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The Quandary of Considering a Diagnosis of Acute Pulmonary Embolism
 Author Myron Bloom, MD
The first step in considering a diagnosis of venous thromboembolism should be the clinician’s prediction of probability with all subsequent tests confirmatory to that level of suspicion. While others have suggested that a D-dimer test may be utilized somewhat as a screening test, the nonspecific high sensitivity and low specificity results in a risk of a false positive condemning the patient to unnecessary and potentially hazardous subsequent testing and treatment. The following article discusses a strategy using an explicitly executed PERC rule for patients with a low to moderate pretest probability to avoid a D-dimer and subsequent imaging, while the second half of the article addresses the limitations of imaging studies with the potential of false negative results when incongruous with a high pretest prediction.
Diagnostic Algorithms for APE
Most recent articles about diagnosing deep vein thrombosis (DVT) and Acute Pulmonary Embolism (APE) begin the algorithm by doing a D-Dimer to rule out DVT or APE in patients who are felt clinically not to be at high risk. Perrier opined that normal findings on D-dimer testing among patients with a low or intermediate clinical probability of pulmonary embolism safely eliminated the need for further diagnostic testing.

This methodology was evaluated by the Christopher study investigators (JAMA 2006;295:172-179) in  a prospective cohort study of 3306 patients conducted at 12 centers in the Netherlands from 2002 to 2004.  The patients were dichotomously categorized as being pulmonary embolism "unlikely" with a Wells criteria clinical decision rule score of 4 or less points, or "likely" with a score of more than 4 points.  Patients categorized as being embolism “unlikely” had a D-dimer done and were felt not to have suffered APE if the D-dimer testing was negative. Patients felt to be pulmonary embolism “likely” or those with a positive D-dimer had APE ruled in or ruled out by doing a CTPA. The protocol was efficient (algorithm was completed and allowed a management decision in 97.9% of patients) but imperfect.
Overall, of the 3306 included patients, 2206 (66.7%) had a clinical decision rule indicating pulmonary embolism “unlikely” and were tested for D-dimer concentrations. The prevalence of pulmonary embolism in all the “PE unlikely” patients was 12.1% (266/2206; 95% CI, 10.7%-13.5%). Among the 1149 patients classified as “unlikely” but with an abnormal D-dimer test result, the prevalence of pulmonary embolism was twice as high at 23.2% (266/1149). Those with a clinical prediction that pulmonary embolism was “likely” had APE prevalence of 37.1% (408/1100; 95% CI, 34.2%-40.0%)  (P<.001). Pretest “PE unlikely” with a normal (negative)    D-dimer test result was found in 1057 patients (32.0%), of whom 1028 were not treated with anticoagulants; and subsequently nonfatal VTE occurred in 5 patients (0.5%). 
Multidetector CT was performed in 1939 patients and single-detector CT in 260 patients. Computed tomography excluded pulmonary embolism in 1505 patients. In the patients for whom APE was ruled out by CTPA, 702 (21.2% of the study population) had additional diagnostic information identified by CT: pneumonia (n = 212), pleural effusion (n = 163), malignancy (n = 50), and other diagnoses (n = 277). Of the 1505 patients, 1436 CTPA negative patients were not treated with anticoagulants and in those untreated patients the 3-month incidence of APE was 1.3%; and additionally APE was considered a possible cause of death in 7 more patients after a negative CTPA scan (0.5%). Pulmonary embolism was confirmed in 674 patients  or 20.4% of the study population, a high prevelance. Although there was statistically a small percentage of D-dimer false-negatives there was almost an 80% rate of D-dimer “false-positive” as shown by a negative CTPA.

Doing a test with poor specificity introduces the possibility of false-positives incurring a perceived need to do further testing or institute unnecessary interventions. Unfortunately, although the sensitivity of the D-dimer is reported to be about 90%, the specificity is only 57%, while the risk of contrast induced nephropathy has been reported to be as high as 8% (J Thromb Haemost. 2007; 5:50-54). Theoretically, if 75% are positive for D-dimer but negative after CTPA, as many as 6% may suffer contrast induced nephropathy as well as all risking radiation induced malignant degeneration without receiving any benefit from having undergone testing.  
So the first question to ask might be who needs a test and if so what test(s) should be done.  The first answer might be just having a symptom or sign alone or just having a risk factor alone does not warrant a test; whereas a symptom or sign with a risk factor and the clinician’s gestalt predicting significant probability of disease warrants a test. Because of the poor specificity, doing a D-dimer as the very first step in ruling out APE will result in 3/4th  false-positives which will require further testing. Another methodology was presented by Kline in 2004, utilizing the clinician’s gestalt suspicion of disease and predicted pretest probability to assign one of three risk categories followed by a rule to justify doing or not doing a D-dimer. Instead of two categories like in the previous algorithm, the pretest probability is assigned to one of three risk categories like in the Wells methodology.
The algorithm is as follows: First the clinician estimates the pretest (ie. no diagnostic tests having been done) probability of APE as the diagnosis. If the probability is considered moderate proceed with D-Dimer testing and if the estimated probability is high do CTPA imaging. If the pretest probability is considered to be low (risk factors are absent, alternative diagnosis more probable) any testing (with either a D-Dimer or imaging) is unnecessary if APE is ruled out by executing the “PERC rule”. Utilizing the “PERC rule” to avoid ordering a D-dimer when the practitioner’s appraisal of the patient’s pretest probability of risk of APE is low; results in a final patient risk statistically demonstrated by Kline et al. to be no higher than the discriminating ability of getting a D-dimer and subsequent imaging testing while avoiding the potential harm of a high rate of false-positives. [If the pretest probability is very low, do not do any testing (neither PERC rule or D dimer) as any testing will only generate false positives.]
The choice of algorithms would be based on the clinicians gestalt suspicion and whether more false-positive or false-negative adverse. Being a bit more risk averse and unsure that the risk is truly “unlikely” as opposed to “likely” (Christopher algorithm), do a D-dimer and accept a high false positive rate subjecting your patient to imaging and possible confirmatory testing because of the marginal predictive value; or if confident that the risk probability is “low” (not intermediate or high, Kline methodology) apply the PERC rule and avoid doing any testing because the statistical diagnostic value of the testing will not be any better than the clinician’s estimation of risk. Proper execution of the PERC rule justifies doing or not doing a D-dimer in cases of low pretest probability.
Proper execution of PERC prediction rule:
Step one: the clinician first estimates the patient’s risk category using gestalt based on clinical experience and/or using a risk prediction methodologies such as the Wells or Geneva criteria. 

Step two: If the predicted risk of acute pulmonary embolism is considered to be low, apply the PERC decision rule to determine if a D-dimer is indicated. If the patient fails the rule do a D-dimer. The PERC rule criteria are explicitly stated, and must be used as stated without modification.

The PERC rule: Pulmonary Embolism Rule-out Criteria

□ Age <50 years


□ Pulse oximetry > 94% on room air


□ Heart rate < 100 beats per minute


□ No prior history of PE


□ No hemoptysis


□ No estrogen use


□ No unilateral leg swelling or concern of DVT

□ No recent surgery or trauma (requiring hospitalization intubation or

    In the prior 4 weeks)

Step three:

If all criteria are met, a D-dimer is unnecessary and APE is ruled out.
If any of the exclusion criteria are present, the test fails and do a D-Dimer, and if D-dimer positive get CTPA 
As will be explained in the next section on limitations of imaging studies, if the initial imaging study results are negative but discordant with a high predicted probability, strongly consider another confirmatory study such as CT/venography, or ultrasound dopler of the legs or even a repeat CTPA in a few days – clinical gestalt trumps testing for patient safety. 
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	Wells Model for Clinical Diagnosis of Pulmonary Embolism
	Points

	Clinical signs and symptoms of DVT (leg swelling and pain with palpation of the deep veins) 

	3.0


	PE as likely or more likely than an alternative diagnosis*

	3.0


	Heart rate >100 beats per minute

	1.5


	Immobilization (bed rest, except to access the bathroom, for at least 3 consecutive days) or surgery in the previous 4 weeks

	1.5


	Previous objectively diagnosed DVT or PE

	1.5


	Hemoptysis

	1.0


	Malignancy (treatment that is ongoing, within the past 6 months, or palliative)

	1.0


	Total points:
	_____



	Total points
Risk group
Number of patients (%)
Probability of PE
<2 points

Low

527 (56.6)

1.3% 
(95% CI, 0.5% to 2.7%)

2 to 6 points

Moderate

339 (36.4)

16.2% 
(95% CI, 12.5% to 20.6%)

>6 points

High

64 (6.8)

37.5% 
(95% CI, 28.7% to 53.7%)


	DVT = deep venous thrombosis; PE = pulmonary embolism; CI = confidence interval.


	


Please note that the Wells criteria is weighted to the practitioner’s clinical gestalt, the Wicki Model of the Geneva rule to the right uses objective findings of the chest radiograph and arterial blood gases, while the Revised Geneva score on the next page uses history and physical exam findings.
	Wicki Model for the Clinical Diagnosis of Pulmonary Embolism (Geneva Model)

	Variable
Points
Age (years)

 

 

60 to 79

1

 

>= 80

2

Previous PE or DVT

2

Recent surgery

3

Pulse rate >100 beats per minute

1

Paco2 (mm Hg)

 

 

< 36

2

 

36 to 39

1

Pao2 (mm Hg)

 

  

<48.8 

4

 

48.8 to 60.0 

3

 

60.1 to 71.3 

2

 

71.4 to 82.6

1

Chest radiograph

 

 

Plate-like atelectasis

1

 

Elevation of hemidiaphragm

1

Total points:
_____

Score range
Risk group
Number of patients (%)
Probability of PE
0 to 4 points

Low

486 (49.3%)

10% (95% CI, 8% to 13%)

5 to 8 points

Moderate

437 (44.3)

38% (95% CI, 34% to 43%)

>= 9 points

High

63 (6.4%)

81% (95% CI, 69% to 90%)




	PE = pulmonary embolism; DVT = deep venous thrombosis; Paco2 = partial pressure of arterial carbon dioxide; Pao2 = partial pressure of arterial oxygen; CI = confidence interval


	


The Revised Geneva Score
Variable     Regression 
Points

                   Coefficients

Risk factors

Age _ 65 y 


 0.39 
1

Previous DVT or PE
 
1.05
3

Surgery (under general anesthesia)

or fracture (of the lower limbs)

within 1 mo


0.78 
2

Active malignant condition (solid or

hematologic malignant condition, currently active or considered
cured past 1 y)


0.45
2

Symptoms

Unilateral lower-limb pain
0.97 
3

Hemoptysis 


0.74 
2

Clinical signs

Heart rate 

  75–94 beats/min

1.20 
3

_95 beats/min 


0.67 
5

Pain on lower-limb deep venous

palpation and unilateral edema




1.34
 4

Clinical probability

Low 0–3 total

Intermediate 4–10 total

High _11 total

DVT  deep venous thrombosis; 

PE      pulmonary embolism.

The PERC rule: 

PE Rule-out Criteria

□ Age <50 years


□ Room air oximetry > 94% 


□ Heart rate < 100 


□ No prior history of PE


□ No hemoptysis


□ No estrogen use


□ No unilateral leg swelling 

or concern of DVT

□ No recent surgery or

Trauma requiring

hospitalization or

           intubation in the prior

4 weeks
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The Limitations of Imaging Studies 

Unfortunately all of the diagnostic tests except angiography only predict degrees of probability and are described in terms of sensitivity, specificity, and positive or negative predictive value (PPV or NPV) as surrogates for accuracy. When the predictive value is less than 100%, then 1 minus the predictive value would be the probability of an erroneous answer. Therefore the non-invasive tests are best applied in conjunction to the experienced clinician’s pretest probability prediction. In fact, the clinician’s gestalt prediction of probability (or degree of suspicion) may surpass the predictive value of a discordant test and either logically dissuade doing the test, require greater caution interpreting the test, or require further confirmatory testing after doing a test.

Two landmark studies, the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) and PIOPED II, were sponsored by the National Heart, Lung, and Blood Institute and were designed to evaluate the effectiveness of diagnostic techniques in contributing to a true positive APE test result. Conducted in the early 1990s, PIOPED  concentrated on V/Q scanning while PIOPED II studied multi-detector CT equipment (90% 4-detector, and 10% 8 & 16 detector systems) and was conducted between September, 2001 and July, 2003. 

The "low-probability" interpretation of ventilation-perfusion lung scans has been characterized as misleading or even dangerous because of the unacceptably high “false-negative” prevalence of pulmonary embolism (1). In the PIOPED study, pulmonary angiography revealed pulmonary embolism in 14% of patients with low-probability ventilation-perfusion lung scans (2). Hull and Raskob (1) demonstrated pulmonary embolism in 23% of patients with low-probability ventilation-perfusion scans using the criteria proposed by Biello et al (3) and in 26% of patients using the criteria proposed by McNeil (4). Following the completion of the PIOPED study, the Nuclear Medicine Working Group reassessed the original criteria used for low-probability interpretation of ventilation-perfusion lung scans and made recommendations for modifying the criteria (5). Low probability was defined as a 0%–19% likelihood of pulmonary embolism (6). Other investigators prospectively tested the modified PIOPED criteria in a community hospital and demonstrated pulmonary embolism in 6% of patients with low-probability scans (6). This represented a lower prevalence than was seen in the PIOPED study (14%). However, the patient population at the community hospital differed significantly from that in the PIOPED study (2,6): The overall prevalence of pulmonary embolism was 10% in the former group compared with 28% in the latter group.

Ventilation-perfusion scanning has been supplanted by CTPA despite concerns about the wide range of reported sensitivities. A single-blind non-inferiority clinical trial comparing CTPA to V/Q scanning performed at 4 Canadian and one US tertiary care centers between May 2001 and April 2005 recently published in JAMA (7). Patients considered likely to have acute pulmonary embolism based on a Wells clinical model score of 4.5 or greater or a positive D-dimer assay result were randomized to testing by CTPA (195 single & 499 multi-detector) or V/Q scanning. Problematically, V/Q scans are either of low or intermediate prob​ability in most patients for whom pulmonary embolism is suspected, and the actual incidence of pul​monary embolism in these individu​als ranges from 10% and 40%. Of the 716 randomized to V/Q  386 (54%) had non-diagnostic scans. Of those randomized to CTPA  93% ( 653 of the 701) had technically adequate studies to be evaluated and significantly more patients were diagnosed with pulmonary embolism using the CTPA: CTPA group 19.2% vs 14.2% in the V/Q scan group. Also CTPA can also identify alternative diagnoses for the symptomatology. Of those in whom pulmonary embolism was considered excluded, 0.4% randomized to CTPA vs 1.0% undergoing V/Q scanning subsequently developed confirmed venous thromboembolism over the three months of follow-up. The authors and the editorial in the same issue of JAMA raised the concern that of the CTPA diagnosed emboli, 7% involved sub-segmental vessels and are less likely to be associated with proximal deep vein thrombosis or progressive symptoms and more likely to have a negative D-dimer . Thus raising the possibility of clinically unimportant or false-positive diagnoses exposing patients to unnecessary anticoagulant therapy of which 2% would experience major bleeding complications (8).
Each participating PIOPED II patient underwent VQ lung scan, contrast-enhanced spiral CTPA, venous phase contrast-enhanced CT of the veins of the pelvis and thighs (CTV), and U/S of the lower extremities within a 36-hour period. In the PIOPED II trial, angiography was performed only when required and interpretations for all diagnostic imaging tests except venous ultrasonography were based on agreement of two certified readers who were from centers other than that at which the image was obtained. Patients without an initial diagnosis of PE were followed for up to six months to identify false-negatives. 

Among the 824 patients with a diagnosis of APE and a completed CT study, CTA was inconclusive in 51 because of poor image quality. Of the 773 patients with an adequate CTA (94 %), the sensitivity of CTA for the diagnosis of pulmonary embolism was 83 % (150 of 181 patients; 95 % CI, 76 to 92 %), and the specificity was 96 % (567 of 592 patients; 95 % CI, 9 to 97 %). Positive predictive values were 97 % (116 of 120 patients) for pulmonary embolism in a main or lobar artery, 68 % (32 of 47 patients) for a segmental vessel, and 25 % (2 of 8 patients) for a subsegmental branch.  Positive predictive values were 96 % with a concordantly pretest clinical assessment of high or low probability, and 92 % with an intermediate pretest clinical probability. CTPA was effective to rule out APE in patients with intermediate or low Wells scores as negative CTPA studies indicate low or very low post-test probabilities of 7% and 0.5%, respectively for acute PE (12). In a meta-analysis study, Quiroz showed that pulmonary embolism could be safely ruled out with a single-detector CTA in cases in which the clinical probability was low or intermediate (11).

But importantly when pretest probability is discordant with the imaging results there is very limited diagnostic predictive value of CTPA. Excluding the inconclusive studies, the overall sensitivity of CTA was only 83 % although the specificity was 96 %: a possible false-negative in almost 1 of 6 high pretest probability patients.In patients with a low Wells score, a positive CTPA study carries a PPV of only 38% for acute PE. To avoid bias, negative predictive values among the patients with a low clinical probability were based entirely on digital subtraction angiography or ventilation–perfusion scanning as the reference test. Among the patients with a low clinical probability of pulmonary embolism, 42 percent of the CTA readings were considered to be false-positive in the study. Among the patients with a high clinical probability, 40 percent of results on CTA were considered to be false-negative. 

In the 3% of PIOPED II patients with high Wells scores, negative CTPA studies were still associated with a post-test probability of 39% for having acute PE. The sensitivity was only 83% in a patient sample with an unusually high prevalence of APE (23%) - far higher than in usual clinical practice or most other studies.  Further confirmatory testing (US, venograhy , angiography or repeat CTA) and /or close follow up would be required for patient safety when pretest gestalt is discordant with testing results. Moores concluded that lower-extremity imaging should be normal before anticoagulation is withheld in patients with suspected pulmonary embolism and normal findings on CTPA (9,10).
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Abstract of the Kline article: false positive harms adverse; <1.8% false negative
       (1/9th text reduction)
Kline JA, et al., Clinical criteria to prevent unnecessary diagnostic testing in emergency department patients with suspected pulmonary embolism. J Thromb Haemost 2004; 2: 1247–55.

The PE Rule-out criteria (PERC Rule) were derived from logistic regression analysis with stepwise backward elimination of 21 variables collected on 3148 emergency department patients evaluated for PE at 10 US hospitals. Eight variables were included in a block rule: Age < 50 years, pulse < 100 bpm, SaO2 > 94%, no unilateral leg swelling, no hemoptysis, no recent trauma or surgery, no prior PE or DVT, no hormone use. The rule was then prospectively tested in a low-risk group (1427 patients) from two hospitals initially tested for PE with a D-dimer and a very low risk group (382 patients with chief complaint of dyspnea, PE not suspected). The prevalence of PE was 8% (95% CI: 7–9%) in the low-risk group and 2% (1–4%) in the very low-risk group on longitudinal follow-up. Application of the rule in the low-risk and very low risk populations yielded  sensitivities of 96% and 100% and specificities of 27% and 15%, respectively. The prevalence of PE in those who met the rule criteria was 1.4% (0.5–3.0%) and 0% (0–6.2%), respectively.  . Thus, the false negative rate was 1.4% (0.5–3.0%), which was below the test threshold estimate of 1.8%. The derived eight-factor block rule reduced the pretest probability below the test threshold for D-dimer in two validation populations…
Approximately 10 million patients have complaints of dyspnea, chest pain, or both. Pulmonary embolism is a common, frequently undiagnosed, and potentially fatal cause of either symptom. Consequently, emergency medicine specialists often feel compelled to order a D-dimer in patients with dyspnea or pleuritic chest pain, even when the clinician recognizes a very low pretest probability. In particular, the D-dimer test frequently results in a false-positive test result that demands expensive and time consuming radiological imaging…On the beneficial side, the D-dimer can facilitate wider screening for pulmonary embolism and afford a higher rate of diagnosis of this potentially fatal disease. But the high false-positive rate of the D-dimer can create the potential for a detrimental increase in pulmonary vascular imaging, increased patient length of stay in overcrowded emergency departments, and increased false-positive diagnoses. These concerns motivated us to develop the PERC rule… The purpose of this report was to provide criteria to rule-out pulmonary embolism at the bedside without additional ancillary testing, including the D-dimer…

We offer the PERC rule to compliment clinical judgment rather than replace it… In any given patient, the derived block rule may be negative when a host of other factors not included in the rule may demand that the patient be tested further, such as known thrombophilia, a strong family history of thrombosis, or concurrent beta blocker use that could blunt reflex tachycardia. Likewise, clinical judgment has to be imposed for patients with borderline or indeterminate factors, such as patients with transient tachycardia, patients with amputations, massively obese patients in whom leg swelling cannot be reliably ascertained, or patients with baseline hypoxemia in whom a pulse oximetry reading <95% is long-standing. Clearly, no decision rule is comprehensive and should not be used in isolation from other influences that make a clinician believe that pulmonary embolism is present. 
We conclude that clinicians should pause before ordering a D-dimer on a patient under 50 years of age, and who has a pulse <100, a pulse oximetry >94%, no unilateral leg swelling, no hemoptysis, no recent surgery and no oral hormone use. When all eight factors are negative, the pretest probability of pulmonary embolism is likely to be so low that D-dimer testing for pulmonary embolism will not yield a favorable risk–benefit ratio.
Conclusions  A diagnostic management strategy using a simple clinical decision rule, D-dimer testing, and CTPA is effective in the evaluation and management of patients with clinically suspected pulmonary embolism. Its use is associated with low risk for subsequent fatal and nonfatal VTE. 

A less condensed version for readers interested in the details of the study design
      (50% text reduction)
Kline JA, et al., Clinical criteria to prevent unnecessary diagnostic testing in emergency department patients with suspected pulmonary embolism. J Thromb Haemost 2004; 2: 1247–55.

Summary. Overuse of the D-dimer to screen for possible pulmonary embolism (PE) can have negative consequences. This study derives and tests clinical criteria to justify not ordering a D-dimer. The test threshold was estimated at 1.8% using the method of Pauker and Kassirer. The PE rule-out criteria were derived from logistic regression analysis with stepwise backward elimination of 21 variables collected on 3148 emergency department patients evaluated for PE at 10 US hospitals. Eight variables were included in a block rule: Age < 50 years, pulse < 100 bpm, SaO2 > 94%, no unilateral leg swelling, no hemoptysis, no recent trauma or surgery, no prior PE or DVT, no hormone use. The rule was then prospectively tested in a low-risk group (1427 patients from two hospitals initially tested for PE with a D-dimer) and a very low risk group (convenience sample of 382 patients with chief complaint of dyspnea, PE not suspected). The prevalence of PE was 8% (95% confidence interval: 7–9%) in the low-risk group and 2% (1–4%) in the very low-risk group on longitudinal follow-up. Application of the rule in the low-risk and very low risk populations yielded sensitivities of 96% and 100% and specificities of 27% and 15%, respectively. The prevalence of PE in those who met the rule criteria was 1.4% (0.5–3.0%) and 0% (0–6.2%), respectively. The derived eight-factor block rule reduced the pretest probability below the test threshold for D-dimer in two validation populations, but the rule’s utility was limited by low specificity. 

Introduction

Over 110 million patients seek Emergency Department care annually in the United States, and  approximately 10 million of these patients have complaints of dyspnea, chest pain, or both [1]. Pulmonary embolism is a common, frequently undiagnosed, and potentially fatal cause of either symptom [2–7]. Consequently, emergency medicine specialists often feel compelled to order a D-dimer in patients with dyspnea or pleuritic chest pain, even when the clinician recognizes a very low pretest  probability. Over testing for PE has long been recognized as a significant problem in the process of ruling out pulmonary embolism [8]. In particular, the D-dimer test frequently results in a false positive test result that demands expensive and time consuming radiological imaging [9]. The purpose of this report was to provide criteria to rule-out pulmonary embolism at the bedside without additional ancillary testing, including the D-dimer. Accordingly, we performed a multicenter derivation and validation study of patients evaluated for possible pulmonary embolism in the emergency department. In the derivation phase of the investigation, we sought to produce a set of predictor variables from this population, that, when all absent, would confer a pretest probability of pulmonary embolism less than the test threshold [10]. The test threshold defines the point of equipoise in pretest  probability. When the pretest  probability is lower than the test threshold, the probability that the patient will be harmed by further testing (including a screening test such as the D-dimer exceeds the probability that the patient will benefit from further testing. We also constructed the rule to allow its use in patients with dyspnea or chest pain. In the validation phase, we test the derived rule in two populations of emergency  department patients, one low-risk, and in a very low-risk group. The low risk group was studied primarily to test the sensitivity of the rule. The very low risk group was studied primarily to test the feasibility of the rule, i.e. whether the rule would be negative in a sufficient percentage of patients to make it useful. We also compare the performance of the derived rule to a Canadian score <2. Although the Canadian score was designed for use with D-dimer testing, one study found that only 1.3% of patients with a Canadian score <2 were diagnosed with pulmonary embolism, suggesting utility for our purpose [11].

Methods

…During data collection, explicit definitions of each variable were used as described in the appendix. Patients were evaluated for pulmonary embolism based upon the unstructured threshold defined as enough clinical suspicion for pulmonary embolism that a board certified emergency physician thought that a formal evaluation for pulmonary embolism was necessary. All 21 variables were coded for all 3148 patients. Criterion standard for diagnosis included computerized tomography (CT) angiography in 196 patients, CT angiography with CT venography [12] in 1116 patients,  ventilation-perfusion scintillation lung scanning in 1055 patients (372 followed by duplex ultrasound of  the extremities), pulmonary angiography in 110 patients, and autopsy in 21 patients. Six hundred and fifty patients in the derivation study had pulmonary embolism ruled out without pulmonary vascular imaging using a structured protocol that included a D-dimer plus an alveolar dead space measurement and 90-day follow-up as we have previously described [13]. Diagnosis of pulmonary embolism in the derivation study required the endpoint of treatment for either pulmonary vascular thrombosis or definite deep venous thrombosis or diagnosis of these entities at autopsy. To prospectively test for inter-observer variability of the 21 variables, a convenience sample of 129 patients was examined by two independent physician observers who collected all 21 variables using a written data collection protocol and form. These observers performed their measurements 10 min apart on same subjects and were blinded to each other’s results. The derived criteria were tested in a low-risk population and

a very low-risk population. The low-risk population consisted of 1427 emergency department patients prospectively studied at Carolinas Medical Center (N ¼ 867) and Brigham and Women’s Hospital (N ¼ 560) from 1 January 2001 through 30 June 2003. All low-risk validation patients were selected using the same broad, unstructured entry criterion as in the derivation study except that clinicians believed that patients were at low enough risk to justify exclusion of pulmonary embolism on the basis of a negative D-dimer. Throughout the study period, Carolinas Medical Center employed the SimpliFY assay and Brigham and Women’s hospital employed the VIDAS assay.....CT angiography, CT angiography-venography or ventilation-perfusion lung scanning with selected use of venous ultrasonography was performed if D-dimer testing was abnormal... In addition, patients were asked the questions necessary to compute the Canadian pulmonary embolism score [15]... Upon discharge from the emergency department, all low-risk patients were told and received written instructions to return immediately to the emergency department if symptoms prompting the evaluation persisted or if other symptoms of pulmonary embolism occurred. Each low-risk patient was followed until 90 days after enrollment using the combination of telephone follow-up, examination of medical records and contact with the patient’s personal physician. We considered a

true positive outcome for any patient who received anticoagulation, vena caval interruption for venous thromboembolism, or who died from undiagnosed pulmonary embolism [13]. The very low-risk validation population consisted of a convenience sample of 382 prospectively studied adult emergency department patients at Carolinas Medical Center during 2003.who were evaluated for dyspnea, and who were not part of either the derivation or low-risk groups. ..While the very low-risk patients were physically in the emergency department, an  experienced research nurse recorded 21 clinical variables on a standardized form. These variables were identical to that which had been collected previously for patients in the derivation phase of the study. Very low-risk patients then underwent diagnostic testing at the discretion of the attending physician. Admitted patients were followed each day while in the hospital and all very low risk patients were followed prospectively for 90 days in the same fashion as the low-risk group. The primary  objective was to test the potential specificity of the derived pulmonary embolism rule-out criteria (hereafter termed the PERC rule) to determine how often the rule could assist the implicit decision to not order a D-dimer in this very low-risk group.. The 21 variables in the derivation set were tested for significance (P < 0.05) using logistic regression analysis. Model fit was tested using the goodness of fit chi square and the Hosmer–Lemeshow statistic [17]. Variable selection was accomplished using a modified backward stepwise process. First, we excluded variables that did not have significance. Second, significant continuous variables (e.g. age) were dichotomized by receiver operating characteristic curve analysis to determine the cut-off corresponding to the lowest likelihood ratio negative. Third, we computed Cohen’s for categorical and dichotomized variables and excluded any variables that had a lower limit 95% CI for j less than 0.40 [18]. The logistic regression equation was performed using all remaining variables, and the equation was solved for the Pvalue (probability). For the PERC rule, we sought to produce a simple, all-negative rule-out criteria. We therefore excluded variables that were negatively associated with venous thromboembolism. We then tested the ability of the solved logistic regression equation, the negative PERC rule, and the Canadian score <2 to reduce the pretest probability below the test threshold in the low and very low risk populations. The test threshold was estimated at 1.8%, using the method of  Pauker and Kassirer as described in the appendix [10]. .. The prevalence of pulmonary embolism was 11% (95% CI: 10–12%). .. First, logistic regression analysis found six variables to be non-significant: pleuritic chest pain, sub-sternal chest pain, syncope, smoking status, malignancy and pregnancy or immediate postpartum status. The continuous variables were then dichotomized by receiver operating characteristic curve analysis. The rounded cutoffs that generated the lowest likelihood ratio negative were age < 50 years, pulse rate < 100 beats min)1, systolic blood pressure < 110 mmHg, and pulse oximetry reading > 94%. Second, the variables immobility and sudden onset of symptoms were excluded due to low inter-observer reliability [j ¼ 0.30 (95% CI: 0.12–0.48) and j ¼ 0.48 (0.30–0.66), respectively,]. Third, the logistic regression equation was re-executed with 13 dependent variables; gender, dyspnea and systolic blood pressure were excluded for non-significance. The final logistic regression equation included 10 variables …Model fit was adequate based upon the likelihood ratio chi-squared and the Hosmer–Lemeshow statistics. Lastly, to develop a straight, all negative block rule, we excluded two negative predictor variables, cough and asthma/chronic obstructive pulmonary disease/active wheezing. 

The final PERC rule negative required age < 50 years, pulse <100, pulse oximetry >94%, no unilateral leg swelling, no hemoptysis, no recent surgery, no prior pulmonary embolism or deep venous thrombosis, and no oral hormone use. 

The PERC rule was then tested in two populations drawn from the emergency  department setting…Ninety percent of low-risk patients had a complaint of dyspnea or chest pain or both. One hundred and fourteen low-risk patients 114/1427 or 8% (95%CI 6.6–9.5%) were diagnosed and treated for venous  thromboembolism within 90 days. Seven hundred and ninety (55%) low-risk patients had venous thromboembolism excluded on the basis of D-dimer testing plus the absence of venous thromboembolism on 90-day follow-up (none lost to follow-up). In 637 low-risk patients, the D-dimer was positive but pulmonary embolism excluded on the basis of negative pulmonary vascular imaging [CT angiography-venography (N ¼ 215), CT angiography (N ¼ 275), scintillation lung scanning (N ¼ 126), or pulmonary angiography (N ¼ 21)] plus the absence of diagnosis of venous thromboembolism on 90-day follow-up. In the very low-risk population, the most common initial diagnoses were rule out acute coronary syndrome (22%), congestive heart failure (21%), asthma exacerbation (15%), pneumonia (12%), chronic obstructive pulmonary disease (7%), upper respiratory infection or bronchitis (6%). In 52/382 (13%) patients, a D-dimer was ordered later in the emergency department and 37 others had a D-dimer ordered after admission to the hospital. The D-dimer was positive in 42/89 patients (47%). Sixty-five very low-risk patients underwent pulmonary vascular imaging, 28 others had venous ultrasonography. Almost all of this diagnostic testing (90%) was performed in the 193 (50%) very low-risk patients who were hospitalized at the time of enrollment. Nine of 382 (2.4%, 1.0–4.4%) very low-risk patients were ultimately diagnosed with venous thromboembolism within 90 days… The PERC rule yielded a sensitivity of 96% (90–99%) and specificity of 27% (25–30%). One-quarter of the low-risk population had the PERC rule negative (N ¼ 362), and five of these patients developed venous thromboembolism. Thus, the false negative rate was 1.4% (0.5–3.0%), which was below the test threshold estimate of 1.8%. The Canadian score <2 had a sensitivity of 78% (67–84%) and a specificity of 44% (41–47%). Forty-two percent of low-risk patients had a Canadian score <2, and the probability of venous thromboembolism in this group was 4.5% (3.0–6.5%). In the very low-risk population, the estimation of a probability< 1.8% from the logistic equation again offered essentially no diagnostic utility owing to low specificity. The PERC rule detected all nine patients with venous thromboembolism (sensitivity 100%, 59–97.5%), but was negative in only 57 of 373 without disease, resulting in a specificity of 15% (11–18%). On the other hand, the Canadian score was < 2 resulted in a sensitivity of 78% (40–97%) and specificity of 76% (72–81%). In the very low-risk population, both the PERC rule and the Canadian score <2 produced false negative rates below the test threshold [0% (0–7%) and 0.6% (0–2.5%) for the PERC rule and the Canadian score<2, respectively]. 

Discussion

… On the beneficial side, the D-dimer can facilitate wider screening for pulmonary embolism and afford a higher rate of diagnosis of this potentially fatal disease. But the high false positive rate of the D-dimer can create the potential for a detrimental increase in pulmonary vascular imaging, increased patient length of stay in overcrowded emergency departments, and increased false positive diagnoses [14,20]. These concerns motivated us to develop the PERC rule. .. The derivation data were collected from emergency departments at 10 US hospitals with geographic, socioeconomic, and physician practice diversity. The derivation database contained no missing data on any of 21 variables for 3148 patients. … Although immobility was significantly associated with outcome of venous  thromboembolism in the derivation population, this variable was excluded secondary to low inter-observer agreement. Sudden onset of symptoms was similarly excluded. Curiously, sudden onset of symptoms was a significant negative predictor of venous thromboembolism in the derivation population. This finding contrasts to work by Miniati and colleagues that found sudden onset to be positively associate with presence of pulmonary embolism [22,24]. ... As opposed to more complex, variable weighted scoring systems or mixed rules that contain positive and negative predictors, we believe the block rule conforms better to the clinical thinking process…...To evaluate for possible bias or inaccuracy, we tested the rule in two validation populations. The two validation populations had very different underlying probabilities of venous thromboembolism. The low-risk population represents the patient strata in which a D-dimer is often ordered: a patient at low risk for pulmonary embolism, but not low enough for the clinician to justify not ordering some type of objective test. In the low-risk group, the probability of an outcome of venous thromboembolism was low (in comparison to many published studies), even in patients when the clinicians thought pulmonary embolism was the most likely diagnosis (9%, 7–11%). A substantial number of low-risk patients had sudden onset of symptoms with dyspnea or pleuritic chest pain, but without abnormal vital signs or risk factors. One interpretation of these findings is that clinicians feel compelled to order a D-dimer in younger patients with dyspnea or pleuritic pain because a good explanation is often lacking, and pulmonary embolism represents a lingering, unquantifiable threat to life. In contrast, the very low risk population was an older, heterogenous group of patients for whom clinicians initially felt certain had non-thromboembolic causes of dyspnea. Only 2% of these patients developed venous thromboembolism after 90 days of surveillance. 

We submit that most clinicians would prefer to not order a D-dimer in patients of this ilk, but without a defensible rationale, the decision to not test may cause self-doubt. The PERC rule was negative in one quarter of low-risk patients, and within 90 days, 1.4% of these patients developed pulmonary embolism or deep venous thrombosis – a rate less than the computed test threshold of 1.8%. In comparison, a larger proportion of low-risk patients (42%) were characterized by having a Canadian score<2, but the occurrence of venous thromboembolism was 4.5% in this group. This probability was significantly higher than 1.3% (0.5–2.7%) probability associated with a Canadian score < 2 in a multicenter validation study performed in an emergency  department population with a 9.5% overall prevalence of venous thromboembolism [11]. However, in the very low-risk population, the Canadian score <2 was helpful in as much as it was negative in 77% of patients, and the probability of venous thromboembolism in this group was 0.6%. The PERC rule was negative in only 15% of very low risk patients. Although no patient in the very low risk group with a negative PERC rule developed thromboembolism, this apparent 100% sensitivity must be interpreted with caution, given that the lower limit of the 95% CI was 59%, and the minority of very low-risk patients underwent pulmonary vascular imaging. This finding suggests that the Canadian score <2 is calibrated more appropriately to rule-out pulmonary embolism in a very low risk patient when a firm alternative diagnosis exists. The PERC rule required eight features to be absent, whereas the Canadian rule could allow any one of five risk features to be present and still yield a score< 2. Unfortunately, the Canadian score <2 did not capture all of the patients who went on to be diagnosed with pulmonary embolism within 90 days. …

We offer the PERC rule to compliment clinical judgment rather than replace it [25]. When Chagnon and colleagues applied the comprehensive scoring system developed by Wicki et al. the authors found that the addition of unstructured clinical suspicion of high risk complimented the Geneva score [23,26]. Kline et al. found a similar benefit to the addition of unstructured clinical suspicion of high risk added to a decision rule to determine when a patient is safe for a D-dimer based point of care protocol to rule out pulmonary embolism [13]. 

In any given patient, the derived block rule may be negative when a host of other factors not included in the rule may demand that the patient be tested further, such as known thrombophilia, a strong family history of thrombosis, or concurrent beta blocker use that could blunt reflex tachycardia. Likewise, clinical judgement has to be imposed for patients with borderline or indeterminate factors, such as patients with transient tachycardia, patients with amputations, massively obese patients in whom leg swelling cannot be reliably ascertained, or patients with baseline hypoxemia in whom a pulse oximetry reading <95% is long-standing. Clearly, no decision rule is comprehensive and should not be used in isolation from other influences that make a clinician believe that pulmonary embolism is present. 

We conclude that clinicians should pause before ordering a D-dimer on a patient under 50 years of age, and who has a pulse <100, a pulse oximetry >94%, no unilateral leg swelling, no hemoptysis, no recent surgery and no oral hormone use. When all eight factors are negative, the pretest probability of pulmonary embolism is likely to be so low that D-dimer testing for pulmonary embolism will not yield a favorable risk–benefit ratio. 
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The risk of CT angiography is primarily related to the incidence of life-threatening complications from

receiving contrast media plus the small risk of cancer from radiation exposure. The risk of life-threatening anaphylactoid reaction or severe pulmonary edema requiring intubation, or need for hemodialysis after a 150 mL dye load is about 1 in 2000 (Rt ¼ 0.0005). It has been estimated that the composite absolute increase in risk of malignancy induced by the radiation dose of CT angiography (2.4–3.0 mSv) is 1.5/15 000 [2,3]. Metaanalyses indicate that the sensitivity of CT angiography is approximately 85% (Ppos/d ¼ 0.85), and approximately 10% of scans are false positives (Ppos/nd ¼ 0.1) [4,5]. The only randomized controlled trial of anticoagulation vs. placebo performed demonstrated a 20% absolute reduction in the outcome of death [6]. After either 6 weeks or 6 months of anticoagulation, patients randomized to placebo have a 17– 18% rate of composite outcome of death or recurrence of PE, vs. 7–9% in patients treated with continued low-dose warfarin [7,8]. Based upon these data sources, Brx ¼ 0.15. The risk of major hemorrhage with treatment with warfarin for six months is about 1.7% (Rrx ¼ 0.017) [9]… The interpretation of this number is that patients with a pretest probability below 1.8% should not undergo D-dimer testing, because a positive D-dimer result would mandate CT angiography, and the probability of harm will outweigh the probability of benefit in this patient. One immediate question that follows is whether the 1.8% estimate should then be  increased to consider the fraction of patients in whom imaging could be avoided by a negative D-dimer test. However, this step would introduce the possibility of a false negative D-dimer and the attendant consequences of untreated venous thromboembolism. ..
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The main challenge in the diagnostic workup of patients with clinically suspected pulmonary embolism is to accurately and rapidly distinguish the approximately 25% of patients who have the disease and require anticoagulant treatment from the 75% who do not.1-2 A number of new approaches have improved the diagnostic process for pulmonary embolism. The first is the combination of a clinical decision rule such as the Wells score,3 which categorizes patients as low, intermediate, or high clinical probability of pulmonary embolism, with a D-dimer test. Several management studies have shown that pulmonary embolism can be safely ruled out without the need for additional imaging in patients with low clinical probability and a normal D-dimer test result, occurring in 20% to 40% of patients.3-5 In these studies, 3 categories of likelihood were used. However, a retrospective analysis suggested that the clinical utility of the Wells score could be further increased by using 2 instead of 3 categories of clinical probability, dichotomizing patients as either likely or unlikely to have had a pulmonary embolism ,3 but no large prospective studies evaluating this dichotomization have been carried out. 
Another advancement is computed tomography (CT), which has emerged as a prominent imaging technique for the exclusion or confirmation of pulmonary embolism, as well as the detection of alternative diagnoses.6-10 However, a critical missing piece of information has been whether it is safe to withhold anticoagulation treatment after a CT that is negative for pulmonary embolism.11-12 In a recent study,13 recurrent venous thromboembolism (VTE) occurred in 1.7% of patients who initially had a low or intermediate probability for pulmonary embolism using the Geneva score,14 an abnormal D-dimer test result, normal bilateral compression ultrasound (CUS) of the leg veins, and a normal multidetector-row CT scan. In that study, all patients with high probability for pulmonary embolism had to undergo pulmonary angiography after normal CT and normal CUS. A more efficient strategy would consist of an algorithm with a dichotomized decision rule, D-dimer testing, and CT, in which pulmonary embolism is considered excluded in patients with an unlikely clinical probability score and a normal D-dimer test result, while CT is used in all other patients as the sole imaging method to make management decisions. Therefore, we performed a prospective study in a large cohort of consecutive patients with clinically suspected pulmonary embolism to evaluate the effectiveness of this novel management strategy. 
Patients with clinically suspected pulmonary embolism were evaluated by an attending physician using a validated clinical decision rule (Table 1).3 Pulmonary embolism was classified as "unlikely" with a clinical decision rule score of 4 or less points, and "likely" with a score of more than 4 points. This cutoff was chosen because it has been shown to give an acceptable VTE diagnostic failure rate of 1.7% to 2.2% in combination with a normal D-dimer test result.3 
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Acute Pulmonary Embolism  (APE)
According to the National Center for Health Statistics, APE was the cause of death in 8620 people in the United States in 2002. It is estimated that some 600 000 Americans may suffer from a APE each year, many of which never are detected except upon autopsy. Furthermore, it is estimated that the diagnosis of APE is missed in approximately 400 000 patients in the United States per year. Approximately 10% of patients who develop PE die within the first hour, and 30% die subsequently from recurring emboli. If left untreated, approximately one third of patients who survive an initial PE subsequently will die from a future embolic event. However, prompt anticoagulant treatment decreases the mortality rate to less than 5%. 

The presentation of PE varies from a sudden onset of catastrophic hemodynamic collapse to a gradual progression of dyspnea. There are 4 main categories of APE based on acuity and severity of pulmonary arterial occlusion: massive PE, acute pulmonary infarction, acute embolism without infarction and multiple pulmonary emboli. A massive PE involves a large emboli that compromises sufficient circulation to produce circulatory collapse and shock. An acute pulmonary infarction happens in about 10% of patients who have a peripheral occlusion of a pulmonary artery that causes a parenchymal infarction. With acute embolism without infarction, the patient experiences nonspecific symptoms of unexplained dyspnea and or substernal pain. Multiple episodes of pulmonary emboli may result in widespread obstruction of the pulmonary circulation. DVT is the most common cause of a pulmonary embolism and the American Heart Association estimates that DVT occurs in about 2 million Americans every year. 

Symptoms of PE

The diagnosis of PE often is missed because patients with PE present with nonspecific signs and symptoms. Many conditions ranging from myocardial infarction to toxic shock syndrome can produce signs and symptoms that are similar to those associated with pulmonary embolism. The most common symptoms of PE determined by the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study were dyspnea, occurring either while active or at rest (73% of the patients), and pleuritic chest pain, which often mimics a heart attack (66% of the patients). The pain radiates down one side of the body from the shoulder or jaw down to the arm. It may be sharp and stabbing or aching and dull and may be pleuritic in nature aggravated by breathing deeply, coughing, bending or stooping over. Generally the pain becomes worse with exertion but does not go away even when at rest. Coughing occurs in 37% of patients, and 13% of patients experience hemoptysis (spitting up blood or bloody sputum). Additional symptoms include excessive sweating, tachycardia, lightheadedness or syncope , wheezing, clammy or cyanotic skin, a weak pulse or leg edema. However, other pathological disease states can cause similar symptoms and they must be ruled out. Signs that can be heard through a stethoscope include tachypnea, rales (crackles), tachycardia, a fourth heart sound and an accentuated pulmonic component of the second heart sound. Blood work and an electrocardiogram usually can rule out a myocardial infarction and yje cardiogram may be helpful in identifying APE by finding S1Q3T3 or T wave inversion in both Anteroseptal and Inferior leads (whereas T wave inversion in I and AVL essentially only occurs in ACS).

Factors That Contribute to Clot Formation 

Approximately 50% of people who develop abnormal blood clots have an inherited tendency for their formation. Blood clots also can form in the deep veins of the leg during prolonged bed rest due to a serious illness or major surgery, especially after pelvic surgery, knee replacement and heart surgery. Other factors contributing to the formation of venous thromboembolism include fractures of the hip or femur, a heart attack or myocardial infarction, stroke, certain blood disorders or secondarily increased procoagulants from cancer, especially pancreatic, lung and ovarian cancers. Hormone replacement therapy with estrogen and birth control pills, pregnancy and smoking are other possible risk factors. 
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Table 3. Risk Factors for VTE 

	Surgery


	Trauma (major or lower extremity)


	Immobility, paresis


	Malignancy


	Cancer therapy (hormonal, chemotherapy, or radiotherapy)


	Previous VTE


	Increasing age


	Pregnancy and the postpartum period


	Estrogen-containing oral contraception or hormone replacement therapy


	Selective estrogen receptor modulators


	Acute medical illness


	Heart or respiratory failure


	Inflammatory bowel disease


	Nephrotic syndrome


	Myeloproliferative disorders


	Paroxysmal nocturnal hemoglobinuria


	Obesity


	Smoking


	Varicose veins


	Central venous catheterization


	Inherited or acquired thrombophilia



	








