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Pulmonary embolism (PE) remains a diagnostic challenge in 2021. As the pathology is
potentially fatal and signs and symptoms are nonspecific, further investigations are
classically required. Based on the Bayesian approach, clinical probability became the
keystone of the diagnostic strategy to rule out PE in the case of a negative testing.
Several clinical probability assessment methods are validated: gestalt, the Wells score,
or the revised Geneva score. While the debate persists as to the best way to assess
clinical probability, its assessment allows for the good interpretation of the investiga-
tion results and therefore directs the correct diagnostic strategy. The wide availability
of computed tomography pulmonary angiography (CTPA) resulted in a major increase
in investigations with a moderate increase in diagnosis, without any notable improve-
ment in patient outcomes. This leads to a new challenge for PE diagnosis which is the
limitation of the number of testing for suspected PE. We review different strategies
recently developed to achieve this goal. The last challenge concerns the implementa-
tion in clinical practice. Two approaches are developed: simplification of the strategies
versus the use of digital support tools allowing more sophisticated strategies. Artificial
intelligence with machine-learning algorithms will probably be a future tool to guide
the physician in this complex approach concerning acute PE suspicion.

Pulmonary embolism (PE) is a frequent condition and
remains a diagnostic challenge for emergency physicians.
With around 300,000 PE-related deaths each year in the
United States,’ PE represents the third most common
cause of cardiovascular mortality.>-> As signs and symptoms
are very common and nonspecific, further examinations are
classically required to rule in or rule out the diagnosis.
Historically, the gold standard was pulmonary angiography
but this examination was associated with a 6.5% rate of
adverse events including 0.5% chance of death, leading to
the development of less-invasive testings.* The first tests
were the ventilation-perfusion (V/Q) scan and D-dimer, but
their diagnostic performances were insufficient to allow
their use as stand-alone tests. However, on the basis of the
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Bayesian approach, they could accurately exclude or confirm
PE in specific ranges of PE prevalence, that is, pretest clinical
probability.”

Over time, the ability of physicians to categorize patients
suspected of PE into high, moderate, or low pretest clinical
probability was demonstrated, both using their implicit global
assessment (gestalt), or dedicated prediction rules.® Therefore,
clinical probability assessment has become a keystone of
the PE diagnostic process, especially to rule out PE with
confidence in case of a negative test. It is the first step of the
currently recommended diagnostic strategies with a view to
defining test ordering and interpreting its result (~Fig. 1).

In the last decades, probably due to the wide availability of
computed tomography pulmonary angiography (CTPA), as
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Fig. 1 Clinical probability assessment has become a keystone of the PE diagnostic process, particularly, to rule out PE with confidence in the
setting of negative testing. It is the first step of currently recommended diagnostic strategies. CTPA, computed tomography pulmonary

angiography; PE, pulmonary embolism.

well as medicolegal fears, a major increase in patients
investigated for suspected PE was observed in the United
States. It was associated with a moderate increase in PE
diagnosis without any notable improvement in patient
outcomes.” ' The same overtesting was more recently
observed in Europe, as demonstrated by the decrease in PE
prevalence in the more recent studies (12-14%), compared
with 20 to 30% in the last decade, and 50% in the early
1980s.""-13 These findings lead to a new challenge for PE
diagnosis: the limitation of the number of tests for suspected
PE and, especially, the number of CTPAs. The final goal is to
limit the adverse effects of the overtesting and overdiagnosis
of PE, namely, ionizing radiation and induced cancer, neph-
rotoxicity of iodine contrast, bleeding due to anticoagulation
for clinically nonrelevant PE, and financial cost.'®"1°
Different strategies for achieving this goal were recently
proposed.?0-24

Finally, the last challenge concerns the implementation of
validated diagnostic strategies based on clinical probability
assessment in current practice. Two options are currently
investigated, namely, the definition of simplified and per-
haps more memorable rules versus the use of digital support
tools allowing more sophisticated and perhaps more accu-
rate rules. For the latter, artificial intelligence (Al) may be an
important and promising tool. In this review, we discuss the
place of clinical probability over time for optimizing the
diagnostic process for suspected PE.

Clinical Probability

Gestalt
Until the end of the 1980s, physicians always used their overall
gestalt to suspect PE and to order further examinations. In 1990,
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the prospective investigation of pulmonary embolism diagno-
sis (PIOPED) investigators demonstrated that physicians were
able to categorize suspected PE patients into high, moderate, or
low pretest clinical probability based on the implicit clinical
assessment and nonspecific examinations (chest X-ray,
electrocardiogram, and blood gas)."" The discrimination of
this categorization was assessed by using angiography as the
gold standard. Moreover, this study showed the value of
combining this clinical judgment and the V/Q scan results,
thereby applying the Bayesian approach. This approach
was proven to be valid in subsequent diagnostic studies by
improving the reliability of diagnostic examinations.>>~%’
Rodger et al found low reproducibility of the gestalt clinical
probability assessment, with a correlation coefficient kappa of
0.33.28 These findings have led to the search for other clinical
probability assessment methods.

Scoring Systems

At the beginning of the century, explicit scores were developed
to standardize and to improve the applicability and reproduc-
ibility of clinical probability assessment. These scores allow the
classification of patients into three categories (low, intermedi-
ate, and high clinical probability) or two categories (likely or
unlikely). The best validated and most widely used scores are
the Wells score and the revised Geneva score (~Table 1).2> In
contrast to the revised Geneva score, which is fully standard-
ized, the Wells score includes a subjective variable: “alternative
diagnostic less likely than PE.” Both prediction rules have been
simplified to increase their adoption into clinical practice.
External validation exhibits high reliability for patients in
the emergency room.3'* Irrespective of the score used, the
proportion of patients with confirmed PE can be expected to be
approximately 10% in the low, 30% in the moderate, and 65% in
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Table 1 Clinical probability scores

Criterion

Wells RGS PERC YEARS 4PEPS

Age (y)

<50

50-64

>50

>65

Male sex

Surgery of immobilization within the past 4 weeks

1.5 2 1 2

Chronic respiratory disease

Cancer

Personal history of VTE

Hormonal estrogenic treatment

Hemoptysis

Syncope

Chest pain and acute dyspnea

Clinical signs of DVT

Unilateral lower limb pain

Pain on lower limb deep vein palpation and unilateral edema

Heart rate (bpm)

75-94

<80

>95

>100

1.5 1

Pulse oxygen saturation <95%

Alternative diagnosis less likely than PE

Clinical probability

Very low (exclusion threshold)

- - 0 <0

Low

0-1 0-3 0 0-5

Intermediate

2-6 4-10 >1 6-12

High

>7 >11 >13

Abbreviations: 4PEPS, four-level pulmonary embolism clinical probability score; bpm, beats per minute; DVT, deep vein thrombosis; PE, pulmonary
embolism; PERC, PE rule-out criteria; RGS, revised Geneva score; VTE, venous thromboembolism.

the high clinical probability.>® In the current main diagnostic
strategy (=Fig. 1), clinical probability is first used to decide
whether or not to order the D-dimer test. In patients with non-
high clinical pretest probability, a negative D-dimer test, that
is, <500 pug/Lwith a quantitative highly sensitive assay, excludes
PE with a risk of false negative of less than 2%.3%37 In patients
with high clinical suspicion, the D-dimer result is not reliable
as the posttest probability is always above 5%. Imaging testing is
required rather than performing the D-dimer test.

However, explicit scores have their limitations. They are
based on a limited number of simple variables, which limits
their accuracy and results in a loss of performance. The
superiority of scores over the implicit assessment remains a
matter of debate.!->>38-41 Obviously, implicit judgment allows
taking into account the whole complexity of each situation by
evaluating a larger panel of risk factors. Kabrhel et al suggest

that most of the predictive power of the Wells score lies in its
subjective criterion, namely, that of “Are alternative diagnoses
less likely than pulmonary embolism?.”4? Based on data from
723 consecutive patients with suspected PE and following a
logistic regression model including the items from the Wells
score, this criterion had an odds ratio (OR) of 3.30 (95%
confidence interval [CI]: 1.56-6.99). The same was observed
by Roy et al in the derivation of the four-level PE clinical
probability score (4PEPS)*3 This observation suggests that
the subjectivity of this criterion includes the assessment of a
large number of other variables not taken into account in the
score.** In a retrospective study, gestalt assessment seemed to
perform better than clinical decision rules mainly because of a
better selection of patients with low and high clinical proba-
bility. The area under the curve (AUC) was 0.81 (95% CI:
0.78-0.84), 0.71 (95% CI: 0.68-0.75), and 0.66 (95% CI:
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0.63-0.70) for gestalt, the Wells score and the revised Geneva
score, respectively.*? The fear of some authors lies in the
difficulty of implicitly assessing the clinical probability for
less experienced physicians, arguing that standardized scores
are easier and more reliable for clinicians lacking substantial
experience.*> However, after short training, Kabrhel et al
demonstrate good discrimination regardless of the physicians’
age, even if accurate determination of the clinical probability
appears to improve with clinical experience.*® These scores
should not be used in some clinical situations (i.e., patients
excluded from derivation and validation studies; =Table 1).
This is the case for pregnant patients, children, postoperative
patients, etc. In these situations, the clinician’s implicit assess-
ment is usually preferred. Nevertheless, the CT-PE pregnancy
studies demonstrated the reliability of the strategy based on
the revised Geneva score and clinical probability, and the
Artemis study demonstrated the utility of the YEARS algorithm
and D-dimer to reduce the need for CTPAs in pregnant women
suspected of PE.4748

Beyond the performance debate as to the way to assess
clinical probability, the most important message given is that
each time PE is suspected, the clinical probability should be
assessed to allow a good interpretation of the examination
results and therefore direct the correct diagnostic strategy.
The lack of an adequate strategy based on clinical probability
led to an increase in thromboembolic events in the follow-up
period.*?

Strategies against Overtesting
Recently, the findings of the negative consequences of
overtesting for suspected PE have led to the development
of several strategies aiming to rationalize diagnostic testing.
The goal of the first strategy is to answer the question
concerning “in whom to suspect PE and to start a diagnostic
strategy?” Classically in diagnostic studies, PE suspicion
was defined as the “acute onset of new or worsening
shortness of breath or chest pain without another obvious
etiology."50‘54 Multiple other clinical signs or circumstan-
ces which may lead to the suspicion of PE and dyspnea
together with chest pain are present in many other clinical
situations.?1-22:23:35:56

To reduce the number of “unnecessary” examinations,
Kline et al derived and validated the PE rule-out criteria
(PERC) which include eight criteria. The negative PERC
rule, applied to low-gestalt patients, makes it possible to
exclude PE without any further examination with a false
negative rate of under 2% (~Table 1).2

This rule has been validated in several studies in the
United States, demonstrating a risk false negative of around
1%.2457-58 In Europe, initial retrospective evaluation of the
PERC rule was not conclusive. Used alone or in combination
with a low clinical probability assessed by the Revised
Geneva score, the PERC rule exhibited a false negative rate
of greater than 5%.13°9 Two recent prospective European
studies, PERCEPIC and PROPER, have shown a low percentage
of false-negative results, namely, 1.2% (95% CI: 0.5-2.8%) and
0.1% (95% CI: 0-0.8%), respectively,sz'53 However, due to the
low overall prevalence of PE in these studies, the European
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Society of Cardiology (ESC) concluded that results could not
currently be generalized.°

Another way of avoiding overtesting was explored by
Douma et al by using another positivity threshold for D-dimer
testing for patients over 50 years of age (i.e., age x 10).3° This
adaptation increases the clinical usefulness of the D-dimer
testing and limits the number of CTPA. The ADJUST-PE study
prospectively validated the age-adjusted cut-off in a cohort of
3,346 patients. Among these patients, 39.8% had a normal age-
adjusted D-dimer value, thus avoiding 11.6% additional CTPA.
During the 3-month follow-up period, the failure rate of this
strategy was evaluated at 0.3% (95% CI: 0.1-1.7%), thus ensur-
ing patient safety. Among patients over 75 years of age, the use
of the new cut-off increased the number of patients in whom
PE could be excluded based on the negative D-dimer testing
from 6.4 to 30.0%, without any additional false-negative
findings.?" This adjustment has a significant impact in over-
crowded emergency departments and is now recommended
in ESC guidelines.®’

Another attempt to decrease the number of CTPA performed
is offered in the YEARS study. It includes three criteria which
were used to assess the clinical probability: “clinical signs of
deep vein thrombosis,” “hemoptysis,” and “PE are the most
likely diagnosis.” By using a D-dimer threshold of 1,000 pg/L in
patients assessed as being of low clinical probability (three
negative criteria), the YEARS strategy showed a decrease of 14%
CTPA performed and a failure rate of 0.61% (95% CI: 0.4-1%;
~Table 1)2%%2 The same D-dimer level adaptation on
clinical probability is proposed in the pulmonary embolism
graduated d-dimer (PEGeD) study.23 Clinical probability is
assessed here by the Wells score. The D-dimer threshold of
1,000 pg/L was used in cases of low clinical probability, while
the classical threshold of 500 pg/L is used for moderate clinical
probability, avoiding 16% of CTPA compared with the classical
strategy and a failure rate of 0% (95% CI: 0-2.9%).83

Recently, a new clinical probability score was derived. The
4PEPS merged all previous strategies with overtesting: ruling
out PE on clinical criteria alone (PERC strategy), using
1,000 pg/L as the D-dimer cut-off in cases of low CP (PEGeD
and YEARS strategy), using an age-adjusted D-dimer cut-off
in cases of moderate CP (=Table 1). The accuracy, safety, and
efficacy of the 4PEPS strategy were confirmed in two inde-
pendent external validation cohorts: one with a low PE
prevalence (11.7%) and one with a high PE prevalence
(21.5%). The absolute reductions in imaging testing versus
the standard strategy were 19 and 22% and seem higher than
those experienced with the other strategies.*> It now needs
to be prospectively validated.

Implementation of These Strategies and Al

It has been demonstrated that diagnostic management of PE
is often inappropriate or incomplete and leads to more than
40% chance of a harmful decision for patients.® Two different
ways are developed: on one hand, the simplification of the
clinical rules and strategies to make them easily memorable
(i.e., the YEARS strategy) versus, on the other hand, the use of
digital support tools allowing more sophisticated rules (i.e.,
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the PEPS score). The first approach is undermined by a loss of
adaptation to the patient context and had no certain increase
in applicability. Recent external validation data of YEARS
strategies in cohorts of European patients suggest a signifi-
cant failure rate of 6.3% (17/272; 95% CI: 3.9-9.8) in the
subgroup of patients with no YEARS criteria and a D-dimer of
<1,000ng/mL% The second approach makes clinicians
dependent on information technology (IT) and/or Al support
and needs to be available at the exact moment when the
clinicians need the information.®> Several innovations with
this purpose are about to be delivered. Roy et al developed a
handheld decision-support system that has been shown to
improve diagnostic decision-making for patients with
suspected PE in the emergency departments.66 Kline et al
developed a web-based, clinical support instrument requir-
ing 17 patient variables to provide a quantitative clinical
probability assessment among low-risk ambulatory patients
with symptoms of acute coronary syndrome and PE. This
assessment was linked to better follow-up of the recom-
mendations, and led to a significant decrease in radiation and
medical cost care.®” Recently, the prediction performance in
acute PE diagnosis was evaluated using elastic net and
artificial neural networks, which consider multitudes of
patient-specific risk factors and dependencies in retrospec-
tive structured electronic medical record data to arrive at an
imaging-specific PE likelihood recommendation. In this
study, the best performing model achieved an AUC of pre-
dicting a positive PE diagnosis of 0.90 (95% CI: 0.87-0.91).58
Machine-learning algorithms do not require linear relation-
ships between variables, and they can analyze complex
data without a preexisting hypothesis. Theoretically, such
algorithm should be an ideal diagnostic tool. At the 2019
International Society of Thrombosis and Hemostasis
Congress, Willan et al presented a machine-learning
algorithm able to improve the risk assessment of patients
referred due to suspicion of deep vein thrombosis (DVT). The
algorithm was able to exclude DVT in 37.5% of patients, with
no need for ultrasound (false negative rate: 0.22%), compared
with 8.3% using the Wells score and the D-dimer testing.%°

All of these Al models require a very large amount of high-
quality data.”® Further studies must be performed. This will
require an international or even global sharing of anony-
mized data.

In the near future, we can easily imagine entering the
characteristics and parameters of each patient and being
guided by the algorithm to reliably suspect, exclude, or
confirm PE.

Conclusion

For several decades, the clinical probability assessment has
been the keystone of PE diagnostic strategy, mainly to exclude
PE safely and with confidence. However, two incompletely met
needs persist. The first of these is to rationalize testing for
suspected PE to limit overtesting and overdiagnosis of PE.
The second of these needs is that of achieving widespread
implementation of accurate diagnostic management of sus-
pected PE in current practice. Several innovations with these

purposes are imminent and may profoundly change the diag-
nostic process for suspected PE in the near future.

Conflict of Interest

D.D. declares no conflict of interest. PM.R. reports personal
fees and nonfinancial support from Bayer Healthcare,
Boehringer Ingelheim France, Bristol Myers Squibb, Pfizer,
Aspen, Daiichi Sankyo, and Sanofi Aventis France, falling
outside the parameters of the submitted article. A.P. reports
personal fees and nonfinancial support from Bayer,
Boehringer, Bristol Myers Squibb, Pfizer, Aspen, Daiichi,
Roche, Stago, and Sanofi, falling outside the parameters of
the submitted article.

References
1 Heit JA, Cohen AT, Anderson FA. Group on B of the VIA. Estimated

annual number of incident and recurrent, non-fatal and fatal

venous thromboembolism (VTE) events in the US. Blood 2005;

106(11):910-910

Aujesky D, Jiménez D, Mor MK, Geng M, Fine M]J, Ibrahim SA.

Weekend versus weekday admission and mortality after acute

pulmonary embolism. Circulation 2009;119(07):962-968

Laporte S, Mismetti P, Décousus H, et al;RIETE Investigators.

Clinical predictors for fatal pulmonary embolism in 15,520

patients with venous thromboembolism: findings from the Regis-

tro Informatizado de la Enfermedad TromboEmbolica venosa

(RIETE) Registry. Circulation 2008;117(13):1711-1716

Stein PD, Athanasoulis C, Alavi A, et al. Complications and validity

of pulmonary angiography in acute pulmonary embolism. Circu-

lation 1992;85(02):462-468

Roy P-M, Colombet I, Durieux P, Chatellier G, Sors H, Meyer G.

Systematic review and meta-analysis of strategies for the diagno-

sis of suspected pulmonary embolism. BM] 2005;331(7511):259

Roy P-M, Meyer G, Vielle B, et al;EMDEPU Study Group. Appro-

priateness of diagnostic management and outcomes of suspected

pulmonary embolism. Ann Intern Med 2006;144(03):157-164

Kline JA, Garrett JS, Sarmiento EJ, Strachan CC, Courtney DM.

Over-testing for suspected pulmonary embolism in American

emergency departments: the continuing epidemic. Circ Cardio-

vasc Qual Outcomes 2020;13(01):e005753

Wang RC, Miglioretti DL, Marlow EC, et al. Trends in imaging for

suspected pulmonary embolism across US health care systems,

2004 to 2016. JAMA Netw Open 2020;3(11):e2026930

Dobler CC. Overdiagnosis of pulmonary embolism: definition,

causes and implications. Breathe (Sheff) 2019;15(01):46-53

10 Wiener RS, Schwartz LM, Woloshin S. Time trends in pulmonary
embolism in the United States: evidence of overdiagnosis. Arch
Intern Med 2011;171(09):831-837

11 PIOPED Investigators. Value of the ventilation/perfusion scan in
acute pulmonary embolism. Results of the prospective investiga-
tion of pulmonary embolism diagnosis (PIOPED). JAMA 1990;263
(20):2753-2759

12 Hildner FJ, Ormond RS. Accuracy of the clinical diagnosis of
pulmonary embolism. JAMA 1967;202(07):567-570

13 Kline JA, Mitchell AM, Kabrhel C, Richman PB, Courtney DM. Clinical
criteria to prevent unnecessary diagnostic testing in emergency
department patients with suspected pulmonary embolism.
J Thromb Haemost 2004;2(08):1247-1255

14 Runyon MS, Webb WB, Jones AE, Kline JA. Comparison of the
unstructured clinician estimate of pretest probability for pulmonary
embolism to the Canadian score and the Charlotte rule: a prospec-
tive observational study. Acad Emerg Med 2005;12(07):587-593

15 Le Gal G, Bounameaux H. Diagnosing pulmonary embolism:
running after the decreasing prevalence of cases among sus-
pected patients. ] Thromb Haemost 2004;2(08):1244-1246

N

w

N

O]

D

~

oo

o

Seminars in Respiratory and Critical Care Medicine  Vol. 42 No. 2/2021 © 2021. Thieme. All rights reserved.

Downloaded by: University of Connecticut. Copyrighted material.



17

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Korkut M, Bedel C, Erman K, Yiiksel S. Incidental findings of
computed tomography angiography in patients suspected to
pulmonary embolism; a brief report. Arch Acad Emerg Med
2019;7(01):e60

Champion N, Hogan S, Flemming J. Assessing the prevalence of
incidental findings identified by CTPA in women of reproductive
age. Emerg Med Int 2018;2018:4630945

Mitchell AM, Jones AE, Tumlin JA, Kline JA. Prospective study of
the incidence of contrast-induced nephropathy among patients
evaluated for pulmonary embolism by contrast-enhanced com-
puted tomography. Acad Emerg Med 2012;19(06):618-625
Niemann T, Zbinden I, Roser HW, Bremerich ], Remy-Jardin M,
Bongartz G. Computed tomography for pulmonary embolism:
assessment of a 1-year cohort and estimated cancer risk associat-
ed with diagnostic irradiation. Acta Radiol 2013;54(07):778-784
Singh B, Mommer SK, Erwin PJ], Mascarenhas SS, Parsaik AK.
Pulmonary embolism rule-out criteria (PERC) in pulmonary
embolism-revisited: a systematic review and meta-analysis.
Emerg Med ] 2013;30(09):701-706

Righini M, Van Es ], 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

van der Hulle T, Cheung WY, Kooij S, et al;YEARS study group.
Simplified diagnostic management of suspected pulmonary em-
bolism (the YEARS study): a prospective, multicentre, cohort
study. Lancet 2017;390(10091):289-297

Kearon C, de Wit K, Parpia S, et al;PEGeD Study Investigators.
Diagnosis of pulmonary embolism with D-dimer adjusted to
clinical probability. N Engl ] Med 2019;381(22):2125-2134
Kline JA, Courtney DM, Kabrhel C, et al. Prospective multicenter
evaluation of the pulmonary embolism rule-out criteria. ] Thromb
Haemost 2008;6(05):772-780

Musset D, Parent F, Meyer G, et al;Evaluation du Scanner Spiralé
dans 'Embolie Pulmonaire study group. Diagnostic strategy for
patients with suspected pulmonary embolism: a prospective
multicentre outcome study. Lancet 2002;360(9349):1914-1920
Perrier A, Desmarais S, Miron M-], et al. Non-invasive diagnosis of
venous thromboembolism in outpatients. Lancet 1999;353
(9148):190-195

Perrier A, Bounameaux H, Morabia A, et al. Diagnosis of pulmo-
nary embolism by a decision analysis-based strategy including
clinical probability, D-dimer levels, and ultrasonography: a man-
agement study. Arch Intern Med 1996;156(05):531-536

Rodger MA, Maser E, Stiell I, Howley HE, Wells PS. The interob-
server reliability of pretest probability assessment in patients
with suspected pulmonary embolism. Thromb Res 2005;116(02):
101-107

Le Gal G, Righini M, Roy PM, et al. Prediction of pulmonary
embolism in the emergency department: the revised Geneva
score. Ann Intern Med 2006;144(03):165-171

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(03):416-420

Klok FA, Mos ICM, Nijkeuter M, et al. Simplification of the revised
Geneva score for assessing clinical probability of pulmonary
embolism. Arch Intern Med 2008;168(19):2131-2136

Gibson NS, Sohne M, Kruip M]J, et al;Christopher study investi-
gators. Further validation and simplification of the Wells clinical
decision rule in pulmonary embolism. Thromb Haemost 2008;99
(01):229-234

Shen J-H, Chen H-L, Chen J-R, Xing J-L, Gu P, Zhu B-F. Comparison
of the Wells score with the revised Geneva score for assessing
suspected pulmonary embolism: a systematic review and meta-
analysis. ] Thromb Thrombolysis 2016;41(03):482-492

Calisir C, Yavas US, Ozkan IR, et al. Performance of the Wells and
revised Geneva scores for predicting pulmonary embolism. Eur ]
Emerg Med 2009;16(01):49-52

Seminars in Respiratory and Critical Care Medicine

35

36

37

38

39

40

4

=

42

43

a4

45

46

47

48

49

50

5

=

Suspected Acute PE and Al Douillet et al.

Ceriani E, Combescure C, Le Gal G, et al. Clinical prediction rules
for pulmonary embolism: a systematic review and meta-analysis.
] Thromb Haemost 2010;8(05):957-970

Dronkers CEA, van der Hulle T, Le Gal G, et al;Subcommittee on
Predictive and Diagnostic Variables in Thrombotic Disease. To-
wards a tailored diagnostic standard for future diagnostic studies
in pulmonary embolism: communication from the SSC of the
ISTH. ] Thromb Haemost 2017;15(05):1040-1043

Crawford F, Andras A, Welch K, Sheares K, Keeling D, Chappell
FMCochrane Vascular Group. D-dimer test for excluding the
diagnosis of pulmonary embolism. Cochrane Database Syst Rev
2016;2016(08):CD010864

Lucassen W, Geersing G-J, Erkens PMG, et al. Clinical decision
rules for excluding pulmonary embolism: a meta-analysis. Ann
Intern Med 2011;155(07):448-460

Douma RA, Mos IC, Erkens PM, et al;Prometheus Study Group.
Performance of 4 clinical decision rules in the diagnostic man-
agement of acute pulmonary embolism: a prospective cohort
study. Ann Intern Med 2011;154(11):709-718

Penaloza A, Verschuren F, Meyer G, et al. Comparison of
the unstructured clinician gestalt, the wells score, and the
revised Geneva score to estimate pretest probability for sus-
pected pulmonary embolism. Ann Emerg Med 2013;62(02):
117-124.e2

Perrier A, Miron M-], Desmarais S, et al. Using clinical evaluation
and lung scan to rule out suspected pulmonary embolism: Is it a
valid option in patients with normal results of lower-limb venous
compression ultrasonography? Arch Intern Med 2000;160(04):
512-516

Kabrhel C, McAfee AT, Goldhaber SZ. The contribution of the
subjective component of the Canadian pulmonary embolism
score to the overall score in emergency department patients.
Acad Emerg Med 2005;12(10):915-920

Roy P-M, Friou E, Germeau B, et al. Derivation and validation of a
4-level clinical probability score for suspected pulmonary embo-
lism to safely decrease imaging testing: 4PEPS (4-level pulmonary
embolism clinical probability score). Social Science Research
Network 2020. Doi: 10.2139/ssrn.3627356

van Es J, Beenen LFM, Douma RA, et al. A simple decision rule
including D-dimer to reduce the need for computed tomography
scanning in patients with suspected pulmonary embolism. ]
Thromb Haemost 2015;13(08):1428-1435

Cervellin G, Borghi L, Lippi G. Do clinicians decide relying primar-
ily on Bayesians principles or on Gestalt perception? Some pearls
and pitfalls of Gestalt perception in medicine. Intern Emerg Med
2014;9(05):513-519

Kabrhel C, Camargo CA Jr, Goldhaber SZ. Clinical gestalt and the
diagnosis of pulmonary embolism: does experience matter?
Chest 2005;127(05):1627-1630

Righini M, Robert-Ebadi H, Elias A, et al;CT-PE-Pregnancy Group.
Diagnosis of pulmonary embolism during pregnancy: a multi-
center prospective management outcome study. Ann Intern Med
2018;169(11):766-773. Doi: 10.7326/M18-1670

van der Pol LM, Tromeur C, Bistervels IM, et al;Artemis Study
Investigators. Pregnancy-adapted YEARS algorithm for diagnosis
of suspected pulmonary embolism. N Engl ] Med 2019;380(12):
1139-1149

Roy P-M, Rachas A, Meyer G, et al. Multifaceted intervention to
prevent venous thromboembolism in patients hospitalized for
acute medical illness: a multicenter cluster-randomized trial.
PLoS One 2016;11(05):e0154832

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

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-

Vol. 42 No. 2/2021 © 2021. Thieme. All rights reserved.

181

Downloaded by: University of Connecticut. Copyrighted material.



182

Suspected Acute PE and Al

52

53

54

55

56

57

58

59

60

61

Seminars in Respiratory and Critical Care Medicine

Douillet et al.

dimer testing, and computed tomography. JAMA 2006;295(02):
172-179

Penaloza A, Soulié C, Moumneh T, et al. Pulmonary embolism rule-
out criteria (PERC) rule in European patients with low implicit
clinical probability (PERCEPIC): a multicentre, prospective, obser-
vational study. Lancet Haematol 2017;4(12):e615-e621
Malavolta D, Quatela V, Moffat ], Ottolini BBGrAM (Gruppo di
Autoformazione metodologica) Effect of the Pulmonary Embo-
lism Rule-Out Criteria on subsequent thromboembolic events
among low-risk emergency department patients: the PROPER
randomized clinical trial. Intern Emerg Med 2019;14(02):
309-310

Righini M, Robert-Ebadi H, Le Gal G. Diagnosis of acute pulmonary
embolism. ] Thromb Haemost 2017;15(07):1251-1261

West |, Goodacre S, Sampson F. The value of clinical features in the
diagnosis of acute pulmonary embolism: systematic review and
meta-analysis. QM 2007;100(12):763-769

Le Gal G, Righini M, Roy P-M, et al. Differential value of risk factors
and clinical signs for diagnosing pulmonary embolism according
to age. ] Thromb Haemost 2005;3(11):2457-2464

Dachs RJ, Kulkarni D, Higgins GL IIl. The pulmonary embolism
rule-out criteria rule in a community hospital ED: a retrospective
study of its potential utility. Am ] Emerg Med 2011;29(09):
1023-1027

Wolf S, McCubbin TR, Nordenholz KE, Naviaux NW, Haukoos JS.
Assessment of the pulmonary embolism rule-out criteria rule for
evaluation of suspected pulmonary embolism in the emergency
department. Am | Emerg Med 2008;26(02):181-185

Hugli O, Righini M, Le Gal G, et al. The pulmonary embolism rule-
out criteria (PERC) rule does not safely exclude pulmonary
embolism. ] Thromb Haemost 2011;9(02):300-304

Meyer G, Becattini C, Geersing G-J, et al. 2019 ESC Guidelines for
the diagnosis and management of acute pulmonary embolism
developed in collaboration with the European Respiratory Society
(ERS). Eur Heart ] 2020;41(04):543-603

Ghobadi A, Lin B, Musigdilok VV, et al. Effect of using an age-
adjusted D-dimer to assess for pulmonary embolism in commu-

Vol. 42 No. 2/2021

62

63

64

65

66

67

68

69

70

nity emergency departments. Acad Emerg Med 2020;28(01):
60-69

Kabrhel C, Van Hylckama Vlieg A, Muzikanski A, et al. Multicenter
evaluation of the YEARS criteria in emergency department
patients evaluated for pulmonary embolism. Acad Emerg Med
2018;25(09):987-994

Gorlicki ], Penaloza A, Germeau B, et al. Safety of the combination
of PERC and YEARS rules in patients with low clinical probability
of pulmonary embolism: a retrospective analysis of two large
European cohorts. Acad Emerg Med 2019;26(01):23-30

Eddy M, Robert-Ebadi H, Richardson L, et al. External validation of
the YEARS diagnostic algorithm for suspected pulmonary embo-
lism. ] Thromb Haemost 2020;18(12):3289-3295

Wang RC, Bent S, Weber E, Neilson ], Smith-Bindman R, Fahimi J.
The impact of clinical decision rules on computed tomography
use and yield for pulmonary embolism: a systematic review and
meta-analysis. Ann Emerg Med 2016;67(06):693-701.e3

Roy PM, Durieux P, Gillaizeau F, et al. A computerized handheld
decision-support system to improve pulmonary embolism diag-
nosis: a randomized trial. Ann Intern Med 2009;151(10):677-686
Kline JA, Jones AE, Shapiro NI, et al. Multicenter, randomized trial
of quantitative pretest probability to reduce unnecessary medical
radiation exposure in emergency department patients with chest
pain and dyspnea. Circ Cardiovasc Imaging 2014;7(01):66-73
Banerjee I, Sofela M, Yang J, et al. Development and performance
of the pulmonary embolism result forecast model (PERFORM) for
computed tomography clinical decision support. JAMA Netw
Open 2019;2(08):e198719

Willan ], Katz H, Keeling D. Machine-learning algorithms can
improve upon current methods of risk-stratification of patients
presenting with suspected deep vein thrombosis. Accessed Janu-
ary 25, 2021 at: https://academy.isth.org/isth/2019/melbourne/
273984/john.willan.machine-learning.algorithms.can.improve.
upon.current.methods.of.html?f=menu%3D17%2Abrowseby%
3D8%2Asortby%3D2%2Amedia%3D1%2Atopic%3D21502

Greco M, Caruso PF, Cecconi M. Artificial Intelligence in the
Intensive Care Unit. Semin Respir Crit Care Med 2020;24:101

© 2021. Thieme. All rights reserved.

Downloaded by: University of Connecticut. Copyrighted material.


https://academy.isth.org/isth/2019/melbourne/273984/john.willan.machine-learning.algorithms.can.improve.upon.current.methods.of.html&x003F;f=menu&x0025;3D17&x0025;2Abrowseby&x0025;3D8&x0025;2Asortby&x0025;3D2&x0025;2Amedia&x0025;3D1&x0025;2Atopic&x0025;3D21502
https://academy.isth.org/isth/2019/melbourne/273984/john.willan.machine-learning.algorithms.can.improve.upon.current.methods.of.html&x003F;f=menu&x0025;3D17&x0025;2Abrowseby&x0025;3D8&x0025;2Asortby&x0025;3D2&x0025;2Amedia&x0025;3D1&x0025;2Atopic&x0025;3D21502
https://academy.isth.org/isth/2019/melbourne/273984/john.willan.machine-learning.algorithms.can.improve.upon.current.methods.of.html&x003F;f=menu&x0025;3D17&x0025;2Abrowseby&x0025;3D8&x0025;2Asortby&x0025;3D2&x0025;2Amedia&x0025;3D1&x0025;2Atopic&x0025;3D21502
https://academy.isth.org/isth/2019/melbourne/273984/john.willan.machine-learning.algorithms.can.improve.upon.current.methods.of.html&x003F;f=menu&x0025;3D17&x0025;2Abrowseby&x0025;3D8&x0025;2Asortby&x0025;3D2&x0025;2Amedia&x0025;3D1&x0025;2Atopic&x0025;3D21502

