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Assessment of Two Clinical Prediction Models for a Pulmonary
Embolism in Patients with a Suspected Pulmonary Embolism

Jae Seok Park, M.D.', Won-Il Choi, MD.", Bo Ram Min, M.D", Jie Hae Park, MD", Jin Nyeong Chae, MD',
Younzg June Jeon, MD.", Ho Jung Yu, MD? Ji-Young Kim, M.D? Gyoung-Ju Kim, MD?2 Sung-Min Ko,
MD.

Departments of 'Internal Medicine and “Diagnostic Radiology, Keimyung University School of Medicine, Daegu, Korea

Background: Estimation of the probability of a patient having an acute pulmonary embolism (PE) for patients with
a suspected PE are well established in North America and Europe. However, an assessment of the prediction rules
for a PE has not been clearly defined in Korea, The aim of this study is to assess the prediction rules for patients
with a suspected PE in Korea.

Methods: We performed a retrospective study of 210 inpatients or patients that visited the emergency ward with
a suspected PE where computed tomography pulmonary angiography was performed at a single institution between
January 2005 and March 2007. Simplified Wells rules and revised Geneva rules were used to estimate the clinical
probability of a PE based on information from medical records,

Results: Of the 210 patients with a suspected PE, 49 (19.5%) patients had an actual diagnosis of a PE. The proportion
of patients classified by Wells rules and the Geneva rules had a low probability of 1% and 21%, an intermediate
probability of 62.5% and 76.2%, and a high probability of 33.8% and 2.8%, respectively. The prevalence of PE
patients with a low, intermediate and high probability categorized by the Wells rules and Geneva rules was 100%
and 4.5% in the low range, 18.2% and 22.5% in the intermediate range, and 19.7% and 50% in the high range,
respectively, Receiver operating characteristic curve analysis showed that the revised Geneva rules had a higher
accuracy than the Wells rules in terms of detecting PE. Concordance between the two prediction rules was poor
(& coefficient=0.00).

Conclusion: In the present study, the two prediction rules had a different predictive accuracy for pulmonary
embolisms, Applying the revised Geneva rules to inpatients and emergency ward patients suspected of having
PE may allow a more effective diagnostic process than the use of the Wells rules. (Tuberc Respir Dis 2008,64.
266-271)

Key Words: Pulmonary embolism, Diagnosis, Computed tomography

MoE A ] 2AREo] 30%0] 0|2 x| Adlo|} Wk
ZAko] QAL tRRe] Sxl=o] B] Eolxol lajokat

SR vl 10000009 & 230} walel S vehie] Kikte] X|eiE 4 ek, olol HMAZe]
Ty =8 gk Agoln], XgslA e A9 choll =35 F= A Hree] e o] tiFEaL,
olzlst BA& wiEsh= YBA¢] WrEEE Wells 18]
= El_sﬂc al g} olol Zho M)A
Address for correspondence: Won-II Choi, M.D, 3L Geneva o5 801 7 ARG, oleh de AR
Department of Internal Medicine, Keimyung University ©Z HAAZ] ZhS of|=3= At 2o B3k AT
%}(;i)%lzof}{ l(\){fé(j&lne, 194, Dongsan-dong, Jung-gu, Daegu ] ’H llﬂ 0 7& =05 /] /ﬂ o =z Tlﬂ 37 ] J’]_ 2Ae o
Phone: 82-53-250-7572, Fax: 82-53-250-7434 ol g3t o}, o= W T} Eolvr) o v
E-mail: wichoi@dsmc,or.kr - .
Received: Feb, 5, 2008 & Alddol| f-o]&F multidetector computed tomography
Accepted: Mar, 28, 2008 (MDCT) 2 HAAZL kst Qo) whaha] gk

266



Tuberculosis and Respiratory Diseases Vol, 64, No. 4, Apr. 2008

o we} AW HFe 7hsAE dShe 9
= Egh WE gloR oddd F grk

HAHF AR gl S (thrombophi-
lia) k] W=7} 7o) mja] Ffelr vrony’, s
A HAHS BANEE AT Hjsf e Zlo g Wl
o, weby S BA8ES Sl tis) Aek oS 2y
8730 thet 77t od Zo = AZgit), o &
= HXAFo] oilEo] MDCTE &gt = =t
Z Aoz Wells 2@ 7B H Genevad|Z 2o o3t
Fr&Aell thste] Hriataral gt

w3yl gt

A o

1. 7 oy

2005 1958 2007 39714 Algefr) F4xhE Al
A A} g S W St BN ARk s gt
o} gete] ofshrt gllem, Ko R A
S 9JA4Jsle] CTPA (Computed Tomography Pulmonary
Angiography) & Alggt $4} 210 o= 33t

2 @ W

AFogEe] ofF7IES 7122 AaAF A7,
PFPte 2AVEIGA, o) vl g Wells® 2|1 7)
A Geneva' o2 2o Hgale] HAHF] 7F5A
o tisl AP, T AP, LAFTOR BRI
T Wells o5 2o 0~ 135 AP, 2~081ES 5
TE AFE, 7H olE AT oRE ERIAL 78
H Geneva d& EgoA 0~33E A&+, 4~10%
Tl ATT, 11 oPFs nPT R EH3A
o} Wells ol 23S 288 woll, 33 sjdah= 74
A o e Zeto] gle'e] =l dsire B3 AE
o]9] oFT|FAAN 74 F P o HMAZFo| 7IA
| Ae 35S Fofekiik

CTPAE Siemens A} 16 B= 047119] <7 (detector)
2 740 2AUE olgsel AL, BEL A5
FAF 2 TR FNbA<&(flling defect)o] S wf
AARZo T Adssih

7 D-dimeri= latex agglutination turbidimetric im-
munoassay methodS AMg3te] AeF ZA(STA"Lia-

test"D-Di, Diagnostica Stago, Asnieres, France)dFSJch,

[,

o

3. &4 Az

3lelzlol et v] & Wa=2] ¥)al= chi-square test
2, AL Ho] H|IE ttestE ©]83Fe] Ao,
o] < 0.05 vkl o) BAH o fofgt Alos Iy
St T b AAAZ o= AInFel thek ek §
$43 M|l receiver operating characteristic (ROC) =41
< olg3to] EHBIAL, 7 7 PRl gk A
B7te] A2 k AR Frletelth. SAZE IR
SPSS Inc. 9] SPSS 13,02 AR&-3}4ict.

21098¢] gkxle] Hat e 63.3%15.94], BA7}F 90
(42,9%), 9327} 1207(57.1%) 0| Act. 210 = FHAAZ
o2 AH k= 4176(19.5%) )tk FEAolA =
AAFo] o4lEo] CTPAE Al¥gH 89 5 197H(21.3%)
o] AT o XhEar, WA= 1217 F 227
(18.19%0)0l]A] AT o 2 =AY

HHHFoZ ke Sxje} A AdFe] I 2t
of tiete] FAAF] AR Gl 945l g}
of Bt Az, HHdFo] ke SxfolA] ol
el ARAHE AT W] viw gl o ggeke] Wit
froJaHAl E9kth(Table 1), Y324 524 vlaola 571
Hto] AT A} TellA] ol Hjs) frolshA v
QkaL, D-dimer= F|MZF SaltollA] dizwo) v]3)| -
oA Fgkont, Cob-g AT (CRP) T 442 (fibrino-

Ao

Table 1, General characteristics of 210 patients

No.(%) of PE No (%) of control

Characteristics Patients, n=41 patients, n=169 p value
Age (yr) 648+132 63.0+165 0524
Male sex 13 (31.7) 76 (44.9) 0.123
Risk factor

Previous DVT 4 (97) 1 (0.6) 0.006

or PE

Surgery within 13 (31.7) 56 (33.1) 0.861

past 1 mo

Cancer 7 (17.0) 10 (5.9 0.027
Bed rest (>48hr) 21 (512) 87 (561.4) 0.802

within 1 mo

PE: pulmonary embolism; DVT: deep vein thrombosis,
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Table 2, Clinical and laboratory findings of 210 patients

- . PE patients Control patients  p
Clinical findings (n=41) (n=169) value
Respiratory 232153 236+58 0,718

frequency

(breath/min)

Heart 944+169 917+192 0418
rate (breath/min)

Systolic blood 1171+£237 1283+274 0017
pressure (mmHg)

Temperature (°C) 365+03 367+07 0.091
Leg pain 9 (219 24 (14.2) 0,221
or edema

Pa0, (mmHg) 66.4+190 B677+206 0728
WBC (/ ) 10,881+£5,081  11,814+£6,376 0.321
Fibrinogen (sec) 301 5+1017 3708+1283 0.008
CRP (mg/d) 42+50 89+96 0,000
D-dimer ( z«g/ml) 103+1138 56+93 0.029

Pro-BNP (pg/ml) 5,303.0+5,776.3 2,750.1+4,390.6 0.058
BMI (kg/m?) 242439 208+38 0058

Values are mean+SD.
PE: pulmonary embolism,
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Table 3, Proportions of patients and frequency of pulmo-
nary embolism in the two clinical probabilities

Wells score  Revised Geneva
Clinical probability (n=210) score (n=210)
category
No. (%)

Proprotion of patients in

category

Low 2 (1.0) 44 (21)

Intermediate 137 (65.2) 160 (76.2)

High 71 (33.8) 6 (2.8)
Frequency of pulmonary

embolism*

Low 2 (100) 2 (45)

Intermediate 25 (18.2) 36 (22.5)

High 14 (19.7) 3 (50)

*The denominators for the percentages can be found in the
first tree rows of the table,

(Figure 1),
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Figure 1, Comparison of the predictive accuracy of the two methods for pulmonary embolism, (A) Specificity and sensi-
tivity of Wells score, (B) Sensitivity and specificity of revised Geneva score,
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Figure 2, ROC curve (Receiver Operating Characteristic
curve) of Wells scoreand revised Geneva score, Area un-
der the ROC curve=0.56 (95% CI: 0.46 to 0.66) for Wells
score, area under the ROC curve=0.64 (95% Cl: 0,55 to
0.73) for revised Geneva score,
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Table 4, Concordance of clinical probability category as-
signment by the Geneva and the Wells scores

Revised Geneva score
clinical probability

Wells score
clinical probability

Low Intermediate High
No. of patients
Low 0 2 0
Intermediate 43 94 0
High 1 64 6

« coefficient=0.06,
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Table 5, Accuracy of clinical prediction rules for pulmonary embolism in previous study and this study

Study No, of patients Global prevalence of PE, %  Prediction rule  Evaluated clinical probability Prevalence of PE, %
Wells? 930 95 Simplified Wells Low 13
Intermediate 16.2
High 406
Le Gal’ 956 231 Revised Geneva Low 9
Intermediate 275
High 17
Sanson' 414 29 Simplified Wells Low 28
Intermediate 30
High 38
Kruip"” 234 22 Initial Wells Low 4
Intermediate 28
High 63
Changnon® 277 26 Simplified Wells Low 12
Intermediate 40
High 0
277 26 Geneva Low 13
Intermediate 38
High 67
This study 210 195 Simplified Wells Low 100
Intermediate 182
High 197
210 195 Revised Geneva Low 45
Intermediate 225
High 50
PE: pulmonary embolism,
o] MR EQr), B dFelr= EE SAtolA T 2 <

AP o]Fo] 2|A] ¢Fgkor  oju] Ak X85 AlESH
5 = Ayl AlgE Aew :L_JEM 7N €
Geneva o|& B3-S ARESHA HAo)

AP} FFHo2 A7} olFolal ), W ol
71k e f& Ag oo @ 4, Tem e oy
B 5 Fo Qlstel ORZL BB F ok

il osﬁu ERERUERY
o] ojalg AL M MPZel JEo T rlsh=
W% Geneva o|& ¥ o] 28-S dH= Zlo] xeke] A
seg 2ol Ao JgHn, 53] oake] i Al

%’ oA o 2 FH A=)

3}
g 735l Geneva ol o] HMHS Zckel] B
Ead € A0E AZEH Yot B A e

2

2 99el o T 7S Ea) ) A 913e)
Aol vhat 24 2 Flol $831 AT 5 = Al
28 AAAF A9 dZ P mF0] o] Lag Aol

ok

270

ATIA: T4 FAMAZ] AL o)Z=3= Wells 2
Geneva o|& RGP Agrollx] 2 Sgd=lo] Qlrt, HAHA
9] o] Ao} thE Ao E Hols Jujore] oS
o] Aol disiA 7t skaat gt

g 8 o o 57l HMAHZ <A Stoll multi-
detector computed tomography (MDCT)E A|3§3} &A}
210%S oz Takxo g zARIYY AW AL
A} 90 (42.9%), ¢IZF 1207(57.1%) 01 QTL, HT
2 03.3115.94|1%0}. )77 1E-S vl o= Wells 2 714
H Geneva o5 RYPOR HNAFE] 7l gl thal] A
AT, FE= BT, nYFTo BRI

4 ok HadFoE Zdd A= 2109 F 4178
(19.5%)°1t}, Wells o] 23S 285t Az wy
7Fe/d B7relMe, 2%810] AR, 137'8(62.5%)
o] TF& AL, 71'833.8%)0] LATFTOZ EFEHI
L, 7} TofA] HAZFe] HAlE2 100%, 18.2%, 19.7%



Tuberculosis and Respiratory Diseases Vol, 64, No. 4, Apr. 2008

St 71 E Geneva A& B3-S 288 79 449(21%)
o] H2JBE, 1607(76,2%4)0] ZE% 3T, 67(2.8%)0]
nelgEO L BRET, 7t Fol ATl WG
4.5%, 22.5%, 50002 UERIT} Receiver operating charac-
teristic (ROC) =41 B oA 7§14 Geneva o|& H3o]
Wells o2 23] vls) eert E9ih T ol w3 A}
olo] AX&L BHFHH £ coefficient=0,00),

2 2 2 Aol AaEze] SAs Bl
TN E Geneva &2 83} Wells oS 23 o2 Hrls)
o] I g Alojo]] Ux]go] BaFsls o™, HHH Geneva
Bgo] Wells 2ol vjsf HAYAZF ek oFe] o A&
SFSI.

o

i

I

i

Mo

1. Anderson FA Jr, Wheeler HB, Goldberg RJ, Hosmer
DW, Patwardhan NA, Jovanovic B, et al. A pop-
ulation-based perspective of the hospital incidence and
case-fatality rates of deep vein thrombosis and pulmo-
nary embolism. The Worcester DVT Study. Arch Intern
Med 1991;151:933-8.

2, Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon
C, Gent M, et al, Derivation of a simple clinical model
to categorize patients probability of pulmonary embo-
lism: increasing the models utility with the SimpliRED
D-dimer, Thromb Haemost 2000;83:416-20,

3. Wicki J, Perneger TV, Junod AF, Bounameaux H,
Perrier A, Assessing clinical probability of pulmonary
embolism in the emergency ward: a simple score, Arch
Intern Med 2001;161:92-7,

4, Stein PD, Fowler SE, Goodman LR, Gottschalk A, Hales
CA, Hull RD, et al. Multidetector computed tomog-

10.

11.

raphy for acute pulmonary embolism. N Engl ] Med
2006;354:2317-27.

Kim TW, Kim WK, Lee JH, Kim SB, Kim SW, Suh C,
et al. Low prevalence of activated protein C resistance
and coagulation factor V Arg506 to Gln mutation
among Korean patients with deep vein thrombosis. J
Korean Med Sci 1998;13:587-90.

Choi W1, Park JS, Min BR, Park JH, Chae JN, Jeon Y],
et al. Estimated incidence of acute pulmonary embo-
lism in a university teaching hospital. Tuberc Respir
Dis 2007;63(suppl 2):68.

Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky D,
Bounameaux H, et al, Prediction of pulmonary embo-
lism in the emergency department: the revised Geneva
score, Ann Intern Med 2006;144:165-71,

Chagnon I, Bounameaux H, Aujesky D, Roy PM,
Gourdier AL, Cornuz J, et al, Comparison of two clin-
ical prediction rules and implicit assessment among pa-
tients with suspected pulmonary embolism. Am J Med
2002;113:269-75.

Moores LK, Collen JF, Woods KM, Shorr AF, Practical
utility of clinical prediction rules for suspected acute
pulmonary embolism in a large academic institution.
Thromb Res 2004;113:1-6,

Sanson BJ, Lijmer JG, Mac Gillavry MR, Turkstra F,
Prins MH, Buller HR. Comparison of a clinical proba-
bility estimate and two clinical models in patients with
suspected pulmonary embolism, ANTELOPE-Study
Group, Thromb Haemost 2000;83:199-203.

Kruip MJ, Slob MJ, Schijen JH, van der Heul C, Buller
HR. Use of a clinical decision rule in combination with
D-dimer concentration in diagnostic workup of patients
with suspected pulmonary embolism: a prospective
management study. Arch Intern Med 2002;162:1631-5,

271



