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Abstract
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a5, SO A8 RE 3

3. State Key Laboratory of Cardiovascular Disease, Fuwai Hospital/National Center for Cardiovascular Diseases/
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100037, China,)

Objective: To explore the characteristics of oxygen uptake efficiency (OUE) in patients with pulmonary
thromboembolism (PE) and analyze the correlation between OUE and exercise capacity. Methods: The relative
indexes of 42 PE cases at the initial recovery stage (PE group) and 42 healthy individuals (control group) were
tested using the ramp power ascending cardiopulmonary exercise testing (CPET) and pulmonary function test
(PFT). Results: Compared with health control, the PE patients had lower the forced vital capacity as a percentage of
predicted value (FVC%pred), forced expiratory volume in 1 second as a percentage of predicted value (FEV1%pred),
diffusion capacity for carbon monoxide as a percentage of predicted value (DLco%pred) and total lung capacity
as a percentage of predicted value (TLC%pred) [(81.03+19.82)% vs (102.36+11.14)%, (78.91+21.18)% vs
(98.62+11.24)%, (83.58+21.80)% vs (108.92+23.58)%, and (91.01+18.12)% vs (103.27+7.82)%, all P<0.05]. The
parameters of CPET in PE group, such as peak oxygen uptake (peakVO,), oxygen uptake efficiency slope (OUES),
oxygen uptake efficiency plateau (OUEP) and OUE at the anaerobic threshold (OUE@AT) [(1 077.33£107.32)
mL/min vs (1637.55+61.39) mL/min, (1.43 +£0.47) vs (2.03+0.44) (L/min)/lg(L/min), (30.25£5.21) mL/L vs
(35.04+4.11) mL/L, (29.27+5.74) mL/L vs (34.01£4.18) mL/L, all P<0.01] were lower than those of the control
group. And OUES, OUEP and OUE@AT were correlated positively with peakV O, in PE patients (r=0.789, r=0.676,
r=0.655, all P<0.001). Conclusion: The OUE significantly declines in PE patients compared with normal subjects
and it is correlated positively with exercise capacity.

pulmonary thromboembolism; cardiopulmonary exercise testing; oxygen uptake efficiency
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B (14 5 9 7 B R R R T 4 A B0 A AR S

HATX T PER A MOUESEA 5T . AWFIEH IR
WPEAFH R RIZH S M ——OUBH IE(H A
(peak oxygen uptake, peakVO,)RYHH XM, Hn4:

[EREFIE NS
1 5 BHL 2 i 2
— 2 RS, BB RH % 1

i Sl bk s Tk, A

OO, ATSEACIIREA S, HEE IS PERE R Sy, SR Ik R ST Ak e B
JR WUBR I 0 T SR o RV 220 B B4R T RS 5 Wt

PE f 3 547 46 A TRl B B 10 I D B 40 35 0, o R

] B A Ol s B R R AR, R 1 WNR5FH*

% (oxygen uptake efficiency, OUE)TE VAl 12 40>
96 LT . N2 K B A
RN E) T 198 Ktk B Ah 2 TR
AR j;;‘H)‘/%ﬁ;‘ﬁ%@f%(OX}’gen uptake efficiency

1.1 &
A 20134E8 ] 220194F 6 H 7E & M 17 45 7Y
N B EE e PE W BHE BE i) 2Pk PE SR & 4245], Hop B



itk 2 K ) BRI S8 SO TR SENE BRI, 45

1715

3200, Z1ofi], 4EHY(SS.11£7.61)% . AMEbrife.
1) T A PEE & W12 W BB 97 Y 75 5 55 1 i oy B
= %% 23 (American College of Chest Physicians,
ACCP) "R SE (bR e 5 2) I R ZE L K T FAPE
hfadl, WellsiE4r=2"", Genevall4rh2~5;
nEPLEER TR RS20, HEA R ITH
W3, I ARIER B B2 4) @ hiBER YT CThl
k& % (CT pulmonary angiography, CTPA) %
fIE 52 B (8] 2 F 2 810 I 0 o, o 1 DAl Ab TR
FE s) T R ko R R R TG AT B AR T, W
FILAT D) REKE U (pulmonary function test, PFT)FEAR
TEH . HEBRARME 1) RS A Ry oK T AR B KT
FPE, WOREFRPEFHPLEENf & 11~ H 5 2)HF
i A BE L & 55 0 il 32 83056 (cardiopulmonary
exercise testing, CPET)?E? AT I H A O it
PR P s LR e L ™ AR R
FURE SRR 1Y B o D3 424 AR08 . 1k I DE e
)RR AR S AR A X R, B30, 1241, i
(57.72%6.42) % o AHWFFT 2% M T 26 U A R & B Il
IREE 2 B s ib e, T A 2l A T4
HI T2 5 W58 35 B 2 BT K AU 5 2
ti, JFZEFR B0 RER ARG R

1.2 Hi&
1.2.1 —fFTHHK &

g e . R, B RE, 3T
FARTE IR E(BMI),
1.2.2 PET

K H = KA RFEF 5 2 B Quark PET 3 Mifi 2 B
A0, ML B AR I S 15 i Bk B 2 / BRI 0% 2%
(ATS/ERS)HE /A 7 2 AT I 5 o PET N &
S8 M J1i i i (forced vital capacity, FVC).
1R H I R4 B (forced expiratory volume in
1 second, FEV1)., 1#8H IR ERSH N
Jiti 36 2 B9 B (FEVL/FVC) . — S AL ik ok
(diffusion capacity for carbon monoxide, DLco).
ﬁf"‘:\‘(residual volume, RV), Hﬂf,‘é\i(total lung
capacity, TLC)LA M #&d8br & B E 0 @ 43 1.
PET# S48 i O HE 1Y A 53 Hb % pred i .
1.2.3 CPET

%FﬁMastercreen—CPX!L\)Hﬂ]‘iZ::Zj]ﬁ((]aeger
Corp, Hoechberg, Germany)&SBx/CPXL:\,ﬁ:ﬁj\fﬁ
ﬁ(]aeger Corp, Hoechberg, Germany)O R
i AR R SRR B E b, SRR AR R

1) LA A 150 28 B AH I 1) 328 1 17147 (10~25 W/ min) i#F
ik, b A 12 B0 L R R 22 sl A R
A B R T 82 minl &5 1L X SPO, 34
W A A 9 I I (breath-by-breath) %
8 56 CR BE RS, SR 1o sPUL &
FE bR . B4 (oxygen uptake, VO,). & fb
i HE H & (carbon dioxide output, VCO,). Zr4fif
S % (minute ventilation, VE). JC% [# (anaerobic
threshold, AT)%, ATiﬁgﬁV-slope‘Hiﬁfﬁ%“s]o
peakVO, /& I B2 Bl N 15 2230 o8 S 1 e K73
{H . OUESJE 1 fif i 312 21 i ## H peakVO, FIVEH)
XA, IWHARX: VO,= axlog, VE, Hrft “a” H
JEOUES, OUEPfRFEOUEI F| i KA W By
A, WELE90 sIVO,/VER KT, Jo4 5
B A ROK (oxygen uptake efficiency at the anaerobic
threshold, OUE@AT)%*ETATEH’Z'J%I min N [
VO,/VEV-HMH . AHFFE BT A CPET Bt fH A XY
2 B Z H R B g e

1.3 GitF4E

JHSPSS 19.04 i A #EAT 40 B, 1T Bk
AR e 2 (Rts) KR, PR LT RG S ; ™
I ECGOR LR R g, PR IR 3R 2 A A A DG M
PearsonfH /1T, P<0.05SHZERAEIAE L,

2 /R
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(P>0.05, 1), PEZHFVC%pred, FEV1%pred,
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2.2 CPET MliX & RELE

5 %F B 41 A L PE4 peakvO,, OUEP, OUES
N OUE@ATH B BAL TXF M4, 25 A5+
=X (P<0.01, 2),

2.3 OUE &S ¥ 5iEsf 1 R IhEEIEFRM Z 18
EPS

PEH FOUES, OUEP, OUE@AT 5FVC,
FEV1, FEV1/FVC(P>0.05) & XM, S5DLco
A —E WA (P<0.05), HpeakvO, % i # IEHI &
(r=0.789, r=0.676, r=0.655, ¥JP<0.001; [K1~3),
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1 PEA SXRAM A O ZEHFEFAHTHREA T L5 R (n=42)

Table 1 The demographics and pulmonary function test parameters of the PE group and the control group (n=42)

PE5
215 AR % AR /k B /em BMI/(kg-m ) FVC%pred
(% /%) /bl & &
PE4 32/10 55.11+7.61 67.67 £10.47 167.22 +9.27 24.21 £3.37 81.03 £ 19.82
Xf HRZH 30/12 57.72+ 642 64.88 + 8.60 164.52 £ 6.55 23.92 +2.46 102.36 + 11.14
p 0.873 0.402 0.344 0.269 0.747 <0.001
FEV1/
2051 FEV1%pred DLco%pred RV%pred TLC%pred RV/TLC/%
FVC/%
PEZH 7891 +21.18 78.81 +7.69 83.58 £21.80 107.51 +23.79 91.01 +£18.12 42.19 + 8.99
X HEZH 98.62 + 11.24 77.79 £ 4.57 108.92 +23.58 109.82 £ 10.17 103.27 £7.82 38.86 £ 5.07
p <0.001 0.547 0.006 0.730 0.031 0.215
2 PEA SR AROIHIE IR 45 R (n=42)
Table 2 The results of cardiopulmonary exercise test between patients with PE and controls (n=42)
245 peakVo,/% peakVO,/kg AT/% OUES
PEZ 1077.33 £ 107.32 (61.17 £ 7.59) 16.64 + 1.54 721.87 + 54.37 (52.81 = 7.27) 1.43 +0.47
X HRZH 1637.55 + 61.39 (99.84 + 6.40) 24.50 + 0.67 985.03 + 38.19 (90.56 = 4.05) 2.03 + 0.44
p <0.001 <0.001 0.001 <0.001
iR OUES%pred OUEP OUEP%pred OUE@AT OUE@AT %pred
PE 4 93.58 = 54.14 30.25 £5.21 82.59 £ 15.72 29.27 £5.74 78.82 +16.24
Xt HEZH 140.78 + 53.56 35.04 £ 4.11 98.20 + 12.48 34.01 £4.18 92.60 + 20.55
p 0.007 0.001 0.001 0.003 0.036
20001 r=0.789, P<0.001, n=42 2500
1800F 7=0.676, P<0.001, n=42
1600}
7 2000
g 1400 o
g £
o 12000 g 1500
§ 1000 | 2
g 800} & 1000
< 600 - %
= 400) ° & 500
200}
0 . . . . . 0 s s s ;
0 0.5 1 1.5 2 2.5 0 10 20 30 40 S0

OUES/(L/min)/lg(L/min)

1 fifite ZEZH OUES S peakvO, I HE X 14

Figure 1 Relationships of OUES versus peakVO, in all patients
with PE

OUEP/(L-min ')

2 fifit¢ 224 OUEP S peakvO, HIHH £ 1
Figure 2 Relationships of OUEP versus peakVO, in all patients

with PE
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r=0.655, P<0.001, n=42

0 5 10 15 20 25 30 35 40 45
OUE@AT/(mL-L™")

3 e EHOUE@AT SpeakvO,HI1E X 1t
Figure 3 Relationships of OUES versus peakVO, in all patients

with PE

3 it

CPET /245 &0 5l M Hom s, UL LR AR
PR AR Y 0 FF LI AR, R 0 e 0 £ 3 2
UL = — ARIE B A e, S B RTME—RES —
YA B 4 T PE Al A AL 1A 22 2 58 Ty BE 1 If DA A6 1
ARV, CPETR—F LM . B, &, &
g, EE ZWIERE ik, EEHT O
WA P (A0 Ty 320 | i . DAERRE . B
HIIZ Bl ik T 45 ) F1VE I 28 255 95 9 (A 12 4 BHL 2 44 M
PR L TE) TR B LA e L Ik 2T A
b 32 B K 0 SRR R AR RV IR O R 5 ) R
F YOI REVEAY DL K — SRR Y I R N
/10 N TR R N e = 3= S By oy e O = B 1
CPET 7 Jili i 45 9 95 JC H:J2& il 20 ik w5 F& B 10 12
Wr . U B AT AR PR A 7 g £
FAT I X il 0 bk v R R BB SE R B OUE
HpeakvO, 2t L # MG, IR EZE ) T AIOUEH]
A R DA i 2 Jik 2 i HR 42 she g i B G K S
ZAghn, AR X T R 2E R A Y
HMEEAT HiRE

iz g H VO, L T IR ARE R 2R G % [A]— 2 s )
RSN, CPETHIAE HpeakVO, M3 T KA EAR
AL IS A BE T7, VM s S 1 (0 4™
peakVO & TE M iz sl ARy, (2 78 S PR
B BOE B &3z AR MEIA 2, 1 HopeakVvO,if
2PN FEUHEE . EE UL il T AE A i
I 2T 28 K25 TR Z 52, DT B AR T X
TR I B S PR . AR, PR OUEM K K it
BHSECZE T )RR, Kb g k&
OUES., OUESH: /&t Babai 5% JT1 % %k il 2% )
A, Xt iz shik g6 vo, 5 VEZ [l 1)

K RIAT AR T — A8 WA =38 S S A
I B . OUBSEBERS PR L il D) RE 1Y — A~
AIRERY . WA . RTEE MR . A s 3
s bR, HiZwFse g 18 8] T 20k 5e 7 e
SE, IR N T 28 O O v S AL il 4
P I TR PR . BEJR SunZE NI B SE R B T
OUEPHIOUE@ATZ %L, XfOUES, OUEPHIOUE@
AT = H AT T AR 1, K ILOUEPTR & — 1 F
FEE . BRI WA RIS AR, X0 T
FEE 0 I T RE A7 R B R S DAl A R
M. ZiXHEMOUEREM K, RWAE —EHA
AR A AR U R RE )BT, TR A S B
ZARE WO AR A, X Hs Syt w] AR
HPFE R 8 A

AP, PEFRZEMOUES, OUEPAI
OUE@ATHLIEH N W REAL, OUEMZEfb FE 2
PLUR 2 Z g m . 1) FLRRCHE, HLE N FLR
S5 REA ¢, 5w LI 1) o A . 18K
AMRE T A A 52w T FLER AR 2) i
/MG (V/Q), 1 B 5 S G P I I 98/ #
S LA I B A L2, X TFPERE M,
SN TR A BRI ) I WL A hE
15 KGR HTAH LB B REAG, 3E AR T FLR A HE R,
M2 T MUK AR T . J34h, PEMERE
FOUERH W T K, 7T RE 5 % 9 & i WL A G
T SEPEF 43 (%) il il Bk BH %€, il i A5 R 1T AR
A A R TR AR A, e R A G )R
PR B Y, SR S T AR, K,
PEZIRIT G, Wt K5 Wik, 2R
53T LAY Jis Rl A, Al v AN BE A R R AT AR
2, BHZE LA I O 0 A BH ZE B il i A, 5
NI, FEV/ QT HE KM, MMt — 5
M B AR S e . AT, B R BL I AT BE 2
PEB A OUERRIRM TS ZE IR K, 4K M iz 3l ) i ik
KT ERYLEIXTOUERY M

OUE & — MR it iz sh4abr, 7EXT 0 ) &
WEEWI R RN, TR E RS AD B
WE(H, OUEZ M ZERIFRGEIT2¢E X, HAN
5% WP il 4 2E R F Y OUES, OUEPHIOUE@AT 5
peakVO, HAT B B IEAH ¢, $/R X Tk & WIPE
B, KW EZ 3T S OUET LIX 3 iz
Sl A8 A AR AL R B AT S A I B
arResl R B LA AT K ILOUES,
OUEPHIOUE@AT 5DLco E.A MREFAYAH EME, 4
LTI, AR ZE BB E YRR R B A B AR AR A5 5K
B RE R, S T R s A
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B peakVO, PTAN £ 35 1Y 00 fili % 45 Sz Sl it 71 ] B
AR AWAMSEH, St T ARG RN
WAEME, (HREWRE APER A F A OUESHI N H
WHAE 5 2 — 25T .
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