from 
the early discharged group. The mean individual times below, in and above INR 
range were equal in both groups during the 3 months follow-up period. This study 
indicates that current practice of discharge management in patients with acute PE 
is not yet safe. Development of guidelines for early discharge of a selected group 
of low risk PE patients is warranted, with focus on intensification of monitoring 
of INR values and preventing premature discontinuation of LMWH therapy.

As described in chapter 3, high NT-proBNP concentrations in PE-patients are 
associated with high risks of SAE’s. High NT-proBNP concentrations are as-
sociated with right ventricular overload and the latter may be the result of large 
perfusion defects in these patients. The amount of perfusion defects can be re-
flected by the PVO and the PVO has shown to be a prognostic parameter for 
outcome in PE-patients. In chapter 5, we postulated that NT-proBNP is asso-
ciated with the PVO on perfusion scintigraphy. In 85 consecutive patients the 
diagnosis PE was confirmed by ventilation-perfusion scintigraphy and the PVO 
was calculated. Eighteen percent of the variation in PVO could be explained 
by NT-proBNP. A positive association becomes apparent for NT-proBNP val-
ues above 200 pg/mL, with an increase in PVO of 6.3% (95% CI 2.0 to 10.6), 
with every doubling of NT-proBNP. However, this association between NT-
proBNP and PVO is quite weak and should be interpretated with reservation. 
No firm conclusions can be drawn about the predictive role of NT-proBNP for 
the percentage of vascular obstruction in PE-patients. Some patients with low 
NT-proBNP values can have a high PVO, which might be relevant for outcome.  
 

Chapter 8



109

Therefore, we advise caution in risk stratification and not to focus on NT-proBNP, 
without involving the clinical condition.

In chapter 6, we describe a prospective, multicenter management study of 152 
low risk patients with acute PE, who were treated as outpatients. Low risk was 
defined as being hemodynamic stable and having a low NT-proBNP level (< 
500 pg/ml). Patients were discharged immediately from the emergency room or 
within a maximum of 24 hours after admission. No deaths, major bleedings or 
recurrent venous thromboembolism occurred in the first 10 days of treatment or 
in the follow-up period of 3 months in these patients. Seven patients required re-
admission in the first 10 days: three because of complaints that could be related to 
PE and four due to an illness unrelated to PE. The HADS-A anxiety score did not 
change significantly between day 0 and day 10. The PSQ-18 showed a high score 
for satisfaction with home treatment. We concluded that out of hospital treatment 
is safe and convenient in hemodynamically stable PE-patients with low (< 500 
pg/ml) NT-proBNP levels. 

Complete resolution of thrombi is not achieved in every patient with acute PE. In 
chapter 7, we studied risk factors for incomplete recovery of the pulmonary flow, 
at least 3 months after the diagnosis of PE. In 61 included patients a control lung 
perfusion scintigraphy at least 3 months after the diagnosis PE was made. The 
PVO was calculated. Residual obstruction (PVO >5%) was documented in 28 pa-
tients (46%). For selecting a subset of predictors of residual perfusion defects, we 
used the Lasso method. D-dimer concentrations, NT-proBNP levels and older age 
were identified as predictors for residual defects on perfusion scintigraphy with 
an odds ratio of 2.00, 1.57 and 1.16, respectively and an AUC of 0.74 (95% CI 
0.60-0.89) of the multivariate model. Patients with high D-dimer concentrations, 
high NT-proBNP levels and older age at time of diagnosis of PE were at risk for 
residual perfusion defects. Further investigations are warranted to validate these 
prognostic markers.  
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Future perspectives

In the coming years, the place (home or hospital) of treatment of low risk PE-
patients will be subject to important changes. With the introduction of LMWH 
and increasingly better understanding of risk stratification for low risk patients, 
a substantial number of PE-patients are candidates for outpatient treatment. The 
development of newer anticoagulation drugs such as oral anti-Xa and anti-IIa 
inhibitors, with their advantage of fixed dosages and where frequent laboratory 
controls can be abandoned, it is likely that outpatient treatment of patients with 
acute PE will increase. Outpatient treatment is considered to be convenient by the 
vast majority of the patients and it can contribute to the reduction of health care 
costs. This thesis gives more insights in the risk stratification in PE-patients and 
contributes to the implementation of guidelines for outpatient treatment of low 
risk patients. However, before we are that far, further validation of the results is 
warranted.  

The key-question remains how to define the low risk group for short-term adverse 
outcome in normotensive patients with established PE. To answer this question, 
further prospective studies are desirable. In these studies risk stratification can be 
based on clinical variables such as pulse rate and measurements of right ventricu-
lar volume or function. In this thesis we show that it is relevant to incorporate 
some easily accessible biomarkers in the risk models, such as D-dimer and espe-
cially BNP or NT-proBNP. Standardization of assays of these biomarkers will be 
very helpful to determine the optimal cut-off level in the discrimination between 
high- and low-risk groups. Whether a fixed or personalized cut-off point of bio-
markers should be used in clinical practice has to be researched. Furthermore, it 
remains uncertain what to do with (NT-pro) BNP levels that increase within the 
next couple of days after diagnosis of PE. If this increase reflects a patient group 
at higher risk for adverse events, strategies with repeated (NT-pro) BNP measure-
ments should be investigated.

In addition to the determination of the most useful variables with corresponding 
cut-off levels for risk stratification, it is important to determine an acceptable 
serious adverse event rate for the PE-patients who are treated as outpatients. Of 
course we all strive for the lowest possible number, but what serious adverse 
event rate we find acceptable in home treatment remains yet an individual deci-
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sion. It is desirable to come to some agreement on this point. 
On the basis of further research, the establishment of guidelines for safe outpa-
tient treatment of patients with acute PE can be realized. Hemodynamic stability 
and low NT-proBNP levels will certainly be good parameters to be included in 
these guidelines, as our HOME study (chapter 6) showed. To give more support 
to our conclusion, positive results of a second (ideally randomized controlled) 
trial are desirable. 
Next to outpatient treatment early discharge is also conceivable, for example after 
normalization of the NT-proBNP level during hospitalization. To ensure safety of 
PE-patients, the guidelines listed above should also address aspects of the moni-
toring of anticoagulant therapy. The frequency of INR monitoring after early dis-
charge can be increased to shorten the period of the combination of LMWH and 
OAT. Continuation of LMWH for at least 5 days after diagnosis of PE remains 
important. In case that the INR drops below the therapeutic range (“under-antico-
agulation”), LMWH should be restarted.

Finally, outpatient treatment is convenient and will reduce costs of medical care. 
However, the main focus of the outpatient treatment should remain patient’s safe-
ty. In transition from hospital to outpatient treatment, general practitioners have a 
role to play. It is important that they get familiar with the early course of throm-
boembolic diseases and their subsequent treatment.
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Samenvatting in het Nederlands

Een longembolie is een aandoening waarbij er een stolsel (trombose) aanwezig 
is in een van de bloedvaten van de long. Meestal komt dit stolsel uit een van 
de been- of bekkenvaten. Als daar een stolsel loslaat, wordt het met het bloed 
meegevoerd naar andere delen van het lichaam. Via het hart kan het stolsel in de 
bloedvaten van de long komen en daar vast komen te zitten. Afsluiting van (een 
deel van) een bloedvat van de long, zorgt ervoor dat een deel van de long geen 
bloed en daarmee ook geen zuurstof krijgt. Er kunnen klachten van bijvoorbeeld 
kortademigheid of pijn bij de ademhaling ontstaan.
Het stellen van de diagnose longembolie gebeurt meestal door het verrichten van 
een CT-scan of een perfusiescan. Bij dit laatste onderzoek wordt de doorbloeding 
van de long bekeken, door middel van het inspuiten van een radioactieve stof.
De behandeling van een longemboliepatiënt vindt doorgaans plaats in het zie-
kenhuis. Er wordt na het stellen van de diagnose gestart met antistollingsmid-
delen. De laag-moleculair-gewicht heparines (LMWH) werken direct en worden 
dagelijks onder de huid ingespoten. Naast LMWH wordt er ook gestart met een 
oraal middel: acenocoumarol of phenprocoumon. Het duurt enkele dagen voordat 
de orale middelen werken. De werking hiervan wordt gemeten aan de hand van 
de zogenaamde ‘international normalized ratio’ (INR), een maat voor de stol-
baarheid van bloed. Een INR van 1 is de normale waarde voor mensen die geen 
antistollingsmiddelen gebruiken. Indien de antistolling bij longemboliepatiënten 
adequaat is; 2 opeenvolgende INR metingen > 2.0 na een minimum van 5 dagen 
orale antistolling, kan de behandeling met LMWH worden gestaakt. 
Twee decennia geleden werd er in plaats van LMWH nog een infuus met on-
gefractioneerde heparine (UFH) gegeven. De ontdekking van LMWH in 1992, 
heeft ertoe geleid dat er interesse is ontstaan voor behandeling van veneuze trom-
boembolieën (diep veneuze trombose (DVT) en longembolieën) in de thuissitua-
tie. De behandeling met LMWH is immers een dagelijkse onderhuidse injectie en 
kan vaak door de patiënt zelf worden toegediend. Thuisbehandeling is kostenbe-
sparend en patiëntvriendelijk. Inmiddels is thuisbehandeling van DVT-patiënten 
wereldwijd geïmplementeerd. Voor thuisbehandeling van longemboliepatiënten 
zijn er echter nog geen duidelijke richtlijnen. Daar vaker complicaties (zoals een 
bloeding, recidief en soms zelfs dood) optreden bij longemboliepatiënten dan bij 
patiënten met een DVT, moet er een goede risico-inschatting worden gemaakt. 
Alleen zij, die een laag risico hebben voor complicaties tijdens de behandeling, 
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komen in aanmerking voor thuisbehandeling. Het doel van dit proefschrift was 
dan ook om meer inzicht te krijgen in de risicoinschatting bij longemboliepatiënten.

In hoofdstuk 2 hebben we bij 440 patiënten onderzocht wat risicofactoren zijn 
voor het optreden van complicaties (bloeding, recidief of dood) tijdens de eerste 
10 dagen na het stellen van de diagnose longembolie. Een pols ≥100 slagen per 
minuut en een D-dimeer (afbraakproduct van fibrine, een stolsel bestaat voorna-
melijk uit fibrine) ≥ 3000 μg/l  bleken geassocieerd te zijn met het optreden van 
complicaties gedurende de eerste 10 dagen na de diagnose longembolie. Met deze 
twee parameters werden er 208 (67%) patiënten geclassificeerd als risicogroep. 
Van deze 208 patiënten kregen er 11 (5.3%) een complicatie binnen de eerste 10 
dagen na de diagnose longembolie. Alle complicaties konden worden voorspeld 
door een pols ≥100 slagen per minuut en/of een D-dimeer ≥ 3000 μg/l. Het lijkt 
er dus op dat thuisbehandeling van mensen met een hoge hartslag en/of een hoge 
D-dimeer moet worden ontraden.

Bij longembolieën kan er door een verhoogde druk in het hart, rek van een 
hartkamer optreden. Indien dit gebeurt kan er N-terminal-proBrain Natriuretic 
Peptide (NT-proBNP) vrijkomen uit de cellen van de hartspier en in het bloed ter-
echt komen. Sinds enkele jaren kunnen we dit NT-proBNP in het bloed meten. Uit 
eerder onderzoek is gebleken dat longemboliepatiënten met een lage NT-proBNP, 
een zeer laag risico hebben op het optreden van complicaties. In hoofdstuk 3 on-
twikkelden wij een prognostisch model, gebaseerd op NT-proBNP en andere kli-
nische en laboratorium parameters, om complicaties gedurende de eerste 10 da-
gen na de diagnose longembolie te voorspellen. De medische voorgeschiedenis, 
pols, bloeddruk, NT-proBNP waarde en de D-dimeer concentratie werden ver-
zameld bij 210 longemboliepatiënten. Het gemaakte prognostische model bestaat 
uit de parameters; NT-proBNP, D-dimeer, pols en de aan- of afwezigheid van een 
actieve maligniteit. Bij patiënten met een lage score (geen maligniteit, pols < 90 
slagen per minuut, NT-proBNP< 500 pg/ml en D-dimeer < 3000 µg/l) is de kans 
op complicaties binnen de eerste 10 dagen na diagnose < 1.5%. Dit complica-
tierisico stijgt naar > 30% bij patiënten met een maximum score. Ons model zou 
goed bruikbaar kunnen zijn bij de besluitvorming voor de plaats van behandeling 
(thuis of in het ziekenhuis) van longemboliepatiënten.
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De huidige richtlijnen voor longemboliepatiënten schrijven opname in het 
ziekenhuis voor na diagnosticering.Er zijn geen duidelijke ontslagcriteria. In de 
praktijk wordt een groot deel van de patiënten ontslagen als de INR goed is en 
de LMWH therapie kan worden gestopt. Om criteria voor thuisbehandeling te 
kunnen ontwikkelen, is het relevant te weten of de kwaliteit van antistolling van 
de mensen die vroeg ontslagen zijn, voordat de INR goed was ingesteld, gelijk is 
aan de kwaliteit van antistolling van de mensen die in het ziekenhuis opgenomen 
zijn geweest tot de INR goed was. In hoofdstuk 4 hebben we retrospectief bij 86 
patiënten met een acute longembolie, de dagelijkse praktijk van de vroege antis-
tollingsbehandeling bekeken. Vierenveertig patiënten (51.2%) werden ontslagen 
voordat de INR goed was ingesteld en 42 patiënten (48.8%) werden ontslagen 
nadat de INR adequaat was. De vroeg ontslagen patiënten hadden meer tijd nodig 
om een adequate INR te bereiken dan de andere patiënten (13 versus 6 dagen), 
waarschijnlijk doordat bij de vroeg ontslagen patiënten de frequentie van de INR 
metingen lager lag. Bij 28 patiënten (32.6%) werd de LMWH te vroeg gestopt; 
voor het bereiken van een adequate INR. Eenentwintig van deze 28 patiënten 
waren vroeg ontslagen. De gemiddelde individuele perioden dat de INR < 2.0, 
tussen de 2.0-3.5, of > 3.5 was, waren gelijk in beide groepen gedurende de 
onderzochte periode van 3 maanden. We concluderen dat  ontwikkeling van rich-
tlijnen voor vroeg ontslag van laag risico longemboliepatiënten noodzakelijk is, 
met daarbij aandacht voor frequente metingen van de INR en het voorkomen van 
het vroegtijdig staken van de LMWH.  

Zoals beschreven in hoofdstuk 3, zijn hoge NT-proBNP concentraties bij longem-
boliepatiënten geassocieerd met een hoog complicatierisico. Hoge NT-proBNP 
waarden zijn geassocieerd met rek van de hartkamer, die het gevolg kan zijn van 
grote doorbloedingsdefecten van de longvaten. De mate van afsluiting van de 
longvaten kan uitgedrukt worden door het percentage van pulmonale vasculaire 
obstructie (PVO) en de PVO is een voorspeller voor de prognose van longembol-
iepatiënten. In hoofdstuk 5, veronderstelden we dat NT-proBNP in verband staat 
met de PVO op de perfusiescan. Bij 85 patiënten met een acute longembolie werd 
er een perfusiescan vervaardigd en de PVO’s werden berekend. Achttien procent 
van de variatie in de PVO kon worden voorspeld door de NT-proBNP waarde. 
Een positieve associatie werd gezien bij NT-proBNP waarden > 200 pg/ml, met 
en toename in PVO van 6.3% bij elke verdubbeling van de NT-proBNP. Deze 
associatie is redelijk zwak en we kunnen geen harde conclusies trekken over de 
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voorspellende waarde van NT-proBNP voor de PVO bij longemboliepatiënten. 
Patiënten met lage NT-proBNP waarden kunnen een hoge PVO hebben, wat 
nadelig kan zijn voor de prognose. Voorzichtigheid bij risicoinschatting is dan 
ook geboden. Naast de NT-proBNP waarde, moet er bijvoorbeeld ook rekening 
gehouden worden met de klinische conditie van de patiënt.
 
Hoofdstuk 6 beschrijft een prospectieve studie naar 152 laag risico patiënten met 
een acute longembolie die thuis werden behandeld. Laag risico werd gedefinieerd 
als hemodynamisch stabiel en een lage NT-proBNP waarden (< 500 pg/ml). De 
patiënten werden binnen 24 uur na presentatie in het ziekenhuis ontslagen. Er 
traden geen complicaties in de zin van dood, recidief of forse bloeding op ge-
durende de eerste 10 dagen van de behandeling of tijdens de vervolgperiode van 
3 maanden. Zeven patiënten moesten worden heropgenomen gedurende de eerste 
10 dagen: 3 in verband met klachten die gerelateerd zouden kunnen zijn aan de 
longembolie en 4 ten gevolge van een aandoening die niet gerelateerd was aan 
de longembolie. De HADS-A angstscore veranderde niet significant tussen dag 0 
en dag 10. De PSQ-18 tevredenheidsscore toonde aan dat men tevreden was over 
de thuisbehandeling. We concluderen dat thuisbehandeling van hemodynamisch 
stabiele longemboliepatiënten met een lage NT-proBNP waarde (< 500 pg/ml) 
veilig is en door patiënten als prettig wordt ervaren.

Ondanks een adequate behandeling van longembolieën, verdwijnt een groot deel 
van de stolsels niet. In hoofdstuk 7 beschrijven wij een studie naar risicofac-
toren voor onvolledig herstel van de bloeddoorstroming door de longvaten. Bij 
61 patiënten werd er een controle longperfusiescan tenminste 3 maanden na de 
diagnose longembolie gemaakt. De PVO werd berekend. Bij 28 patiënten (46%) 
werden er restafwijkingen (PVO >5%) aangetroffen. Om voorspellers voor deze 
restafwijkingen te identificeren, werd de Lasso (least absolute shrinkage and se-
lection operator) methode gebruikt. D-dimeer concentraties, NT-proBNP waarden 
en oudere leeftijd bleken voorspellers voor restafwijkingen op de perfusiescan te 
zijn. Patiënten met hoge D-dimeer concentraties, hoge NT-proBNP waarden en 
oudere leeftijd ten tijde van de diagnose longembolie hebben een risico op on-
volledig herstel van de bloeddoorstroming van de long. Verdere onderzoeken zijn 
nodig om deze voorspellers te valideren. 
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Toekomstperspectieven

De komende jaren zal de plaats van behandeling van laag risico longembolie-
patiënten gaan veranderen. Door de LMWH en de introductie van andere nieu-
we antistollingsmiddelen en daarbij betere risicoinschatting van laag risico pa-
tiënten, zal er een aanzienlijk aantal patiënten thuis kunnen worden behandeld. 
Thuisbehandeling is plezierig voor de patiënt en reduceert de kosten voor de 
gezondheidszorg. Dit proefschrift geeft meer inzicht in de risicoinschatting bij 
longemboliepatiënten en draagt daardoor bij aan de ontwikkeling van richtlijnen 
voor thuisbehandeling van longemboliepatiënten. Gezien de positieve bevindin-
gen van de HOME studie (hoofdstuk 6) zullen hemodynamisch stabiliteit en lage 
NT-proBNP waarden goede parameters zijn om opgenomen te worden in deze 
richtlijnen. Voordat we zover zijn is verdere validatie van de bevindingen cruciaal.
De kernvraag blijft hoe we de groep van laag risico patiënten moeten definiëren. 
Om deze vraag beter te beantwoorden zal er in de toekomst nog veel meer onder-
zoek noodzakelijk zijn. Zoals in dit proefschrift wordt beschreven, kan risicoin-
schatting gebaseerd worden op klinische parameters, maar is de prognostische 
waarde van biomarkers, zoals NT-proBNP en D-dimeer, ook van groot belang. 
Standaardisatie van verschillende testmethoden zal bijdragen aan het vinden van 
de juiste grenswaarden voor deze biomarkers. 
Ook moet er uniformiteit komen over wat we een aanvaardbaar complicatieaantal 
vinden dat mag optreden in de thuissituatie. Uiteraard streven we er naar dat er 
helemaal geen complicaties optreden, wat echter niet volledig mogelijk zal zijn. 
Naast thuisbehandeling van longemboliepatiënten, is vroeg ontslag van deze pa-
tiënten natuurlijk ook goed denkbaar, bijvoorbeeld na normalisatie van de NT-
proBNP waarde.Ook dit vereist nader onderzoek.
Om de veiligheid van de (vroeg) ontslagen longemboliepatiënten te waarborgen, 
zullen richtlijnen aandacht moeten schenken aan de juiste monitoring van de an-
tistollingstherapie thuis. De frequentie van de INR metingen zal omhoog moeten 
en er zal meer toezicht moeten komen op het gebruik van LMWH gedurende de 
eerste vijf dagen van behandeling. Indien blijkt dat de INR van een patiënt onder 
de therapeutische dosis zit, dan zal de LMWH moeten worden herstart.
Thuisbehandeling is patiëntvriendelijk en reduceert de kosten van de gezond-
heidszorg. Echter, de belangrijkste focus van de thuisbehandeling blijft de pa-
tiëntveiligheid.
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Dankwoord

Dit proefschrift was niet tot stand gekomen zonder de hulp en medewerking van 
anderen. Essentieel was de medewerking van vele patiënten die bereid waren aan 
de HOME studie deel te nemen. Zonder hun medewerking was het belangrijkste 
deel van dit onderzoek niet mogelijk geweest.
 
Prof.dr. D.H. Biesma, beste Douwe, jij bent de initiator van en de motor achter 
mijn onderzoek geweest. Jouw enthousiasme, optimisme en (zeer) snelle werken 
waren motiverend. De kwaliteit van dit onderzoek werd duidelijk vergroot door 
jouw inbreng. Ik ben je zeer dankbaar voor de mogelijkheid die je me bood om 
mijn opleiding een half jaar voor dit onderzoek te onderbreken en voor de ruimte 
die je me gaf om het vervolgens in mijn eigen tempo te voltooien. Je bent als op-
leider en promotor altijd erg betrokken geweest en dit heb ik zeer gewaardeerd. 

Prof.dr. M.H. Prins, beste Martin, omdat je in het verre zuiden werkt, ging ons 
overleg meestal per mail of telefoon, al hebben de bezoeken aan Maastricht ook 
zeker hun vruchten afgeworpen. Jouw suggesties bleken zeer waardevol.

Dr. R.E.G. Schutgens, beste Roger, ik ben je veel dank verschuldigd. Door jouw 
vakkennis, vindingrijkheid en enthousiasme heb ik onze samenwerking als zeer 
prettig ervaren. Ik heb veel van je geleerd. Ik vind het een eer om jouw eerste 
promovendus te zijn.

De leden van de beoordelingscommissie: Prof.dr. K.G.M. Moons, Prof.dr. P.G. de 
Groot, Prof.dr. F.L.J. Visseren, Prof.dr. M.H.H. Kramer en Prof. dr. J.C. Grutters 
dank ik voor hun kritische evaluatie van mijn proefschrift. 

De medewerking van arts-assistenten, internisten en longartsen in het St. Anto-
nius ziekenhuis, het Diakonessenhuis, het Groene Hart ziekenhuis en het Reinier 
de Graaf Gasthuis was van groot belang voor het includeren van de patiënten in 
de HOME studie. In het bijzonder wil ik Hans Hardeman, Repke Snijder, Simone 
van Haarlem, Guido Epping, Noureddine Moumli, René van der Griend, Ted 
Koster, Henny Peltenburg, Lenneke Verdouw, Marianne Rops, Ward Posthuma 
en Edith van Druten danken voor hun bijdrage. 
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De samenwerking met Fred verzijlbergen, Monique van Buul, Ellen Tromp, René 
Eijkemans en Bernard Frijling leidde tot belangrijke bijdragen aan de verschil-
lende hoofdstukken.

Esther van Bladel, hartelijk dank voor je grote bijdrage aan twee hoofdstukken 
en voor je bijlessen op computergebied. Ik wens je heel veel succes met het vol-
tooien van jouw promotieonderzoek en met de opleiding interne geneeskunde.
 
Maatschap Interne Geneeskunde van het St. Antonius ziekenhuis Nieuwegein: 
heel hartelijk dank voor de geweldige opleidingsjaren en voor de mogelijkheden 
die mij werden geboden om dit onderzoek tijdens mijn opleiding te kunnen uit-
voeren.

Stafleden en arts-assistenten van de DIGD/ Medische Oncologie in het UMCU 
dank ik voor hun interesse in mijn onderzoek en de geboden ruimte bij de afron-
ding ervan. Het is een voorrecht om bij jullie mijn aandachtsgebied te mogen 
doen en ik hoop op nog een heel leerzame tijd.

Lieve familie en vrienden, dank voor jullie interesse, maar vooral dank voor alle 
gezelligheid en welkome afleiding.

Mijn paranimfen, Linda en Ivette, al sinds de middelbare school hebben we lief 
en leed samen gedeeld. Ik vind het heel bijzonder dat jullie op deze speciale dag 
naast me staan! Ik hoop nog jarenlang van onze vriendschap te mogen genieten.

Lieve Pieter en Yvonne, jullie staan altijd voor ons klaar, mede om op de jongens 
te passen. Daar zijn wij (en zij) heel blij mee. 

Lieve Annelies, een betere zus en vriendin had ik me niet kunnen wensen! San-
der, met jou erbij is het nog gezelliger. Ik wens jullie in mei de mooiste dag van 
jullie leven toe.
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Lieve pap en mam, Wim en Marlène. Dank voor alle interesse, liefde en steun; 
altijd! Mam, eigenlijk ben jij co-auteur van alle artikelen: zonder je hulp op de 
dinsdagen was dit boekje er nooit geweest. Pap, bedankt voor de vele wijze woor-
den. Waarschijnlijk ben jij de enige niet-medicus die het boekje van voor tot 
achter zal lezen.

Lieve Robin, in ruim 15 jaar hebben we samen veel bijzondere momenten be-
leefd. Maar soms lagen geluk en verdriet ook dicht bij elkaar. Ik hoop nog heel 
lang samen met jou van het leven te mogen genieten. Nu jouw examens achter de 
rug zijn en mijn boekje af is hebben we hopelijk meer tijd voor nog meer leuke 
dingen. Dank voor alles!!

Lieve Stijn en Ruben: jullie maken van elke dag een feestje. 
Wat ben ik blij met jullie!!

Mariëtte
Februari 2011
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List of abbreviations

ANOVA Analysis of variance
AUC Area under the curve
BNP Brain natriuretic peptide
Bpm Beats per minute
CI Confidence interval
COPD Chronic obstructive pulmonary disease
CT Computed tomography
CTEPH Chronic thromboembolic pulmonary hypertension
DVT Deep venous thrombosis
FEU Fibrinogen Equivalent Units
INR International normalized ratio
Lasso Least absolute shrinkage and selection operator
LMWH Low molecular weight heparin
N Number
NPV  Negative predictive value
NT-proBNP N-terminal-pro-brain natriuretic peptide
OAT Oral anticoagulant therapy
OR Odds ratio
PAP Pulmonary artery pressure
PE Pulmonary embolism
PESI Pulmonary embolism severity index
PPV Positive predictive value
PVO Percentage of pulmonary vascular obstruction
ROC Receiver operating characteristic
RR Riva-Rocci blood pressure
RV Right ventricular
RVD Right ventricular dysfunction
SAE Serious adverse events
SD Standard deviation
TAR Time above range (INR >3.5)
TBR Time below range (INR <2.0)
TcAR Time critically above range (INR >4.5)
TIR Time in therapeutic range (INR 2.0-3.5) 
TPR Total pulmonary resistance
UFH Unfractionated heparin
VTE Venous thromboembolism
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