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Effects of Percutaneous Balloon Mitral Valvuloplasty

on Static Lung Function and Exercise Performance
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Younsuck Koh, M.D, Jae Joong Kim, M.D., Seong Wook Park, M.D.,
Seung Jung Park, M.D., Jong Koo Lee, M.D. and Won Dong Kim, M.D.

Department of Internal Medicine, Asan Medical Center,
University of Ulsan, College of Medicine, Seoul, Korea

Background: Patients with mitral stenosis(MS) have been demonstrated to have a variable

degree of pulmonary dysfunction and exercise impairment. The hemodynamic changes of MS
can be reversed after percutaneous mitral balloon valvuloplasty(PMV), but the extent and
time course of the imporvement in pulmonary function and exercise capacity are not defined.
Methods : In order to investigate the early(3 weeks or less)and late(3 months or more)
effects of PMV on pulmonary function and determine if the pulmonary dysfunction is
reversible even in patients with moderate to severe pulmonary hypertension, we performed
the spirometry, measurements of diffusing capacity and lung volumes, and incremental
exercise tests in patients with MS before and after PMV.

Results: In 46 patients with MS(age : 40%12years, male to female ratio: 1:2, mitral valve
area:0.8*02cm?) there was a significant increase in FVC(P<0.0025), FEVi(P<0.001),
FEFss.75(P<0.001), FEFsps (P<0.001), PEF(P<0.0005), MVV(P<0.005), VOzmax (P<0.0001),
and AT(P<0.0001) after average 10 days of PMV. Also there was a significant decrease in
DLco(P<0.0001) and DL/VA(P<0.0001). At later(5%2months) follow-up in 11 patients, there

was no further improvement in any parameters of pulmonary function and exercise test.
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Twenty nine patients with sinus rhythm were divided into 16 patients with pulmonary
arterial pressure(PAP) more than 35mmHg and/or tricuspid regurgitation grade T or
more(group A) and 13 patients with PAP less than 35mmHg(group B). Group A Patients had
significantly lower FVC(P<0.001), FEVi(P<0.001), DLco(P<0.05), VO: max(P<0.025) and
mitral valve area(P<0.025) than group B patients. Group A patients after PMYV, showed sign-
ificant increase in FVC(P<0.001), maximum O pulse(P<0.00001) and VO; max(P<0.00025).
Both group showed an increase in AT{(P<0.0001, P<0.005), but group A showed greater
decrease in VE/ VOz and VE/ VCO: both at AT(P<0.001, P<0.001) and VO; max(P<
0.0001, P<0.0001) after PMV compared with group B.

Conclusion: These data suggest that patients with MS can show increased pulmonary
function and exercise performance within 1 month after PMV. Patients with moderate to
severe pulmonary hypertension had a significant increase in exercise performance compared

with those with mild to no pulmonary hypertension and it is thought to be related to a

significat decrease of ventilation for a given oxygen consumption at maximum exercise.

Key Words: Mitral stenosis, PMV(percutaneous mitral valvuloplasty ), Exercise
performance test

loplasty, ©|3} PMV)o| /lg=Ele] MSe] Xz da

M g
vette A71%

olgHx eod*™ wey PMVEAE AEEA
o] YAIHQ EAakglo] ZA] 35y}

S A SHAME AFAd R g4 71 FlE 54
d vetd = glon, =% &55Hd Fort g}
Ae 2 gHA QY. ol MSelA T H ¥
28I} ole w2 TxEY ] AP L HAH
A W 2 P 289 B4 THel et Ay
o BF FFHF /AP, ey 2w ¥
of FEA o g BAHE T H7)59 38 R g3}
of o]Ae] glEnl, AN ANEL F&F AYY &
& AT FAage Rasgoy? gn A
AEL HE8F 2 127 YA 3730 9u9lA
ARG Busg’. ol Aukd A A
o] o] = o)A 7R Al 8T MSe| A ] e o)
W52 7F%(thoracotomy)oll &) o]Rojd 44
ZA el oF HEFe At 23 gy FAE
Fol FFE VA7) HEL Ao FHA Fut?.
i Hole vFEAd A8 A9HENY
<2394 3 & (percutaneous balloon mitral valvu-

S8 Sk 1eU PMVE #7159 558
I8 AEE €3 AE S 2 ASAY 44 A
et 2ANE AT AT oo AAEL MSH| A
PMV #%9 A7l 2 &% 38593 vasta,
PMVF 271(3%F o|lu)e} F71(370Y ©]F)9] 47
7152 A ARE BESH, THE ojate] HEW
¢ ¥5E€ B2l @AW pulmonary arterial pressure,
PAP>35mmHg) ¢t 234 &8 fxEted #Hr)%
R T FHY Pl Ax 2 S48 e s

vler] fistel ¥ ATE M@
Chat 9y
Lo 4

1989 3 5-¥ 1990d 3¢9 Alolo) PMVAI &2 §)
o] MEFdEd U] 993 MS3Ha 46
BE HEe g dHen oL £ MS BE MS
7b $AIE BRI}, A2gn HAME Ay

_2_



@3 (thrombi)7} BolAY, FR# FHYRHFo]
grade 20|39 73, HAHAR s|gHoly dF
Aol Ae BE, EE FXAM 224 H4ZY
ool A& FAae diiddlA Astgc Y g2
T A% £EE 16-64M(H T 0t 124) e, &
Ul 1:22 oz #x7h geks, Fdxs 103
(22%)°1 Aot

2% 9

1) MEESOIZ A

MBA2ERHANE ZE dd B4 A&d MS
o] At 9 AeF FAHPAZ Agstgdon Hew-
lett PackardA}<] Ultrasound Imaging System (Mo~
del 77020A)el 2.25MHz transducer ©]-&3}it}.
MAZEHHAL o8 Bute] 54, vEYE 7
M8 =8 Prista, £Ruete] Hayge(do
THE, E8R4E, EFE73AIE)9 A 8y
(thrombi) #7& A&}

2) MERE TYUE U HoH EMYE o}

MY E(PMV)

AEAEE Agsta HAEAY, F44s 2 1
BAF oletr] ¢ =Hdiastolic mitral valve pres-
sure gradient)& 33, HAwEEe gy
(thermodilution)Holl olsf ZAHsgony FHrgy
HHL Gorlin®] F4o2 7y, HIH Hge
(BT HEUY-HT AW X/ A& 7
Aoz ALEIAL PMVE $3 7hdee Fu7
H AdHEHA o5 #HA(double lumen)E=R Fi=
Inoue (single balloon)E=AE ALg3te] HAjEIHA
o, 4F3A PMV Ao 73 D AsHd 18
SEUT "] 25% o} Ftstn @ % AF
B ol&7] ¢¥A7} 10mmHgol skl A2 54
O BE Bl A PMVAIE F 2412 <t sstdl
a3g Ay

3) H7is U 2SHS HA

STER JFAF 1A AF o5 2 £EFY 5
He BHrlehr] 9% HAE Aed 2 AledF oA
Ae(GY ofF i} 3Fo|U)dlA Algetd)
g #7152 PMVAIEF A3t A3t opg Wss
B7] gt Hole 2 58 HAle] 237AE

1199 gafel X Aled 370Y o|2(HT 5719 %)
o HhE AHAjE )

HA7s FAbe HEFEEY € H 8Ny gas
SensorMedicsAHU.S.A.) 8] System 21008 o] 83}
At on, #8492 SensorMedicsAt®] System
2800€ ol &3t A3t #H7)s HAF Ae] n)
WAL A g el 2gt 2ol & uiA|Ely] $)8)he]
Zt 229 4 Ao 3 W2 st
Hlass, & 5] HFd ARAUL o A
23 34 AAA dEHFH L ol gt

EFF A A A (bicycle ergometer) & A&
& ohehAl &% %814 Alincremental exercise test)
€ SensorMedicsAF9] System 29008 o] &5t A3}
sdon $ERE A AAE 89 2 AT
E FE #AEAt £E88s Hae zZzEeEm
(protocol) 2 A7 Held kA8 97 28719
AAAE FA7] F thA] 287 B30} gl AEld|
¢ warming-up 713+ A, $EREE 29

Swatt¥] S7HAAAN A7 Ao LFH SA

Egdle] 3F ZHE olRFE ASH £ Qe wr}
A AA s Aol At EF Rt s 2t
24 VO max), A4 24 (HR max), Hj&
g F71FMV max), 2k ) (anaerobic thres-
hold, 3t AT) 2 vt 4443 2HVOy/HR,
VO: pulse) Fatglen 2 Hadne) oy %
el g 2ol & wiA8LY] Yt VO, max, HR
max, MV max® 34 Ao g A7 L& et
WAL, ATE F4 A HRN243 Dol i o
&2 vehliddth 34 A4 HJosr 43zge
Wassermans 9] &4-2 wsir}?,

3. 84 24

PMVAF] #H715r @ 55844 At
HiE 2 ¥gge] Has gFEuxe iy
paired t-test® o|&3llon, PMVA %l
o FEI FEzbe] AYIEHA L LER3 HAL
ZA#e] 2ol unpaired student t-test® o] &3}
vlastglct ¢ H7ls 2 L REHA Ane o
Aqeha 2 E7rel 4B BAE Pearson AHEANH S

ol-g-3k2ch Ptol 0.05¥1%Hel 398 £A% ol2]7}

- 3 —



AE Aoz Holsigint
4 2

N #2= @2} 159, 2} 3192 & 46 o)
Ao, 78 MAY3 715 F5FNew York Heart
Association Functional Class)E O&°] 129, &
o] 329, 18]i Vo] 2¥oldr}. vt EalEdA
PMVZAF R34 2R Wit $uIF Hio]
08+02em (B #F + EFHADNA 1.8+0.3cm?, 41t
S 354F0.78/minl A 4191 1.06//min, #F
42 35=13mmHgol A 27+ 11mmHgo) 932, AHA)
(atrial fibrillation)& R A% 174(37%) 1A
=3

1. PMVA % H7|s %
H]jﬂ

25935} 2l Hale)

i #2be] PMVA 2 &3 3F o] #H7)57A
2 FF5R HA AAE F FEA v =Y
23 71 & F(forced vital capacity, FVC), 123 =84
3.7]%(forced expiratory volume in one second,

FEV)), =84 37157 3H(mid-maximal expira-
tory flow rate, FEFos-7500), H1 3 7]F%(peak ex-
piratory flow rate, PEF), dA¢4 5 & 3 (maxi-
mal voluntary ventilation, MVV), HtAbA H3
( VO max) ¥ 5449 (anaerobic threshold,
AT)Y #o% F77F YR o, 3 3aks (diffusing
capacity, DLco)& #9% Z4AE 2 ¥ HTable 1).
T8 FH&3Ktotal lung capacity, TLC), 7154
2718 (functional residual capacity, FRC) 2 27|
83 (residual volume, RV)& #2918 a7t gigch
(Table 1). 38 #H71% 2 2E539 F7} 334
AHE PMVE B 57090 A8 1199 $ztol
A olge] A%E PMVE 27(3# 109)9] Ao}
Has 2o Aoz folg wa= gt
(Table 2).

2. 17|15 N 2SHst A Fojsty x|
HI9| o8 A

thd &2k PMVA #2715 2 $EReA 3

¢ E98H Axhe] YAAAE Table 37 2},
FVC % FEVi& $REBFHEEH(r=0428 p<00l;

Table 1. Pulmonary Function and Exercise Performance Profiles before and after Percutaneous Balloon
Mitral Valvuloplasty in 46 Patients with Mitral Stenosis*

PMV
P value+
Pre Post
FVC, % pred. 78+13 8112 <0.0025
FEV1, % pred. 72114 7712 <0.001
FEF25-75%, % pred. 59+21 67120 <0.001
PEF, % pred. 76+19 87118 <0.0005
TLC, % pred. 100+13 101+12 NS
FRC, % pred. 95+16 %14 NS
RV, % pred. 123+96 123+28 NS
DLco, % pred. 95+23 86121 <0.0001
VO, max, % pred. 53+13 60112 <0.0001
AT, % of pred. VO: max 33+ 6 38+ 6 <0.0001

Data are means*SD.

* . PMV=percutaneous balloon mitral valuvloplasty, VO2 max=maximum OZ2 consumption, AT=anaerobic

threshold

+ 1 Compared between pre- and post-PMV tests by paired t-test.

NS=not significant.



Table 2. Pulmonary Function and Exercise Performance at Early and Late Period after PMV in 11 Cases

with Mitral Stenosis

Post PMV
P value”
Early Late
FVC, % pred. 80+14 84+16 NS
FEVi, % pred. 84+15 86+16 NS
FEFs5-m%, % pred. 75+22 76121 NS
PEF, % pred. 92+16 86+16 NS
TLC, % pred. 102+13 102+13 NS
FRC, % pred. 95+13 9412 NS
RV, % pred. 119+17 10818 NS
DLco, % pred, 91+14 9417 NS
VOz max, % pred. 6012 63+11 NS
AT, % of pred. VO, max 39+ 4 41t 6 NS

Data are means*SD.

+ 1 Compared between early and late period after PMV by paired t-test.

Table 3. Correlation Coefficients between Lung function Test and Hemodynamic Data before Per—

cutaneous Mitral Valvuloplasty

Mitral valve area Cardiac output Pulmonary artery pressure
FVC 0.428"™ 0.380%x -0.309"
FEV; 0.462™" 0.412+* -0.439™
vC 0.481™ 0.286 -0.457"
TLC 0.259™" 0.190 -0.358"
DLco 0.302" 0.068 -0.422™
V02 max 0.560™" 0.207 -0.542™
* p<0.05 ** p<0.01 *¥kx p<0.001
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Table 4. Comparison of Pulmonary Function and Exercise Performance between Groups#*

Group A Group B P value'
FVC, % pred. 71+12 &+ 9 <0.001
FEV,), % pred. 63+12 88*10 <0.001
DLco, % pred. 82118 97+14 <0.05
AT, % or pred. VO, max 30+ 5 Bt 5 NS
VOz max, % pred 46110 %+ 6 <0025
MVA, cm’ 0.7£0.1 09=*0.2 <0.025
PAP, mmHg 48+13 28+t 6 <0.0025

Data are means=*=SD.

" MVA=mitral valve area, PAP=pulmonary arterial pressure.
" : Compared between group A and B by unpaired t-test.
Group A : pulmonary arterial pressure more than 35mmHg and/or tricuspid regurgitation grade I or more.
Group B : pulmonary arterial pressure less than 35mmHg and tricuspid regurgitation grade I or less.

Table 5. Changes in Pulmpnary Function and Exercise Performance before and

and B Patients-

after PMV in Group A

Group A Group B
PMV PMV
Pre Post P-valuex Pre Post P-valuex
FVC, % pred. 71£12  78+12  <0.001 88+ 9 8+ 8§ NS
FEV), % pred. 63+12  73+t14 <0001 80*10 81%11 NS
DLco, % pred. 82+18 7314 <0005 9714 87+16 <0.05
AT, % of pred. VO, max 0+ 5 3L 5 <0.0001 3835 38+t 7 <001
VE/ VO, at AT 5E16 43t 9 <0.001 2+ 5 40+t 4 <0.06
VE/ VCO; at AT 54+12 43+ 6 <0.0001 M4+ 7 41+ 5 <0.025
VO, max, % pred. 47110 59E12  <0.0025 5+ 6 61% 11 NS
VE/VO: at VO, max 61119  45+12  <0.0001 0 6 40* 4 NS
VE/ VCO: at VO, max 5714 42+ 9 <0.0001 395 39+ 4 NS

Data are means=SD.

* 1 Compared between pre~ and post-PMV data by parired t-test.
Group A ! pulmonary arterial pressure more than 35mmHg and/or tricuspid regurgitation grade I or more.
Group B : pulmonary arterial pressure less than 35mmHg and tricuspid regurgitation grade I or less.
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