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Pulmonary embolism (PE) is a common, potentially life-threatening yet treatable condition.
Prompt diagnosis and expeditious therapeutic intervention is of paramount importance
for optimal patient management. Our objective was to systematically review the accuracy
of D-dimer assay, compression ultrasonography (CUS), computed tomography pulmonary
angiography (CTPA), and ventilation-perfusion (V/Q) scanning for the diagnosis of
suspected first and recurrent PE. We searched Cochrane Central, MEDLINE, and EMBASE
for eligible studies, reference lists of relevant reviews, registered trials, and relevant
conference proceedings. 2 investigators screened and abstracted data. Risk of bias was
assessed using Quality Assessment of Diagnostic Accuracy Studies-2 and certainty of
evidence using the Grading of Recommendations Assessment, Development and
Evaluation framework. We pooled estimates of sensitivity and specificity. The review
included 61 studies. The pooled estimates for D-dimer sensitivity and specificity were

0.97 (95% confidence interval [CI], 0.96-0.98) and 0.41 (95% CI, 0.36-0.46) respectively,
whereas CTPA sensitivity and specificity were 0.94 (95% CI, 0.89-0.97) and 0.98 (95% CI,
0.97-0.99), respectively, and CUS sensitivity and specificity were 0.49 (95% CI, 0.31-0.66)
and 0.96 (95% CI, 0.95-0.98), respectively. Three variations of pooled estimates for
sensitivity and specificity of V/Q scan were carried out, based on interpretation of test
results. D-dimer had the highest sensitivity when compared with imaging. CTPA and V/Q
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scans (high probability scan as a positive and low/non-diagnostic/normal scan as negative)
both had the highest specificity. This systematic review was registered on PROSPERO as
CRD42018084669.
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Introduction

Pulmonary embolism (PE) is a common, potentially life-
threatening yet treatable condition."” The annual incidence of
PE is 60 to 70 cases per 100000. In the United States and
Europe, PE accounts for 100000 and 300000 annual deaths,
respectively.>'® Consequently, prompt diagnosis and expedi-
tious therapeutic intervention is of paramount importance for
optimal patient management.'"

Excluding PE is also of paramount importance because of the
bleeding risks of anticoagulation and costs associated with
treatment and monitoring. Various strategies are currently
used to evaluate patients with suspected PE. Commonly used
tests include D-dimer assays, compression ultrasonography
(CUS), computed tomography pulmonary angiography (CTPA),
and ventilation-perfusion (V/Q) scanning. The tests each have
benefits and limitations. Imaging tests for PE such as CTPA and
V/Q lung scanning are expensive, time-consuming, and are
associated with radiation exposure. In addition, the contrast used
in CTPA can cause nephrotoxicity and allergic-like reactions.
Therefore, to exclude PE efficiently, patients undergo initial
tests that are cost-effective with low risk; tests such as CTPA
and V/Q are reserved for patients in whom PE was not initially
excluded.?

The aim of this systematic review is to determine the accuracy of
commonly available diagnostic tests for PE, which can be used

to inform a combined strategy for diagnosis. Pooled estimates of
sensitivity and specificity obtained in this systematic review
were used to model different diagnostic strategies for patients
with suspected PE. The results of modeling were used to inform
evidence-based recommendations on diagnostic strategies
for deep vein thrombosis (DVT) in the American Society of
Hematology clinical practice guidelines for diagnosis of venous
thromboembolism.*®

Methods

Search strategy and data sources

We searched MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials from inception until May 2019. We also
manually searched the reference lists of relevant articles and existing
reviews. Studies published in any language were included in this review.
We limited the search to studies reporting data for accuracy of
diagnostic tests. The complete search strategy is available in
supplemental Material 1. The prespecified protocol for this review is
registered on PROSPERO (registration number CRD42018084669).
This review is reported in accordance with Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for diagnostic test
accuracy guidelines.'®

Study selection

Studies. Studies reporting data on diagnostic test accuracy
(randomized control trials, cohort studies, cross-sectional studies)
for PE were eligible for inclusion in this systematic review.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for study selection.
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Table 1. Summary of included studies for the diagnosis of suspected pulmonary embolism

Study author, year
(reference)

Population

Clinical setting

Index test

Reference standard

1. Abcarian et al, 2004 (19)

2. Anderson et al, 2007 (53)

3. Bajc et al, 2002 (54)

4. Blachere et al, 2000 (69)

5. Bounameaux et al, 1991
(70)

6. Bosson et al, 2005 (20)

7. Crane et al, 2018 (49)

8. de Monyé et al, 2002 (22)

9. den Exter et al, 2013 (23)

10. Di Nisio et al, 2005 (24)

11. Dunn et al, 2002 (25)
12. Elias et al, 2004 (26)

183. Emet et al, 2007 (27)

14. Eng et al, 2009 (28)
15. Freitas et al, 1995 (71)

16. Friera-Reyes et al, 2005
(29)

17. Froehling et al, 2007
(30)

18. Garcia Bolado et al,
2003 (63)

19. Ghanima et al, 2006
(31)

20. Goekoop et al, 2007
(32)

21. Guilabert et al, 2007
(67)

22. Hantous-Zannad et al,
2010 (55)

23. Jiménez et al, 2006 (56)

24. Kabrhel, 2008 (51)

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Cancer patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patient with prediagnosed PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Inpatient and
outpatient

Inpatient and
outpatient

Inpatient and
outpatient

Inpatient

Inpatient and
outpatient

Inpatient and
outpatient

Emergency
department

Inpatient and
outpatient

Inpatient and
outpatient

Inpatient and
outpatient

Outpatient

Inpatients and
outpatients

Outpatient

Inpatient
Unclear

Outpatient

Inpatients and
outpatients

Emergency
department
Outpatients

Outpatients

Inpatient

Inpatient

Unclear

Emergency
department

D-dimer

Pulmonary CT angiography

V/Q scan and helical computed tomography

(o))

Helical CT angiography, V/Q scan

V/Q scan

D-dimer

D-dimer

D-dimer

D-dimer

D-dimer

D-dimer

Lower limb venous ultrasound

CT pulmonary angiogram

D-dimer

V/Q scan

D-dimer

D-dimer

Cus

D-dimer

D-dimer

Multislice CT

CTPA

CT angiogram

D-dimer

Pulmonary CT angiography

V/Q scan

V/Q scan and helical CT

Doppler sonography of the veins of the legs
Pulmonary angiography

CTPA

Doppler sonography of the veins of the legs
V/Q scan
HCT
Pulmonary angiography
CTPA
V/Q scan
CusS
CTPA
V/Q scan
Cus
CTPA

Normal spiral CT scan and normal
ultrasonography, or spiral CT or pulmonary
angiography V/Q scan

V/Q scan, chest CT, or pulmonary angiography
V/Q scan
D-dimer
CT scan
V/Q scan
D-dimer
CTPA
Pulmonary angiography

Chest radiograph, perfusion scintigraphy,
venous ultrasound of lower limbs, spiral CT, and
pulmonary arteriography

CT angiography

CTPA

Multislice CT

CT scan

VQ scan

VQ scan
Doppler US

Unclear

VQ scan
Doppler US
CT angiogram
VQ scan

Doppler US of leg veins
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Table 1. (continued)

Study author, year
(reference)

Population

Clinical setting

Index test

Reference standard

25. Kim et al, 1999 (64)

26. Le Gal et al, 2006 (77)

27. Leclercq et al, 2003 (33)

28. Mac Gillavry et al, 2000
(65)

29. Macdonald et al, 2005
(57)

30. Megyeri et al, 2014 (59)

31. Miron et al, 1999 (72)

32. de Moerloose et al, 1996
(21)

33. Moores et al, 2016 (58)

34. Mos et al, 2014 (78)

35. Nijkeuter et al, 2007 (79)

36. Oger et al, 1998 (34)

37. Pacouret et al, 2002
(35)

38. Palud et al, 2004 (36)

39. Parent et al, 2007 (37)

40. Pérez de Llano et al,
2006 (60)

41. Pernod et al, 2017 (50)

42, Perrier et al, 1996 (68)

43. Perrier et al, 1999 (39)

44. Perrier et al, 2004 (40)

Patients with suspected PE

Patient with clinically suspected
recurrent acute PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patient with clinically suspected
recurrent acute PE

Patients with clinical suspicion of
recurrent PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Inpatient and
outpatient

Outpatient
Inpatient and
outpatient

Inpatient and
outpatient

Unclear

Unclear

Inpatients

Outpatient

Outpatient

Inpatient
Inpatient and
outpatient

Outpatient

Outpatient

Unclear

Inpatient and
outpatient

Outpatient

Outpatient

Outpatient

Outpatient

Outpatient

Spiral CT scan

Doppler ultrasound of lower limbs

D-dimer

Doppler ultrasonography

VQ scan

CT pulmonary angiography

D-dimer

D-dimer

CTPA

D-dimer

D-dimer

D-dimer

D-dimer

D-dimer

D-dimer

Helical CT

D-dimer

V/Q scan, D-dimer and Doppler
ultrasonography

D-dimer, lower-limb venous compression
ultrasonography, and V/Q scan

D-dimer, lower limb venous ultrasonography,
and helical CT

V/Q scan
Doppler US of leg veins
Pulmonary angiography

Multislice CT

VQ Scan Doppler Ultrasonography and
pulmonary angiography

Perfusion lung scintigraph
Pulmonary angiography
CT pulmonary angiography

VQ scan
Doppler ultrasonography
V/Q scan
Doppler ultrasonography
Pulmonary angiography
V/Q scan
Doppler ultrasonography
Pulmonary angiography
V/Q scan
Venous ultrasonograph
Pulmonary angiograph

CTPA

CTPA

V/Q scan
Venous ultrasonograph
Pulmonary angiography
Helicoidal thoracic scanner
Venous Doppler of the lower limbs
Pulmonary scintigraphy
CTPA
Pulmonary angiogram
Doppler US
CTPA
Doppler US
Pulmonary angiogram
V/Q lung scan

Venous ultrasonography

CTPA
V/Q scan
Pulmonary arteriography

Pulmonary angiography

Phlebography and pulmonary angiography

Pulmonary angiography
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Table 1. (continued)

Study author, year
(reference)

Population

Clinical setting

Index test Reference standard

45, Perrier et al, 2005 (38)

46. Quinn et al, 1999 (41)
47. Righini et al, 2008 (42)
48. Righini et al, 2014 (43)
49. Sijens et al, 2000 (44)

50. Soderberg et al, 2009
(45)

51. Spies et al, 1986 (73)

592. Stein et al, 2006 (61)

53. Subramaniam et al,
2007 (62)

54. Szturmowicz et al, 2015
(48)

55. Toulon et al, 2004 (47)

56. Turan et al, 2017 (52)
57. Turkstra et al, 1997 (66)

58. van Rossum et al, 1996
(75)

59. van Rossum et al, 1998
(74)

60. Verschuren et al, 2003
(48)

61. Wells et al, 2000 (76)

Patients with suspected PE

Patients with suspected PE
Patients with suspected PE
Patients with suspected PE
Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Patients with suspected PE

Outpatient

Unclear
Outpatient
Outpatient

Inpatient

Outpatient
Unclear
Inpatient and
outpatient
Unclear
Unclear
Outpatient
Outpatient
Inpatient and
outpatient
Unclear

Mostly outpatient

Emergency
department

Unclear

D-dimer measurement and multidetector-row Lower-limb ultrasonography

cT

D-dimer Pulmonary angiography

D-dimer Venous ultrasonography

D-dimer V/Q scan, CTPA, angiography

D-dimer Pulmonary angiography

D-dimer CTPA, angiography

V/Q scan Pulmonary angiography
Multidetector CTPA V/Q scan, ultrasonography, pulmonary digital-

subtraction angiography

CTPA Unclear

D-dimer CTPA

D-dimer V/Q scan, spiral CT, pulmonary digital-
subtraction angiography.

CTPA D-dimer

Compression ultrasonography V/Q scan and angiography

Spiral volumetric computed tomographic V/Q scan, ultrasonography of the legs

Helical CT V/Q scan
D-dimer CTPA
V/Q scan
Cus
Pulmonary arteriography
D-dimer V/Q scan, compression ultrasonography

Participants. Adult patients =18 years of age, presenting to
inpatient or outpatient settings with suspected first or recurrent
episode of PE were eligible for inclusion

Index tests for diagnosis. Studies assessing test accuracy of
V/Q scan, multidetector CTPA, CUS, and D-dimer assays at
standard cutoffs (Vidas ELISA Assay at 500 ng/mL, STA

Sensitivity Sensitivity
Studies Estimate (95% C..) TP/ (TP + FN) Studies Estimate (95% C.l) TN/ (FP + TN)
Abcarian 2004 0.984 (0.794,0.999)  81/31 L Abcarian 2004 0.212 (0.174 0.256) 82/388 —-
Bosson 2005 0.974 (0.922,0991)  111/114 E— Bosson 2005 0562 (0.527,0.596)  454/808 —-—
de Monye 2002 8 (0.793, 0.931) 79/90 R . de Monye 2002 0523 (0.453,0592)  108/197 E———
den Exter_1 2013 8 (0.951,0.997)  158/160 —t den Exter_1 2013 0.380 (0.342,0.420)  226/594 —-t
den Exter_2 2013 0 (0.966,0.988)  675/689 - den Exter_2 2013 0.440 (0.421,0.459)  1144/2601 E 3
DINIslo_1 2005 5 (0.702, 0.988) 19/19 DINIslo_1 2005 0.213 (0.124, 0.342) 11/53 —_—
DINIslo_2 2005 8 (0.848, 0.967) 77/83 _— DINIslo_2 2005 0530 (0.479,0.581)  193/364 ——
Dunn 2002 4(0.866,0991)  53/55 B ——— Dunn 2002 0519 (0.488,0.549)  545/1051 --
Ellas 2004 8 (0.829, 0.963) 67/73 _— Ellas 2004 0.237 (0.172, 0.317) 31/131  —
Emet 2007 .955 (0.739, 0.994) 21/22 _— Emet 2007 0.162 (0.111,0.231) 24/148 —m—
Eng 2009 0.988 (0.840,0.999)  42/42 = Eng 2009 0.278 (0.217,0.348) 49/177  —
Friera Reyes 2005 0.964 (0.786, 0.995) 27/28 —_— Friera Reyes 2005 0.288 (0.210, 0.383) 30/104 B —
Froehling 2007 0.856 (0.801,0.897)  178/208 _— Froehling 2007 0.473 (0.445,0502)  543/1147 -
Ghanima 2005 0.990 (0.934,0.999)  101/102 —ls Ghanima 2006 0.430 (0.378,0.484)  142/330 —da—
Goekoop_1 2007 0.975 (0.906, 0.994) 78/80 — Goekoop_1 2007 0.640 (0.604,0.675)  448/700 —-
Leclercq 2003 0.992 (0.880,0.999)  59/59 _ . Leclercq 2003 0.448 (0.369,0.530)  64/143 —
Moerloose 1996 0989 (0.851,0.999)  46/46 _ Moerloose 1996 0.377 (0.303, 0.457) 56/149 —_—
Oger 1998 0.997 (0.948,0.000)  146/146 —_ Oger 1998 0.346 (0.289,0.409)  83/240 —
Pacounet 2002 0.990 (0.857, 0.999) 48/48 —_— Pacounet 2002 0.347 (0.238, 0.476) 20/58 —_—
Parent 2007 0.963 (0.915,0.985)  131/131 —_— Parent 2007 0.389 (0.326,0.456)  84/216 —
Perrier_1 1999 0.991 (0.965,0.998)  225/227 —+= Perrier_11999 0.413 (0.377, 0.450) 286/693 ——
Perrier_2 2005 0.996 (0.937,1.000)  120/120 —l Perrier_2 2005 0.344 (0.310,0.381)  232/674 -
Perrier_3 2004 0.998 (0.966, 1.000)  229/229 L= Perier 32004 0.381(0.346,0.416)  280/736 —
Quinn 1999 0.971 (0.823, 0.996) 34/35 —_— Quinn 1999 0.250 (0.161, 0.366) 17/68 _—
Righini_1 2008 0.997 (0.951,1.000)  154/154 —_ Righini_1 2008 0.417 (0.380,0.455)  281/674 —-
Righini_2 2008 0.997 (0.953,1.000)  161/161 —_ Righini_2 2008 0.428 (0.391,0.466)  280/654 —+a—
Righini_3 2008 0.998 (0.984,1.000)  448/449 L | Righini_3 2014 0.333 (0.315,0.352)  809/2429 E 3
Sijens_1 2000 0.897 (0.808, 1.948) 70/78 _— SiJens_1 2000 0.451(0.392,0.511) 119/264 “+—a—
Soderberg_1 2009 0.915 (0.794, 0.968) 43/47 —_— Soderberg_1 2009 0.630 (0.514, 0.733) 46/73 _
Szturmowlcz 2015 0.944 (0.495, 0.997) 8/8 2015 0.128 (0.083, 0.194) 18/143  —l——
Toulon 2004 0.972 (0.678, 0.998) 1717 Toulon 2004 0.439 (0.373, 0.508) 90/205 —_—
Verschuren 2003 0.985 (0.799,0.999)  32/32 003 0.493 (0.442,0.544)  179/363 —_—
Kabrhel 2008 0.979 (0.741, 0.999) 23/23 r— Kabrhel 2008 0.375 (0.289, 0.470) 40/107 —_—
Turan 2017 0.964 (0.786, 0.995) 27/28 _ Turan 2017 0.204 (0.139, 0.288) 23/113 —_—
Crane 2018 0.971 (0.823, 0.996) 34/35 —_— Crane 2018 0.729 (0.699,0.757)  660/905 -
Palud 2004 0.977 (0.914,0.994) 86/88 D — Palud 2004 0.462 (0.378, 0.552) 54/117 e
Pernod 2017 0.991(0.967,0.998)  233/235 1= Pernod 2017 0.902 (0.880,0.920)  753/835 -
Overall (12=71.41%, P<0.001) 0. 974 (0.961,0.983)  4091/4197 hs Overall (12=9735% , P<0.001) 0. 410 (0.364, 0.459) 8499/18652 -
T T T T T T T T T T
057 058 0.70 0.80 1 0.08 0.29 05 0.71 092
Sensitivity Specificity

Figure 2. Forest plot for all D-dimer assays.
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Sensitivity Specificity

Studies Estimate (95% C.1) TP/ (TP +FN) . Studies Estimate (95% C.l) TN/ (FP + TN) .
de Monye 2002 0.878 (0.753, 0.931) 79/90 _— H de Monye 2002 0523 (0.453,0.592)  103/197 ' ——
Dunn 2002 0.964 (0.866, 0.991) 53/55 —_— Dunn 2002 0.519 (0.488,0.549)  545/1051 ' ——
Ellas 2004 0.918 (0.829, 0.963) 67/73 _— Ellas 2004 0.237 (0.172, 0.317) 31/131 B — '
Friera Reyes 2005 0.964 (0.786, 0.995) 27/28 —————————————=—  FrieraReyes 2005 0.288(0.210,0.383)  30/104 —_—
Goekoop 2007 0.975 (0.906, 0.994) 78/80 —b— Goekoop 2007 0.640 (0.604, 0.675)  448/700 ' —i—
Miron 1999 0.988 (0.836, 0.999) 41741 —————————1=  Mion 1999 0520 (0.407, 0.631) 38/73 —
Moerioose 1996 0.989 (0.851, 0.999) 46/46 T 1996 0.377 (0.308, 0.457) 56/149 —
Pacouret 2002 0.990 (0.857, 0.999) 48/48 ————————+= Pacouret 2002 0.347 (0.238, 0.476) 20/58 _—
Perrier_1 1999 0.991(0.965,0.998)  225/225 —+—@  Perrier 11999 0.413(0.377,0.450)  286/693 ——
Perrier_2 2005 0.996 (0.937,1.000)  120/120 ———8  Perrier_2 2005 0.344(0.310,0.381)  232/674 —a— !
Perrier_3 2004 0.998 (0.966, 1.000) ~ 229/229 “—@  Perrier 32004 0.381(0.345,0.416)  280/736 ——
Righini_1 2008 0.997 (0.951,1.000)  154/154 —L—m  Righini_1 2008 0.417 (0.380,0.455)  281/654 t
Righini_2 2008 0.997 (0.953,1.000)  161/161 —L 8 Righini_2 2008 0.428 (0.391,0.466)  280/654
Sijens 2000 0.897 (0.808, 0.948) 70/78 —_— Sijens 2000 0.451(0.392,0511)  119/264 4
Szturnowicz 2015 0.944 (0.495, 0.997) 8/8 T 2015 0.128 (0.083, 0.194) 18/143 ~—@— '
Toulon 2004 0.972 (0.678, 0.998) 17117 + Toulon 2004 0.439 (0.373, 0.508) 90/205 —_1—
Verschuren 2003 0.985 (0.799, 0.999) 32/32 T 2003 0.493 (0.442,0544)  179/363 , —a—
Goekoop_1 2007 0.981(0.929,0.995)  106/108 —— @ Goekoop_1 2007 0583 (0.543,0.618)  448/768 ' ——
kabrhel 2008 0.979 (0.741, 0.999) 23/23 T kabrhel 2008 0.375 (0.289, 0.470) 40/107 —_—
Sijens_1 2000 0.933 (0.648, 0.991) 14/5 Sijens_1 2000 0.182 (0.094, 0.323) 8/44 B — '

' '
Overall (1*2=58.58 %, P<0.001) 0.973 (0.953,0.985)  1598/1633 — Overall (1*2=94.23 %, P<0.001)  0.407 (0.360, 0.455)  3532/7788 ——

' '

T T T T T T T T T T
064 073 0.82 091 1 0.08 0.23 0.38 053 067
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Figure 3. Forest plot for Vidas D-dimer assay.

Liatest D-Di Assay at 500 ng/mL, Tina-quant D-dimer Assay at
500 ng/mL, Innovance D-dimer at 500 ng/mL, and HemoSIL
D-dimer Assay at 230 ng/mL) to diagnose a first or recurrent
episode of symptomatic PE.

Reference standards. Angiography, positive lower extremity
ultrasound for DVT in the setting of suspicion for PE, and/or clinical
follow-up were eligible as a reference standard for V/Q scan or
CTPA. V/Q scan, CTPA, compression ultrasound for DVT in the
setting of suspicion for PE, and/or clinical follow-up were considered
appropriate reference standards for D-dimer assays. If a reference
diagnostic test was not conducted, clinical follow-up for symptoms
alone was sufficient as a reference standard.

Exclusion criteria. Exclusion criteria was determined by unan-
imous guideline panel consensus. We excluded studies that did not
provide sufficient data to determine test accuracy (sensitivity
and specificity) and abstracts published before 2014 because
the complete studies were likely published in peer-reviewed
journals. Studies with sample size <100 patients were excluded
to increase feasibility. A sensitivity analysis was performed and
indicated that this would not affect the pooled test accuracy
estimates. The quality of small test accuracy studies informing
a clinical practice guideline was a concern; therefore, these
studies were excluded.

Patients that were asymptomatic and pregnant were excluded.
Studies reporting on both adult and pediatric patients were eligible
for inclusion but were excluded when >80% of the study sample
was younger than 18 years of age or if the mean age was younger
than 25 years. When possible, we extracted data separately for
adult patients from these studies.

Studies that used unsuitable reference standards were excluded
(V/Q single-photon emission CT, transthoracic ultrasound, single-
detector CT, impedance plethysmography, and D-dimer). D-dimer
studies were excluded if they used assays that are no longer in use
and/or are not highly sensitive (MDA, Asserachrom, Dimertest |,
Enzygnost, Fibrinostika FbDP, Acculot, Wellcotest, Minutex), if
they used a nonquantitative assay (SimpliRed), or if they considered
a positive threshold other than the defined clinical cutoffs.

We excluded studies evaluating V/Q test accuracy that were
published before the year 2000 unless it included a screening
process with chest radiograph or other testing before V/Q testing.
Finally, we excluded studies that did not provide a breakdown of
the V/Q scan interpretation (normal, low/intermediate, and high
probability).

Screening and data extraction

Independent reviewers conducted title and abstract screening
and full-text review in duplicate to identify eligible studies. Data
extraction was also conducted independently and in duplicate and
verified by a third author (R.M.). Disagreements were resolved by
discussion to reach consensus, in consultation with 2 expert
clinician scientists (R.M. and W.L.). Data extracted included general
study characteristics (authors, publication year, country, study
design), diagnostic index test and reference standard, prevalence of
PE, and parameters to determine test accuracy (ie, sensitivity and
specificity of the index test).

Risk of bias and certainty of evidence

We conducted the risk of bias assessment for diagnostic test
accuracy studies using the Quality Assessment of Diagnostic
Accuracy Studies-2 revised tool.'*

Sensitivity

Studies

de Monye_1 2002
DiNisio_1 2005
DiNisio_2 2005
Leclercq 2003
Soderberg 2009

Estimate (95% C.I.)

0.822 (0.729, 0.888)
0.975 (0.702, 0.998)
0.928 (0.848, 0.967)
0.992 (0.880, 0.999)
0.915 (0.794, 0.968)

Overall (1"2=61.04 %, P=0.036) 0.917 (0.830, 0.962) 272/298

Specificity
TP/ (TP + FN) ' Studies Estimate (95% C1) TN/ (FP+TN) '
' '
74/90 _— . : de Monye_1 2002 0.609 (0.539, 0.675) 120/197 : RS E—
19/19 T DiNisio_1 2005 0.213 (0.124, 0.342) 11/53 ——— 1
77/83 RN T DiNisio_2 2005 0.530 (0.479, 0.581) 193/364 -
59/59 ———t—————1J Leclercq 2003 0.448 (0.369, 0.530) 64/143 ——
43147 _ = Soderberg 2009 0,630 (0.514,0.733) 46/73 — e
i '
S — Overall (1"2=86.7 %, P<0.001) 0.495 (0.392,0598) 434/830 —_—
T T . T T T T T . T T
07 078 085 0.93 1 0.12 0.28 043 0.58 0.73
Sensitivity Specificity
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Figure 4. Forest plot for Tina-quant D-dimer assay.
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Sensitivity

Studies Estimate (95% C.l) TP/ (TP + FN) 1

1
Abcarian 2004 0.984 (0.794, 0.999) 31/31 _—
Bosson 2005 0.974 (0922,0991)  111/114 B
Eng 2009 0.988 (0.840, 0.999) 42/42 _—
Froehling 2007 0.856 (0.801, 0.897) 178/208 —_— 1
Ghanima 2006 0.990 (0.934,0999)  101/102 —=
Oger 1998 0.997 (0.948, 1.000) 146/146 —
Palud 2004 0.977 (0.914, 0.994) 86/88 —_—
Toulon_1 2004 0.972 (0.678, 0.998) 17/17 L

1
Overall (1*2=78.01 %, 0.976 (0.928,0.993)  712/748
P<0.001) 1

T T T T
0.68 0.76 084 0.92
Sensitivity

Specificity
Studies Estimate (95% C.L) TN/ (FP +TN) 1
1
Abcarian 2004 0.212 (0.174, 0.256) 82/388 — 1
Bosson 2005 0.562 (0.527, 0.596) 454/808 1 —a—
Eng 2009 0.278 (0.217, 0.348) 49/177 B — 1
Froehling 2007 0.473 (0.445, 0.502) 543/1147 | —a—
Ghanima 2006 0.430 (0.378,0.484)  142/330 —
0.346 (0.289, 0.409) 83/240 —_—
Palud 2004 0.462 (0.373, 0.552) 54/117 T
Toulon_1 2004 0.493 (0.425,0.561)  101/206 Il —
1
Overall (1*2=95.5 %, 0.402 (0.322,0.488)  1508/3412 —_—
P<0.001) 1
T T T T T
0.17 0.28 0.39 0.49 06

Specificity

Figure 5. Forest plot for STA Liatest D-dimer assay.

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework was used to assess overall
certainty by evaluating the evidence for each outcome on the
following domains: risk of bias, imprecision, inconsistency, indirect-
ness, and publication bias.'®'®

Data synthesis

The accuracy estimates from individual studies were combined
quantitatively (pooled) for each test using OpenMetaAnalyst
(http://www.cebm.brown.edu/openmeta/). We conducted a bi-
variate analysis for pooling sensitivity and specificity for each
of the test comparisons to account for variation within and
between studies. Forest plots were created for each compar-
ison. The Breslow-Day test was used to measure the percent-
age of total variation across studies because of heterogeneity;
however, the results did not influence our judgment of the
pooled estimates because the literature has discouraged its
use for test accuracy.'” To better illustrate the impact of the

Table 2. D-dimer test accuracy in a low-prevalence population

No. of results per
1000 patients
tested (95% CI)

Prevalence 5%*t

No. of Certainty of the
in patients with participants evidence
Test result suspected PE (studies) (GRADE)
True positives 49 (48-49) 22849 (34) DDDO
o MODERATE#§
False negatives 1(1-2)
True negatives 389 (352-437) 22849 (34) SDPDO
" MODERATE#§
False positives 561 (513-608)
Inconclusive test results 0 22849 (34) —

Complications arising
from the diagnostic test

Not reported

Patient or population: patients with suspected PE. Setting: inpatient and outpatient.
Pooled sensitivity: 0.97 (95% Cl, 0.96-0.98). Pooled specificity: 0.41 (95% Cl, 0.36-0.46).
An interactive summary of findings is available at https://gdt.gradepro.org/presentations/
#/isof/isof_4a1a37bd-1b30-40b7-adea-d5214ffb73c2-15814440960337?_k=f5c4gy.

GRADE, Grading of Recommendations Assessment, Development and Evaluation.

*Ceriani E, et al. J Thromb Haemost. 2010;8(5):957. Pooled prevalence of PE with low
PTP in North American studies 6.5% (5% used in table).

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the
accuracy of each subsequent test depends on the result of the previous test in the
pathway.

#Certainty of evidence not downgraded for risk of bias, although few studies had
a combination of reference standards that were judged to be acceptable by a panel of
clinical experts.

§Although there was inconsistency noted for sensitivity, it was judged as not serious and
we did not downgrade the certainty of evidence. Certainty of evidence was downgraded for
serious unexplained inconsistency in specificity, with a range from 12.8% to 64%.
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sensitivity and specificity, absolute differences in effects were
calculated for each comparison as true positives, true negatives,
false positives, and false negatives.

Diagnostic strategies for PE are based on assessment of the
pretest probability (PTP) for individual patients, which provides
an estimate of the expected prevalence of PE at a population
level. Prevalence estimates for PE were obtained from a meta-
analysis of 29 studies of 31215 patients in which the 3-level
Wells score was evaluated in 14 studies."® The pooled prevalence
of PE in these studies was 5.7% in the low PTP, 23.2% in the
intermediate PTP, and 49.3% in the high PTP category. We
used similar disease prevalence estimates to determine the
absolute differences in effects among patients with clinical
suspicion of PE: 5% corresponding approximately to low PTP,
20% for intermediate PTP, and 50% and 75% for high PTP. The
review also discusses recurrent PE for which the prevalence
was modeled at 30% and 40%. We calculated the absolute
differences in effects for each comparison as true positives,
true negatives, false positives, and false negatives. Here, we
present the results for the low PTP population; results for

Table 3. Age-adjusted D-dimer test accuracy in a low-prevalence
population

No. of results per
1000 patients
tested (95% CI)

Prevalence 5%*t+

No. of Certainty of
in patients with participants the evidence
Test result suspected PE (studies) (GRADE)
True positives 50 (49-50) 2885 (1) DODD
) HIGH#
False negatives 0 (0-1)
True negatives 446 (428-465) 2885 (1) OODD
. HIGH#
False positives 504 (485-522)
Inconclusive test results 0 2885 (1) —

Complications arising
from the diagnostic test

Not reported

Patient or population: patients with suspected PE. Setting: inpatient and outpatient.
Pooled sensitivity: 0.99 (95% Cl, 0.98-1.00). Pooled specificity: 0.47 (95% Cl, 0.45-0.49).
An interactive summary of findings is available at https://gdt.gradepro.org/presentations/
#/isof/isof_a6f96835-4b9e-4342-b4ab-7dae1b5c9ead-15699779092167_k=46z8fa.

*Pooled prevalence of PE with low PTP in North American studies 6.5% (5% used in
table).'®

tDisease prevalence applies to the index test in each pathway. Prevalence applied to the
accuracy of each subsequent test depends on the result of the previous test in the
pathway.

$Certainty of evidence not downgraded for imprecision given the large population size,
though only 1 prospective age-adjusted D-dimer study was identified for analysis.
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http://www.cebm.brown.edu/openmeta/

Sensitivity Specificity
Studies Estimate (95% C.l) TP/ (TP + FN) i Studies Estimate (95% C.1) TN/ (FP +TN) i
Perrier 2005 0.981 (0912, 0.996) 78179 e — Perrier 2007 0.875 (0.266, 0.993) 3/3 !
Righini 2008 0.975 (0.702, 0.998) 19/19 _— Righini 2008 0.875 (0.266, 0.993) 3/3 L
2014 0.992 (0.960, 0.998) 181/182 I —m 2014 0.998 (0.968, 1.000) 243/243 —a
Anderson 2007 0.924 (0.862, 0.959) 115/124 e Anderson 2007 0.999 (0.985, 1.000) 522/522 -
Bajo 2002 0.867 (0.694, 0.949) 26/30 B ———————— Bajo 2002 0.988 (0.922, 0.998) 85/86 —_—
Ellas 2004 0.836 (0.732, 0.904) 61/73 _ Ellas 2004 0.992 (0.946, 0.999) 125/126 —_—
Eng 2009 0.990 (0.959, 0.999) 49/49 _— Eng 2009 0.997 (0.957, 1.000) 178/178 —n
Hantous Zannad 2010 0.891 (0.800, 0.943) 69/77 _— Hantous Zannad 2010 0.995 (0.930, 1.000) 107/107 —_—
Jimenez 2006 0.630 (0.530, 0.721) 60/95 —————=—————— H Jimenez 2006 0.992 (0.889, 1.000) 64/64 ——
Macdonaid 2005 0.815 (0.625, 0.921) 22/27 2005 0.895 (0.811,0.945) 7786 _—
Megyri 2014 0.947 (0.813, 0.987) 36/38 _— Megyri 2014 0.979 (0.945, 0.992) 184/188 —
Moores 2016 0.988 (0.970, 0.995) 364/368 (-] Moores 2016 0.995 (0.922, 1.000) 95/95 —_—
Pacouret 2002 0.989 (0.851, 0.999) 46/46 ———+——=  Pacouret 2002 0.912 (0.797, 0.965) 46/50 _—
Perez de Liano 2006 0.957 (0.884, 0.985) 77/80 B Perez de Liano 2006 0.995 (0.922, 1.000) 95/95 —_—
Stein 2006 0.829 (0.767, 0.877) 150/181 _— | Stein 2006 0.958 (0.938, 0.971) 567/592 —
Subramaniam 2007 0.986 (0.933, 0.997) 105/106 — Subramaniam 2007 0.999 (0.979, 1.000) 380/380 +m
1 1
Overall (1"2=87.38 % , Overall (1*2=68.8 %,
P 0.001) 0.938 (0.889, 0.967) 1458/1574 -dr P<0.001) 0.983 (0.965,0.991)  2774/2818 4|
1 1
T T T T T T T T T T
053 056 0.75 058 1 0.63 0.72 0.81 0.91 1
Sensitivity Specificity

Figure 6. Forest plot for CTPA.

intermediate and high PTP groups are reported in supplemental
Material 2.

Results

Description of studies

Among the 15453 nonduplicate records identified from the initial
electronic database search and from other sources, 355 articles
in full text were retrieved after title and abstract screening. An
updated search of the electronic database was performed with
1391 nonduplicate records identified. Of these, 21 articles in
full text were retrieved after title and abstract screening. After
exclusion of articles, a total of 61 studies were included for data
abstraction. A list of excluded studies is provided in supple-
mental Material 3. Reasons for exclusion at full-text review or
data abstraction stages were ineligible study design (n = 67),
study population (n = 45), diagnostic test (n = 46), full text not
available (n = 19), or unacceptable reference standards and/or
studies did not provide enough information to determine sensitivity
and specificity (n = 139). Figure 1 shows the study flow diagram for
included studies.

First-episode PE studies reported the test accuracy of the
following index tests in comparison with a reference standard: 34
studies on D-dimer,'®®2 1 study on age-adjusted D-dimer,*® 16
studies on CTPA,2¢:28:353842,43,53-62 7 o4, dies on compression

Table 4. CTPA test accuracy in a low-prevalence population

ultrasound,*?®%%8 and 13 studies V/Q scan.295357:67-76 Rq.
current PE studies reported test accuracy from 3 studies.””””®
Table 1 summarizes general characteristics of included studies,
as well the index and reference standards. The majority of
included studies were judged to be low risk of bias for patient
selection, index test, and reference standard interpretation.
Although there was unclear reporting regarding flow and
timing in some studies, the certainty of evidence was generally
not downgraded for risk of bias. The complete risk of bias
assessment for individual studies is included in supplemental
Material 4.

D-dimer

Test accuracy data for D-dimer were pooled from 34 studies,
with a total of 22 849 participants.’®®2 The Vidas D-dimer assay
had a sensitivity of 0.97 (95% confidence interval [CI], 0.95-
0.99) and a specificity of 0.41 (95% ClI, 0.36-0.46), Tina-quant
D-dimer had a sensitivity of 0.92 (95% CI, 0.83-0.96) and
a specificity of 0.41 (95% CI, 0.39-0.60), and STA Liatest
D-dimer had a sensitivity of 0.98 (95% ClI, 0.93-0.99) and
a specificity of 0.40 (95% CI, 0.32-0.49). The pooled estimates
for D-dimer sensitivity and specificity were 0.97 (95% ClI, 0.96-
0.98) and 0.411 (95% ClI, 0.36-0.46), respectively. Figure 2
shows the forest plot displaying the sensitivity and specificity
from individual studies and the pooled estimates for all D-dimer

No. of results per 1000 patients t

ted (95% CI)

Test result

Prevalence 5%*t in patients with suspected PE

No. of participants (studies) Certainty of the evidence (GRADE)

True positives 47 (45-49)

False negatives 3 (1-5)
True negatives 931 (922-941)
False positives 19 (9-28)
Inconclusive test results 115

Complications arising from the diagnostic test

4392 (16) SODO
MODERATE#§

4392 (16) [2L1Te)
MODERATE#§

4392 (16) —

Not reported

Patient or population: patients with suspected PE. Setting: inpatient and outpatient. Pooled sensitivity: 0.94 (95% ClI, 0.89-0.97). Pooled specificity: 0.98 (95% Cl, 0.97-0.99). An
interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_1841b2e2-df16-431d-b809-de3913a3b6f5-15699943861487?_k=w5d920.

*Pooled prevalence of PE with low PTP in North American studies 6.5% (5% used in table).'®

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.
#Certainty of evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical experts.
§Certainty of evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 63% to 99.2%. There was inconsistency also noted for specificity, but it was

judged as not serious and we did not to downgrade the certainty of evidence.
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Sensitivity Specificity
Studies Estimate (95% C.l) TP/ (TP + FN) | Studies Estimate (95% C.l) TN/ (FP +TN) |
Righini 2008 0646 (0.441,0.808) 15/23 _i_._ Righini 2008 0.900 (0.326, 0.994) 414 :
Garcia Bolado 2003 0.463 (0.348, 0.582) 31/67 —_— Garcia Bolado 2003 0.953 (0.917, 0.974) 223/234 —_—
Guilabert 2007 0.967 (0.876, 0.992) 58/60 ! — Guilabert 2007 0.942 (0.892, 0.969) 145/164 _.—I
Kim 1999 0.184 (0.066, 0.419) 318 —a— | Kim 1999 0.990 (0.854, 0.999) 47/47 _— .
MacGillavry 2000 0.229 (0.169, 0.302) 35/163 —— I MacGillavry 2000 0.975 (0.952, 0.988) 318/326 _L._
Perrier 1996 0.589 (0.496, 0.676) 66/112 l— Perrier 1996 0.984 (0.952, 0.995) 187/190 —_—t
Turkstra 1997 0.289 (0.222, 0.366) 43/149 . 1 Turkstra 1997 0.972 (0.934, 0.988) 173/178 —_———
1 1
Overall (1"2=92.37 %, 0.487 (0.313, 0.664) 251/582 ————— Overall (1"2=24.72 % , 0.965 (0.948, 0.976) 1097/1133 ——
P<0.001) I P=0.240) I
T T T T T T T T T T
0.07 0.3 0.53 0.76 0.99 0.72 0.79 0.86 0.93 1
Sensitivity Specificity

Figure 7. Forest

assays. Figures 3-5 show the forest plots displaying sensitivity
and specificity from individual studies for specific assays.

D-dimer results were illustrated for 1000 patients from a low-
prevalence population undergoing the test, and absolute differ-
ences indicate a low (<5%) proportion of false-negative results
and a high proportion of false-positive results (>50%). Overall, the
test was shown to be highly sensitive but had low specificity. The
certainty of evidence was moderate. Table 2 shows the summary
of findings.

Age-adjusted D-dimer

Test accuracy data for age-adjusted D-dimer were pooled from
1 study, with a total of 2885 participants.*® We did not include
retrospective validation studies. The pooled estimates for age
adjusted D-dimer sensitivity and specificity were 0.99 (95% Cl,
0.98-1.00) and 0.47 (95% CI, 0.45-0.49), respectively. Figure 2
shows the forest plot displaying the sensitivity and specificity
from individual studies and the pooled estimates.

Age-adjusted D-dimer results were illustrated for 1000 patients
from a low-prevalence population undergoing the test, and
absolute differences indicate a low (<5%) proportion of false-
negative results and a high proportion of false-positive results
(>5%). Overall, the test was shown to be highly sensitive but
had low specificity. The certainty of evidence was high. Table 3
shows the summary of findings.

CTPA

Test accuracy data for CTPA were pooled from 16 studies, with
a total of 4392 participants,?®:28:35:38:424353:62 The yooled estimates

plot for CUS.

for CTPA sensitivity and specificity were 0.94 (95% Cl, 0.89-0.97)
and 0.98 (95% Cl, 0.97-0.99), respectively. Figure 6 shows the forest
plot displaying the sensitivity and specificity from individual studies
and the pooled estimates.

CTPA results were illustrated for 1000 patients from a low-
prevalence population undergoing the test, and absolute differences
indicate a low (<5%) proportion of false-negative and false-positive
results. Overall, the test was shown to be highly sensitive and
specific and the certainty of evidence was moderate. Table 4 shows
the summary of findings.

Compression ultrasound

Test accuracy data for proximal vein CUS (ie, proximal to the calf
veins [trifurcation veins and higher]) were pooled from 7 studies,
with a total of 1715 participants.**%®8 The pooled estimates for
CUS sensitivity and specificity were 0.49 (95% CI, 0.31-0.66) and
0.96 (95% Cl, 0.95-0.98), respectively. Figure 7 shows the forest
plot displaying the sensitivity and specificity from individual studies
and the pooled estimates.

CUS results were illustrated for 1000 patients from a low-prevalence
population undergoing the test, and absolute differences indicate
alow (<5%) proportion of false-positive results and a high proportion
of false-negative results (>5%). Overall, the test was shown to be
highly specific but had low sensitivity. The certainty of evidence was
low. Table 5 shows the summary of findings.

V/Q scan

Test accuracy data for V/Q scans were pooled from 13 studies,
with a total of 3994 participants.?6°%°767"76 Three variations of

Table 5. Proximal CUS sensitivity and specificity in a low-prevalence population

Fpry

No. of results per 1000 patients t

(95% CI)

Test result

Prevalence 5%*t in patients with suspected PE

No. of participants (studies) Certainty of the evidence (GRADE)

True positives 25 (16-33)

False negatives 25 (17-34)
True negatives 912 (908-931)
False positives 38 (19-47)
Inconclusive test results 0

Complications arising from the diagnostic test

1715 (7) SDOO
LOW#§

1715 (7) SDO0O
LOW4§

1715 (7) —

Not reported

Patient or population: patients with suspected PE. Setting: inpatient and outpatient. Pooled sensitivity: 0.49 (95% ClI, 0.31-0.66). Pooled specificity: 0.96 (95% Cl, 0.95-0.98). An

interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_.

*Pooled prevalence of PE with low PTP in North American studies 6.5% (5% used in table).'®

4b33e40d-b17a-4359-964b-51aca44d75e4-1569994797123?_k=cykq2y.

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.
#Certainty of evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical experts.
§Certainty of evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 18.4% to 96.7%. There was inconsistency also noted for specificity, but it

was judged as not serious and we did not to downgrade the certainty of evidence.
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Sensitivity

Studies Estimate (95% C.l) TP/ (TP + FN) H
Anderson 2007 0682 (0.588,0.763) 73/107 |——
Blachere 2000 0.809 (0.698, 0.886) 55/68 1 —
Bounameaux 1991 0.438 (0.314, 0.569) 24/55 —_—
Elias 2004 0562 (0.447, 0.670) 41/73 D — —
Freitas 1995 0.139 (0.059, 0.293) 5/36  ——— \
Guilabert 2007 0.662 (0576, 0.738) 86/130 —e—
Macdonald 2005 0.444 (0.272,0.631) 12/27 _—
Miron 1999 0536 (0.386, 0.679) 22/41 —_—
Perrier 1996 0567 (0.474, 0.655) 63/111 _j_—
Spies 1986 0.479 (0.366, 0.594) 34/71
van Rossum 1996 0.846 (0.697, 0.929) 33/39 ! e —
van Rossumi 1998 0.491 (0.360, 0.623) 26/53 _—
Wells 2000 0.694 (0630, 0.751) 154/222 | —a—

1
Overall (12=8316 %,
P<0.001) 0578 (0.496, 0.657) 628/1033 ‘_+>

T T T T T
0.06 0.28 0.49 0.71 0.93
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Studies Estimate (95% C1) TN/ (FP +TN) !
Anderson 2007
Blachere 2000
Bounameaux 1991
Elias 2004

Freitas 1995
Guilabert 2007
Macdonald 2005
Miron 1999
Perrier 1996
Spies 1986

van Rossum 1996

0.997 (0.987, 0.999)
0.847 (0.767, 0.903)
0.996 (0.935, 1.000)
0.992 (0.945, 0.999)
0.990 (0.930, 0.999)
0.953 (0.909, 0.976)
0.988 (0.922, 0.998)
0.993 (0.901, 1.000)
0.997 (0.961, 1.000)
0.941 (0.854, 0.978)
0.990 (0.963, 0.998)

599/601
94/111 —_— 1
115/115
124/125
96/97
162/170
85/86
73/73
197/197
64/68
208/210
van Rossum1 1998
Wells 2000

0.986 (0.906, 0.998) 69/70
0.986 (0.976, 0.991) 1023/1038
Overall (1"2=8481 %, 0.984 (0.964, 0.993) 2909/2961

P<0.001)

0.77 0.83 0.88 0.94 1

Specificity

Figure 8. Forest plot for VQ1: high-probability scans considered positive and low/nondiagnostic/normal scans considered negative.

pooled estimates for sensitivity and specificity of V/Q scan were
carried out.

V/Q scans for which high probability scans were considered positive
and low/nondiagnostic/normal scans were considered negative had
a sensitivity and specificity of 0.68 (95% ClI, 0.50-0.66) and 0.98
(95% Cl, 0.96-0.99), respectively. Figure 8 shows the forest plot
displaying the sensitivity and specificity from individual studies and
the pooled estimates. V/Q scan results were illustrated for 1000
patients from a low-prevalence population undergoing the test,
and absolute differences indicate a low (<5%) proportion of false-
positive results and a high proportion of false-negative results
(>5%). Overall, the test was shown to be highly specific but had
low sensitivity. The certainty of evidence was moderate. Table 6A
shows the summary of findings.

V/Q scans with high/nondiagnostic/low probability scans con-
sidered as positive and normal scans as negative had a sensitivity
and specificity of 0.98 (95% ClI, 0.95-0.99) and 0.36 (95% CI,

0.27-0.45), respectively. Figure 9 shows the forest plot display-
ing the sensitivity and specificity from individual studies and the
pooled estimates. V/Q scan results were illustrated for 1000
patients from a low-prevalence population undergoing the test,
and absolute differences indicate a low (<5%) proportion of
false-negative results and a high proportion of false-positive
results (>59%). Overall, the test was shown to be highly sensitive
but had low specificity. The certainty of evidence was moderate.
Table 6B shows the summary of findings.

V/Q scans for which high-probability scans were considered
positive and normal scans as negative had a sensitivity and
specificity of 0.96 (95% ClI, 0.91-0.98) and 0.95 (95% Cl, 0.89-
0.98), respectively. Figure 10 shows the forest plot displaying the
sensitivity and specificity from individual studies and the pooled
estimates. V/Q scan results were illustrated for 1000 patients from
a low-prevalence population undergoing the test, and absolute
differences indicate a low (<5%) proportion of false-negative and

Table 6. Ventilation/perfusion scan sensitivity and specificity for a low-prevalence population

No. of results per 1000 patients tested
(95% CI)

Prevalence 5%*t in patients with
suspected PE

No. of participants (studies)

Certainty of the evidence (GRADE)

Test result A B (o A B C A B (o
True positives 29 (25-33) 49 (48-50) 48 (46-49) 3994 (13) 3994 (13) 1799 (13) SDDPO SDPO DODPD
. MODERATE#§ MODERATEH|| HIGHH|q

False negatives 21 (17-25) 1(0-2) 2 (1-4)

True negatives 9031 (912-941) 342 (257-428) 903 (845-931) 3994 (13) 3994 (13) 1799 (13) DPPO SDPO DOPD
- MODERATE#§ MODERATEH|| HIGHH|q

False positives 19 (9-38) 608 (522-693) 47 (19-105)

Inconclusive test results 1849 1849 0 3994 (13) 3994 (13) 1799 (13)

Complications arising from the
diagnostic test

Not reported

Patient or population: patients with suspected PE. Setting: inpatient and outpatient. A: V/Q scan with high probability scan interpreted as positive, normal/low/nondiagnostic scan as
negative. An interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_88bb7995-dec1-4116-9b07-a2f15691c2c4-15700460587817?_k=fmsw16.
Pooled sensitivity of A: 0.58 (95% Cl, 0.560-0.66); pooled specificity: 0.98 (95% Cl, 0.96-0.99). B: V/Q scan with high/nondiagnostic/low probability scan interpreted as positive, normal scan
as negative. An interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_2564a7dd-52d5-442b-bfee-0d6495de7cfc-1570045676857?_k=pihtmp.
Pooled sensitivity of B: 0.98 (95% Cl, 0.95-0.99); pooled specificity: 0.36 (95% Cl, 0.27-0.45). C: V/Q scan with high probability scan as positive, normal scan as negative. An interactive
summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_3f842c9a-15d3-4b16-8ed5-0011f3157¢53-15700458780617?_k=vgsgvi.

*Pooled prevalence of PE with low PTP in North American studies 6.5% (5% used in table).!

8

tDisease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.
#Certainty of evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical experts.
§Certainty of evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 13.9% to 84.6%. Minor inconsistency for specificity noted but judged to be

insufficient to downgrade the certainty of evidence.
||Although there was inconsistency noted for sensitivity, it was judged as not serious and we
serious unexplained inconsistency in specificity, with a range from 10.9% to 81.8%.

did not downgrade the certainty of evidence. Certainty of evidence was downgraded for

9 Although there was inconsistency noted for sensitivity, it was judged as not serious and we did not downgrade the certainty of evidence. There was inconsistency also noted for
specificity, but it was judged as not serious and we did not to downgrade the certainty of evidence.
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Sensitivity Specificity
Studies Estimate (95% C.l) TP/ (TP + FN) 1 Studies Estimate (95% C.l) TN/ (FP +TN) 1
1 1
Anderson 2007 0.981 (0.928, 0.995) 105/107 ———@—  Anderson 2007 0.408 (0.369, 0.447) 245/601 | ——
Blachere 2000 0.985 (0.908, 0.998) 67/68 ———————=—  Blachere 2000 0.162 (0.105, 0.243) 181111 B —— 1
Bounameaux 1991 0.982 (0.882, 0.997) 54/55 * 1991 0.470 (0.380, 0.561) 54/115 | ——
Elias 2004 0.993 (0.901, 1.000) 73/73 ————— 1= Elias2004 0.369 (0.289, 0.456) 46/125 —_—
Freitas 1995 0.944 (0.803, 0.986) 34/36 T Freitas 1995 0.351 (0.262, 0.450) 34/97 —_—
Guilabert 2007 0.992 (0.947,0.999) 129/130 —— % Guilabert 2007 0.188 (0.136, 0.254) 32/170 — h
Macdonald 2005 0.982 (0.770, 0.999) 27/27 2005 0.109 (0.059, 0.194) 9/86 e
Miron 1999 0.988 (0.836, 0.999) 41/41 R ——————tiL L R 0.223 (0.142, 0.332) 16/73 B ——
Perrier 1996 0.996 (0.933, 1.000) 111111 ——L ® Perier 1996 0.220 (0.167, 0.283) 43/197 —_— !
Spies 1986 0.986 (0.907, 0.998) 70/71 ———la—  Spies1986 0.397 (0.288, 0.517) 27/68 D —
van Rossum 1996 0.988 (0.829, 0.999) 39/39 ————  la— vanRossum 1996 0.818 (0.760, 0.864) 172/210 1 —_—
van Rossum1 1998 0.830 (0.705, 0.909) 44/53 1 van Rossum1 1998 0.743 (0.628, 0.832) 52/70 1 R —
Wells 2000 0.982 (0.953, 0.993) 218/222 —-  Wells 2000 0.337 (0.309, 0.367) 350/1038 --
Ao 1 1
st’goﬂ‘)g’esm % 0079 (0.954,0.091) 1012/1033 —=p  Overall (1"2=9546%,  0.356 (0.268, 0.454) 1098/2961 ——
: 1 P<0.001) 1
T T T T T T T T T T
0.7 078 085 093 1 0.06 0.26 0.46 0.66 0.86
Sensitivity Specificity

Figure 9. Forest plot for VQ2: high/nondiagnostic/low probability scans considered as positive and normal scans as negative.

false-positive results. Overall, the test was shown to be highly
sensitive and specific and the certainty of evidence was moderate.
The certainty of evidence was high. Table 6C shows the summary
of findings.

Recurrent PE

Test accuracy data for recurrent PE were pooled from 3 studies.”””®

Tables 7 and 8 show the modeled data findings for this
comparison.

For the sequence of D-dimer testing for low clinical PTP patients,
CTPA testing for low clinical PTP patients with positive D-dimer or
high clinical PTP patients, the pooled estimates for sensitivity and
specificity were 0.97 (95% Cl, 0.94-0.98) and 1.00 (95% Cl, 0.99-
1.00), respectively. This diagnostic algorithm was illustrated for
1000 patients from a low-prevalence population undergoing the
test, and absolute differences indicate a low (<5%) proportion of
false-negative and false-positive results. Overall, the test was shown
to be highly sensitive and specific and the certainty of evidence was
moderate. The certainty of evidence was moderate. Table 7 shows
the summary of findings.

For D-dimer alone, the pooled estimates for sensitivity and
specificity were 1.00 (95% CI, 0.97-1.00) and 0.27 (95% CI,
0.21-0.34), respectively. The certainty of evidence was low for
true positives, true negatives, false positives, and false negatives.
D-dimer results were illustrated for 1000 patients from a low-
prevalence population undergoing the test, and absolute differ-
ences indicate a low (<5%) proportion of false-negative results
and a high proportion of false-positive results (>5%). Overall, the

test was shown to be highly sensitive but had low specificity. The
certainty of evidence was low. Table 8 shows the summary of
findings.

Discussion

This review presents pooled estimates of test accuracy for
commonly available diagnostic methods for PE. The certainty of
evidence ranged from low to high for test accuracy. The only
diagnostic test with a low certainty of evidence was CUS, whereas
the other tests had moderate to high certainty of evidence. Of
the evaluated tests, D-dimer had the highest sensitivity at 0.97 (95% Cl,
0.96-0.98), with age-adjusted D-dimer having an even higher sensitivity
of 0.99 (95% CI, 0.98-1.00). CTPA and V/Q scans (high probability
scan as a positive and low/nondiagnostic/normal scan as negative) both
had the highest specificity at 0.98 (95% Cl, 0.97-0.99) and 0.98 (95%
Cl, 0.96-0.99), respectively. The sensitivity and specificity results
obtained in this systematic review were used in a model to determine
the effects of different strategies to diagnose patients suspected of
having PE. The modeling results were used to make evidence-based
recommendations on diagnostic test approaches to PE in the
American Society of Hematology evidence-based guidelines.'®

This review has several strengths. The comprehensive and systematic
approach for identifying studies makes it unlikely that relevant studies
were missed. We also attempted to include studies with insufficient
information to abstract test accuracy by contacting researchers of
those studies to obtain primary data. For example, in The Christopher
Study,®° we were unable to abstract the patients that were low PTP
with a positive D-dimer who underwent a CTPA from the high PTP

Sensitivity Specificity
Studies Estimate (95% C.1) TP/ (TP + FN) | Studies Estimate (95% C.l) TN/ (FP +TN) i
Anderson 2007 0.973 (0.900, 0.993) 73/75 —Ia Anderson 2007 0.992 (0.968, 0.998) 245/247 'm
Blachere 2000 0.982 (0.884, 0.997) 55/56 ——1La&  Blachere 2000 0.514 (0.353, 0.673) 18/35 !
Bounameaux 1991 0.942 (0.759, 0.988) 24/25 —————=1 Bounameaux 1991 0.991 (0.871,0.999) 54/54 —_—
Elias 2004 0.988 (0.836, 0.999) 41/41 ———=  Elias 2004 0.969 (0.859, 0.994) 46/47 —_
Freitas 1995 0.714 (0.327,0.928) 5/7 1 Freitas 1995 0.971 (0.823, 0.996) 34/35 —_—
Guilabert 2007 0.989 (0.923, 0.998) 86/87 —+®  Guilabert 2007 0.800 (0.648, 0.897) 32/40 _
Macdonald 2005 0.962 (0.597, 0.998) 12/12 - 2005 0.864 (0.531, 0.973) 9/10 T
Miron 1999 0.978 (0.732, 0.999) 22/22 ——————————=  Mion 1999 0.971 (0.664, 0.998) 16/16 —_—
Perrier 1996 0.992 (0.887, 1.000) 63/63 —— = Perrier 1996 0.989 (0.843, 0.999) 43/43 e
Spies 1986 0.971 (0.823, 0.996) 34/35 —————=—  Spies 1986 0.871 (0.708, 0.951) 27/31 _—
van Rossum 1996 0.985 (0.804, 0.999) 33/33 ———L=  vanRossum 1996 0.986 (0.952, 0.996) 172/174 Le
van Rossum1 1998 0.743 (0575, 0.860) 26/35 —_— ! van Rossum1 1998 0.981 (0.878, 0.997) 52/53 JR
Wells 2000 0.975 (0.935, 0.990) 154/158 —= Wells 2000 0.959 (0.933, 0.975) 350/365 -
1 1
Overall (1"2=6888 %, Overall (12=8723 %,
P 0.001) 0.962 (0.914, 0.984) 628/649 + P< 0.001) 0.952 (0.885, 0.981) 1098/1150 —+
T T T T T T T T T T
033 0.49 0.66 083 1 0.35 051 068 0.84 1
Sensitivity Specificity

Figure 10. Forest plot for VQ3: high-probability scans considered positive and normal scans considered negative.
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Table 7. Recurrent PE: D-dimer for patients with low clinical probability, CTPA for patients with low clinical probability and positive D-dimer, or

high clinical probability sensitivity and specificity

No. of results per 1000 patients tested (95% CI)

Prevalence 30%*t3 in patients

Prevalence 40%t%§ in patients

No. of participants Certainty of the evidence

Test result suspected of having PE suspected of having PE (studies) (GRADE)
True positives 291 (282-294) 388 (376-392) 992 (3) DPPO
. MODERATE||

False negatives 9 (6-18) 12 (8-24)
True negatives 700 (693-700) 600 (594-600) 992 (3) Y Y-8}

. MODERATE||
False positives 0 (0-7) 0 (0-6)
Inconclusive test results 3 992 (3) —

Complications arising from the
diagnostic test

Not reported

Patient or population: patients with suspected recurrent PE. Setting: inpatient and outpatient. Pooled sensitivity: 0.97 (95% ClI, 0.94-0.98). Pooled specificity: 1.00 (95% ClI, 0.99-1.00).
An interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_e7c58633-0d3e-4209-9a2f-56f072eaca759-1569995555070?_k=3k1k5o0.

*Data from Mos et al.”®
tData from Nijkeuter et al.”®

#Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of the subsequent tests depends on the result of the previous test in the pathway.

§Data from Le Gal et al.””

||Certainty of evidence was downgraded for imprecision given the small population size from the 3 recurrent PE study identified for analysis.

patients that went straight to CTPA. We were unable to obtain the
primary data; therefore, the study was excluded. Several post hoc
analyses papers had the missing data, so these were included for
analysis but the original study was excluded to avoid duplication.
Additionally, we did not limit our review by language and translated
articles that were not published in English. Finally, we assessed the
certainty of evidence in this area and identified sources of bias.

There are a few limitations of the present review. The high sensitivity
of age-adjusted D-dimer is limited by the fact that only 1 study
evaluating age-adjusted D-dimer prospectively was identified for
analysis. We excluded many emerging and promising modalities
such as magnetic resonance imaging (and V/Q single-photon
emission CT) because limited data are available. In addition, many of
the studies that were included did not have an actual reference test.
Occasionally, studies used follow up (eg, 3 months, 6 months) as
a reference standard to testing, which was deemed acceptable by
the panel. Clinically insignificant PE may be missed with follow-up

Table 8. D-dimer for recurrent PE sensitivity and specificity

as a reference, but this was acceptable because it determines the
performance of the test in a clinically significant setting. Last, the
diagnostic test accuracy estimates were determined for a test done
in a standalone manner, and we did not consider combinations
of tests in a pathway for establishing a diagnosis of PE. This may
be required, for example, in patients who have a low PTP but have
a positive D-dimer. The pooled sensitivity and specificity estimates
of the tests from this review only apply when the test is performed
alone, which may be applicable in certain populations. For example,
compression ultrasound is rarely used as a standalone test for the
diagnosis of PE; however, certain clinical conditions may necessi-
tate the use of compression ultrasound alone (eg, patients who
cannot initially undergo any direct lung imaging because of renal
failure or pregnancy). The results in this review can be used to model
various diagnostic strategies to inform clinical decision-making.
Ultimately, the diagnostic tests will be used in a strategic approach
based on clinical pretest probability and with consideration of
availability, cost, and patient and provider values and preferences.

No. of results per 1000 patients tested (95% CI)

Prevalence 30%*t# in patients

Prevalence 40%%t4%§ in patients

No. of participants Certainty of the evidence

Test result suspected of having PE suspected of having PE (studies) (GRADE)
True positives 300 (291-300) 400 (388-400) 304 (1) SDOO
. LOW||q

False negatives 0 (0-9) 0 (0-12)

True negatives 189 (147-238) 162 (126-204) 304 (1) SPO0O
N Low|lq

False positives 511 (462-553) 438 (396-474)

Inconclusive test results 0 304 (1)

Complications arising from the
diagnostic test

Not reported

Patient or population: patients with suspected recurrent pulmonary embolism. Setting: inpatient and outpatient. Pooled sensitivity: 1.00 (95% ClI, 0.97-1.00). Pooled specificity: 0.27 (95%
Cl, 0.21-0.34). An interactive summary of findings is available at: https://gdt.gradepro.org/presentations/#/isof/isof_16692888-165a-4eaa-ac25-6823e63d0aff-1569995266014?_k=4hew36.

*Data from Mos et al.”®
tData from Nijkeuter et al.”®

$Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of the subsequent tests depends on the result of the previous test in the pathway.

§Data from Le Gal et al.””

||Certainty of evidence was downgraded for imprecision given the small population size from the 1 recurrent PE study identified for analysis.
€ Certainty of evidence was downgraded for risk of bias from a secondary analysis of 2 prospective multicenter studies with a mixed population of recurrent and first-time PE patients.
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In conclusion, this systematic review synthesizes and evaluates
the accuracy of commonly used tests for the diagnosis of PE.
Estimates of sensitivity and specificity from this review were used
to model diagnostic strategies and inform evidence-based recom-
mendations for a clinical practice guideline.'® The prevalence or
pretest probability for PE along with the sensitivity and specific-
ity estimates will influence clinical decision-making and patient
management.

Acknowledgments

The systematic review team would like to acknowledge the Canadian
Agency for Drugs and Technologies in Health team for their
assistance with data management and organization of the manuscript.

This systematic review was conducted to support the development
of the American Society of Hematology (ASH) 2018 guidelines for
management of venous thromboembolism: diagnosis of venous
thromboembolism. The entire guideline development process
was funded by ASH. Through the McMaster GRADE Center, some
researchers received salary (Parth Patel, Payal Patel, C.B., M.B.,
W.W., H.B., and J.V.) or grant support (R.A.M. and H.J.S.); others
participated to fulfill requirements of an academic degree or
program or volunteered their time.

References

Authorship

Contribution: Parth Patel contributed to study design, search strat-
egy, study selection, data extraction, statistical analysis, and drafting
the report; Parth Patel, M.B., C.B., H.B.,, RAM., MAAK,, NM.H,,
Y.N.A.J.,and Payal Patel contributed to study design, study selection,
data extraction, statistical analysis, and critical revision of the report;
JV,D.W., HA, M.T.,M.B., W.B,, R. Khatib, R. Kehar, R.P., A.S., and
A.M. contributed to study selection and data extraction; and W.W.,
WL, GLG,SMB,LBH,JK, EL, MR, HJ.S. and RAM. con-
tributed to the study design, interpretation of the results, and critical
revision of the report.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

ORCID profiles: W.W., 0000-0001-6576-1650; W.L.,, 0000-
0003-2508-1786; G.L.G., 0000-0002-9253-248X; E.L., 0000-
0003-0850-4337; M.A.K.,, 0000-0002-6581-4561; H.J.S., 0000-
0003-3211-8479.

Correspondence: Reem A. Mustafa, Division of Nephrology and
Hypertension, Department of Medicine, University of Kansas Med-
ical Center, 3901 Rainbow Blvd, MS3002, Kansas City, KS 66160;
e-mail: ramustafa@gmail.com.

Wiener RS, Schwartz LM, Woloshin S. Time trends in pulmonary embolism in the United States: evidence of overdiagnosis. Arch Intern Med. 2011;
171(9):831-837.

Kroger K, Kiipper-Nybelen J, Moerchel C, Moysidis T, Kienitz C, Schubert I. Prevalence and economic burden of pulmonary embolism in Germany. Vasc

2.
Med. 2012;17(5):303-309.

3. Huang W, Goldberg RJ, Anderson FA, Kiefe Cl, Spencer FA. Secular trends in occurrence of acute venous thromboembolism: the Worcester VTE study
(1985-2009). Am J Med. 2014;127(9):829-39.e5.

4.  Goldacre MJ, Roberts S, Yeates D, Griffith M. Hospital admission and mortality rates for venous thromboembolism in Oxford region, UK, 1975-98. Lancet.
2000;355(9219):1968-1969.

5. Martinez C, Cohen AT, Bamber L, Rietbrock S. Epidemiology of first and recurrent venous thromboembolism: a population-based cohort study in patients
without active cancer. Thromb Haemost. 2014;112(2):255-263.

6. Alotaibi GS, Wu C, Senthilselvan A, McMurtry MS. Secular trends in incidence and mortality of acute venous thromboembolism: the AB-VTE
Population-Based Study. Am J Med. 2016;129(8):879.e19-879.e25.

7. Konstantinides SV. Trends in incidence versus case fatality rates of pulmonary embolism: Good news or bad news? Thromb Haemost. 2016;115(2):
233-235.

8.  Horlander KT, Mannino DM, Leeper KV. Pulmonary embolism mortality in the United States, 1979-1998: an analysis using multiple-cause mortality data.
Arch Intern Med. 2003;163(14):1711-1717.

9.  The Surgeon General's Call to Action to Prevent Deep Vein Thrombosis and Pulmonary Embolism. Rockville, MD: Office of the Surgeon General,
National Heart, Lung, and Blood Institute; 2008.

10. Cohen AT, Agnelli G, Anderson FA, et al; VTE Impact Assessment Group in Europe (VITAE). Venous thromboembolism (VTE) in Europe. The number of
VTE events and associated morbidity and mortality. Thromb Haemost. 2007;98(4):756-764.

11. Warren DJ, Matthews S. Pulmonary embolism: investigation of the clinically assessed intermediate risk subgroup. Br J Radiol. 2012;85(1009):37-43.

12. Bates SM, Takach Lapner S, Douketis JD, et al. Rapid quantitative D-dimer to exclude pulmonary embolism: a prospective cohort management study.
J Thromb Haemost. 2016;14(3):504-509.

13. Lim W, Le Gal G, Bates SM, et al. American Society of Hematology 2018 guidelines for management of venous thromboembolism: diagnosis of venous
thromboembolism. Blood Adv. 2018;2(22):3226-3256.

14. Whiting PF, Rutjes AWS, Westwood ME, et al; QUADAS-2 Group. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies.
Ann Intern Med. 2011;155(8):529-536.

15. Schiinemann HJ, Oxman AD, Brozek J, et al; GRADE Working Group. Grading quality of evidence and strength of recommendations for diagnostic tests
and strategies [published correction appears in BMJ. 2008;336(7654)]. BMJ. 2008;336(7653):1106-1110.

16.

4308 PATEL et al

Schiinemann HJ, Oxman AD, Brozek J, et al. GRADE: assessing the quality of evidence for diagnostic recommendations. ACP J Club. 2008;149(6):2.

22 SEPTEMBER 2020 - VOLUME 4, NUMBER 18 € blood advances

20z AeIN 80 U0 1s8NB Aq Jpd-L10ZG01 006 0ZAPESIOUBADE/L66.S L LI9BZY/8 /7/IPd-0[ole/Se0uBAPEPOO|q/aU"SUONEDlgndyse// iy woly papeojumoq


https://orcid.org/0000-0001-6576-1650
https://orcid.org/0000-0003-2508-1786
https://orcid.org/0000-0003-2508-1786
https://orcid.org/0000-0002-9253-248X
https://orcid.org/0000-0003-0850-4337
https://orcid.org/0000-0003-0850-4337
https://orcid.org/0000-0002-6581-4561
https://orcid.org/0000-0003-3211-8479
https://orcid.org/0000-0003-3211-8479
mailto:ramustafa@gmail.com

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.

41.
42.

43.
44.

45.

€ blood advances 22 sepTEMBER 2020 - vOLUME 4, NUMBER 18

Macaskill P, Gatsonis C, Deeks J, Harbord R, Takwoingi Y. Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy. Version 09 0.
London: The Cochrane Collaboration; 2010.

Ceriani E, Combescure C, Le Gal G, et al. Clinical prediction rules for pulmonary embolism: a systematic review and meta-analysis. J Thromb Haemost.
2010;8(5):957-970.

Abcarian PW, Sweet JD, Watabe JT, Yoon HC. Role of a quantitative D-dimer assay in determining the need for CT angiography of acute pulmonary
embolism. AJR Am J Roentgenol. 2004;182(6):1377-1381.

Bosson JL, Barro C, Satger B, Carpentier PH, Polack B, Pernod G. Quantitative high D-dimer value is predictive of pulmonary embolism occurrence
independently of clinical score in a well-defined low risk factor population. J Thromb Haemost. 2005;3(1):93-99.

de Moerloose P, Desmarais S, Bounameaux H, et al. Contribution of a new, rapid, individual and quantitative automated D-dimer ELISA to exclude
pulmonary embolism. Thromb Haemost. 1996;75(1):11-13.

de Monyé W, Sanson BJ, Biiller HR, Pattynama PM, Huisman MV; ANTELOPE Study Group. The performance of two rapid quantitative D-dimer assays in
287 patients with clinically suspected pulmonary embolism. Thromb Res. 2002;107(6):283-286.

den Exter PL, van Es J, Erkens PM, et al. Impact of delay in clinical presentation on the diagnostic management and prognosis of patients with suspected
pulmonary embolism. Am J Respir Crit Care Med. 2013;187(12):1369-1373.

Di Nisio M, Sohne M, Kamphuisen PW, Biiller HR. D-Dimer test in cancer patients with suspected acute pulmonary embolism. J Thromb Haemost. 2005;
3(6):1239-1242.

Dunn KL, Wolf JP, Dorfman DM, Fitzpatrick P, Baker JL, Goldhaber SZ. Normal D-dimer levels in emergency department patients suspected of acute
pulmonary embolism. J Am Coll Cardiol. 2002;40(8):1475-1478.

Elias A, Colombier D, Victor G, et al. Diagnostic performance of complete lower limb venous ultrasound in patients with clinically suspected acute
pulmonary embolism. Thromb Haemost. 2004;91(1):187-195.

Emet M, Ozucelik DN, Sahin M, Oran M, Sivri B. Computed tomography pulmonary angiography in the diagnosis of acute pulmonary embolism in the
emergency department. Adv Ther. 2007;24(6):1173-1180.

Eng CW, Wansaicheong G, Goh SK, Earnest A, Sum C. Exclusion of acute pulmonary embolism: computed tomography pulmonary angiogram or
D-dimer? Singapore Med J. 2009;50(4):403-406.

Friera-Reyes A, Caballero P, Ruiz-Giménez N, et al; Grupo de Estudio de Enfermedad Tromboembolica Venosa. [Usefulness of fast ELISA determination
of D-dimer levels for diagnosing pulmonary embolism in an emergency room]. Arch Bronconeumol. 2005;41(9):499-504.

Froehling DA, Daniels PR, Swensen SJ, et al. Evaluation of a quantitative D-dimer latex immunoassay for acute pulmonary embolism diagnosed by
computed tomographic angiography. Mayo Clin Proc. 2007;82(5):556-560.

Ghanima W, Abdelnoor M, Mowinckel MC, Sandset PM. The performance of STA-Liatest D-dimer assay in out-patients with suspected pulmonary
embolism. Br J Haematol. 2006;132(2):210-215.

Goekoop RJ, Steeghs N, Niessen RW, et al. Simple and safe exclusion of pulmonary embolism in outpatients using quantitative D-dimer and Wells’
simplified decision rule. Thromb Haemost. 2007;97(1):146-150.

Leclercqg MG, Lutisan JG, van Marwijk Kooy M, et al. Ruling out clinically suspected pulmonary embolism by assessment of clinical probability and D-dimer
levels: a management study. Thromb Haemost. 2003;89(1):97-103.

Oger E, Leroyer C, Bressollette L, et al. Evaluation of a new, rapid, and quantitative D-Dimer test in patients with suspected pulmonary embolism. Am
J Respir Crit Care Med. 1998;158(1):65-70.

Pacouret G, Marie O, Alison D, et al. [Association of D-dimer and helicoidal thoracic scanner for diagnosis of pulmonary embolism. Prospective study of
106 ambulatory patients]. Presse Med. 2002;31(1 Pt 1):13-18.

Palud L, Laurent M, Guéret P, et al. [Value of the association of D-dimer measurement and the evaluation of clinical probability in a non-invasive diagnostic
strategy of pulmonary embolism]. Arch Mal Coeur Vaiss. 2004;97(2):93-99.

Parent F, Maitre S, Meyer G, et al. Diagnostic value of D-dimer in patients with suspected pulmonary embolism: results from a multicentre outcome study.
Thromb Res. 2007;120(2):195-200.

Perrier A, Roy P-M, Sanchez O, et al. Multidetector-row computed tomography in suspected pulmonary embolism. N Engl J Med. 2005;352(17):
1760-1768.

Perrier A, Desmarais S, Miron MJ, et al. Non-invasive diagnosis of venous thromboembolism in outpatients. Lancet. 1999;353(9148):190-195.

Perrier A, Roy PM, Aujesky D, et al. Diagnosing pulmonary embolism in outpatients with clinical assessment, D-dimer measurement, venous ultrasound,
and helical computed tomography: a multicenter management study. Am J Med. 2004;116(5):291-299.

Quinn DA, Fogel RB, Smith CD, et al. D-dimers in the diagnosis of pulmonary embolism. Am J Respir Crit Care Med. 1999;159(5 Pt 1):1445-1449.

Righini M, Le Gal G, Aujesky D, et al. Diagnosis of pulmonary embolism by multidetector CT alone or combined with venous ultrasonography of the leg:
a randomised non-inferiority trial. Lancet. 2008;371(9621):1343-1352.

Righini M, Van Es J, Den Exter PL, et al. Age-adjusted D-dimer cutoff levels to rule out pulmonary embolism: the ADJUST-PE study. JAMA. 2014;311(11):
1117-1124.

Sijens PE, van Ingen HE, van Beek EJ, Berghout A, Oudkerk M. Rapid ELISA assay for plasma D-dimer in the diagnosis of segmental and subsegmental
pulmonary embolism. A comparison with pulmonary angiography. Thromb Haemost. 2000;84(2):156-159.

Sdderberg M, Brohult J, Jorfeldt L, Léarfars G. The use of D-dimer testing and Wells score in patients with high probability for acute pulmonary embolism.
J Eval Clin Pract. 2009;15(1):129-133.

TEST ACCURACY FOR PULMONARY EMBOLISM 4309

20z AeIN 80 U0 1s8NB Aq Jpd-L10ZG01 006 0ZAPESIOUBADE/L66.S L LI9BZY/8 /7/IPd-0[ole/Se0uBAPEPOO|q/aU"SUONEDlgndyse// iy woly papeojumoq



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

Szturmowicz M, Kacprzak A, Wyrostkiewicz D, et al. Non-high risk PE in the patients with acute or exacerbated respiratory disease: the value of the
algorithm based on D-dimer evaluation and Revised Geneva Score. Pneumonol Alergol Pol. 2015;83(6):445-452.

Toulon P, Lecourvoisier C. D-dimer testing for suspected pulmonary embolism: performance of two rapid quantitative assays. Lab Med. 2004;35(2):
117-120.

Verschuren F, Hainaut P, Thys F, et al. ELISA D-dimer measurement for the clinical suspicion of pulmonary embolism in the emergency department:
one-year observational study of the safety profile and physician's prescription. Acta Clin Belg. 2003;58(4):233-240.

Crane S, Jaconelli T, Eragat M. Retrospective validation of the pulmonary embolism rule-out criteria rule in “PE unlikely” patients with suspected
pulmonary embolism. Eur J Emerg Med. 2018;25(3):185-190.

Pernod G, Wu H, de Maistre E, et al. Validation of STA-Liatest D-Di assay for exclusion of pulmonary embolism according to the latest clinical and
Laboratory Standard Institute/Food and Drug Administration Guideline. Results of a multicenter management study. Blood Coag Fibrinolysis. 2017,
28(3):254-260.

Kabrhel C. Outcomes of high pretest probability patients undergoing d-dimer testing for pulmonary embolism: a pilot study. J Emerg Med. 2008;35(4):
373-377.

Turan O, Turgut D, Gunay T, Yilmaz E, Turan A, Akkoclu A. The contribution of clinical assessments to the diagnostic algorithm of pulmonary embolism.
Adv Clin Exp Med. 2017;26(2):303-309.

Anderson DR, Kahn SR, Rodger MA, et al. Computed tomographic pulmonary angiography vs ventilation-perfusion lung scanning in patients with
suspected pulmonary embolism: a randomized controlled trial. JAMA. 2007;298(23):2743-2753.

Bajc M, Albrechtsson U, Olsson CG, Olsson B, Jonson B. Comparison of ventilation/perfusion scintigraphy and helical CT for diagnosis of pulmonary
embolism; strategy using clinical data and ancillary findings. Clin Physiol Funct Imaging. 2002;22(6):392-397.

Hantous-Zannad S, Esseghaier S, Ridéne |, et al. Acute pulmonary embolism: epidemiologic and tomodensitometric study. Tunis Med. 2010;88(12):
880-884.

Jiménez D, Gomez M, Herrero R, et al. Thromboembolic events in patients after a negative computed tomography pulmonary angiogram: a retrospective
study of 165 patients [in Spanish]. Arch Bronconeumol. 2006;42(7):344-348. doi:https://doi.org/10.1016/S1579-2129(06)60544-2

Macdonald WB, Patrikeos AP, Thompson RI, Adler BD, van der Schaaf AA. Diagnosis of pulmonary embolism: ventilation perfusion scintigraphy versus
helical computed tomography pulmonary angiography. Australas Radliol. 2005;49(1):32-38.

Moores L, Kline J, Portillo AK, et al. Multidetector computed tomographic pulmonary angiography in patients with a high clinical probability of pulmonary
embolism. J Thromb Haemost. 2016;14(1):114-120.

Megyeri B, Christe A, Schindera ST, et al. Accuracy of computed tomography angiography in the detection of pulmonary embolism in patients with high
body weight. Eur J Intern Med. 2014;25(8):724-730.

Pérez de Llano LA, Veres Racamonde A, Ortiz Piquer M, et al. Safety of withholding anticoagulant therapy in patients who have clinically suspected
pulmonary embolism and negative results on helical computed tomography. Respiration. 2006;73(4):514-519.

Stein PD, Fowler SE, Goodman LR, et al; PIOPED Il Investigators. Multidetector computed tomography for acute pulmonary embolism. N Engl J Med.
2006;354(22):2317-2327.

Subramaniam RM, Blair D, Gilbert K, Coltman G, Sleigh J, Karalus N. Withholding anticoagulation after a negative computed tomography pulmonary
angiogram as a stand-alone imaging investigation: a prospective management study. /ntern Med J. 2007;37(9):624-630.

Garcia Bolado A, Vicotria Barcena M, Luis del Cura J, Gorrino O, Grande D. Diagnostic indication for venous echo-Doppler of the lower limbs in the
diagnosis of thromboembolic disease with suspected pulmonary thromboembolism. Radiologia. 2003;45(5):213-218.

Kim KI, Miiller NL, Mayo JR. Clinically suspected pulmonary embolism: utility of spiral CT. Radiology. 1999;210(3):693-697.

Mac Gillavry MR, Sanson BJ, Biiller HR, Brandjes DP; ANTELOPE-Study Group. Compression ultrasonography of the leg veins in patients with clinically
suspected pulmonary embolism: is a more extensive assessment of compressibility useful? Thromb Haemost. 2000;84(6):973-976.

Turkstra F, Kuijer PM, van Beek EJ, Brandjes DP, ten Cate JW, Biiller HR. Diagnostic utility of ultrasonography of leg veins in patients suspected of having
pulmonary embolism. Ann Intern Med. 1997;126(10):775-781.

Guilabert JP, Manzur DN, Tarrasa MJT, Llorens ML, Braun P, Arques MPB. Can muiltislice CT alone rule out reliably pulmonary embolism? A prospective
study. Eur J Radiol. 2007;62(2):220-226.

Perrier A, Bounameaux H, Morabia A, et al. Diagnosis of pulmonary embolism by a decision analysis-based strategy including clinical probability, D-dimer
levels, and ultrasonography: a management study. Arch Intern Med. 1996;156(5):531-536.

Blachere H, Latrabe V, Montaudon M, et al. Pulmonary embolism revealed on helical CT angiography: comparison with ventilation-perfusion radionuclide
lung scanning. AJR Am J Roentgenol. 2000;174(4):1041-1047.

Bounameaux H, Cirafici P, de Moerloose P, et al. Measurement of D-dimer in plasma as diagnostic aid in suspected pulmonary embolism. Lancet. 1991;
337(8735):196-200.

Freitas JE, Sarosi MG, Nagle CC, Yeomans ME, Freitas AE, Juni JE. Modified PIOPED criteria used in clinical practice. J Nucl Med. 1995;36(9):
1573-1578.

Miron MJ, Perrier A, Bounameaux H, et al. Contribution of noninvasive evaluation to the diagnosis of pulmonary embolism in hospitalized patients. Eur
Respir J. 1999;13(6):1365-1370.

Spies WG, Burstein SP, Dillehay GL, Vogelzang RL, Spies SM. Ventilation-perfusion scintigraphy in suspected pulmonary embolism: correlation with
pulmonary angiography and refinement of criteria for interpretation. Radiology. 1986;159(2):383-390.

4310 PATEL et al 22 SEPTEMBER 2020 - VOLUME 4, NUMBER 18 € blood advances

20z AeIN 80 U0 1s8NB Aq Jpd-L10ZG01 006 0ZAPESIOUBADE/L66.S L LI9BZY/8 /7/IPd-0[ole/Se0uBAPEPOO|q/aU"SUONEDlgndyse// iy woly papeojumoq



74.
75.
76.
77.
78.
79.

80.

€ blood advances 22 sepTEMBER 2020 - vOLUME 4, NUMBER 18

van Rossum AB, Pattynama PM, Mallens WM, Hermans J, Heijerman HG. Can helical CT replace scintigraphy in the diagnostic process in suspected
pulmonary embolism? A retrolective-prolective cohort study focusing on total diagnostic yield. Eur Radiol. 1998;8(1):90-96.

van Rossum AB, Treurniet FE, Kieft GJ, Smith SJ, Schepers-Bok R. Role of spiral volumetric computed tomographic scanning in the assessment of
patients with clinical suspicion of pulmonary embolism and an abnormal ventilation/perfusion lung scan. Thorax. 1996;51(1):23-28.

Wells PS, Anderson DR, Rodger M, et al. Derivation of a simple clinical model to categorize patients probability of pulmonary embolism: increasing the
models utility with the SimpliRED D-dimer. Thromb Haemost. 2000;83(3):416-420.

Le Gal G, Righini M, Roy PM, et al. Value of D-dimer testing for the exclusion of pulmonary embolism in patients with previous venous thromboembolism.
Arch Intern Med. 2006;166(2):176-180.

Mos IC, Douma RA, Erkens PM, et al; Prometheus Study Group. Diagnostic outcome management study in patients with clinically suspected recurrent
acute pulmonary embolism with a structured algorithm. Thromb Res. 2014;133(6):1039-1044.

Nijkeuter M, Kwakkel-van Erp H, S6hne M, et al; Christopher Study Investigators. Clinically suspected acute recurrent pulmonary embolism: a diagnostic
challenge. Thromb Haemost. 2007;97(6):944-948.

van Belle A, Biiller HR, Huisman MV, et al; Christopher Study Investigators. Effectiveness of managing suspected pulmonary embolism using an algorithm
combining clinical probability, D-dimer testing, and computed tomography. JAMA. 2006;295(2):172-179.

TEST ACCURACY FOR PULMONARY EMBOLISM 4311

20z AeIN 80 U0 1s8NB Aq Jpd-L10ZG01 006 0ZAPESIOUBADE/L66.S L LI9BZY/8 /7/IPd-0[ole/Se0uBAPEPOO|q/aU"SUONEDlgndyse// iy woly papeojumoq



