
ORIGINAL ARTICLE

The Legend score synthesizes Wells, PERC, Geneva,

D-dimer and predicts acute pulmonary embolism prior

to imaging tests

Yunfeng Zhaoa, Yi Chengb, Hongwei Wangb, He Duc, Jinyuan Sunb, Mei Xud, Yong Luob,
Song Liub, Xuejun Guob, Wei Xiongb,e,*

a Department of Pulmonary and Critical Care Medicine, Punan Hospital, Pudong New District, Shanghai, China
b Department of Pulmonary and Critical Care Medicine, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai,

China
c Department of Medical Oncology, Shanghai Pulmonary Hospital, Tongji University School of Medicine, Shanghai, China
d Department of General Practice, North Bund Community Health Service Center, Hongkou District, Shanghai, China
e Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Received 7 July 2023; accepted 18 October 2023

Available online xxx

Abstract

Introduction: The prediction rules of acute pulmonary embolism(PE) before imaging tests rec-

ommended by the commonly used guidelines have low diagnostic efficiency if not combined with

D-dimer, therefore it is necessary to seek for a prediction rule with higher diagnostic efficiency.

Methods: We designed a new score named Legend by synthesizing the scores of Wells, PERC, and

Geneva, as well as D-dimer with patients in the development group(n = 2112), and then vali-

dated it in patients of validation group(n = 388). Diagnostic efficiency was also compared

between Legend score and Wells+D-dimer (DD), PERC+DD, Geneva+DD, and YEARS+DD(YEAR

algorithm).

Results: The Legend score comprised active cancer, D-dimer�1000 ng/mL, DVT symptoms and/

or signs, previous venous thromboembolism (VTE) history, and surgery, trauma, or immobilization

in the past month. The sensitivity, specificity, Youden index, and area under the curve(AUC) were

0.985, 0.744, 0.729, and (0.861[0.796�0.925], P<0.001), respectively, for original Legend

score, whereas were 0.982, 0.778, 0.760, and (0.871[0.823�0.920], P<0.001), respectively, for

simplified Legend score. The Kappa coefficient and P value of McNemar test were 0.988 and

1.000, respectively, between the original and simplified Legend scores. In the validation group,

the sensitivity, specificity, Youden index, and C-index were 0.971, 0.749, 0.720, and (0.838

[0.781�0.896], P<0.001), respectively, for the original Legend score, whereas were 0.986,

0.715, 0.701, and (0.816[0.750�0.880], P = 0.001) respectively, for the simplified Legend score.

The Kappa coefficient and P value of McNemar test between original Legend score and Wells+DD,
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PERC+DD, Geneva+DD, and YEARS+DD were (0.563, 0.001), (0.139, <0.001), (0.631, 0.006), and

(0.732, 0.029), respectively. The Kappa coefficient and P value of McNemar test between simpli-

fied Legend score and aforementioned scores were (0.675, 0.009), (0.172, <0.001), (0.747,

0.001), and (0.883, 0.012), respectively.

Discussion: In view of the fact the Legend score reserves the efficient predictors and eliminates

the inefficient ones in Wells, PERC, and revised Geneva scores, and incorporates D-dimer into it,

a more efficient, modified, and user-friendly one has replaced the original ones.

Conclusions: The Legend score yields excellent diagnostic efficiency with good safety in the pre-

test prediction of acute PE prior to imaging tests. It also avoids more unnecessary imaging tests

than Wells+DD, PERC+DD, Geneva+DD, or YEARS+DD.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Key messages:

What is already known on this topic - The prediction

rules of acute pulmonary embolism(PE) before imaging

tests recommended by the commonly used guidelines

have low diagnostic efficiency provided not combined

with D-dimer, it is hypothesized that a new score syn-

thesizing these scores and D-dimer may yield a better

efficiency.

What this study adds - A new model termed Legend

score comprising active cancer, D-dimer�1000 ng/mL,

DVT symptoms and/or signs, previous VTE history, and

surgery, trauma, or immobilization in the past month

has yielded excellent diagnostic efficiency with good

safety and more reduction of unnecessary imaging tests

than Wells+DD, PERC+DD, Geneva+DD, or YEARS+DD, in

the pretest prediction of acute PE prior to imaging

tests.

How this study might affect research, practice or

policy- The results of the present study can provide a

new tool for daily clinical practice in the future, and

some new ideas for future research in this field.

Introduction

Acute pulmonary embolism(PE) is a common and potentially

fatal disease. PE and/or deep vein thrombosis (DVT) are

defined as venous thromboembolism(VTE).1,2 Acute PE is the

third most frequent acute cardiovascular disease fraction-

ally behind myocardial infarction and stroke globally.3 For a

missed and untreated PE or VTE, the risk of complications

comprising life-threatening or fatal PE, chronic thromboem-

bolic pulmonary hypertension, thrombus extension as well

as embolization and postthrombotic syndrome increase.4 As

such, prompt diagnosis is crucial to provide timely treat-

ment and avoidance of thrombus extension or embolization,

PE-related morbidity, and mortality.2,5

Nevertheless, it is not rational to perform imaging tests in

everyone suspected with PE, since VTE is frequently sus-

pected whereas only confirmed in 5 % to 10 % of suspected

cases who undergo diagnostic evaluation for PE.6,7 Imple-

menting imaging tests of PE in every patient with PE-likely

symptoms may result in unnecessary tests with potential

complications and waste of medical costs.3 Standard diag-

nostic strategies for the diagnosis of PE usually comprises 3

steps: estimating the clinical probability of PE first, then

conducting D-dimer testing, and finally performing chest

imaging tests if indicated.8 In the estimation of clinical prob-

ability of PE, the most classic and frequently used prediction

rules recommended by the commonly used guidelines and

the state-of-the-art authoritative reviews are Wells, pulmo-

nary embolism rule-out criteria (PERC), revised Geneva, and

YEARS scores.3,4,5,8

Nonetheless, the diagnostic efficiency for PE in each iso-

lated score is moderate provided that they are not combined

with D-dimer level.9,10 Despite this, since all these

classic scores were well-designed, long-tested, and widely-

acknowledged, suggesting they have justified PE-related risk

predictors for the prediction of PE diagnosis, we hypothesize

that a synthesis of these scores and D-dimer may yield a bet-

ter diagnostic efficiency than each individual one of them

combined with D-dimer. To date, there have been no such

studies available. Therefore, the current study was per-

formed to address this issue.

Methods

Study design

We designed a new score by synthesizing Wells score, revised

Geneva score, PERC score, YEARS score and D-dimer. The

Wells score comprises items including previous PE or DVT,

rapid heart rate, surgery or immobilization within the past 4

weeks, hemoptysis, active cancer, clinical signs of DVT, and

alternative diagnosis less likely than PE.11 The revised

Geneva score comprises items including previous PE or DVT,

rapid heart rate, surgery or fracture within the past month,

hemoptysis, active cancer, unilateral lower-limb pain, pain

on lower-limb deep venous palpation and unilateral edema,

and old age.12 The PERC rule comprises items including old

age, rapid pulse, low oxygen saturation, unilateral leg swell-

ing, hemoptysis, recent trauma or surgery, history of VTE

and oral hormone use.13 The YEARS score that derives from

the Wells score comprises items including clinical signs of

DVT, hemoptysis, and PE is the most likely diagnosis.14

Because of this the YEARS score is totally derived from the

Wells score, we actually synthesized Wells score, revised
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Geneva score, PERC score, and D-dimer. Based on the names

of WelLs, PeRC, geneva, and D-dimer, the new one was

named “Legend”. After synthesizing the Wells, PERC,

Geneva scores, we acquired a total of 10 items including

previous PE or DVT, rapid heart rate, surgery, trauma, or

immobilization within the past month, hemoptysis, active

cancer, clinical signs of DVT, old age, low oxygen saturation,

oral hormone use, and PE is the most likely diagnosis.

Previous patients from major medical centers were

reviewed if they had undergone diagnostic imaging tests of

PE including computed tomography pulmonary angiography

(CTPA), and/or planar ventilation/perfusion (V/Q) scanning

due to the suspicion of PE by the gestalt of clinicians. The

patients with DVT symptoms and/or signs, and patients with

objective confirmed PE without DVT symptoms and/or signs

also underwent compression ultrasonography(CUS) on lower

extremity deep vein to detect DVT. The variables of all 10

items and D-dimer level at the moment of suspicion of PE

were adopted in the present study. The item “PE is the most

likely diagnosis” was established based on the gestalt of

clinicians. All eligible subjects were assigned into develop-

ment group and validation group in a chronological order.

The patients in the development group were all prior to

those in the validation group who were the latest ones. The

Legend score was derived in the development group and

then validated in the validation group.

The first step was to screen out the items which were

highly correlated with PE occurrence among the aforemen-

tioned 10 items as well as D-dimer. The correlation between

all 10 items as well as D-dimer and the occurrence of PE

were analyzed among the patients of development group.

The second step was to determine the points of each item in

the Legend score. We derived two versions of Legend score

which were the original and simplified ones, depending on

the points of items in the score. The point(s) of items in the

original version was designated according to their acquired

multivariate Logistic regression coefficients. The item with

the minimum odds ratio (OR) was assigned 1 point, whereas

the point(s) of other items was the multiples of their OR val-

ues over the minimum OR, being rounded to the nearest

integer.15,16 By contrast, each item in the simplified version

was all allocated 1 point.17,18 The last step was to pinpoint

the cutoff value of points in the Legend score. We designed

Legend score into a two-level dichotomous prediction rule

that comprised a single cutoff for two risk classifications

which were PE-likely and PE-unlikely. The cutoff point for

the original and simplified versions in Legend score were

defined by analyzing the diagnostic efficiency of Legend

score for PE occurrence in the patients of development

group. In this way the derivation of Legend score was accom-

plished.

The Legend score was then validated among the patients

in the validation group after its derivation. All patients in

the validation group were assessed by using Legend score

and stratified into PE-likely and PE-unlikely subgroups.

According to the actual diagnosis and exclusion of PE,

patients in the validation group were also classified into PE

and non-PE subgroups. Taking actual PE diagnosis as gold

standard, the diagnostic efficiency of original and simplified

Legend scores for PE occurrence were both explored among

the patients in the validation group. Meanwhile, the diag-

nostic efficiency of Legend score was compared with that of

pretest probability(PTP)-adjusted D-dimer strategy plus the

scores of Wells, PERC, revised Geneva, or YEARS(YEARS algo-

rithm), respectively. For Wells and revised Geneva scores, a

low PTP with a D-dimer�1000 ng/mL, or an intermediate

PTP with a D-dimer �500 ng/mL indicate PE-unlikely, other-

wise indicate PE-likely. For PERC and YEARS scores, a nega-

tive result by the score with a D-dimer �1000 ng/mL, or a

positive result by the score with a D-dimer �500 ng/mL indi-

cate PE-unlikely, otherwise indicate PE-likely.1,5,7,8

The medical researchers of Shanghai Punan Hospital,

Shanghai Xinhua Hospital, and Shanghai Pulmonary Hospital

conducted the present study. We retrieved relevant data for

analyses from electronic medical record system of each par-

ticipating hospital. No one who is not an author contributed

to the manuscript writing. All authors agreed on the submit-

ted manuscript for publication. Neither patients nor the

public were involved in the design, or conduct, or reporting,

or dissemination plans of our research. The study protocol

was approved by institutional review board of each partici-

pating hospital.

Study population

As per the inclusion and exclusion criteria, eligible patients

from each participating hospital were incorporated into the

current study. The inclusion criteria comprised: 1) All eligi-

ble patients were 18 years old or older; 2) All eligible

patients had an objectively confirmed diagnosis or exclusion

of PE by undergoing diagnostic imaging tests of PE including

CTPA, and/or V/Q scanning when PE was suspected by the

gestalt of clinicians. The exclusion criteria comprised: 1)

Patients who had an objectively confirmed diagnosis of

chronic thromboembolic disease (CTED)3; 2) Patients who

underwent anticoagulant or antiplatelet treatment during

the investigation of PE.

Statistical analyses

We performed a stepwise binary Logistic regression analysis

between the aforementioned 10 items as well as D-dimer

and PE diagnosis first, and then conducted a multivariate

Logistic regression analysis by using the variables acquired

from the stepwise binary Logistic regression analysis, to

determine the eligible variables in the Legend score. Such

statistical methodology was consistent with those in the pre-

vious literature.11,15 Cutoffs of both original and simplified

versions of Legend scores were determined by using receiver

operator characteristic (ROC) curve analysis, respectively.

Diagnostic efficiency was analyzed based on the number of

true positive (TP), false positive (FP), false negative (FN),

true negative (TN), diagnostic prevalence(DP), and exclu-

sion prevalence(EP). Diagnostic efficiency comprised sensi-

tivity, specificity, positive predictive value (PPV), negative

predictive value (NPV), false positive rate (FPR)(misdiagno-

sis rate), false negative rate (FNR) (missed diagnostic rate),

positive likelihood ratio (PLR), negative likelihood ratio

(NLR), diagnostic odds ratio (DOR), number needed to diag-

nosis(NND), success rate (SR)(crude agreement), failure rate

(FR), adjusted agreement (AA), Youden index (YI), and Har-

rell’s concordance-index(C-index). Cohen’s Kappa coeffi-

cient analysis and McNemar test were used for comparison

of diagnostic consistency and dominance tests, respectively.
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Excellent Kappa coefficient was defined as 0.8 < K � 1.0

according to the previous studies.19

We endeavored to acquire as many patients as possible

for the sample size of the development group, on the basis

of reaching the minimum required sample size for develop-

ing a clinical prediction model.20 According to the methods

in the article of Riley et al.,20 in the present study, due to

the number of candidate predictors being 11, events frac-

tion being 0.5 since the true prevalence of PE was not sure,

and root mean square prediction error being 0.05, a total of

1080 patients were required to be measured for developing

the Legend score. In the process of determining the sample

size of the validation group, having a confidence level of

95 % that the real value was within §5 % of the measured

value, with the patient population proportion being 50 %

since the true patient population proportion being suspected

for PE was not sure, a total of 385 or more patients were

needed to be investigated in the validation of Legend score.

Statistical analyses were performed by using SPSS 26. A P-

value being less than 0.05 was defined as statistical signifi-

cance.

Results

Demographics and characteristics of patients

We collected a total of 2714 patients between Jan, 2012,

and Dec, 2022 from the participating hospitals who met the

inclusion criteria. As per the exclusion criteria, 214 patients

were ruled out from the study. In the end, a total of 2500

patients were determined to be the final set. The median

age was 68.3 years old. The gender distribution of female

and male were 1206 (48.2 %) and 1294(51.8 %), respectively.

The number of patients in the development group and vali-

dation group were 2112 and 388, respectively. The patients

in development group were those between Jan, 2012 and

Dec, 2021, whereas those in validation group were those

between Jan, 2022 and Dec, 2022. The total prevalence of

PE in all patients was 402(16.1 %). The demographics and

characteristics of all eligible patients were presented in the

Table 1.

Development of Legend score

In a sequential univariate and multivariate Logistic regres-

sion analysis among patients in the development group, the

final results indicated that active cancer (1.579

[0.666�2.717], P = 0.003), D-dimer�1000 ng/mL (4.007

[1.985�6.242], P<0.001), DVT symptoms and/or signs

(3.058[1.517�4.933], P<0.001), previous VTE history (2.874

[1.538�4.726], P = 0.001), and surgery, trauma, or immobili-

zation in the past month (3.303[1.566�4.624], P<0.001)

were persistently correlated with PE occurrence.(Fig. 1) The

present cutoff of D-dimer(1000 ng/mL) were yielded from

Logistic regression analysis taking every 500 ng/mL as an

unit. A sensitivity analysis by comparing Logistic regression

models with all combinations of the 10 items as well as D-

dimer demonstrated consistency with the results of the for-

mer method. Based on their coefficients, active cancer, D-

dimer�1000 ng/mL, DVT symptoms and/or signs, previous

VTE history, and surgery, trauma, or immobilization in the

past month were assigned 1, 3, 2, 2, and 2 points in the origi-

nal Legend score, respectively, whereas assigned all 1 point

in the simplified Legend score. By using an ROC curve analy-

sis among the patients in the development group, a total

score of 2 or more defined PE-likely, whereas a score of 1 or

less defined PE-unlikely, for the original Legend score. For

the simplified Legend score, ROC curve analysis revealed

that a total score of 1 or more defined PE-likely, whereas a

score of 0 defined PE-unlikely. The computational methods

of the original Legend score are: add up the score of each

item in the original Legend score, then consider PE-likely if

the total score is 2 or more, whereas PE-unlikely if it is 1 or

less. The computational methods of the simplified Legend

score are:add up the score of each item in the simplified

Legend score, then consider PE-likely if the total score is 1

or more, whereas PE-unlikely if it is 0. Thus the original and

simplified versions of Legend score were established. The

models of original and simplified versions of Legend score

are demonstrated in Table 2. The comparison of the compo-

sition among the Wells, PERC, revised Geneva, YEARS, and

Legend scores are displayed in Table 3.

Diagnostic efficiency of Legend score for PE in the

development group

Among 2112 patients in the development group, the actual

PE prevalence was 333(15.8 %). The PE-likely and PE-unlikely

yielded from original Legend score were 784(37.1 %) and

1328(62.9 %), respectively. Among those PE-likely patients,

328(41.8 %) truly developed PE, whereas 456(58.2 %) did

not. Among those 1328 PE-unlikely patients, 1323(99.6 %)

truly did not develop PE, whereas 5(0.4 %) actually did. The

calibration of PE probability in the risk stratification of PE-

likely and PE-unlikely yielded by original Legend score were

41.8 % and 0.4 %, respectively. The TP, FP, FN, TN, sensitivity,

specificity, SR, FR, AA, YI, and C-index(area under the curve

[AUC]) in the PE pretest prediction by using original Legend

score were 328, 456, 5, 1323, 98.5 %, 74.4 %, 78.2 %, 21.8 %,

78.6 %, 0.729, and (0.861[0.796�0.925], P<0.001), respec-

tively.

The PE-likely and PE-unlikely yielded from simplified Leg-

end score were 722(34.2 %) and 1390(65.8 %), respectively.

Among those 722 PE-likely patients, 327(45.3 %) truly devel-

oped PE, whereas 395(54.7 %) did not. Among those 1390 PE-

unlikely patients, 1384(99.6 %) really did not develop PE,

whereas 6(0.4 %) actually did. The calibration of PE proba-

bility in the risk stratification of PE-likely and PE-unlikely

yielded by simplified Legend score were 45.3 % and 0.4 %,

respectively. The TP, FP, FN, TN, sensitivity, specificity, SR,

FR, AA, YI, and C-index(area under the curve[AUC]) in the

PE pretest prediction by using simplified Legend score were

327, 395, 6, 1384, 98.2 %, 77.8 %, 81.0 %, 19.0 %, 80.2 %,

0.760, and (0.871[0.823�0.920], P<0.001), respectively.

In the comparison between two versions of Legend score,

the original Legend reduced 1 case of missed diagnosis com-

pared with the simplified one, whereas the simplified Leg-

end reduced 61 cases of unnecessary imaging tests

compared with the original one. In the consistency and dom-

inance tests, the Kappa coefficient and P value of McNemar

test were 0.988 and 1.000, respectively, between the origi-

nal and simplified Legend scores. Diagnostic efficiency for

PE prior to imaging tests by using original and simplified
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Table 1 Demographics and characteristics of patients.

Variables Development cohort (n = 2112) P value Validation cohort (n = 388) P value

Non PE(n = 1779) PE (n = 333) Non PE (n = 319) PE (n = 69)

Age-years 65.1 § 15.8 68.4 § 18.3 0.537 68.3 § 17.5 71.2 § 21.6 0.815

Sex (female/male)-no. (%) 869 (48.8)/910 (51.2) 155 (46.5)/178 (53.5) 0.441 149 (46.7)/170 (53.3) 33 (47.8)/36 (52.2) 0.866

Body mass index-kg/m2 22.7 § 4.8 27.3 § 8.2 0.026 23.0 § 6.6 25.1 § 7.3 0.334

Settings-no. (%) <0.001 0.642

Outpatient 512 (28.8) 66 (19.8) 83 (26.0) 15 (21.7)

Emergency 713 (40.1) 101 (30.3) 121 (37.9) 30 (43.5)

Inpatient 554 (31.1) 166 (49.8) 115 (36.1) 24 (34.8)

DVT (Y/N)-no. (%) 112 (33.6)/221 (66.4) 20 (29.0)/49 (71.0)

Active cancer (Y/N)-no. (%) 433 (24.3)/1346 (75.7) 131 (39.3)/202 (60.7) <0.001 65 (20.4)/254 (79.6) 23 (33.3)/46 (66.7) 0.020

PE is the most likely diagnosis (Y/N)-no. (%) 1255 (70.5)/524 (29.5) 246 (73.9)/87 (26.1) 0.219 239 (74.9)/80 (25.1) 55 (79.7)/14 (20.3) 0.400

DVTsymptoms and/or signs (Y/N)-no. (%) 358 (19.9)/1441 (80.1) 138 (41.4)/195 (58.6) <0.001 78 (24.5)/241 (75.5) 30 (43.5)/39 (56.5) 0.001

Hemoptysis (Y/N)-no. (%) 187 (10.5)/1592 (89.5) 45 (13.5)/288 (86.5) 0.108 28 (8.8)/291 (87.4) 8 (11.6)/61 (88.4) 0.465

Heart rate or pulse-bpm 78.7 § 22.8 82.1 § 18.3 0.135 83.5 § 23.7 87.6 § 25.9 0.247

Ongoing hormonal therapy (Y/N)-no. (%) 166 (9.3)/1613 (90.7) 40 (12.0)/293 (88.0) 0.130 36 (11.3)/283 (88.7) 9 (13.0)/60 (87.0) 0.679

Oxygen saturation-% 97.5 § 5.3 94.2 § 4.4 0.453 96.9 § 5.7 93.7 § 3.5 0.309

Previous VTE history (Y/N)-no. (%) 78 (4.4)/1701 (95.6) 38 (11.4)/295 (88.6) <0.001 17 (5.3)/302 (94.7) 10 (14.5)/59 (85.5) 0.007

Recent immobilization, trauma or surgery

(Y/N)-no. (%)

167 (9.4)/1612 (90.6) 76 (22.8)/257 (77.2) <0.001 39 (12.2)/280 (87.8) 18 (26.1)/51 (73.9) 0.003

D-dimer-ng/mL 773§514 2147§1033 <0.001 863§606 1528§832 0.001

Note: PE: pulmonary embolism; no.: number; kg/m2 : kilogram/meter2; DVT: deep vein thrombosis; Y/N: yes/no; bpm: beats per minute; VTE: venous thromboembolism; ng/mL: nanogram/

milliliter. The prevalence of DVT in Non-PE groups were not presented by reason of that only patients with DVTsymptoms and/or signs in it underwent CUS.
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Legend score in the development group are demonstrated in

the Fig. 2.

Diagnostic efficiency of Legend score for PE in the

validation group

Among 388 patients in the validation group, the actual PE

prevalence was 69(17.8 %). According to the cutoff point of

original Legend score, the PE-likely and PE-unlikely were

147(37.9 %) and 241(62.1 %), respectively. Among those 147

PE-likely patients, 67(45.6 %) truly developed PE, whereas

80(54.4 %) did not. Among those 241 PE-unlikely patients,

239(99.2 %) truly did not develop PE, whereas 2(0.8 %) actu-

ally did. The calibration of PE probability in the PE-likely

and PE-unlikely yielded by original Legend score were 45.6 %

and 0.8 %, respectively. The TP, FP, FN, TN, sensitivity, speci-

ficity, SR, FR, AA, YI, and C-index in the PE pretest predic-

tion by using original Legend score were 67, 80, 2, 239,

Fig. 1 Forest plots of correlation between items in Legend

score and PE diagnosis Note: PE: pulmonary embolism; OR: odds

ratio; CI: confidence interval; ng/mL: nanogram/milliliter; DVT:

deep vein thrombosis; VTE: venous thromboembolism.

Table 2 The legend prediction rule for acute PE.

Items Original

version

Simplified

version

Active cancer 1 1

D-dimer� 1000 ng/mL 3 1

DVTsymptoms and/or signs 2 1

Previous VTE history 2 1

Surgery, trauma, or immobi-

lization in the past month

2 1

Clinical probability

PE-unlikely �1 0

PE-likely �2 �1

Note: PE: pulmonary embolism; ng/mL: nanogram/milliliter;

DVT: deep vein thrombosis; VTE: venous thromboembolism.

Table 3 Comparison of composition among Wells, PERC, revised Geneva, YEARS, and Legend scores.

Items Wells (7 items) PERC (8 items) Geneva (7 items) YEARS (3 items) Legend (5 items)

Active cancer + � + � +

Age � + + � �

DVTsymptoms and/or signs + + + + +

Heart rate or pulse + + + � �

Hemoptysis + + + + �

Ongoing hormonal therapy � + � � �

Oxygen saturation � + � � �

PE is the most likely

diagnosis

+ � � + �

Previous VTE history + + + � +

Surgery, trauma, or immobi-

lization in the past month

+ + + � +

D-dimer � � � � +

Note: PERC: pulmonary embolism rule-out criteria; DVT: deep vein thrombosis; PE: pulmonary embolism; VTE: venous thromboembolism.

Fig. 2 ROC curve of diagnostic efficiency for PE by using origi-

nal and simplified Legend Score in Development Group Note:

ROC: receiver operator characteristic; PE: pulmonary embo-

lism.
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97.1 %, 74.9 %, 78.9 %, 21.1 %, 79.2 %, 0.720, and (0.838

[0.781�0.896], P<0.001), respectively.

For the simplified Legend score, the PE-likely and PE-

unlikely were 159(41.0 %) and 229(59.0 %), respectively.

Among those 159 PE-likely patients, 68(42.8 %) truly devel-

oped PE, whereas 91(57.2 %) did not. Among those 229 PE-

unlikely patients, 228(99.6 %) truly did not develop PE,

whereas one(0.4 %) actually did. The calibration of PE proba-

bility in the PE-likely and PE-unlikely yielded by simplified

Legend score before imaging tests were 42.8 % and 0.4 %,

respectively. The TP, FP, FN, TN, sensitivity, specificity, SR,

FR, AA, YI, and C-index in the PE pretest prediction by using

simplified Legend score were 68, 91, 1, 228, 98.6 %, 71.5 %,

76.3 %, 23.7 %, 78.1 %, 0.701, and (0.816[0.750�0.880],

P = 0.001), respectively.

In the comparison between two versions of Legend score,

the simplified Legend reduced 1 case of missed diagnosis

compared with the original one, whereas the original Legend

reduced 11 cases of unnecessary imaging tests compared

with the simplified one. The consistency and dominance

tests revealed that the Kappa coefficient and P value of

McNemar test were 0.983 and 0.972, respectively, between

the original and simplified Legend scores. Compared with

Wells+D-dimer(DD), PERC+DD, Geneva+DD, and YEARS+DD,

the original Legend score reduced 1, 0, 2, and 1 missed diag-

nosis, whereas reduced 61, 184, 72, and 79 unnecessary

imaging tests.

Compared with Wells+DD, PERC+DD, Geneva+DD, and

YEARS+DD, the simplified Legend score reduced 2, 1, 3, and

2 missed diagnosis, whereas reduced 50, 173, 61, and 68

unnecessary imaging tests. The consistency and dominance

tests between the Legend score and other scores demon-

strated that both versions of Legend score were superior to

each combination of Wells+DD, PERC+DD, Geneva+DD, and

YEARS+DD, respectively. The Kappa coefficient and P value

of McNemar test between original Legend score and Wells

+DD, PERC+DD, Geneva+DD, and YEARS+DD were (0.563,

0.001), (0.139, <0.001), (0.631, 0.006), and (0.732, 0.029),

respectively. The Kappa coefficient and P value of McNemar

test between simplified Legend score and Wells+DD, PERC

+DD, Geneva+DD, and YEARS+DD were (0.675, 0.009),

(0.172, <0.001), (0.747, 0.001), and (0.883, 0.012), respec-

tively. Diagnostic efficiency for PE prior to imaging tests by

using original and simplified Legend score as well as other

scores combined with PTP-adjusted D-dimer in the valida-

tion group are demonstrated in Table 4.

Discussion

In the present study, we devised a novel prediction rule

termed Legend to predict the likelihood of PE diagnosis prior

to imaging tests. The Legend score is the synthesis of Wells

score, PERC score, revised Geneva score, and D-dimer, which

are all endorsed by guidelines.3,4,5,8 In the current study, the

original and simplified versions of Legend score both demon-

strated excellent diagnostic efficiency before imaging tests

for PE, better than the combination of PTP-adjusted D-dimer

strategy with Wells, PERC, revised Geneva, or YEARS scores,

respectively. There was no significant disparity with regard

to diagnostic efficiency for PE between the original and sim-

plified versions of Legend score. To the best of our

knowledge, this is the first time that the scores of Wells,

revised Geneva, and PERC, as well as D-dimer have been syn-

thesized and validated, by contrast with Wells+DD, PERC

+DD, Geneva+DD, and YEARS+DD. No comparable studies are

available to date.

First of all, the patient population in the development

group covered patients suspected with PE from departments

of outpatient, emergency, and inpatient, in tertiary and sec-

ondary hospitals, respectively. The prevalence of PE in the

development group was slightly higher than the low proba-

bility of PE (<15%), whereas it was almost the least in the

range of moderate probability of PE (15%�40%).8 It was also

basically consistent with the average PE prevalence(14.9%)

across different healthcare settings in the previous stud-

ies,21 albeit higher than that in the pulmonary embolism

graduated D-dimer (PEGeD) Study7 (7.4 %) and the study of

Freund et al.6(7.1 %). It is worth noting that the study popu-

lation in the PEGeD Study7 was just outpatients, whereas

that in the study of Freund et al.6 was only emergency

patients. As such, the derivation of Legend score in the

development group makes it possible for its generalized

application in the clinical settings of outpatient, emergency,

and inpatient, of tertiary and secondary hospitals.

In a meta-analysis that assessed the capability of ruling

out PE by the diagnostic strategies of PERC, Wells, revised

Geneva, and YEARS among over 35,000 patients suspected

of PE(average PE prevalence:14.9 %) from 23 studies,21 the

sensitivity of Wells + PTP-adjusted DD ranged from 93.25 %

to 97.11 %, whereas its specificity ranged from 39.50 % to

67.40 %. The sensitivity of revised Geneva + PTP-adjusted

DD ranged from 94.18 % to 95.73 %, whereas its specificity

ranged from 37.29 % to 54.49 %. The sensitivity of

YEARS + PTP-adjusted DD ranged from 96.15 % to 98.20 %,

whereas its specificity ranged from 35.83 % to 60.55 %. There

was no data for PERC + PTP-adjusted DD since such a combi-

nation was seldom used. The sensitivity and specificity of

Wells + PTP-adjusted DD, revised Geneva + PTP-adjusted

DD, and YEARS + PTP-adjusted DD in the previous studies are

basically consistent with those in the present study, whereas

are inferior to the original and simplified Legend scores

especially with respect to specificity, respectively. In a sin-

gle-center retrospective cohort study from a public hospital

in New York City, a D-dimer cutoff of 500 ng/mL or an age-

adjusted D-dimer cutoff combined with Wells, YEARS, or

revised Geneva scores had significant diagnostic value in rul-

ing out PE among 917 patients with suspected PE(PE preva-

lence:13.9%) in emergency department and general floors,

respectively.22 By comparison, the Youden index and AUC of

the diagnostic strategies in this single-center study are all

inferior to those of the original or simplified Legend scores

in the current study, respectively, albeit being similar to

those of Wells, YEARS, and Geneva in the current study. Of

note, the patient population in this single-center study may

have a low clinical probability or risk of PE according to the

previous literature8. In addition, the nature of the single-

center study and a relatively small sample size may affect

the results of the study of Kharawala et al. to a certain

degree.

With respect to the structure of Legend score, it reserves

the efficient predictors and eliminates the inefficient ones

among all the items in Wells, PERC, and revised Geneva

scores, by adding D-dimer into it, thereby shaping a more
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Table 4 Comparison of diagnostic efficiency for PE between Legend and other Scores in Validation Group.

Variables Original Legend Simplified Legend Wells+DD PERC+DD Geneva+DD YEARS+ DD

TP-no. 67 68 66 67 65 66

FP-no. 80 91 141 264 152 159

FN-no. 2 1 3 2 4 3

TN-no. 239 228 178 55 167 160

DP-% 37.9 41.0 53.4 85.3 55.9 58.0

EP-% 62.1 59.0 46.6 14.7 44.1 42.0

Sensitivity 0.971 0.986 0.957 0.971 0.942 0.957

Specificity 0.749 0.715 0.558 0.172 0.524 0.502

PPV -% 45.6 42.8 31.9 20.2 30.0 29.3

NPV -% 99.2 99.6 98.3 96.5 97.7 98.2

FPR -% 25.1 28.5 44.2 82.8 47.6 49.8

FNR -% 2.9 1.4 4.3 2.9 5.8 4.3

PLR 3.869 3.460 2.165 1.173 1.979 1.922

NLR 0.039 0.020 0.077 0.169 0.111 0.086

DOR 11.2 27.1 17.4 160.8 14.8 21.9

NND-no. 1.389 1.427 1.942 6.993 2.146 2.179

SR -% 78.9 76.3 62.9 31.4 59.8 58.2

FR -% 21.1 23.7 37.1 68.6 40.2 41.8

AA -% 79.2 78.1 70.4 57.8 68.6 68.4

YI 0.720 0.701 0.515 0.143 0.466 0.459

C-index 0.838 (0.781�0.896) 0.816 (0.750�0.880) 0.759 (0.711�0.808) 0.466 (0.417�0.515) 0.742 (0.658�0.826) 0.734(0.678�0.791)

Note: PE: pulmonary embolism; DD: D-dimer; PERC: pulmonary embolism rule-out criteria; no.: number; TP: true positive; FP: false positive; FN: false negative; TN: true negative; DP: diag-

nostic prevalence; EP: exclusion prevalence; PPV: positive predictive value; NPV: negative predictive value; FPR: false positive rate; FNR: false negative rate; PLR: positive likelihood ratio;

NLR: negative likelihood ratio; DOR: diagnostic odds ratio; NND: number needed to diagnosis, SR: success rate; FR: failure rate; AA: adjusted agreement: YI: Youden index; C-index: concor-

dance-index.
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efficient, modified, and user-friendly one, compared with the

original ones. The items in Legend score comprise medical his-

tory including previous VTE history, active cancer, and recent

surgery, trauma, or immobilization, symptoms and/or signs

including DVT, and laboratory tests results including D-dimer.

Legend score inherits the items which are objective, steady,

and highly PE-related, whereas abandons those subjective,

unsteady, and less PE-related ones that may interfere with the

accuracy of PE estimation, from Wells, PERC, and revised

Geneva scores. Active cancer, DVTsymptoms and/or signs, pre-

vious VTE history, recent surgery, trauma, or immobilization,

and D-dimer are all generally acknowledged risk factors in PE

prediction rules before imaging tests endorsed by all guide-

lines. Their importance goes without saying, and cannot be

overstated. In the present study, the aforementioned factors

were more vital than age, heart rate or pulse, hemoptysis,

ongoing hormonal therapy, oxygen saturation, and PE is the

most likely diagnosis, albeit these latter factors are also

included in previous prediction rules of PE.

Increasing age is just a weak risk factor for VTE or PE.3 In

the Study on the Clinical Course of Pulmonary Embolism

(SCOPE), age was also irrelevant with VTE recurrence.23

Heart rate or pulse is a dynamically changing variable. Time-

domain heart rate variability (HRV) parameters are risk fac-

tors for RV overload as well as risk classification in acute

PE.24 As such, heart rate or pulse may be not a reliable

parameter in the risk score for PE. Notwithstanding the pres-

ence of hemoptysis in all the scores of Wells, PERC, revised

Geneva, and YEARS, in a post hoc analysis to evaluate the

impact of removing the item of “hemoptysis” from the

PERC, YEARS, and PEGeD clinical decision rules in two Euro-

pean prospective cohorts, the results indicated that hemop-

tysis could be safely removed from the PERC, YEARS, and

PEGeD.25 With respect to hormonal therapy that is mainly

specific to women in certain age, a population-based case-

control study covering 1,771,253 women aged 40�69 years

revealed that, the risk of PE significantly increased mainly in

users of oral instead of transdermal menopausal hormone

therapy (MHT), as well as in first ever users. The PE risk was

considerably lower in women with recurrent MHT treat-

ment.26 Accordingly, the significance of ongoing hormonal

therapy may be compromised in the risk score for PE. Oxy-

gen saturation that is also unsteady is only incorporated into

the PERC rule,13 and is not regarded as a highly-related risk

factor for PE.3 It was not significantly correlated with PE

occurrence in the present study either. The item of “PE is

the most likely diagnosis” is all along controversial, since

this one involves uncontrollable subjective factors. A pro-

spective cohort study suggested that clinicians should adopt

explicit clinical models in the diagnostic management of

patients with suspected PE, due to the insufficient interob-

server reliability of PTP assessment by overall impression or

gestalt.27 In a recent authoritative review of VTE, revised

Geneva score that does not incorporate “pulmonary embo-

lism is the most likely diagnosis ” is favored over Wells or

YEARS score.1 The revised Geneva score is also highly recom-

mended by European Society of Cardiology (ESC) guidelines.3

The present study revealed that “pulmonary embolism is the

most likely diagnosis” was not significantly correlated with

actual PE occurrence.

From the perspective of clinical implications, the present

study contributes a new tool to the field of predicting PE

likelihood prior to imaging tests. The C-index of both original

and simplified versions of Legend score being more than 0.80

suggest excellent diagnostic efficiency.9 During the deriva-

tion of Legend score, the failure rate of missing a PE ranged

from 1.5 % to 1.8 %, which fell in the safety range (PE missing

less than 2.0 %) for a PE diagnostic strategy suggested by the

scientific and standardization committee of the Interna-

tional Society on Thrombosis and Hemostasis.28 The innova-

tive and neoteric Legend score yields better diagnostic

efficiency than any combination of PTP-adjusted D-dimer

strategy with Wells, PERC, revised Geneva, or YEARS scores,

despite Legend is derived by synthesizing them. In addition,

the Legend score avoid more unnecessary imaging tests com-

pared with Wells+DD, PERC+DD, Geneva+DD, and YEARS+DD,

respectively. On the other hand, with respect to user-friend-

liness, Legend score is also superior to each individual one of

Wells+DD, PERC+DD, Geneva+DD, or YEARS+DD. In view of

the similar PE diagnostic efficiency between the original and

simplified Legend scores, the latter is preferred due to its

better user-friendliness, convenience, and rapidity in daily

clinical practice, especially in settings like emergency

department which need rapid response from clinicians.

It is necessary to acknowledge several limitations in the

present study. First, the Legend score was yielded and vali-

dated retrospectively in the present study. The external pro-

spective validation for its reliability is warranted in the

future. Second, heterogeneity may exist in the present

patient population that consisted of outpatients, inpatients,

and emergency patients. Nevertheless, subgroup analysis

revealed the consistency of diagnostic efficiency of Legend

score among different subgroups of development and valida-

tion groups. Third, since we only adopted PTP-adjusted D-

dimer strategy which is endorsed by ESC guidelines3 and

authoritative reviews5,8 in the combination with Wells,

PERC, revised Geneva, and YEARS scores in the present

study, results may have been different if we adopted other

D-dimer strategies such as age-adjusted D-dimer1,3,5,8. In

addition, the Wells and revised Geneva scores adopted in

the present study were both simplified version due to their

convenience in daily clinical practice,3 results may have

been different if we adopted their original version. Last but

not least, since the present study did not include patients

from primary healthcare, the Legend score may not be appli-

cable to such patient population.

In conclusion, we synthesized Wells score, PERC score,

revised Geneva score, and D-dimer which are all recom-

mended by the commonly used guidelines into a new score

termed as Legend, in the present study. The Legend score

yields excellent diagnostic efficiency in the pretest predic-

tion of acute PE prior to imaging tests, superior to those of

Wells+DD, PERC+DD, Geneva+DD, or YEARS+DD. Besides

good safety, it avoids more unnecessary imaging tests than

Wells+DD, PERC+DD, Geneva+DD, or YEARS+DD. The findings

of present study may provide some new clues for the

improvement of clinical diagnosis model of pulmonary

embolism.
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