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Introduction
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A CTPA (computed tomography pulmonary angiography)
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Effectiveness of Managing Suspected
Pulmonary Embolism Using an Algorithm
Combining Clinical Probability, D-Dimer
Testing, and Computed Tomography

JAMA2006;295:172179 PMID: 16403929
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A PE unlikely  D-dimer 500 ng/mL PE = CTPA

A CTPA

A n = 3306

A CTPA 3 VTE 0.5% 95%CI10.21.1 %
A CTPA PE 34.6 %41028/2970)

A 3 VTE 1.0 %(23/2296)

*VTE = Venous thromboembolism = PE/DV



3
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Table 3. Venous Thromboembolic Events (VTEs) During 3-Month Follow-up (n = 3138)*

Total VTEs, Fatal Pulmonary Embolism,
Variable No. 0. (%) [95% Cl] No. (%) [95% CI]
Pulmonary embolism unlikely 1028  5[0.5)0.2-1.1] 0 (0) [0.0-0.3]
and normal D-dimer test result
Pulmonary embolism excluded by CT 1436 18|(1.3)J0.7-2.0] 7 (0.9) [0.2-1.0]
CT normal /64  9(1.2)[0.5-2.2] 3(0.4) [0.1-1.1]
CT alternative diagnosis 672 9(1.3) [0.6-2.5] 4 (0.6) [0.1-1.5]
Pulmonary embolism diagnosed by CT 674 20 (3) [1.8-4.9] 11 (1.6) [0.8-2.9]

Abbreviations: Cl, confidence interval; CT, computed tomography.
*A total of 168 patients were excluded due to treatment with anticoagulation outside of protocol, inconclusive CT, or

CT not performed.

3 VTE

1.0 %= (5 + 18) / (3138 168¢ 674 ) = 23/ 2296
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PE unlikely (n = 2898)
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Table 3. Study Results According to D-Dimer Assays

VTE

Low/Intermediate D-Dimer
or Unlikely 3-mo Thromboembolism Risk >500 pg/L and 3-mo Thromboembolism Risk

Clinical Probability, D-Dimer No. of Events/ <Age-Adjusted No. of Events/
D-Dimer Assay No. of Patlents <500 pg/L Total Patients % (95% Cl) Cutoff Total Patlents % (95% C1)
VIDAS D-Dimer 1345 423 0/417 0.0 (0.0-0.9) 130 0127 0.0 (0.0-2.9)
Exclusion
Innovance D-Dimer 338 202 1/202 0.5 (0.1-2.8) 103 1/103 1.0(0.2-5.3)
STA-Liatest 389 132 0/132 0.0 (0.0-2.8) 49 0/47 0.0 (0.0-7.6)
D-Dimer
D-Dimer HS 500 185 32 0/31 0.0 (0.0-11.0) 23 0/23 0.0 (0.0-14.3)
Second-generation 128 26 0/26 0.0 (0.0-12.9) 32 0/31 0.0 (0.0-11.0)
Tina-quant
Cobas h 232 13 2 0/2 0.0 (0.0-65.8) 0
Total 2898 817 1/8 00.1(0.0-0.7) 337 1/331 0.3(0.1-1.7)

A D-dimer (500 ng/mL)

3 VTE

A D-dimer (500 ng/mL and ageadjusted cutoff)

3 VTE

0.1% 95%CI 0. 0.7 %

0.3% 95%CI0.£ 1.7 %
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YEARS algorithm

Suspected acute pulmonary embolism

Order D-dimer test and score presence of the three YEARS items:

Clinical signs of deep vein thrombosis

Haemoptysis

Pulmonary embolism the most likely diagnosis
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Procedures (YEARS algorithm, figure

Suspected acute pulmonary embolism

Order D-dimer test and score presence of the three YEARS items:

Clinical signs of deep vein thrombosis

Haemoptysis

Pulmonary embolism the most likely diagnosis

*YEARS
D-dimer

(

v

v

v

v

O YEARS items
D-dimer <1000 ng/mL

OYEARS items
D-dimer =1000 ng/mL

=1 YEARS items
D-dimer <500 ng/mL
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D-dimer =500 ng/mL

v

v
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Pulmonary embolism
excluded

Order CTPA
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Order CTPA
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CTPA scan protocol
I R

CT Multidetector CT Multidetector CT
100¢ 120 mL PE 100 mL
PE/DVT: 150 mL
3-5mL/s 3 mL/s
Bolus tracking
9-20 CT 150
0.6¢ 0.8 mm 1 mm
D-dimer D-dimer
ELISA etc (Quantitativelatex)
95¢ 97 %)2 * 89-95 04)2)

1)2)YJThrombHaemos2008; 6: 105871, Ann Intern Med2004;140:589%602



D-dimer assays

Vidas Bdimer Exclusion® ELISA and fluorescence
Biomerieux, Marcy Q; G§2Af S CNJ) yOS

Tinaquant® Secondgeneration latex agglutination
Roche Diagnostica, Mannheim, Germanymmuno-turbidimetric)

STALIA® Secondgeneration latex agglutination
DiagnosticaStago, Asnieres, France (immuno-turbidimetric)

Innovance® Secondgeneration latex agglutination
Siemens, Marburg, Germany (immuno-turbidimetric)



Test

Tier 1
analysist

M
Quantitative

D-dimer

Pulmonary Embolism

etc

Sensitivi
(95% CH

0.95|| (0.85-1.00)
0.95|| (0.83-1.00)

rapid ELISA

Semi-
quantitative
rapid ELISA

Qualitative
rapid ELISA

[Quantitative
latex

0.93|| (0.79-1.00)

0.93 (0.74-1.00)

0.89 (0.81-0.98)

Semi-
quantitative
latex

Whole-
blood

0.92 (0.79-1.00)

0.78 (0.64-0.92)

Specifici
(95% CIP;

0.44 (0.34-0.54)
0.39 (0.28-0.51)

0.36 (0.23-0.50)

0.68|| (0.50-0.87)
0.45 (0.36-0.53)

0.45 (0.21-0.59)

0.74|| (0.60-0.88)

Positive
Likelihood Ratio
{95% CL)

1.68 (1.44-1.95)
1.56 (1.32-1.83)

1.45 (1.20-1.76)

292 (1.774.79)
1.62 (1.43-1.84)

1.68 (1.35-2.09)

2.93 (1.89-4.52)

Negative
Likelihood Ratio
(95% CL)

0.13§ (0.03-0.58)
0.13§ (0.02-0.84)

0.20§ (0.04-0.96)

0.115 (0.01-0.93)
0.24 (0.13-0.45)

0.17§ (0.04-0.78)

0.31 (0.18-0.51)

Ann Intern Med2004;140:58%602. PMID: 15096330
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Outcomes

A Primary outcome *
3 VTE (PE/DVT)

A Secondary outcome
CTPA

V Modified Wellsrule D-dimer (cutoff: 500ng/ml)

V Modified Wellsrule Age adjusted Ddimer (cutoff:

X 10)
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PE/DVT

= protocol

PE positive CTPA, CTPA
high probability V/Q scan, V/Q scan mismatch
positive
DVT or or
4mm

Supplementary appendix
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YEARS algorithm

CTPA diagnostic failure(= ) 1.2%
2.7 % 95%ClI
2.7/% CTPA VTE ClinicaRadiology2001 56 838842
Hp) CTPA 1333 CTPA 1629
Hp) 3260 3465

6h I nonp 0
61 I noy 0
Primary outcome: peprotocol approach
Secondary outcome: intentieto-diagnose approach
SPSS (version 23)
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Flowchart of study patients (figure 2)

3616 patients with dinically suspected acute pulmonary embolism

3616 151 151 excluded
37 life expectancy <3 months or inability of follow-up
15 anticoagulant treatment for =24 h

95 pregnancy
4 contraindication to CTPA

h 4
3465 study patients managed according to the YEARS algorithm

v 3465 v
1743 no YEARS items 1722 =1 YEARS items

1743 1722
YEARS 0 YEARS 1




3465 (table 1)

.

Mean age (years) 53(18)

Women 2154 (62%) \J\ 60 %

Median duration of complaints (days) 3(1-8)

COPD with treatment 423 (12%)

Heart failure with treatment 137 (4%)

Oestrogen use (% of women) 337 (16%)

Immobilisation or surgery in the past 4 weeks 407 (12%) J

Outpatient 2996 (86%) ———— 86 %
Heart rate greater than 100 beats per min 683 (20%) %

History of pulmonary embolism or deep vein 359 (10%) \L HR >100bpm 20 %
thrombosis

Malignancy 336 (9-7%) \j\ 10 %

Data are mean (SD), n (%), or median (IQR). COPD=chronic obstructive pulmonary
disease.
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D-dimer

1743 no YEARS items

(cut off: 1L000Nng/mL) E

v

v

1320 D-dimer <1000 ng/mL

embolism

16 CTPA done because of protocol
violation, none showing acute pulmonary

423 D-dimer 21000 ng/mL
1 no D-dimer test done

v

y

368 pulmonary embolism
excluded after CTPA

55 pulmonary embolism
confirmed by CTPA and
received treatment

55 PE.




1743
YEARS O

D-dimer
(cut off: 1L000Nng/mL)

1306 did not receive
anticoagulant
treatment

14 started anticoagulant
treatment for reasons
other than venous
thromboembolism

352 did not receive
anticoagulant
treatment

16 started anticoagulant
treatment for reasons
other than venous
thromboembolism

h 4

h 4

14

3 follow-up
PE
DVT

( PE

Follow-up at 3 months

2 non-fatal events
1 pulmonary embolism
1 deep vein thrombosis

2 pulmonary embolism
not excluded as cause of
death

4 lost to follow-up

Follow-up at 3 months

3 non-fatal events
2 pulmonary embolism
1 deep vein thrombosis

3 pulmonary embolism
not excluded as cause of

death

16
3 follow-up
PE
DVT




1722

YEARS ’ \ 4
D-dimer 1722 =1 YEARS items

(cut off: 500 ng/ml)

v v

331 D-dimer <500 ng/mL 1391 D-dimer =500 ng/mL
24 CTPA done because of protocol violation, 2 no D-dimer test done
of which 3 were indicative of pulmonary
embolism and received anticoagulants

v v

990 pulmonary embolism 401 pulmonary embolism
excluded after CTPA confirmed by CTPA
and received treatment

401 PE.
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YEARS 1
D-dimer

(cut off: 500ng/ml)

L A

327 did not receive
anticoagulant
treatment

4 started anticoagulant
treatment for reasons
other than venous
thromboembolism

966 did not receive
anticoagulant
treatment

24 started anticoagulant
treatment for reasons
other than venous
thromboembolism

4 24
h 4 A 4
3 fO”OW—Up Follow-up at 3 months Follow-up at 3 months 3 f0||OW-Up
3 PE 3 non-fatal events 4 non-fatal events DVT
3 pulmonary embolism 4 deep vein thrombosis
(diagnosed at baseline) 1 pulmonary embolism ( PE

not excluded as cause of
death

1 lost to follow-up

)




Results (summary)
| vEARSaoitm  Ja2RATASR SO

3 0.61 % (95%@136-0.96) 1.00 %

VTE JAMA2006;295:172179
CTPA 0.43 % (95%CI 0.10/88) 0.34 % (95%@L036¢ 0.96)
3 VTE ThrombRes2010 Apr;125(4):e123
CTPA 0.84 % (95%CI 0.475) 1.2 % (95%CI| 0B8)
3 VTE ThrombRes2010 Apr;125(4):e123
3 VTE 0.30 % (95%CI 0.4278) 0.6 % (95%CI G41)

P E ThrombRes2010 Apr;125(4):e123
CTPA 1611 (46 %) 1174 (34 %)

( ) 0.51 %95%Cl: 0.3D.84  0.65% (95%CI 0.381.11)

Ann Intern Med. 2016;165:25261

*



Primary Outcomes (table 2)

3

Patients (n)

Total venous
thromboembolism

VTE

Fatal pulmonary
embolism™ (n[%, 95% Cl])

(n[%, 95% Cl])

18 (0-61%, 0-36-0-96)

6 (0-20%, 0-07-0-44)

Completed algorithm 2946

Patients managed fvithout CTPA 1629

Patients managed vith CTPA 1317
A 2946 3 2946
A VTE: 0.61%a 2 RA FA SR
A VTE: 0.20% 2 RA TASR
A CTPA , CTPA

A CTPA 7 85

7 (0-43%, 0-17-0-88)
11 (0-84%, 0-47-1-5)

0.84 % vs CTPA

2 (0-12%, 0-01-0-44)
4 (0-30%, 0-12-0-78)

20D 0of 140 Aos 20N B Z priD: 164030
8. 3D Dof:ad Aos.2eNHZ pviD 1640302

0.43 %
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CTPA

(table 4)

Sex Age YEARS Wells' D-dimer Interval Outcome Circumstances of outcome event Adjudicated as
(years) score score* concentration (days)
(ng/mL)
Patient1 Female 59 0 0 609 54 Death Patient developed cardiac arrest during admission for Pulmonary embolism not
— acute severe pancreatitis, and was known to have excluded as cause of death
myotonic dystrophy type 1with severe cardiomyopathy
and arrhythmias; implantable cardioverter-defibrillator
was deactivated after reqular unjustified defibrillations;
resuscitation was unsuccessful
Patient2 Male 78 0 1 898 11 Death Patient was diagnosed with end-stage metastasised Pulmonary embolism not
oropharyngeal carcinoma; found deceased in nursing home  excluded as cause of death
Patient3 Female 89 ] 15 610 18 Pulmonary embolism  Patient diagnosed on CTPA with subsegmental pulmonary Non-fatal pulmonary
embolism during admission for pneumonia and acute embolism
heart failure related to severe aortic valve stenosis and
mitral valve insufficiency. Patient died 7 days after
treatment, which was voluntarily withheld
Patient4 Male 52 0 1 560 49 Deep vein thrombosis ~ Patient had deep vein thrombosis 14 days after surgery for Deep vein throm
glioblastoma multiforme DVT
Patient5 Female 21 2 5.5 380 0 Pulmonary embolism  CTPA done because of protocol violation at baseline Non-fatal pulmo
embolism PE
Patient6 Male 58 1 3 420 0 Pulmonary embolism  CTPA done because of protocol violation at baseline Non-fatal pulmonary PE
embolism
——
Patient7 Female 71 1 6 410 0 Pulmonary embolism  CTPA done because of protocol violation at baseline Non-fatal pulmonary PE
S

PE

embolism
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