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[HWE) Br HEEshhkii — & L5 JE (partial pressure of carbon dioxide, PaCO, ) &
Wells T4 Fi ) 2 V4 Jili # 2€ ( acute pulmonary embolism, APE ) Al RO (E. F3E [l ik e 4
2016 4F 1 1 1 H %2021 4F 8 A 31 HIAMELIS T i AR LR K 2 B I Jb 53 BH 15 e 22 B APE
REBE, DOTEAUEZ AR S AR ( computed tomography pulmonary angiography, CTPA ) 4%
FFEYER J A2 %€ (pulmonary embolism, PE) &1, BAM:E AAEMi#: %€ ( non-pulmonary embolism,
Non-PE) 41, XML FGE2=5E . Sk . AariRin . Jembpam . #ikinmfam iz shikii
SOHr . Wells PEM S5 AT G0 1124 0 M EL A, JEX) PaCO, 64 Wells PE43 TN APE (I ARG it
TP H . 5R JLOHBESEl APE 35 1 869 14, HeZE Adk 1492 f4], PE #H 537 4], Non-PE 41 955
Bl Wads . PRI IRINE . SO BOK M. ik ZE s E ik m e st . 3 AR AREHI S, 3 A Er
S TSGR . Wells 4TS B PaCO, FEAINA PE 20 H IR 913R 18 2 5 T Non-PE 41 (3
P<0.05), Wells iT-43 # ROC [l & T i 1 (AUC) 4 0.784 (95%CI: 0.758~0.810 ), Tl APE f
TR E y 61.64%, 757l 88.48% 5 PaCO, FEAIL Y AUC iy 0.679 (95%CI: 0.651~0.707 ), T il
APE RS N 79.89%, 45518 N 55.92% ; PaCO, RIS Wells ¥T43 AUC Jy 0.837 (95%CT:
0.816~0.858 ), Tilill APE By UKL A 74.12%, $E5BEH 77.07%. PaCO, BRI & Wells T4 (9
AUC &3 KT Wells W49 AUC (P<0.001 ) Fll PaCO, [#%MIGf¥) AUC ( P<0.001). #5if PaCO, [%
fIRIE A Wells P43 T APE MORLREOL T Bl n FHILh—Ffr, J&2XT APE BETHE A ti4h7e, [FRS
HKEXT 2208/ CTPA (W B i e ) —a f5 Bl .
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[ Abstract ] Objective To explore the clinical value of arterial partial pressure of carbon dioxide
(PaCO,) combined with Wells score in predicting acute pulmonary embolism (PE). Methods Patients
with suspected acute PE admitted to Emergency Department of Beijing Chaoyang Hospital, Capital
Medical University from January 1, 2016 to August 31, 2021 were screened. Patients with positive
computed tomography pulmonary angiography (CTPA) results were classified as the PE group, and those
with negative CTPA results were classified as the non-PE group. Demographic characteristics, symptoms,

vital signs, underlying diseases, risk factors for venous thrombosis, arterial blood gas analysis and Wells
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scores were statistically analyzed and compared between the two groups, and the clinical efficacy of PaCO,
combined with Wells score in predicting acute PE was evaluated. Results A total of 1 869 patients with
suspected acute PE were screened, and 1 492 patients were finally selected. There were 537 cases in the
PE group and 955 cases in the non-PE group. The frequency of chest pain, dyspnea, unilateral lower limb
edema, history of PE or deep venous thrombosis, history of surgery or immobilization within 3 months,
history of fracture within 3 months, active malignant tumor, elevated Wells score and reduced PaCO, in
the PE group was significantly higher than that in the non-PE group (all P< 0.05). The area under receiver
operating characteristic (ROC) curve (AUC) of Wells score was 0.784 (95% CI: 0.758-0.810), and the
sensitivity and specificity of predicting acute pulmonary embolism were 61.64% and 88.48%, respectively.
The AUC of reduced PaCO, was 0.679 (95% CI: 0.651-0.707), and the sensitivity and specificity of
predicting acute pulmonary embolism were 79.89% and 55.92%, respectively. The AUC of reduced
PaCO, combined with Wells score was 0.837 (95% CI: 0.816-0.858), and the sensitivity and specificity of
predicting acute pulmonary embolism were 74.12% and 77.07%, respectively. The AUC of reduced PaCO,
combined with Wells score was significantly greater than the AUC of Wells score (Z=6.698, P<0.001)
and the AUC of reduced PaCO, (Z=14.278, P<0.001). Conclusions The efficacy of PaCO, reduction
combined with Wells score in predicting acute PE was superior to that of either of them alone. This was a

beneficial supplement to the screening of patients with acute PE, and would also help reduce the abuse of
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CTPA in the emergency department.
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PRI Bl K o e R SR, AT PR 2 i A 2E
(acute pulmonary embolism, APE ), i f& ¥ FH € fili
Bk SR SRS, H ATk 2RO . Arh
ZJE WS A B A e M, HA 7% APE
AU B E BES A TR A A2 W P L 85%
() APE i 3% 2 38 o T+ 55 ML 0By J2 40 4 il 1l 4 3 5
A (computed tomography pulmonary angiography,
CTPA) iz ™, FLFHMEAG SR A 8% Aogi ),
BARAIRE 3R Rt CTPA (st BERE A, Pty ok
TRETERG . STEAHSCRR AF I 28kt . i
XFEDL, 7 2 BEdE = APE [IZ W 5Rm

Wells 3432 H AT i AR APE ffi¢e B,
{ERSE7 s B 7 S 7 ST S B N et S 1 2 A
B, FEEREEEORN L, D-dimer. IS4
WA PRSI AT LAXT APE A2 Wil $27
CL A W 5% 3E 55 D-dimer 1 DL 42 55 Wells ¥ 4312 Wi
APE [sLRE ™, Hms . Mm. By, BIigeR
S5 LUfE APE H % D-dimer K F-Fhi, F30
BBAYE P ST, ARPIAGRESEHR R IR L s AT
IRAS B IR 55 R 25 T X Wells PRS- R AEA R4 7T o
I R & AR Z APE i85 1 8h ik i <8 = — 4k
Wk 7 & ( partial pressure of carbon dioxide, PaCO, )

A, PLICABIESE IR PaCO, FEARIES Wells 1143
%} APE B2 Wik e
1 #BEMERE
1.1 —RER

MG R WS, s 2016 451 H 1 H
£ 2021 4 8 F 31 B2 T B MR MR
R B B 22 FHEELL APE YR PR, 212
BEXTEEL APE F83 112 Wil R % A2 S04 0 Ot i
B SRR 2R S WA e ) U S W AR A T
2, HERASEHE CTPA BulS /BT,

YIAFRAE - (1) HIZEIMsk R 2212
PR UTARYE A M I . i . PRI RIME . Sk . B
T K B SRR RARAE B D-dimer FH 5 258 50 0 28 45 5t
W2 W SE(L APE 5 (2) CTPA K 1E 45 15K
TE1E APE, HEBEFR#E - (1) [ CTPA MIXIAE BAIE,
S, BUREARS . TIRSE, KAT CTPA K
A (2) s H AT (A . /M
FLBEIED) B2 5 (3) P ICsRAN TG AT
AR EH, SR ANt T I S R

ABIF 9 28 1 0 B R R 2 B T It s P S B A
P oIt (LS 2 2018- B} -281 ),
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1.2 Wells ¥4y

R PG Wells 120 & & it B8 — B HE
Wells W0 DLRFER 1.
1.3 HiElE

WA B SRS P LU 8dE « N D G224k
CAEWS . PR ). RER CARAERTR] . W& I, Madsg . PR
W PRI 22 R BN e i ) A A IARAE BRI |
Fr KA fE B 2 (PE sl bk ke s . A4k
3MHANFARS SR 3 ANEIr L. WG
WAEAERE ). D-dimer, KM HT . Wells
4ro MRS CTPA K& Z5 UL E 70l PE HAIEE PE
(Non-PE) 4, WEAGHATE #0017,
1.4 SitEHE

{1 SPSS 23.0 AL 4 R FFAIEDS
AR TR TORER AL + FRifE2E (xs) FBOR,
ZH[ER AR STFEAS ¢ LI iEAT LU 5 — e An d il
HUREC (IR ) $iR, SRR K59k Fisher's
FERR S AT e, SR 278 4 logistic [l A5 A
SIS BN R R ol A2 TAERHE (receiver
operating characteristic, ROC ) [I£& T Y FH (area
under ROC curve, AUC ) ZiFAEMER0R, R,
THAE TR FPE o R BUREE . RER . PR
fH. BAPERUAE . BFHAEARUA L AT RUR te . DA
P<0.05 h2EA GRS

2 #R

L0 e BE 1L APE 5 1 869 191, HERR K ' 2h
AEANG . WL R, WUR . MRS AR FIR R
K23t CTPA Wig i 139 fl, LA Jz sk dEipf
I8 PORHK A 238 9], Fe AL AFSE 1 492 Hi],
M4 CTPA 45 %43 5 PE 41 (537 £ ) #1 Non-PE
2 (955 51 ). DL 1
21 ANO4FE. ERMEE. BEfGEFER

PE 410 B0dm . PRI RIME . B0 oK . PE
sCER KM L . 3 A H TR IZL . 3 M HNE
P s IS SR 2 5 T Non-PE £H( P<0.05 ),
HAbdsbrfem g rh 22 R g FE Lo Wk 1,

2.2 Wells ¥4, PaCO, 7r#7

Wi 4 5B 35 Wells 9143 F1 PaCO, F HL 8 UL 36 2.
Wells 743 # 55, & 4= PE A9 XU 4 55, PE 4 h
Wells P53 = 2 43 H <7 43 5 tef i, 1 Non-PE 20
88.5% M1 5 Wells P43 <2 43 PaCO, F#{IL7E PE
ZH 1 5 Fe i35 TAE Non-PE 2H 19 5 F ( P<0.001 ),

1 869BIEELIAPEREE |
—-| 139K TCTPAIRES
—-| 238BIE B BT

(1 492maPers s CTPAR AN |

| |

( PESA 53761 ) [ Nonpemossm |

B 1 B AH R
Fig 1 Flowchart of patient enrollment

1 PE 411 Non-PE 41 A\ FUAFAEAE | REIRIRAE . BLAl
PRI 14 AR

Table 1 Comparison of demographic characteristics,
symptoms, signs, and underlying diseases between
the PE and the non-PE groups

PE4l  Non-PE 41

Arig ty P
— (n=537) (n=9s5) 01 P
WY (%, Xxxs) 64+15 66+ 16 4828  0.074

P, &, (%)
HER, (1% )

281(52.3) 538 (56.3) 2229  0.135

0% IfiL 24 (45) 39(41) 0126 0722
[l 152(28.3) 199 (20.8) 10.654  0.001
-1 R X 167(31.1) 217 (22.7) 12.617 <0.001

TR 43 (8.0) 88(9.2) 0625 0429

B R b 32(60) 12(13) 26557 <0.001
FRIKIR R EZE, (1,%)

Ik gEs E kR 73 (13.6) 61 (6.4) 21.838  <0.001

3 A WFAR 55 50 (9.3) 58 (6.1) 5366  0.021
3 HWEYTT 9(26) 4(05) 7150  0.007
T Bl R 34 (63) 24(25) 13413 <0.001
SRt . (n%)
FEIIER 194(36.1) 368 (38.5) 0.848  0.357
WH PR 57 (10.6) 127 (13.3) 2290  0.130
TR 65 (12.1) 144 (15.1) 2.524  0.112
LBl 18(34) 26(27) 0476  0.490
DIIREAR A 12(35) 35(46) 0740  0.390
PPNt 26 (48) 65(68) 2316 0.128
MR 1(03) 2(03) - 1.000

Tt : PE Jfilike €

2.3 Wells 4. PaCO, BE{RE _EBA&HR ROC
B LR SHT

N3z 3 WizR , Wells 153 AUC 2 0.784( 95%CI:
0.758~0.810 ), Tl APE fHESURRIE N 61.64%, Hr5?
JEh 88.48% ; PaCO, F#{IKAY AUC 4 0.679 (95%CI:
0.651~0.707 ), il APE HIE8UREE Ky 79.89%, i
R 55.92% 5 PaCO, F#(IRIEA Wells ¥4 AUC
0.837 (95%CI: 0.816~0.858 ), Tililll APE F{URE N
T4.12%, FEFIER 77.07%. E 2 FiA Wells #745
PaCO, F&MIE &t —FH A1) ROC #hdk, Wells PE43HE
£ PaCo, FEKA AUC B3 K T Wells 7431 AUC
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( P<0.001 ) ; Wells ¥ 43 % & PaCO, [ i AUC &
FRTF PaCO, AL AUC ( P<0.001 ),

% 2 PE 411 Non-PE 41 PaCO, # Wells P43 4%
Table 2 Comparison of PaCO, and Wells score between the
PE and non-PE groups

PE4l  Non-PE4l

AR 2
it (%) (% +0 P
Wells $1-/3
MREEATAE, Wells 4> (<2) 206 (38.4) 845 (88.5) 414.700 <0.001
THEERTE, Wells 743 (= 2,<7) 316 (58.8) 109 (11.4) 379.606 <0.001
EEETRE, Wells 74y (=7)  15(2.8)  1(0.1) 23420 <0.001
PaCo,
PaCO, FfI% (< 35 mmHg ) 429 (79.9) 421 (44.1) 179.750 <0.001
PaCO, AWM (= 35mmHg) 108 (20.1) 534 (55.9) 179.750 <0.001

i : 1 mmHg=0.133 kPa

HRBE

¥ 4 — Wellsi¥5) *

oz / ~= PCO:2t
/ - WellsiF53+PCO2
/ AUCH>AUC*, P<0.001
/ AUC$>AUCT, P<0.001

/
oo T T T T
0o 02 04 06 08 10

14557

B2 Wells i¥5, PaCO, MR —HIKG I ROC L HLEL
Fig2 Comparison of ROC curves of Wells score, PaCO, reduction

and their combination

£ 3 Wells iP5, PaCO, FRAK K — B iR

Table 3 Comparison of Wells score, PaCO, reduction and their combination

R S T A .
Ikt AUC 95%CI @((;;)’; S (%) 'H%ff)“”'é‘ BIERONGE 06) BIREBUAL  BIEDUAL
0 (1]
Wells 1743 0.784 0.758~0.810 61.64 88.48 75.05 80.40 5.35 0.43
PaCO, [k 0.679 0.651~0.707 79.89 55.92 50.47 83.18 1.81 0.36
Wells -5 +PaCO, F#{% 0.837 0.816~0.858 74.12 77.07 64.51 84.12 3.23 0.34
3 it AT SEATRSER WO SR A Wells

Wells P40 F Jy fic 42 H 9 PE W0 i 3R, K
HA I e, HW 2 M ok
e A BAE IR, IRIE . PE RENE, ZEa1H
APE K/ERYFTRENE, /(S , 12Wih APE Ay [
REMEER A, 3 [ IR Dl 2 1 56 [ R 2 I Ui
SAE AT PE A] BETE B PEAL 5k

A IT 45 5 s Wells PE4> T APE %) & fif
JEH 61.64%, Fr5EEEN 88.48%, ROC 4k F i
5 0.784 (95%CI: 0.758~0.810 ), #&/~H:X} APE %]
AW A A R, VRN PE Y& 8LIE 5y, BETE
BT AR 225 % Wells W4 T PE A9 fiE 1 fif i 37
il — 300 B B A 5 K BE, A% T Geneva P47,
Wells P53 % 4k & T 2 bk i # #Y PE 55 B i
WA ", X 8 25 U BIE ST & B Wells 1T 4312 e
APE W) REHE N 88.72%, Fe5E R 35.37%, AUC
9 (0.622 +£0.019 ). AWFFELE R X LERRTTHRIE 1)
SERREHAML, T 0L — 2 PP B AR Y
I R, FHAME, 1R 2243 B S IR PRIV RN WHR R
FEr, H2WOi s T B AN .

W 5% & BX D-dimer BX & Wells 1 43 BE 1% 42 =
Wells ¥4 AO%RE © ), A B ot it —25 i Wells
B4 2 AR R IE 1) D-dimer BESE AR BAPE Y &

P53, D-dimer. #HL C Jz b 8 FH B A Wells 7
4y, BF 40 L R ¥ HGF. D-dimer I & Wells i
5y, Xt APE 12 Wi i 2 % 5 55 5 38 4 o 42
Tk 18§ # JC Wells ¥4 5 PaCO, B4 1
MIFHOCHIETE, AN I —25 1, AT 3%
AT APE MILREEA TR R . AWFREE R B
/R Wells P43 K5 PaCO, FEAKXTPEAL APE () R
WO Ry 74.12%, FESECH 77.07%, A 00
fH 4 70.05%, BH 4 i {8 >4 80.40%, AUC K
0.837 (95%CI: 0.816~0.858 ), k35 K T~ Bl i
F Wells ¥F-4r 89 AUC, L) K By FH PaCO, [
R AUC, 4255 T Wells $F432 W PE fORkfE.
5T KIS fE4] PE B FEHT PaCO, B
BALTF#RE ", PaCO, F#K5 APE i B A
PE2E AR I OG . PE AR, A/ ML (V/
Q) HLBIJC I A ZEFRAL I ML B Bk, 1 K
Il AR M, A V/Q BE >0.8, HEWE
ik 10 KA b, it i b A R B, H
SN R AR B I 2R R R AR Y
IAR D, i A A o TR 5 B i 2 AR
fat 3 1) il DX PH PE T 00 9 B, T T e 4
Wi, X EEFRAL AR H, L E RT3 VIQ
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RTIERME, MEICE RSBk, SRS R

B 5 B s g, AR TR X
B, JC3E S R K A S kS SO
Tibo S HL IR AU AE A AR B, ORI A, L
IR R AR AR, #2038 PaCO, F#1IX,
K., PaCO, [&{EX} APE Hyi2 W B AT —EinE
o AL LA X —HEWT, PaCO, FEAKT
Il APE 19 AUC 1531 T 0.67% 95%CI: 0.651~0.707 ),
RAEGFE N 79.89%, FEFIEN 55.92%, BHPEFMAE
4 50.47%, BAVETUM(E N 83.18%, H R AFUHE 5E
PRSI L 2 1 Bk ] Wells P43, s
R RN, Y T o

FlaRisE A EE IO g P

it O I R TR S S AN SR 1 P e a
ZEA N, SHERE L RAETHT BRI B T R T
GEH T s A4 W RS MRS ; AR RS
6% frBie RSB 5 PE e PR B
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