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Outline 

• We will discuss two cases of patients presenting with suspected acute 
pulmonary embolism 

• Through discussion, we will review important concepts regarding 
• Pretest probability assessment 

• Diagnostic testing 

• Diagnostic algorithms 

• And the difficulties in applying these to individual patients 



An 82-year-old woman with bladder cancer and treated 
hypertension was referred by her family physician after she 
reported experiencing a few days’ history of mild fever, 
cough, limited deep inspiration, and left-sided pleuritic chest 
pain. She had no personal or family history of venous thrombosis 
and did not have any recent surgery, trauma, or admission to 
hospital. Her long-term medications included fluoxetine, vitamin 
D, and hydrochlorothiazide. 
 
 

Le Gal G et al.  JAMA 2015;313:1658-59 

Case 1 



On examination, temperature was 38.3°C (101°F), blood pressure was 
157/78 mm Hg, pulse rate was 82 beats per minute, and respiratory 
rate was 20 breaths per minute. Oxygen saturation was 97% in room 
air. She had a regular heart rate with a mild systolic murmur; her 
jugular venous pressure was normal; and lung auscultation 
revealed reduced air entry at the left base. She had no leg swelling and 
no pain on calf palpation. The attending physician raised the diagnosis 
of a pulmonary embolism (PE) among the differential.  
 
What should you do first? 



Case 1---suspected PE 

• Appropriate choice of laboratory and imaging tests is dependent on 
an accurate pretest probability of disease 

• This is difficult in patients with suspected PE given the lack of 
specificity of the majority of the signs and symptoms 





Clinical Decision Rules (CDR) 

• Developed to optimize the synergism obtained with multiple risk 
factors 

• Multiple CDRs have been developed:  Wells 3 and 2 level, Revised 
Wells, Geneva, Revised Geneva, Charlotte, Miniati 

• Wells 3 and 2 level and Geneva scores are the most extensively 
validated 



Canadian (Wells) Clinical Prediction Score 
 Variable and Score for PE 

Signs and symptoms of DVT –3.0 
PE as or more likely than an alternative  
    diagnosis –3.0 
Heart Rate > 100 beats/min –1.5 
Immobilization or surgery in previous  
   4 weeks –1.5 
Previous DVT or PE –1.5 
Hemoptysis –1.0 
Cancer –1.0 

Total score:  <2 low PTP; 2-6 moderate; >6 high 
Dichotomized score:  < 4 unlikely; >4 likely 

Wells 

Revised Wells  
Maintains all factors 
Each gets 1.0 point 
 
Unlikely < 1 
Likely >1 



Revised Geneva 



Revised Geneva Simplified 

< 2 PE considered unlikely 



Which CDR? 
• Systematic review and meta-analysis of 26 studies reporting on 

9 scores 

• Similar accuracy and there is no clear winner 

• Scores with a more extensive validation, such as Wells 
scores, Geneva/Revised Geneva scores preferred 

• North-American CDRs less reliable if prevalence of PE 
exceeds 20%; in that case, European CDRs should be used 

• Geneva scores prospectively validated in outpatients only, 
and therefore use the Wells score for inpatients 

Journal of Thrombosis and Haemostasis Volume 8, 957-970, 9 FEB 2010 



Which CDR? 

• Combinations of the various CDRs and the various D-dimer tests do 
not always result in a post-test probability of less than 3% (safely rule 
out PE) 

• Three-level classification models should be used with highly sensitive 
D-dimer tests, as exclusion of PE in patients with an intermediate 
clinical probability will only be safe with these tests 

• Alternatively, two-level models may be used with less sensitive tests 



Which CDR? 

• When might a three-level score be helpful? 



Not a pretest probability tool, but can safely exclude PE in patients without further 
Testing in patients with a low suspicion of PE 



Case 1 
The clinical probability of PE was unlikely (Wells score).  Laboratory analysis 
is as shown: 



Case 1 

• What is your next step to exclude or confirm PE? 
A. CXR 

B. Lower extremity ultrasound 

C. CTPA 

D. Nothing 



D-Dimer 
• If your PTP is low or intermediate: 

• Obtain a D-Dimer level 

• Based upon high sensitivity 
• Sensitivity 88 and 90% respectively 
• Negative Predictive value 99 and 96% 
• Negative Likelihood Ratio 0.18 and 0.19 
• NLR with highly sensitive D-Dimer 0.10 and 0.05 
• NPV drops to 92% with high PTP 

• Traditional cutoff value is 500 ug/L 

• Our patient had a d-dimer of 610 ug/L 

Wells, P. S. et al. JAMA 2006;295:199-207. 



D-Dimer in specific populations 
• Unfortunately, D-dimer levels rise as we age, and thus will be 

above the normal cutoff value in many elderly patients  

• The same is true for other select populations such as pregnant 
patients, patients with active malignancy, and inpatients 

• Specificity (and thus utility) will be lower in these groups, 
but sensitivity remains high 

• Raising threshold cut-off values increases specificity 

• If prevalence remains low, the NPV will remain high 
enough to exclude PE 

Bruinstroop E.  Eur J Int Med 2009; 20:441-46 



Shouten HJ et al.  BMJ 2013;346:f2492 



Diagnosis 

JAMA. 2014;311(11):1117-1124. doi:10.1001/jama.2014.2135 



Design 

• Multicenter, multinational, prospective diagnostic management 
outcome study 

• Consecutive patients presenting to the ED with suspected acute PE 

• Managed using an algorithm utilizing CDR, age-adjusted D-Dimer, and 
CTPA 
• Age adjusted D-Dimer used in patients >50; cutoff defined as 10 X age ug/L 

• Patients deemed not to have PE were not anticoagulated 

• All patients followed for 3 months 

 



Results:  Failure Rate 

1/810 

0.1% 
(0.0%-0.7%) 

CDR +D-Dimer 
<500ug/L 

7/1481 

0.5% 
(0.2%-1.0% 

High CDR + neg 
imaging 

1/331 

0.3% 
(0.1%-1.7%) 

CDR + D-Dimer  
< age cutoff 

All rates similar to that seen 
after negative conventional 

angiography 



Results:  Diagnostic Yield 

3324 patients had enrolled 

2898 (87.2%) had a non-high CDR 

1154 (39.8%) had a D-Dimer level below the 
cutoff value 

• 28.2% had a value < 500 ug/L 

• 11.6% had a D-Dimer between 500 and their age-
adjusted cutoff 

41.2% relative 
increase in 

negative D-Dimer 



Elderly Patients > 75 years old 

87.9% of 766 patients had a non-high CDR 

6.4% had a D-Dimer < 500 ug/L 

• Another 23.3% had a D-Dimer less than their age-adjusted 
cutoff 

Total of 29.7% had non-high CDR and normal D-
Dimer 

None had subsequent VTE (0%; 0.0%-1.9%) 

Age-Adjusted D-Dimer 
cutoff safely increased 
the diagnostic utility 

5-fold 



Clinical Context 

• Using an age-adjusted cutoff value allows us to “restore” the 
diagnostic yield for D-Dimer in elderly patients 

• In the future, similar adjusted cutoff levels could be established in 
other populations with elevated D-dimer levels 
• Pregnancy, hospitalized patients, postoperative patients, cancer patients 



Age-Adjusted D-dimer:  Not so fast? 

• Is adjusting the threshold for age valid? 
• Concern that although d-dimer levels rise as we age, so does the likelihood of 

VTE 

• Are there other ways that the cutoff could be adjusted? 

• Takach Lapner and colleagues compared the age adjusted approach 
to a higher threshold in all patients (based on the mean level 
obtained from the age-adjusted approach) and an inverse age-
adjusted approach (higher cutoff levels in younger patients) in 
outpatients with low or moderate PTP 

Takach Lapner S et al.  J Thromb Haemostasis 2016; 14: 1953-59 





Increase in specificity with age-adjusted approach simply a reflection of raising the cutoff threshold 
Does support a higher threshold in patients with low or moderate PTP 
Might there be a better way to adjust the cutoff that takes into account prevalence? 



PTP adjusted D-Dimer 

• Uses twice the standard D-Dimer cutoff (1,000 ug/L) to exclude VTE in 
patients with a low PTP and the standard level in patients with 
moderate PTP 

• Principle that, regardless of age, prevalence of VTE remains low in the 
low PTP group, and therefore NPV should remain safe 

• Roughly 50% of patients will be in the low PTP category, as opposed 
to only 25% of patients over 75…. Has the potential to reduce imaging 
in a greater number of patients 



• Takach Lapner and colleagues compared age-adjusted to PTP-
adjusted strategy in outpatients with low or moderate PTP 

 

Takach Lapner S et al. Thromb Heamost 2017; 117: 1937-1943 





• Using PTP adjusted threshold requires 3-level score 

• Not tested just in “unlikely” PTP 

• Recent studies propose a simplified score and selective d-dimer 
approach to address this 

• Dutch group derived and validated a simplified 3-item score/d-dimer 
combination approach 



• Validated in the YEARS study, a prospective management trial in 
~3500 consecutive patients with suspected PE 

Van der Hulle T et al.  Lancet 2017; 390:289-97 



Upper limit of the CI is below safety threshold of 2.7% (rate of failure after  
Negative conventional angiogram 
Post-hoc analysis revealed that CI crossed that threshold in patients with prior 
History of VTE and active malignancy, although numbers small 

Absolute reduction of 13% in CTPA exams ordered compared to  
Wells rule and fixed d-dimer 
Absolute reduction of 8% in CTPA exams ordered compared to 
Wells rule and age-adjusted d-dimer 



D-Dimer in specific populations  

• D-Dimer cannot be safely used in: 
• Patients with symptoms of VTE for greater than 14 days 

• Patients with suspected VTE receiving therapeutic heparin treatment 

• Patients receiving oral anticoagulation therapy 

Bruinstroop E.  Eur J Int Med 2009; 20:441-46 



Case 1 

• D-dimer test result is positive but below the patient’s age adjusted 
cutoff 

• D-Dimer is below 1000 in this patient with an unlikely PTP 

• PE ruled out and no further testing is needed 

• If we had gone straight to diagnostic imaging we would have exposed 
this elderly woman to unnecessary radiation and the risk of acute 
kidney injury 



Case 2 

A 67-year-old man with dyslipidemia, obesity (body mass index, 34), 
past tobacco use, anxiety, and borderline hypertension presented to 
the emergency department (ED) after 3 days of shortness of breath on 
exertion. He described increased anxiety and a pleuritic chest pain 
that began a few hours prior to his ED visit, but no hemoptysis. He had 
no personal history of cancer, venous thrombosis, recent surgery, 
trauma, or admission to hospital. His medications included fluoxetine, 
atorvastatin, vitamin D, magnesium, and niacin. 

Le Gal G et al. JAMA. 2015;314(1):74-75. doi:10.1001/jama.2015.4970 



On examination, his blood pressure was 164/82 mm Hg; pulse rate, 
104/min; and respiratory rate, 18/min. Oxygen saturation level was 96% in 
room air. His lungs were clear to auscultation bilaterally. No extra heart 
sounds or murmurs were noted. Examination of his extremities were 
unremarkable with no leg symptoms or swelling or pain at calf palpation. 
Laboratory test results showed a hemoglobin level of 160 g/dL (reference 
range, 14.0-17.5 g/dL), a platelet count of 129 × 103/μL (reference range, 
150-350 × 103/μL), and a serum creatinine level of 1.26 mg/dL (reference 
range, 0.6-1.2 mg.dL) (111 μmol/L; reference range, 13-106 μmol/L). His 
chest film was normal. The attending physician’s presumptive diagnosis 
was pulmonary embolism (PE).  



Case 2 

• What is your pre-test probability of PE in this patient? 



Case 2 
• His pretest clinical probability of PE according to the 2-level 

Wells score was likely (1.5 points for heart rate >100, and 3.0 
for other diagnoses less likely than PE). (Dichotomized score:  < 
4 unlikely; >4 likely) 

• Therefore, D-dimer measurement was not performed. 

• What next? 
Canadian (Wells) Clinical Prediction Score 
 Variable and Score for PE 

Signs and symptoms of DVT –3.0 
PE as or more likely than an alternative  
    diagnosis –3.0 
Heart Rate > 100 beats/min –1.5 
Immobilization or surgery in previous  
   4 weeks –1.5 
Previous DVT or PE –1.5 
Hemoptysis –1.0 
Cancer –1.0 



Imaging:  PE 

• Ventilation/Perfusion scanning 

• Compression US  

• Digital subtraction angiography – historic gold standard 

• CT angiography – current clinical gold standard 





Case 2 
• His pretest clinical probability of PE is likely, or, according to the 

3-level Wells score was moderate (2-6 points)  

• Have we adequately ruled out PE? 

• Would it matter if the PTP was high? 

Canadian (Wells) Clinical Prediction Score 
 Variable and Score for PE 

Signs and symptoms of DVT –3.0 
PE as or more likely than an alternative  
    diagnosis –3.0 
Heart Rate > 100 beats/min –1.5 
Immobilization or surgery in previous  
   4 weeks –1.5 
Previous DVT or PE –1.5 
Hemoptysis –1.0 
Cancer –1.0 



Stein P et al. N Engl J Med 2006;354:2317-2327 

Accuracy of CTPA in the Diagnosis of PE from PIOPED II 



Stein P et al. N Engl J Med 2006;354:2317-2327 

Accuracy of CTPA in the Diagnosis of PE from PIOPED II 



Mos IC.  J Thromb Haemost 2009; Jun 22 epub 

Incidence of VTE at 3 Months 
In patients with indication for CTPA 



Safety of excluding PE with normal CTPA in 
patients with likely PTP 
• Patient level meta-analysis of four large diagnostic management 

studies (Christopher, Prometheus, REPEAD and Adjust-PE) 

• Determined the 3 month incidence of VTE after normal CTPA in 
patients with likely PTP who were not treated with anticoagulants 

• In post-hoc analysis, also retrospectively determined the failure rate 
according to the three level wells PTP 

van der Hulle et al.  Thromb Haemost 2017; 117: 1622-1629 



3 mos incidence of VTE in all patients was 1.2% (0.48-2.6) and fatal PE 0.11 (0.02-0.70)  



3 month VTE risk 

• Low PTP 
• VTE after negative CTPA was 0.54% (0.32-1.3) and fatal PE 0.11% (0.02-0.76) 

• Moderate/Intermediate PTP 
• VTE after negative CTPA was 1.2% (0.26-5.2) and fatal PE 0.29% (0.09-0.92) 

• High PTP 
• VTE after negative CTPA was 6.3% (3.0-12.6) and fatal PE 0.90% (0.13-6.1) 

 

• A retrospective analysis of the CTEP4 and ADJUST-PE studies confirmed low 
rate of subsequent VTE in patients with likely PTP by revised Geneva score 
and normal CTPA  (0.6%, (0.2-2.3))   

     Robert-Ebadi H et al.  J Thromb Heamost 2017; 15: 1584-1590 

 
  
 

 
 



Normal CTPA in High PTP 

• Prospective non-interventional investigation of the sensitivity of 
multidetector CTPA in patients with high PTP according to Wells 
criteria 

• Consecutive patients with suspected PE at single academic center 

Moores LK et al.  J Thromb and Haemost 2016; 14:114-120 







• Clearly the rate will vary based on prevalence and the NPV will fall 
with increasing prevalence 

• Individualized patient management may be needed 

  

 



Case 2 
• We have excluded PE based upon the CTPA 

• CTPA comes with a cost, including use of IV contrast and radiation 
exposure 

• Increased risk of breast cancer; estimated that .4% of all cancers 
in US related to radiation from CT 

• Radiologic society statements say we should aim to: 

• Reduce radiation dose 

• Use other options first (CUS in pts with leg symptoms; V/Q 
with normal CXR) 

• Decrease the number of CTPAs performed (YEARS study) 

• What other approaches might we have taken? 

 

 



V/Q Scanning:  Still alive? 
• High NPV and should be considered in: 
• Outpatient with low or high PTP and normal CXR 

• Patient with contrast allergy or renal failure 

• Young women with normal CXR 

• ?Pregnancy 

• Follow-Up 

• Eval for pulmonary HTN  

• SPECT/CT imaging may increase utility/accuracy 

• Might help us reduce over-diagnosis of PE 
 

Reid JH et al.  Eur J Nucl Med Mol Imaging 2009; 36:505-21 



Case 2:  What if this were the only finding on 
CT? 



Isolated Subsegmental PE (SSPE) 

• Increasing incidence of PE in the era of CTPA 

• Mortality remains constant 

• Current technology allows accurate visualization of subsegmental 
vessels 
• The rate of SSPE on studies has steadily increased as the technology has 

improved 

• 4% with single detector; reported as high as 15% with 64-row detector 

• Are these clots real?  Are they clinically significant 
• Interobserver agreement for these clots is low 

• May be seeing natural history of the lung performing its filtering duties 



SSPE 

• Multiple earlier retrospective reviews, cohort studies, and literature 
reviews suggest that at least a subset of SSPE can be safely managed 
without anticoagulation 

• Historical patients with low probability or non-diagnostic V/Q scans 
likely had SSPE 
• Prospective management studies have confirmed that these patients can be 

safely managed without anticoagulation, provided there is no DVT 

• Risk of bleeding in not inconsequential (7% in recent literature 
review) 
• This risk may be lower in the era of newer anticoagulants 

 
Stein PD et al.  Clin Appl Thromb Hemost 2012; 18:20-26 
Goy J et al.  J Thromb Heamost 2015; 13: 214-218 



SSPE 

• More contemporary systemic review and meta-analysis of patients 
with SSPE with and without treatment 

• 14 studies comprising over 15,000 patients 

• Pooled prevalence of SSPE was 4.6% 

• Frequency of bleeding in anticoagulated patients was 8.1% (2.8-15.8) 
• Bleeding not recorded for untreated patients 

• Frequency of recurrent VTE in treated patients 5.3% (1.6-10.9) and 
3.9% (4.8-13.4) in untreated patients 

• Frequency of death in treated patients 2.1% (3.4-5.2) and 3.0% (2.8-
8.6) in untreated patients 

Bariteau A et al. Acad Emerg Med. 2018 Mar 2. doi: 10.1111/acem.13399. [Epub ahead of print]  



Evaluation of Individuals with Pulmonary Nodules: General Approach 

• Consider certainty of true thrombosis being present (evaluate 
likelihood of observed thrombosis being a false) positive result) 
 

SSPE is more likely a true-positive if… 

The pulmonary angiogram (CTPA) is of high quality  

Multiple intraluminal filling defects exist 

Defects involve more proximal sub-segmental arteries (i.e. are larger) 

Defects are seen on more than one image or projection 

Defects are surrounded by contrast rather than appearing adherent to the pulmonary artery walls 

Patients are symptomatic (as opposed to PE being an incidental finding) 

There is a high clinical pre-test probability for PE 

Elevated D-Dimer that’s otherwise unexplained 

Whether to Treat Subsegmental PE 



Evaluation of Individuals with Pulmonary Nodules: General Approach 

• Assess the patient for risk factors for progressive thrombosis, and 
risk of anticoagulation.  

Favors Anticoagulation Favors No Anticoagulation 

Active cancer (particularly if metastatic or 

being treated with chemotherapy) 

High bleeding risk 

No reversible VTE risks (e.g. recent 

surgery) 

Patient prefers to avoid anticoagulation 

Marked symptoms without another cause 

Patient prefers anticoagulation 

Hospitalized or immobilized 

Whether to Treat Subsegmental PE 



Evaluation of Individuals with Pulmonary Nodules: General Approach 
Additional testing recommended Additional follow-up 

Bilateral US to exclude proximal DVT of the 

legs 

Assure patient literacy surrounding 
signs and symptoms of progressive 
thrombosis 

Exclude DVT in other high risk locations 

(e.g. upper extremities if a central line is 

present) 

Perform one or more follow-up US of 
the legs to detect (and then treat) 
evolving proximal DVT 

Whether to Treat Subsegmental PE 



Kearon C et al.  Chest 2016; 149:315-352 



Long B et al.  J of Emerg Med 2017:52: 184-193 



Summary 

• The field of VTE continues to evolve, making the field challenging and 
exciting 

• The use of selective cutoffs for d-dimer is an important step forward 
in reducing the overuse of CTPA (and the risk associated with these 
tests) 

• A negative CTPA alone is likely enough to rule out PE, except in a small 
subset of very high risk patients (esp those with malignancy or prior 
VTE) 

• SSPE remains an area of clinical equipoise while we await the results 
of the ongoing cohort study 


