Pulmonary Embolsim: DIAGNOSIS

updated 1/17/05 for CP, EKG

need to update D-dimer section

see NEJM Sept 25 2003 for pathways

QUESTIONS TO ALWAYS KEEP IN MIND

Who should we treat with anticoagulation?

How can we avoid unnecessary anticoagulation?

EPIDEMIOLOGY (1-3)

300,000 patients diagnosed/year

50,000 deaths

600,000 estimated undiagnosed

Mortality rate, untreated - ~30%

Mortality rate, anticoagulants 2-8%

PE not confirmed in 2/3 of patients in whom it is clinically suspected

PATHOPHYSIOLOGY

Etiologic agents of thromboembolic disease are classically described by discussing Virchow's triad: stasis, endothelial injury, and hypercoaguablity.  The list of thrombophilic states, particularly relevant for the surgical fields, is headed by: recent surgery, immobilization, cancer, and heriditary thrombophilias.  Interestingly,  DVTs are present in up to 17% of pts with idiopathic venous thromboembolism.  Typical malignancies associated with thromboembolism  include pancreatic and prostate (8-11).  The more common genetic thrombophilias, in order of appearance, are Factor V Leiden  (seen in up to 40% cases of venous thromboembolism), Increased Factor VIII,  Prothrombin 20210 mutation, APLA, ATIII mutation,  Protein C mutation, and Protein S mutation.  For a more complete discussion of the various thrombophilias, please see Robbins and the references below (6,7).

Venous thromboemboli usually occur in deep veins of LE, at sites of decreased flow, such as cusps or bifurcations.  The iliofemoral thrombi most clinically recognized (4).

Impairments of gas exchange that occur following large thromboemboli cannot be explained solely on the basis of mechanical obstruction of the vascular bed and an elevated ventilation to perfusion ratio in some lung units. Gas exchange abnormalities probably are more closely related to the release of inflammatory mediators, resulting in surfactant dysfunction, changes in vascular permeability, and functional intrapulmonary shunting (5).

CLINICAL PRESENTATION
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ArchIM 1986.146.1699, ArchIM 1988.148.838, Chest.1996.109.78

Summarized in McGee, Stephen: Evidence Based Physical Diagnosis

In summary, only a history of cancer, the presence of calf pain or swelling, and tachycardia argue for a PE, and only a heart rate less than 90 argues against a PE.  Given the poor accuracy of these individual findings, there have been two scoring systems, named for their authors, Hoellerich (ArchIM 1986.146.1699) and Wells.  To summarize, clinical probability is determined by type of presentation, presence of risk factors, and presence of an alternative diagnosis

TYPE OF PRESENTATION

	Severe
	Typical
	Atypical

	Typical plus:

 1. Syncope

 2. SBP <90

 3. FiO2>40%

 4. Acute cor pulmonale
	2 or more respiratory findings 

 1. Dyspnea

 2. Pleuritic chest pain

 3. Non pleuritic but non retrosternal chest pain

 4. Sa02<92 on RA

 5. Hemoptysis

 6. Pleural rub
	Everything else


CLINICAL PROBABILITY BASED ON PRESENTATION, RISK FACTORS, AND ALTERNAIVE DIAGNOSIS

	
	Type of presentation
	Risk factors present?
	Alternative dx likely?

	High
	Severe

Typical
	-

Yes
	No

No

	Low
	Typical

Atypical

Atypical

Atypical
	No

No

No

Yes
	Yes

Yes

No

Yes

	Moderate
	All other combinations


ACCURACY OF CLINICAL PROBABILITY FROM WELLS CRITERIA

	
	SN
	SP
	LR+

	Low 
	12
	31
	0.17

	Moderate
	52
	-
	

	High
	37
	98
	17.1


MODIFIED WELLS CRITERIA (20)

Clinical sx of DVT                          3                            Probability
Other dx less likely than PE          3                           high >6.0

HR >100                                       1.5                         moderate 2-6

Immobilization or surg last 4 w    1.5                         low <2.0

Previous DVT/PE                         1.5

Hemoptysis                                   1

Malignancy                                    1

EKG 

• S1 Q3 T3 pattern (JAMA 1935.104.1473) (30)

   - S in I, Q in III >1.5mm

   - TWI in III

• TWI in V1-V3 (Chest 1997.111.537)
• sinus tach

• +/-RBBB, RAD, atrial arrythmias

• P pulmonale=RAE

Ferrari. Chest 1997;111:537-43.  80 pts between 1992-1994 in Nice, France hospitalized in cardiology unit for PE, confirmed with angiography. Ex crit (resulted in exclusion of 32 pts): hx of cardiopulm dz, on antiarrhythmic rx, hypokalemia, abnormal pH. Suggests that TWI in precordial leads is most common abnormality and also indicator of severity, and therapeutic efficacy when giving thrombolytics
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CXR  (data from PIOPED study)

- offers information about competing diagnoses, only 12% were normal in pts with PE, otherwise  insensitive and nonspecific

- atelectasis, pulm parenchymal abnormality, cardiomegaly most frequent findings

V/Q scan

- normal V/Q virtually excludes PE (according to PIOPED study) but almost all people had some abnormality on V/Q scan

- some suggest that combined low probablity V/Q with low clinical suspicion, or negative IPG, negates the need for further testing

SENS - ~ 50, SPEC - 97

IMPEDANCE PLETHYSMOGRAPHY (IPG) (23)

- patient lies still while a thigh cuff is inflated

- change in blood volume at the calf is measured from the impedance of the calf as determined by electrodes wrapped around it

- after rapid deflation of the cuff, the proportional change of impedance over the subsequent three seconds is used to measure venous outflow obstruction

- somewhat uncomfortable for patients

- equipment, and the skilled personnel to use it, is much more rare than ultrasonography

COLOR FLOW DOPPLER WITH COMPRESSION ULTRASOUND

- proven to be more clinically useful than IPG (24)

SENS ~ 89, SPEC ~ 89

D-DIMER (13-15)

There are two types:

1. latex agglutination - cheaper, quicker result, useful in screening to see if ELISA needs to be done (if latex agglutination is elevated, ELISA will also be elevated, if latex agglutination is negative, result needs to be confirmed by ELISA, because latex agglutination test has been shown to have wide 95% CI in ruling out PE (26).

2. ELISA - high NPV, low SPEC, more expensive, slower result

- SENS - high, present at levels >500ng/mL in virtually all pts with PE

- SPEC - low (CA, recent surgery)

- NPV - 85 (13)

- A normal D-dimer ELISA test result is useful in excluding pulmonary embolism in patients with a low pretest probability of pulmonary embolism or a nondiagnostic lung scan (NPV 99%)

- One prospective cohort study of note showed that in a  “bedside” panel of latex agglutination D-Dimer plus IPG, normal values of both tests had a 98.5 NPV.  Patients with negative results were withheld from anticoagulation and monitored for 3 months (27).

- Used alone in ER seting, SENS declines to 65 %, NPV 81%, and therefore it is not appropriate (16).

- Tests are plagued by a lack of assay standardization

PULMONARY ANGIOGRAPHY (21)

- definitive diagnostic technique

- usually transfemoral catheterization and injection into PA (4 injetions, 4 views R and L AP, R and L oblique with magnification)

- mortality of procedure less than 1 in 200, Morbidity about 5 % 

- severe complications

  Death 0.5 %

  Cardiopulmonary compromise requiring intubation or resus 0.4%

  Renal failure req dialysis 0.3%

  Groin hematoma req transfusion 0.2%

- common complications

 elevation in Cr 0.9%

 cardiac perforation 1%

 major arrhythmias 1%

- in general, when definitive dx is necessary, procedure outweighs the risks

HELICAL CT

	SENS 53 – 100, SPEC 78-100

	PROS:

- readily available in many centers

- quick

- information about competing diagnoses

- two recent studies showed that the risk of PE was very low for people who were not anticoagulated after receiving a negative helical CT (2, 3).
	CONS

- reader expertise required

- contrast similar to angiogram

- limited ability to detect emboli in segmental arteries, which may be physiologically insignificant, but suggestive of future emboli

- little well-supported evidence


ANN INTERN MED 2003;138:307-314.
DESIGN: Three hospitals in the Netherlands, prospective study, 3 month follow-up

PATIENTS: 510 consecutive inpatients and outpatients with clinically suspected PE

INTERVENTIONS: 2mm CT within 24 h of presentation, positive PE or alternative diagnoses were treated accordingly, normal or inconclusive  CT followed by compression US at 1,4,7 days.  Positive thromboembolism on US treated with oral anticoagulants.  

FOLLOWUP: For 3 month period, pts who presented with signs or symptoms of DVT, PE evaluated by compression US/phebography or pulmonary angiography, respectively.

RESULTS: 

24% PE

25% Alternative dx          1st day                   4-7 days

49% Normal   --------(   2/248 DVT            0/248 DVT

Mortality in group with normal CT was 4.1%, 0% from PE, 0.4% developed non fatal PE, 

Total venous thromboembolism rate in normal CT and US, 0.8% (0.2-2.3), if US not done total venous thromboembolism rate would be 1.3% (0.4-3.1), and only 77% pts completed 3 compressions

CONCLUSION: SENS=99.6, no death attributable to PE in any pts with normal CT, therefore CT can be used safely as primary diagnostic tool to rule out PE, and serial US has limited additional value.

CAVEATS:

- no assessment made of presence of PE in addition to “alternative diagnoses” (PNA, CA most common)

- 611 pts eligible, only 512 signed informed consent

- used experienced radiologists

- NO patients were lost to followup

LANCET 2002;360:1914-20.
DESIGN: 14 hospitals in France, prospective study, 3 month follow-up

PATIENTS: 1092 consecutive inpatients (23.1%) and outpatients (76.9%) with clinically suspected PE

INTERVENTIONS: All pts had clinical assessment, 2-3mm CT, and 1 US; pts with low or intermediate probability and negative CT and US left untreated.  Those with high probability had V/Q, PA, or both. 

FOLLOWUP: telephone interviews 1m and 2m after intervention, outpt clinic visit at 3m, or death registry assessment.

RESULTS: PE diagnosed in 35% pts, 16% had positive US despite negative CT.  76/601 had negative CT and US but high clinical probability of PE, and 4 of these (5.3%) had PE.  Of those with low or intermediate clinical probability, 9/507 had VTE during f/u.  Diagnostic strategy inconclusive in 9.1% pts.  PA done in 7.1% pts.

CONCLUSION: Ct should not be used in isolation to exclude diagnosis of PE.  Negative CT combined with low or intermediate clinical probability can safely exclude PE in outpatients, but further studies needed to evaluate validity in inpatients. 

MRI

- SENS and SPEC similar to helical CT

- like CT, lobar or central emboli are more easily detected than segmental or isolated subsegmental emboli

PROS

- contrast relatively easily (gadoteric acid)

- no radiation

CONS

- pts with metal in tissues

Treatment recommendations vary tremendously, consult accordingly

CONCLUSIONS

1. The combination of clinical assessment, lung scanning, D-dimer testing, and venous ultrasound will confirm or exclude acute pulmonary emboli in many patients.

2. Anticoagulation can be safely withheld from patients with a low pretest clinical probability as defined by the Wells criteria, and a negative D-dimer (<500 ng/mL by ELISA or a negative latex agglutination assay).

3. Anticoagulation also can be safely withheld from patients with low or moderate pretest clinical probability by the Wells criteria, a non-high probability lung scan, and either negative serial venous ultrasounds or a negative D-dimer (<500 ng/mL by ELISA or a negative latex agglutination assay).

4. In patients with malignancy or recent surgery, D-dimer measurements are rarely helpful in excluding pulmonary emboli.

5. Pulmonary angiography remains the gold standard for diagnosis and will be needed in up to 20 percent of patients with suspected pulmonary emboli and inconclusive noninvasive evaluations.

6. CT angiography shows promise as a noninvasive test for pulmonary embolism. Significant experience is required to optimally obtain and interpret images, however, and a negative result should be interpreted cautiously pending further data on the performance characteristics of the test.

REFERENCES

1. The clinical course of pulmonary embolism. N Engl J Med 1992 May 7;326(19):1240-5

2. Pulmonary embolism. N Engl J Med 1998 Jul 9;339(2):93-104 

3. Acute pulmonary embolism: clinical outcomes in the International Cooperative Pulmonary Embolism Registry (ICOPER). Lancet 1999 Apr 24;353(9162):1386-9.

4. Is embolic risk conditioned by location of deep venous thrombosis? Ann Intern Med 1981 Apr;94(4:t 1) p439-44 

5. Bronchoalveolar lavage alterations in pulmonary embolism. Am J Respir Crit Care Med 1998 Nov;158(5 Pt 1):1504-10 

6. Value of the ventilation/perfusion scan in acute pulmonary embolism. Results of the prospective investigation of pulmonary embolism diagnosis (PIOPED). JAMA 1990 May 23-30;263(20):2753-9 

7. Venous thrombosis: a multicausal disease.  Lancet 1999 Apr 3;353(9159):1167-73 

8. Deep-vein thrombosis and the incidence of subsequent symptomatic cancer. N Engl J Med 1992 Oct 15;327(16):1128-33 

9. Occult cancer in patients with deep venous thrombosis. A systematic approach. Cancer 1991 Jan 15;67(2):541-5.

10. Deep-vein thrombosis. N Engl J Med 1994 Dec 15;331(24):1630-41 

11. Occult cancer in patients with venous thromboembolism: which patients, which cancers. Thromb Haemost 1997 Nov;78(5):1316-8.

12.  Diagnosis of pulmonary embolism in patients with proximal deep vein thrombosis: specificity of symptoms and perfusion defects at baseline and during anticoagulant therapy. Am J Respir Crit Care Med 2001 Sep 15;164(6):1033-7. 

13. Sensitivity and specificity of a rapid whole-blood assay for D-dimer in the diagnosis of pulmonary embolism. Ann Intern Med 1998 Dec 15;129(12):1006-11.

14. Evaluation of a new, rapid, and quantitative D-Dimer test in patients with suspected pulmonary embolism. Am J Respir Crit Care Med 1998 Jul;158(1):65-70.

15.  Non-invasive diagnosis of venous thromboembolism in outpatients. Lancet 1999 Jan 16;353(9148):190-5.

16. A negative SimpliRED D-dimer assay result does not exclude the diagnosis of deep vein thrombosis or pulmonary embolus in emergency department patients. Ann Emerg Med 2000 Feb;35(2):121-5.

17. Acute pulmonary embolism: assessment of helical CT for diagnosis. Radiology 1998 Oct;209(1):235-41.

18. Pulmonary embolism: prospective comparison of spiral CT with ventilation-perfusion scintigraphy. Radiology 1997 Nov;205(2):447-52.

19. Performance of helical computed tomography in unselected outpatients with suspected pulmonary embolism. Ann Intern Med 2001 Jul 17;135(2):88-97.

20.  Excluding pulmonary embolism at the bedside without diagnostic imaging: management of patients with suspected pulmonary embolism presenting to the emergency department by using a simple clinical model and d-dimer. Ann Intern Med 2001 Jul 17;135(2):98-107. 

21. Complications of Pulmonary Angiography. In: Pulmonary Embolism, Stein, PD (Ed), Williams Wilkins, Baltimore 199. p.195.

22. Comparison of contrast-enhanced magnetic resonance angiography and conventional pulmonary angiography for the diagnosis of pulmonary embolism: a prospective study. Lancet. Volume 359, Number 9318 11 May 2002

23. Impedance plethysmography: the relationship between venous filling and sensitivity and specificity for proximal vein thrombosis. Circulation 1978 Nov;58(5):898-902.

24. A comparison of real-time compression ultrasonography with impedance plethysmography for the diagnosis of deep-vein thrombosis in symptomatic outpatients. N Engl J Med 1993 Nov 4;329(19):1365-9.

25. CT for thromboembolic disease. Radiol Clin North Am - 01-Jul-2002; 40(4): 751-71.

26. D-dimer in patients with clinically suspected pulmonary embolism. Chest 1993 Dec;104(6):1679-84

27. The use of D-dimer testing and impedance plethysmographic examination in patients with clinical indications of deep vein thrombosis. Arch Intern Med 1997 May 26;157(10):1077-81.

28. Subsequent Pulmonary Embolism: Risk after a Negative Helical CT Pulmonary Angiogram- Prospective Comparison with Scintigraphy. Radiology 2000 May;215(2):535-42

29. Clinical validity of helical CT being interpreted as negative for pulmonary embolism: Implications for patient management Am J Roentgenol 172:1627-1631,1999.

30. McGinn S, White PD. Acute cor pulmonale resulting from pulmonary embolism: its clinical recognition. JAMA 1935;104:1473-80.







