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ABSTRACT 
 

Rationale To support doctors in diagnosing patients who are suspected to have 
pulmonary embolism, the Christopher evidence-based decision rule was 
implemented in hospitals in the Netherlands. This study examines whether the 
Christopher evidence-based decision rule is applied in clinical practice. In 
addition, doctors’ considerations for not applying the decision rule are explored. 
Method Dyspnoea patients were included in the study prospectively. The 
diagnostic process of the patients with suspected pulmonary embolism, as 
judged by the treating doctor, was compared with the Christopher evidence-
based decision rule using patient record reviews. In addition, 14 interviews were 
conducted with doctors who did not follow the Christopher evidence-based 
decision rule to obtain insights into their considerations. Results In 80 of 247 
dyspnoea cases, the treating doctors suspected pulmonary embolism. The 
Christopher evidence-based decision rule was applied in 17 out of 80 cases. In 
22 cases, more tests were performed than was suggested by the decision rule 
[i.e. computer- assisted tomographic angiography (CTa) or d-dimer], while in 41 
cases fewer tests were performed than suggested by the decision rule. 
Considerations for not following the decision rule included judging another 
diagnosis to be more likely and not wanting to expose the patient to CTa 
radiation. 
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Conclusions The Christopher evidence-based decision rule for diagnosing 
pulmonary embolism was not always followed in everyday clinical practice. 
Doctors seem to base their diagnostic strategy on their own estimate of the 
likelihood of pulmonary embolism, rather than the whole decision rule. Better 
adherence to the decision rule could be beneficial by making doctors aware that 
pulmonary embolism is more likely than they initially thought. However, in a 
substantial number of cases, it seemed justifiable that doctors deviated from the 
decision rule. Therefore, further research is needed to determine the value of the 
Christopher evidence-based decision rule in clinical practice. 

INTRODUCTION 
 
The diagnostic process of pulmonary embolism (PE) is difficult. PE is one of the 
most frequently missed diagnoses [1,2]. Missing PE might have severe consequences 
for the patient; that is, with- holding treatment with anticoagulants could lead to 
higher mortality rate [3,4]. However, an easily applicable test that can confirm or 
rule out PE does not exist. The sensitivity of the d-dimer test is too low in patients 
with high pre-test probability to rule out PE, and the pulmonary computer-assisted 
tomographic angiography (CTa) risks harming the patient, for example contrast-
induced nephropathy in the short run and breast cancer in the long run [5–7]. Studies 
have shown that 1% of the cases having had a CTa contributed to major permanent 
harm to the patient, and in 0.5% of the cases potentially contributed to the patient’s 
death [5]. There- fore, various studies have been conducted to optimize the 
diagnostic strategy for PE, and as a result several evidence-based decision rules have 
been proposed [8,9]. One of the most recently validated decision rules is the 
evidence-based decision rule of the Christopher group [10]. The Christopher decision 
rule differentiates between diagnostic strategies based on the a priori probability of 
having PE. First, using the Wells score, the patient’s risk of PE can be stratified into 
low or high risk of having PE by examining the patient’s medical history and various 
symptoms [11]. 

[FIGURE 1] 
 
Subsequently, the Christopher decision rule states that for patients with low risk, a d-
dimer test needs to be performed, and when positive should be followed by a CTa. 
For patients with a high risk of PE, the CTa should be done immediately (see Fig. 1). 
In the Netherlands, the Christopher evidence-based decision rule is a general policy 
in hospitals. Doctors were informed about the new policy for diagnosing PE at the 
national symposia of their societies, and by the publication of the new guideline for 
diagnosing PE by the Dutch Institute for Health Care Improvement [12]. 
It is not known if the Christopher evidence-based decision rule is applied in everyday 
clinical practice. In this study, we used a database of patients presenting with 
dyspnoea [13], a common (but not essential) complaint in patients with PE, to 
examine the application of this evidence-based decision rule in everyday clinical 
practice. Since the decision rule does not apply to patients without suspected PE, 
these patients were not included in the study. The main objective of this study is (1) 
to determine whether doctors diagnose patients with suspected PE according to the 
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Christopher evidence-based decision rule and (2) to explore the considerations for 
not following the evidence-based decision rule. 

METHODS 
 
This study is part of a larger study in which we studied suboptimal decisions in the 
diagnostic reasoning process using record reviews and interviews with the treating 
doctors. The diagnostic reasoning process for patients presenting with shortness of 
breath was assessed using a prospective patient record review study [13,14]. For this 
sub-study, only dyspnoea patients who had suspected PE according to the treating 
doctor were selected. To answer the research questions, we used three data sources. 
Record reviews were used to determine the Wells score and to examine whether the 
Christopher evidence-based decision rule was applied. Doctors were asked to write 
down the differential diagnoses and the likelihood of those diagnoses being correct. 
This served two goals: it provided information (1) to determine the Wells score 
(together with record review) and (2) to reveal reasons why the doctors did not 
follow the Christopher evidence-based decision rule. To obtain insight into the 
reasons for not applying the Christopher evidence- based decision rule, we also 
analyzed several interviews with the treating doctors who did not follow the 
Christopher evidence- based decision rule. 

Patient selection 
 
Five acute care hospitals in the Netherlands (one university hos- pital, two tertiary 
teaching hospitals and two general hospitals) participated in the study. The study 
took place in the seven departments of internal medicine, cardiology and 
pulmonology. The start of the study was phased for practical reasons. The hospitals 
started about a month after each other, and every hospital participated during 6–8 
months between May 2007 and February 2008. The treating doctors of the 
participating departments included all patients who (1) had dyspnoea (based on the 
judgement of the treating doctor) and (2) were admitted to the ward of a participating 
hospital department during the research period, and (3) who gave their informed 
consent to review their patient record. Most patients arrived through the emergency 
department, but patients who were transferred from another department or whose 
admission was planned were also eligible. 

[TABLE 1] 
 
The inclusion criteria in our study were slightly different from the inclusion criteria 
in the Christopher study; that is, we did not exclude patients who already were on 
anticoagulants, and patients who developed PE during the hospital stay were also 
included in our study. However, the inclusion criteria of the decision rule were 
chosen to obtain a homogenous patient group to test the decision rule. In everyday 
clinical practice, this does not happen and patients presenting with suspected PE are 
a heterogeneous group of patients. The decision rule, as implemented by the Dutch 
Institute for Healthcare Improvement (CBO), based on the Christopher study, 
includes all patients who have suspected PE, and does not specifically distinguish 
different decision criteria for patients who are already on a dose (low or otherwise) 
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of anticoagulants or patients who develop symptoms of PE during their hospital stay. 
Thus, all patients included in our study should have been diagnosed according to the 
decision rule. 

Participating doctors 
 
The doctors who included the patients were residents who were employed at one of 
the participating hospitals. The residents were supervised by attending doctors. The 
doctors were aware that the diagnostic reasoning process was being studied, but they 
did not know that PE was being studied specifically. 

Record reviews 
 
Expert internist reviewers, who had recently retired and had at least 10 years of 
postgraduate work experience in internal medicine, reviewed the patient records [13]. 
The internist reviewers attended several training sessions and had experience with 
patient record reviews. According to the Christopher evidence-based decision rule, 
the risk of PE (high or low) is determined based on Wells score [8,10,15]. The Wells 
score consists of seven items on the patient’s history and clinical findings, each item 
being assigned a number of points (range 1–3). The expert reviewers enquired from 
the patient record whether all aspects to determine the Wells score had been assessed 
by the treating doctors and whether they were abnormal (see Table 1). This was done 
retrospectively in order not to interfere in the doctor’s clinical decisions. Based on 
this record review, in combination with the differential diagnoses as indicated by the 
treating doctors, the Wells score for each patient was calculated by one of the 
researchers (L. Z.), who was blinded to whether the patient ultimately had PE. The 
elements of the Wells score were generally described in the patient record, with the 
exception of hemoptysis which was sometimes missing. Since hemoptysis is an 
important factor, we assume that in cases showing deviance, this was mentioned in 
the patient record. There- fore, if it was not described in the patient record, we 
assumed the patient did not have hemoptysis. 
Based on the total Wells score, the patient’s risk of PE can be determined. The 
Christopher evidence-based decision rule divides the Wells score into two categories: 
low risk and high risk of PE with a cut-off value of 4 (:S4 represents low risk, >4 
represents high risk) [10,15]. When the Wells score is :S4, a d-dimer test needs to be 
performed. If the d-dimer is elevated (500 ng mL-1 is the currently used cut-off 
value), a CTa will confirm or rule out PE. For patients with a Wells score >4, a CTa 
needs to be performed immediately to confirm or rule out PE (see Fig. 1). These 
diagnostic steps of the Christopher evidence-based decision rule were also obtained 
from the record review, that is the application of the d-dimer and the CTa. 

Differential diagnoses 
 
We asked the treating doctors to note down their differential diagnoses after the first 
diagnostic steps (history taking, physical examination and results of laboratory tests). 
The differential diagnoses were written down in order of likelihood (1 to maximum 
of 5 diagnoses), and the numerical likelihood of each of the diagnoses was indicated 
on a visual analogue scale of 1–10 (1 being very unlikely, 10 being very likely). 
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Interviews 
 
Treating doctors were interviewed about their considerations in the diagnostic 
process. We selected 14 cases in which the doctors performed fewer diagnostic tests 
than was suggested by the decision rule to diagnose PE. The interviews consisted of 
simple questions such as the following: ‘The elevated d-dimer was not followed by a 
CTa, could you explain why not?’ or ‘PE was a possible diagnosis, why did you 
decide not to conduct any further tests to establish or rule out PE?’ The answers of 
the treating doctors were noted down and clustered by a researcher (L. Z.). 

Statistical analysis 
 
Descriptive statistics were used for the quantitative analyses. The interviews were 
analyzed by clustering the answers into categories, making sure all answers were 
represented in the themes. 

Confidentiality and ethical approval 
 
The review board of the VU Medical Center approved of the research protocol, and 
all participating hospitals granted approval to participate. The internist reviewers and 
researchers involved in the data collection signed a confidentiality agreement to 
preserve the secrecy of the data. Patients included in the study gave informed consent 
to review their patient record. 

 [TABLE 2] 

RESULTS 

Application of the Christopher evidence-based decision rule 
 
A total of 261 patients were included in the study, of which 14 were excluded 
because their patient records could not be obtained. For 80 out of 247 dyspnoea 
patients, the doctors indicated PE in the differential diagnoses (see Table 2 for 
patient characteristics). Fifty-six patients had a low risk of PE (Wells :S4), and 24 
patients had a high risk of PE (Wells >4). The doctors diagnosed PE according to the 
Christopher evidence-based decision rule in 21% [17 patients, 95% confidence 
interval (CI): 13.7–31.4%]. In 51% (41 patients, 95% CI: 40.5–61.9%), fewer or no 
diagnostic tests were used, which could potentially lead to a missed PE. In 28% (22 
patients, 95% CI: 18.9–38.4%), more diagnostic tests were conducted than was 
suggested by the Christopher decision rule. 
Of the patients with a low risk (Wells :S4) of PE, in 63% (35 out of 56, 95% CI: 
49.5–74.0%) of the cases, no diagnostic tests or insufficient diagnostic tests were 
performed (see Fig. 2). Further- more, out of the eight cases in which the d-dimer 
was not elevated, the doctors applied CTa in four cases. In 10 cases, a CTa was 
performed immediately without a prior d-dimer. 
Of the patients with a high risk of PE (Wells score >4), for 21% – 5 of 24 patients 
(95% CI: 9.2–40.5%) – no further diagnostic tests were performed (see Fig. 3). In 
one patient, an elevated d-dimer was not followed by a CTa, and PE was initially 
missed. In 13 cases, the doctor performed a d-dimer, while the Christopher evidence-
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based decision rule recommends an immediate CTa. Those cases showed an elevated 
d-dimer in 92%, 12 out of 13 patients. 

Likelihood of PE in differential diagnoses 
 
Doctors were significantly more likely to refrain from further diagnostic tests to 
diagnose or rule out PE when they considered PE to be less likely than other 
diagnoses [i.e. the rank of PE was lower in the differential diagnoses (X2 = 13.3, P < 
0.0001)]. The likelihood ratings of PE of the cases with a Wells score :S4 were low. 
When the Wells score was >4, the likelihood ratings were high, except for cases in 
which no further diagnostics were per- formed, in which case they were significantly 
lower compared with cases in which diagnostic tests were performed (t = 3.75, P = 
0.001) (Table 3). 

Reasons for not applying the Christopher evidence-based decision rule 
 
We conducted interviews in cases in which PE might have been missed. This 
involved cases where no diagnostic tests were done and cases without an adequate 
follow-up on an elevated d-dimer. 

No further diagnostic tests 
 
When the doctor did not perform further diagnostic tests, the following three clusters 
of reasons were mentioned: 
• An alternative diagnosis was more likely than PE; therefore, PE was not further 
examined. 
‘I thought pneumonia was more likely considering the patient’s symptoms and 
therefore I did not perform diagnostic tests, i.e. d-dimer’. 
‘There was a low suspicion of DVT or PE and the patient’s main symptom was pain 
in the thorax with an unclear cause. It was a deliberate choice not to perform 
diagnostic tests for DVT and PE, mainly because the patient would get antico- 
agulants for a different reason anyway’. 

No adequate follow-up after elevated D-dimer value 
 
When the doctor did not follow up on an elevated d-dimer value (which would 
require a CTa), two clusters of reasons were mentioned: 
• Assuming the high d-dimer value was due to other reasons. 
‘The Wells score was low and I expected the d-dimer was elevated because of a high 
C-reactive protein, therefore I did not perform a CTa’. 
• Not wanting to expose patients to unnecessary tests while anti- coagulants were 
already prescribed for another disease. 
‘The patient already got anticoagulants for other reasons and therefore I did not 
perform a CTa which can also be harmful for the patient’. 

DISCUSSION 
 
Our results show that doctors do not always use the Christopher evidence-based 
decision rule when diagnosing PE, although it is the general guideline in Dutch 
hospitals. The Christopher evidence-based decision rule was followed in only 21% of 

http://www.nivel.eu/


Zwaan, L., Thijs, A., Wagner, C., Timmermans, D.R.M. Application of an evidence-based 
decision rule to patients with suspected pulmonary embolism. Journal of Evaluation in Clinical 
Practice: 2013, 19(4), 682–688 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

the patients with suspected PE, while in 79% of the patients it was not followed. 
Reasons for not applying the Christopher decision rule were, for example, 
considering the likelihood of PE to be too low to warrant performing more tests. 
Our study has several limitations. First, due to the clinical setting and the record 
review, the Wells score might be an under- estimation for some cases. Sometimes, 
the treating doctor did not examine all elements of the Wells score (i.e. hemoptysis) 
or did not write them down in the patient record. This means that some of the 
patients with a Wells score of :S4 actually could have had a Wells score of >4. 
Therefore, the decision to perform an immediate CTa might have been correct for 
some of the cases. Specifically, in our study, two out of ten patients with low risk 
(Wells :S4) who got an immediate CTa had a PE. This figure was lower in the 
original study of the Christopher group [10]. Second, we examined only the cases in 
which the doctor considered PE as a possible diagnosis after the first examination of 
the patient. Cases of patients with a missed PE because the doctor did not think of PE 
in the first place were not examined. This is not part of the decision rule, and 
therefore was outside the scope of this article. Third, we only interviewed doctors 
who conducted fewer diagnostic tests than was recommended by the decision rule. 
Last, since the PE diag- nosis was determined by record review, we do not have a 
complete overview of the patients who actually had PE. Some of the patients died, 
either in the hospital or at home after being discharged, and no autopsy was 
performed. Therefore, results on the prevalence of PE and the number of PE 
diagnoses that were missed might be an underestimation. 
The doctors were familiar with the Christopher evidence-based decision rule and the 
Wells score. However, they did not follow the decision rule in the majority of the 
cases. This demonstrates that developing and implementing a decision rule does not 
mean that it is always used in everyday practice, and an evaluation of imple- mented 
decision rules in clinical practice is desirable. 
Following the Christopher decision rule does not always lead to the desired outcome. 
Specifically, the decision rule is based on data from a large number of patients, and is 
therefore not applica- ble to all individual cases. Therefore, adherence to the rule in 
all circumstances would be incorrect. When circumstances indicate that deviating 
from the rule is desirable, this should be possible. Nevertheless, the Christopher 
decision rule is considered to be a valid decision rule, and therefore should be 
applicable in the majority of the cases [10,16]. 
In this study, we found that the rule was followed in a minority of patients with 
suspected PE. Research shows that doctors can correctly determine in which cases 
they need to deviate from a guideline [17]. This probably also accounts to some 
extent for this study. The most frequent deviations from the decision rule are unlikely 
to cause harm to the patient (i.e. no diagnostics in patients with a low Wells score, 
and an unnecessary d-dimer in patients with a high Wells score). Furthermore, in one 
case, not adhering to the decision rule revealed a PE. 
However, of some deviations, it is less clear whether they are justifiable. These 
involve the deviations from the decision rule that may cause harm to the patient: (1) 
unnecessary CTas in patients with a low risk of PE, and (2) no diagnostic assessment 
of PE in patients with a high risk of PE. Based on this study, it is difficult to 
determine whether the CTas conducted in the group of patients with a low Wells 
score was incorrect because of the potential underestimation of the Wells score. 
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However, we can provide some insights into reasons why no further diagnostics were 
conducted in cases with high Wells score. Doctors seemed to base their diagnostic 
strategy on their own estimate of the likelihood of PE, rather than the whole decision 
rule. When their estimate of the likelihood of PE was low (but the Wells score was 
high), they did not conduct further diagnostic testing (see Table 3). Although the 
explanations they provided seem legitimate for some cases, it is not always clear 
whether in all cases it was justifiable to refrain from further diagnostic assessment of 
PE. Specifically, when a patient has PE, a specific dose and duration of 
anticoagulants is needed, and the dose and/or duration provided for another disease 
might be insufficient. Also, when a d-dimer is suspected to be elevated due to co-
morbidity, this does not mean that the patient does not have PE [18]. In fact, PE often 
co-occurs with other diseases, such as asthma and COPD, and has a higher mortality 
rate, getting missed more often in those cases [18,19]. A missed PE is still one of the 
most frequently missed diagnoses, and consequences of a missed PE can be severe 
[2,20]. Therefore, consideration of PE as co-morbidity is important. 
Overall, the results of this study raise the question whether the decision rule is 
valuable in clinical practice. It is, therefore, impor- tant that further research is 
initiated to determine whether the Christopher decision rule applies to a sufficient 
number of cases in clinical practice. However, in some cases, the doctors base their 
diagnostic strategy too strongly on their own estimate of the like- lihood of PE. The 
Christopher evidence-based decision rule could be helpful to make doctors aware 
that PE is more likely than they expected. 

CONCLUSIONS 
 
The Christopher evidence-based decision rule based on the Wells score to diagnose 
PE is often not followed in everyday clinical practice even though the use of the 
prediction rule is propagated nationally in the national guideline for diagnosing PE. 
In some cases, better adherence to the decision rule could be beneficial in making 
doctors aware that PE is more likely than they expected. On the other hand, doctors 
seemed to correctly deviate from the decision rule in a substantial number of cases. 
Therefore, further research is needed to determine the value of the Christopher 
evidence-based decision rule in clinical practice. 
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Figure 1 The Christopher evidence-based decision rules for diagnosing pulmonary 
embolism. CTa, computer-assisted tomographic angiography; DVT, deep venous 
thrombosis; PE, pulmonary embolism. 
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Figure 2 Diagnostic steps as performed by the doctors for patients with a Wells score 
_4. CTa, computer-assisted tomographic angiography; PE, pulmonary embolism. 
 

 
 
Figure 3 Diagnostic steps as performed by the doctors for patients with a Wells score 
>4. CTa, computer-assisted tomographic angiography; PE, pulmonary embolism. 
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Table 3 Average Wells score and doctor’s considerations for the different diagnostic 
strategies  
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