Ml XZEZHR (EFMH ) 2021, 52 (1) : 142148
J Sichuan Univ ( Med Sci) doi: 10.12182/20210160205

BN BHIE B0 1812 W 7 B JE [ PR R [ M 2B 2 B T 461 o 4
ZEE MHA, MEE, § & ¢4 2E%' oM & BB T % % om0

1. ERERRFME SR — BB O PR (K 400016); 2. FRER MRS —EBE LI MR (K 400010);
3. K BERIR AR 58 — B b MFIRE (FEEK 400016)

[EE] BB HWRERAMECEZ ALK (invasive cardiopulmonary exercise test, iCPET ) 7 /A BF 5 P I PRI ¥ 62475
HIS W R IR . a3k BB AT 7E20174E5 A 5 H —20204E10 7 1 H 18] 351735 0T 00 RIMER 5255, % B A
A P BB TGO FER, A7 0 SR TC L A R i £ 3 i — 251 TiCPET., MR4EiICPETH AR 25 S Fi2 Wiks
HE, B A7 0 PR A O B 50 . 52 MLCPETAY R 70 AN LA : 183015 & (i sh ki 1k (eiPAH) 40 | i& 3l A& (0 56 14>
BB (.0 15238 (eiHFpEF ) 4 . 1§ ff R AU AL PENUR 4 . HE A WAL SR = A0 Ay, i O sh B L A7 O R
iCPETIZ B WA SR, il iICPETAR A2 Wi AN B 5 A I 02 PRI £ 25 e A I Mg sl i sh F12# 4. &R 1 04686
57 SRR RE R TP, B AL TS 7T L0, RIA27 501 13141 (47.6%) G A D ST IIL, 144001(52.4% ) BB H
A | A7 O SR A TSR AN . 751X 14440 F35 v, 49001 (34.0%) FE 452 TiCPETH &, Fh s shista] 375 s,
a7 58 ik, B bh0.27 ¢ 1, VIR N (47.9414.4) %, Hh 205 594 AR B i) SR #4515 76.6%(36/47), 78.7%(37/47)
BEFEAEAEI . AT R L2761, FB KB Bl WAy 0 D I eiHFpEFZ0 91, FEH A2 2 o e it 6 ATl AR R
1515 eiPAHZ 851, e I iz 3 o W - 359 iy 2 ok ok v 5 S0 AR ME LR AL 3451, 28 30y 38 st et 4] 48 IOl ) P 4 /il AR e
o TR AL, eiHFpEFAL . eiPAHZL3 LA H] Lh 4R, MM 2, eiPAHL MY K 5o, /T 57 fof 2208 20 9 1 K S 1K
(P=0.014) . HASR R KA L3N 0] 22 G2 R SL(P>0.05) o 34N TFALH)L I BE S-St AR L AUhBE 4y
T ~ M, ONEEFEEE A0 FE R LS I EF R, I 2 F WS E X (P>0.05) . 3MWALEED
iCPETHN & 5 /R, 38 ShIIRIAT .0 5 TE S i 25 A G248 L (P=0.001), HrheiHFpEFZL I i, 11l 6707 R s 4 I 1K
G ARG A FE KA IO TR I AS B I PR I R R i s 2 9495 DR 2O 60 47 T, R INON I8 Bl i A 0 s R IR
ICPETX F 470 A5 K A TR/ I 1R (14 P IR R e ) B E A

(XY AUFERIPREGE  RAEOZEZRE S kmsikmE @Ak sim 4t
(0N RAE=3 > B 1§/ ¥ § 23]

Diagnostic Application of Invasive Cardiopulmonary Exercise Test in Patients with Unexplained Dyspnea LI Zhuo-lin', HE
Yang-ke', XIANG Ya-jie', YI Xin®, ZHU Zhong-kai', LI Ai-ling', XIANG Rui', HAN Xiao-li’, WANG Pu’, HUANG Wei'".
1. Department of Cardiology, the First Affiliated Hospital of Chongqing Medical University, Chongqging 400016, China;
2. Department of Cardiology, the Second Affiliated Hospital of Chongqing Medical University, Chongqing 400010, China;
3. Department of Pneumology, the First Affiliated Hospital of Chongging Medical University, Chongqing 400016, China
A Corresponding author, E-mail: weihuangcq@gmail.com

[ Abstract] Objective To explore the clinical diagnostic application of invasive cardiopulmonary exercise test
(iCPET) in patients with unexplained dyspnea. Methods A retrospective analysis was conducted, covering patients with
a chief complaint of exertional dyspnea between May 5, 2017 and October 1, 2020. Right cardiac catheterization
examination was performed on patients whose cause had not been identified through routine examination, and further
iCPET was performed on patients if no clear etiology was identified through right cardiac catheterization. According to
the results and the diagnostic criteria of iCPET, patients showing no obvious abnormalities in the right cardiac
catheterization examination were divided into four subgroups: exercise-induced pulmonary arterial hypertension
(eiPAH), exercise-induced heart failure with preserved ejection fraction (eiHFpEF), preload failure, and oxidative
myopathy. By comparing the lab test, echocardiography, right heart catheter and iCPET peak exercise data of the
subgroups, the disease distribution and exercise hemodynamic characteristics of patients with unexplained dyspnea
examined by iCPET were described. Results Of the 1 046 patients with exertional dyspnea, 771 were diagnosed with
routine examination, while among the remaining 275 patients, 131 (47.6%) were diagnosed with right cardiac
catheterization and 144 (52.4%) showed no clear etiology after routine examination and right cardiac catheterization. Of
these 144 patients, 49 (34.0%) received iCPET with a median exercise time of 375 s. A total of 47 patients completed the

examination, with a male-to-female ratio of 0.27 : 1 and an average age of (47.9£14.4) years old. Among the 47 patients,
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76.6% (36/47) aged between 20 and 59 and 78.7% (36/47) lived in urban areas. The preload failure group (n=27) showed
low right atrium pressure at peak exercise intensity. The eiHFpEF group (n=9) showed high wedge pressure of pulmonary
capillaries at peak of exercise intensity. The eiPAH group (n=8) showed high average pulmonary artery pressure at peak
exercise intensity. The oxidative myopathy group (n=3) was characterized by impairment of tissue uptake and/or
utilization of oxygen during exercise. According to the comparison among the three subgroups of the preload failure,
eiHFpEF and eiPAH, the eiPAH group had the highest blood K" level in routine examination, while the preload failure
group had the lowest blood K" level (P=0.014). The iCPET of the three subgroups showed statistically significant
(P=0.001) difference in right atrial pressure increase during exercise. Among the three, the eiHFpEF group had the highest
increase and the preload failure group had the lowest increase. Conclusion In unexplained dyspnea patients showing no
abnormal results in right cardiac catheterization examination, the main cause was preload failure, which manifested as low

right atrial pressure at peak exercise intensity. The study showed that iCPET was of important value for dyspnea cases

when the cause of the condition was not revealed with right cardiac catheterization.
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Table 1 Clinical data and routine examination results of patients undergoing iCPET examination

Baseline characteristic Erno:tilﬂ I;rre(iﬁgct £a:ilzu7r)e EiHF(pil}roup EiP/(\rIl—Izgoup Ox1cgl:(t)1l\lr; rzlryog)athy P
Agelyr. 47.9+14.4 47.4+14.4 58.9+8.7 45.5+10.9 26.1+6.4 0.055
Gender/case (%) 0.203

Male 10 (21.3) 4(14.8) 1(11.1) 3(37.5) 1(33.3)
Female 37 (78.7) 23 (85.2) 8(88.9) 5(62.5) 2 (66.7)
Habitation/case (%) 0.777
Urban 37 (78.7) 20 (74.1) 8 (88.9) 6 (75.0) 3(100.0)
Rural 10 (21.3) 7 (25.9) 1(11.1) 2(25.0) 0(0)
WHO function class/case (%) 0.999
| 41 (87.2) 24 (88.9) 8 (88.9) 7 (87.5) 2(66.7)
I 6(12.8) 3(1.1) 1(1.1) 1(12.5) 1(33.3)
Time to diagnose/d, median (Min-Max) 128 (31-723) 137 (31-448) 360 (108-741) 945 (31-2098) 32 (21-63) 0.488
BMI/(kg/mz), Xxs 22.7+34 21.9+2.8 24.0£3.9 24.5+4.5 21.4+1.2 0.096
Echocardiology
RA diameter/mm, X+ § 32.2+33 31.4£2.9 33.8+4.4 32.8%1.7 31.0£1.7 0.233
RVEDD/mm, X+ § 18.8+1.7 19.0+1.8 17.5+0.7 19.0+1.0 18.0+1.2 0.555
LVEF/%, median (Min-Max) 67 (65-68) 68 (63-68) 65 (65-67) 66 (65-68) 65 (65-67) 0.496
LVEDD/mm, median (Min-Max) 67 (65-68) 46 (43-48) 44 (43-46) 45 (43-47) 44 (43-45) 0.520
Blood routine test and biochemistry
Hb/(g/dL), X+ s 13.5¢1.5 13.1+1.3 13.9+0.7 13.5+2.3 15.3%1.1 0.345
ALT/(U/L), median (Min-Max) 15 (11-21) 12 (10-20) 19 (14-23) 19 (12-31) 15 (12-17) 0.109
Cr/(umol/L), X+ s 59.2+11.9 59.3£10.2 52.1£9.9 65.1+12.4 63.7£22.6 0.058
NT-pro BNP/(pg/mL), X+ s 69.3+53.7 76.9+57.6 100.3+79.8 46.5£40.0 48.3+13.2 0.370
sTSHS/(Um/L), X+ s 2.4+1.5 2.3+1.3 3.0+1.8 2.0x1.6 2.4x1.7 0.454
K'/(mmol/L), ¥+ s 42+0.3 4.1+0.2 42403 4.5+0.4 4.0+0.2 0.014"
Glucose/(mmol/L), median (Min-Max) 5.3 (4.8-5.7) 5.2 (4.5-5.5) 5.6 (4.9-5.9) 4.9 (4.5-5.6) 5.1(4.8-5.4) 0.421

WHO: World health orgnization; EiPAH: Exercise-induced pulmonary arterial hypertension; EiHFpEF: Exercise-induced heart failure with preserved
ejection fraction; BMI: Body mass index; RA: Right atrium; RV: Right ventricle; LVEF: Left ventricular ejection fraction; LVEDD: Left ventricular end-diastolic

diameter; Hb: Hemoglobin; ALT: Alanine aminotransferase; Cr: Creatinine; NT-pro BNP: N-terminal pro brain natriuretic peptide; sTSH: Sensitive thyroid

stimulating hormone. 1 mmHg=0.133 kPa. *P<0.05. # The small sample size of oxidative myopathy group does not qualify for inclusion in the statistical

analysis.
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Table 2 RHC and iCPET results

Variable Total Preload failure ~ EiHFpEF group ~ EiPAH group  Oxidative myopathy Pt
(n=47) group (n=27) (n=9) (n=8) group (n=3)

RHC
HR/min™', X+ 77.7+13.7 78.9+14.2 75.2+13.2 79.3+13.8 67.5+10.6 0.773
MSVC/mmHg, median (Min-Max) 4.0 (0.0-9.0) 4.0 (0.0-7.0) 4.0 (1.0-9.0) 6.0 (0.0-8.0) 9.0 (9.0-9.0) 0.101
MRAP/mmHg, median (Min-Max) 3.5(0.0-10.0) 3 (0.0-7.0) 2 (1.0-8.0) 7.0 (1-8.0) 9.0 (8.0-10.0) 0.155
RVEDP/mmHg, X + s 5.5+3.2 4.8+3.1 6.142.9 7.4%3.7 3.542.1 0.151
MPAP/mmHg, ¥+ s 14.9+4.0 14.143.9 14.3+3.1 17.4+4.6 19.0+0.0 0.140
PCWP/mmHg, median (Min-Max) 8.5(3.0-13.0)  7.5(3-13) 7 (6-12) 11 (3-12) 13.0 (13.0-13.0) 0.309
CO/(L/min), X+ s 5.7+1.3 57+1.2 5.7+1.8 5.8+1.5 6.4%1.2 0.988
CI/(L/(min-m”), X £ 5 3.540.8 3.540.8 3.4+0.9 3.440.8 3.540.5 0.882
PVR/wood units, median (Min-Max) 1.2(0.3-3.8) 1.2 (0.3-3.8) 1.0 (0.7-2.3) 1.5 (1.0-2.9) 0.95 (0.83-1.1) 0.330

ICPET results
Exercise load acceleration/(W/min), 20.0 (15.0-25.0) 20 (15-25) 20 (20-25) 20 (15-20) 15.0 (15.0-20.0) 0.136

median (Min-Max)

Peak load/W, ¥+ s 115.0+29.2 115.0+31.3 98.8+24.6 122.9+19.8 140.0+21.5 0.245
Time of exercise/s, median (Min-Max) 375(230-700) 360 (230-700) 304 (250-616) 417 (291-508) 480 (440-519) 0.270
RAP augmentation/mmHg, % + s 3.1%3.1 1.9+2.7 6.4%3.2 2.8+2.1 5.3+1.2 0.001"
Peak Ca-vO,/(mL O,/dL), median (Min-Max) 125 (4.8-21.5) 117 (4.8-21.5)  122(10.3-21.1)  13.0 (12.6-14.9) 9.9 (9.4-14.3) 0.171
Peak PVR/wood units, median (Min-Max) 1.3 (0.4-3.3) 1.2 (0.4-2.8) 1.3 (0.6-3.3) 2.2(1.7-2.9) 1.2 (0.4-1.3) 0.027"
Peak PCWP'/mmHg, median (Min-Max) 10.0 (2.0-27.0)  8.5(2.0-17.0)  22.5(20.0-27.0)  13.5 (6.0-19.0) 13.0 (8.0-17.0) 0.000"
Peak MRAP'/mmHg, median (Min-Max) 4.5(0.0-14.0) 3.0 (0.0-7.0) 9.0 (3.0-14.0) 6.0 (4.0-12.0) 9.0 (6.0-13.0) 0.000"
Peak MPAP /mmHg, X £ 5 25.747.8 22.045.9 30.9+8.7 35.242.6 243421 0.000"
Peak CO/(L/min), median (Min-Max) 10.5(3.8-27.8)  10.6 (3.8-27.8) 6.6 (4.8-12.1) 9.4 (6.9-13.3) 11.7 (9.1-22.5) 0.141
Peak CI/(L/(minxm®)), median (Min-Max) 6.0(23-16.2)  6.9(2.3-16.2)  4.3(2.9-7.3) 5.6 (4.1-8.1) 6.6 (5.8-11.9) 0.107
CO augmentation/(L/min), median (Min-Max) 4.6 (-0.9-21.5) 4.7 (-0.9-21.5) 2.3 (0.9-6.7) 3.9 (1.7-7.9) 10.7 (6.1-15.3) 0.382

RHC: Rightheart catheterization; ICPET: Invasive cardiopulmonary exercise test; EIPAH: Exercise-induced pulmonary arterial hypertension; EiHFpEF:

Exercise-induced heart failure with preserved ejection fraction; HR: Heart rate; MSVC: Mean superior vena cava pressure; MRAP: Mean right atrial pressure;

RVEDP: Right ventricular end diastolic pressure; MPAP: Mean pulmonary arterial pressure; PCWP: Pulmonary capillary wedge pressure; CO: Cardiac output;

CI: Cardiac index; PVR: Pulmonary vascular resistance; Ca-vO,: Difference between arterial and venous oxygen content; Peak: All data labeled ‘Peak’ were

acquired at maximum exercise load; Augmentation: Difference between value at peak exercise and rest.*P<0.05. # The small sample size of oxidative myopathy

group does not qualify for inclusion in the statistical analysis.
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