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ABSTRACT

The purpose of this research paper is to assesintheediate and short term effect of PTMC on RVtfanausing two
dimensional and doppler echocardiographic indicad also toassess the RV function in patients who undergo®1iv!
isolated severe mitral stenosis before, after ahd anonths cohort follow up after PTMC. Cohort pestive study
included adult patients who are > 18 years of agthigolated severe MS, in sinus rhythm, and cassre admitted for
the BMV. Exclusion criteria ; patients with atrifibrillation, in accordance with NYHA class | or Bymptoms, overt right
heart failure, pregnancy, chronic obstructive pulmagy disease (COPD), other valvular lesions or ugdéng emergency
BMV were excluded from the study. Present studgista of 50 patients with isolated severe MSnmsirhythm, who
met the inclusion criteria. The baseline charadttics of the study population is summarized in @dbMean age of the
population studied was 3849 yrs. 62% were femaled 88% were males. RV Free wall thickness decredsed
0.5120.11cm to 0.44+0.07 which was statisticallyt s@nificant. RV dimensions decreased from basdlinbasal, mid
and apex to base dimensions which was statistigailysignificant. RV systolic area decreased fr®®32+5.28cmto
25.18+4.40 crhat 6 months which was statistically not significaRlY diastolic area increased from 46.309.20°¢m
51.8249.87crhat 6 months which was statistically significant (p&5). This study showed RV function parameters in
patients with severe mitral stenosis did not imprdammediately after PTMC. However these paramestiewed

improvement compared to baseline at 6 months aWalp.
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INTRODUCTION

A right ventricular function plays an important&dh the development of clinical symptoms and therall prognosis of
patients with mitral stenosis [1-3]. The RV functis predominantly affected through hemodynamicngea due to
pulmonary vascular alterationghe right ventricular function is an important elehinant of exercise capacity, survival
and postoperative outcome in patients with mitr@hssis [3]. RV functional assessment is difficult and not domatinely
because of its complex anatomy and high load deperedRight ventricular functions cannot reliably be exakd by
conventional echocardiography techniques becaussyshmetrical shape (crescentic), narrow acoustidaw, irregular

endocardial surface, complex contraction mecha®knhe problem is compounded by irregular trabatohs, a
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separate infundibulum, and variations in right vientar shape with altered loading conditions[SheTsubsternal right
ventricle is less accessible than the left verdraohd its dimensions more difficult to standardR¥. function is closely
related to symptoms, functional capacity, need @mihg for interventions, perioperative mortalitych postoperative
results in patients with MS[6]. In mild degree oSlMsecondary pulmonary hypertension occurs duedctive changes in
pulmonary vascular resistance. Although, it is relde in mild MS, long standing severe MS is agsed with fixed
pulmonary arteriolar constriction and obliteratsfganges in vascular bed, giving rise to signifidakt afterload and RV
dysfunction[9]. Thus, RV dysfunction is an impottamdicator to evaluate the severity of MS. Radizlide ventriculo
graphy, cardiac catheterization; cardiac magnesomance imaging (MRI) and 3-dimensional echocgrdjshy could be
used for the assessment of RV function. Howevesdhlmethods are time consuming, costly and notlyalailable[5].
The purpose of this research paper is to assesmthediate and short term effect of PTMC on RV fiow using two
dimensional and doppler echocardiographic indicesalso toassess the RV function in patients who undergo Tof

isolated severe mitral stenosis before, after asdnaonths cohort follow up after PTMC.

METHODS

Cohort prospective study included adult patients are > 18 years of age with isolated severe MSijnas rhythm, and
cases were admitted for the BMV. Exclusion criteratients with atrial fibrillation, in accordanagth NYHA class | or
IV symptoms, overt right heart failure, pregnanclgronic obstructive pulmonary disease (COPD), otladvular lesions
or undergoing emergency BMV were excluded fromgtuely. Patients who developed more than mild migrglrgitation
after BMV were also excluded from the study grofigotal 50 cases with isolated severe mitral stenimssinus rhythm
with valve morphology suitable for PTMC were sedgtbased on the regularity criteria of NYHA. A Ilbitéstory, clinical
examination and relevant investigations were ddnkoapital.Echocardiographic measurements were,tten@D echo
was performed before PTMC, after PTMC (within 4&it8) and at 6 months after PTMC using 3.5Hz probPBhilips
HD7 XR machine followed by 2 D Echo parameters wassessed simultaneously:All the measurements pegfermed
according to standard guidelines for assessmengluf heart set by American society of echocardipdy (ASE) [9]. For
Mitral valve orifice area, parasternal short axiswat the level of commissures was taken. MVOA determined using
planimetry techniques. Mitral valve gradient watineated in apical four chamber view using continsiauave doppler
across mitral valve. Mitral regurgitation was asselsin multiple views- apical four- chamber, apived chamber and
parasternal long axis views. Tricuspid regurgitatieas determined in apical four- chamber view usiagtinuous wave
doppler across tricuspid valve. The pulmonary grggstolic pressure was measured by adding RA preds TR jet and
also LV- EF was measured using modified Simpsorss dummation method. RV free wall thickness wdasreded in
sub costal four- chamber view using M- mode actdsaspid chordal level. RV dimensions were demiaist at three
levels in end diastole. Further, the RV basal diamis measured at the level of tricuspid annuRM.mid diameter was
measured at the level of mid cavity. RV apex toebdismeter was taken from RV apex to tricuspid amuFractional
area change (FAC) is measured by tracing the R\b@ardial borders at end diastole and end systaleng care to
include RV apex and lateral wall. Trabeculatioesflets and chords are included in the chamber. IBAalculated based

on the following formula FAC = End diastolic areaeEsystolic area 100

End diastolic area

Tricuspid annular motion (TAM) or Tricuspid annulglane systolic excursion (TAPSE) measures the
longitudinal shortening of RV based on the distatheetricuspid annulus moves towards the RV apemfend diastole to
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end systole. It is measured from M -mode intersgcthe lateral tricuspid annulus from an RV optiesizapical 4four-
chamber view. Myocardial performance index (MPITai index) is the ratio of isovolumetric contracti¢lVC) plus

isovolumetric relaxation (IVR) is divided by ejemti time (ET). The MPI has been calculated basetrionspid valve

closure time (TCO), which includes RV ejection tiplas isovolumetric contraction and relaxation tilids measured as
total duration of tricuspid regurgitation or as theerval between the end of tissue Doppler A’ eélpand onset of next
E’ velocity. Ejection time is measured as the #sBwoppler systolic velocity duration.MP| = (TCO-EE]. Colour tissue
Doppler Imaging was used to measure systolic vidacin annular, basal, mid and apical regionsdi@arcatheterization
was done during PTMC and LA pressure and PA systolessure was measures before and after PTMC.n@gro
angiography was done in male patients over 40 yaasfemales over 50 years or in presence of @stofs. Collected

data was analysed by R-open source statisticalaodtmultivariate analysis was done for testinghyygothesis
RESULTS

Study group consisted of 50 patients with isolaedere MS in sinus rhythm, who met the inclusidteda. The baseline
characteristics of the study population is sumneatim Table 1 Mean age of the population studied 889 yrs. 62%
were females and 38% were males. All patients hggpriba on exertion. 56% were in NYHA Class |, 4484re in
NYHA Class Ill. Mean duration of symptoms was 11B3%months. Mean pulse rate was 77.9+8.7 bpm. Beelef LA
enlargement on ECG was present in 74% of patients.

Table 1: Baseline Characteristics

Variables No (%)Mean+SD P-Value
Age 38.04%9.79 E0.001
M-19(38.00%)

Sex F-31(62.00%) P=0.001

11-28(56%) P=0.001

NHYA Class 111-22(44%) P<0.001

Duration of symptoms 11.93+3.63 E0.001
(in months)

Pulse rate(bpm) 77.96+8.72 =p.001

LAE on ECG 37(74.0%) £0.001

Table 2: Over View of Echocardiographic Parametershat were Assessed

Pre PTMC | Pre PTMC | Post PTMC
At 6 VIS Post VIS 6 VIS6
Parameters Pre PTMC Post PTMC Months PTMC Months Months
P-Value P-Value P-Value
MVOA(cm2) 0.81+0.16 1.76+0.12 1.65+0.12 =0.001 =0.001 =0.001
MV Gradient | ) 551450 | 10.96:3.37 12.46+3.70 =0.001 <0.001 <0.001
Peak(mmHg)
MV Gradient | 1, 351594 | 4.76+1.06| 5.73:1.1] =0.001 <0.001 <0.001
Mean(mmHg)
TR Jet
Gradient 60.80+23.95| 39.32+14.44 37.48+14.31 =0.001 =0.001 =0.001
(mmHg)
PASP(mmHQ) 68.86+25.92 43.32+15.12 38.96+13/82 =0.001 =0.001 =0.001
LV EF% 59.76+0.59 59.60+0.76 59.80+0.57 =0.001 =0.001 =0.001

As per the research findings, the mean MVOA wad#0816 cniwhich increased to 1.7620.12 &mpost PTMC
and was 1.65+0.12¢nat 6 months which was statistically significant Qg35). Peak MV gradient start down from
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22.60+4.20mm Hg to 10.96+3.32mm Hg after PTMC whigs 12.46+3.79 m Hg at 6 months which was statistice
significant (p<0.05). Mean MV gradient showed dofram 14.30+2.94 mm Hg to 4.76+1.06mm Hg after PTMRich
was 5.73x1.1mmHg at 6 months which was statisticaginificant (p<0.05)TR Jet Gradient attained 60.8(3.95mm Hg to
39.32+14.44mm Hg after PTMC which was 37.48+14.3Hgmat 6 months which was statistically signific§m0.05). The
mean PA Systolic pressure was 68.86+25.92mm H@.8P415.12mm Hg after PTMC which was 38.96+13.82 Hignat 6
months which wastatistically significant (p<0.01). LV EF was 5940669% before PTMC, 59.60+0.76% after PTMC

increased to 59.80+0.57% at 6 months follow upooefp>0.01 (table 1.2)
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MVOA(c MV MV TRJet PASP{mm LVEF%
m2) 4 . " Hg)
Peakimm | Mean{m (mmHg)
Hg) mHg)
Pre PTMC 0.81 226 143 60.8 68.86 59.76
Post PTMC 1.76 1096 4.76 39.32 4332 59.6
6 months 1.65 1246 5.73 3748 38.96 59.8

Pre PTMC
Post PTMC
= 6 months

Figure 1: Mean Valuesof Pre and Post PTMC w FithDifferent Time Period.

Table 3: RV Function Parameters Assessed By 2D Eatardiography

bost ae |l | PrePTMC | PostPTMC
Parameters Pre PTMC PTMC Months PTMC V/SP _ESVI;/Ilﬁgths V/lsaf_svl\glc;rghs
P-Value
RV Free wallthickness(cn]) 0.51+0.1: | 0.51+0.11| 0.44+0.07 0.34 0.38 0.44
RV dimensions(cm) Base| 3.57+0.9¢ | 3.52+0.92| 3.29+0.88 0.52 0.55 0.62
Mid 3.72+0.9! | 3.71+£0.93| 3.42+0.84 0.28 0.26 0.33
Apex to Base 6.71+0.9° | 6.66+£0.94| 6.28+0.95 0.38 0.36 0.34
RV Systolic area(cm?2) 29.3045.2¢ | 29.15+5.28 25.18+4.40 0.44 0.48 0.51
RV Diastolic area 46.30+9.2( | 46.2149.20 51.82+9.87 0.11 0.18 0.00*
RV FAC% 35.75+9.9¢ | 35.97+9.85 50.75+7.02 0.36 0.32 0.00*
TAM(mm) 16.76+3.1! | 16.72+3.04 18.80+2.91 0.28 0.26 0.05*
MPI 0.65+0.0¢ | 0.63+0.07| 0.45+0.07 0.18 0.20 0.02*
S velocity at annulus 4.71+0.7: | 4.681£0.62| 4.98+0.65 0.33 0.34 0.38
Base 10.90£1.5( | 10.92+1.57f 11.59+1.50 0.21 0.23 0.28
Mid 7.96x1.4( | 7.96+0.46| 8.50+0.52 0.44 0.43 0.16
Apex 8.77+0.5¢ | 8.78+0.52| 9.47+0.62 0.27 0.29 0.12
*significant ‘p’ value

Impact Factor (JCC): 5.9089

NAAS Rating 3.99



RV Function Assessment Pre and Post PTMC in Patientswith Severe Mitral Stenosis 41

RV Free wallthickness decreased from 0.51+0.11cm to 0.44+0.Bichwvas statistically not significant. F
dimensions decreased from baseline in basal, nidapex to base dimensions which was statisticatysignificant. RV
systolic area decreased from 29.30+5.2°to 25.18+4.40 cfat 6 months which was statistically not significaR\/
diastolic area increased from 46.30+9.2C*to 51.82+9.87crhat 6 months which was statistically significant Qp35).
RV FAC increased from 35.75£9.96% at baseline td%67.02% at 6 months which was statistically significant ¢5).
TAM increased from 16.76+£3.15mm at baseline to @828901mm at 6 months which was statistically sigaifit (p=0.05)
MPI decreased from 0.65+0.08 at baseline to 0.404@t 6 months which was tistically significant (p=0.02). Systol
velocity measured by tissue Doppler at annuluse bagd an apex increased from baseline to 6 months which e

statistically significant.

Parameter Values
w
(=]

W Pre PTMC

M Past PTMC

RV RV S
Free dime RV RV velo 6 th
i’ Apex| Syst | TAM N manths
wall | nsio | _ | Diast| RV city -
. Mid to olic N {mm | MPI Base Mid Apex
thick | ns{c olic | FAC at
Base |areaf )
ness(| m) area annu
cm2)
cm) Base lus
PrePTMIC |0.51 3.57(3.72 6.71|29.3 46.3 35.7516.76 0.65|4.71|10.9 | 7.96 8.77
Post PTMC| 0.51 | 3.52 | 3.71 6.66 [29.1546.2135.9716.72 0.63  4.68 [10.92 7.96 8.78

6months | 0.44 3.29|3.42|6.28 |25.1851.82/50.75 18.8 0.45 4.98 11.59 8.5 |9.47

Figure 2: PTMC Associated Parameters Mean Values.

Table 3: Cardiac Catheterization Data

Mean LA pressure (mmH 24.60+6.49 12.20+2.84 =0.0001

PA systolic pressure (mmk 73.14+30.85| 45.30+16.49 =0.0001"

Mean LA pressure reduced from 24mmHg to 12mmH¢ mean PASP reduced from 73mmHg to 45mmHg «

PTMC, which was statistically significant (p<0.00
DISCUSSIONS

This was a prospective study which studied RV foncin patients with severe mitral stenosis befaftsr and 6 months er
PTMC. Our studyshowed that the RV systolic function is impairecpatients with severe MS which correlates withies
hemodynamic and clinical studig%™® The cause of RV dysfunction is attributed to tredased RV afterload in these patie
Left atrial hyperension in these patients leads to chronic pulmowanpus congestion, which ultimately leads to PRIsTs
thought to be responsible for increased RV aftad land subsequent RV dysfunction in these patielats’ever some autho
had suggested that thitrect rheumatic involvement of the RV with resottanyocyte necrosis, replacement fibrosis
calcification is the explanation of such depressgdcardial function [11,12The right ventricular function plays an import
role as a determinant of syropts, exercise capacity and survival in patients wétivular disease of the left he'. An increase
in pulmonary wedge pressure as a result of MSsiscésted with a rise in mean pulmonary artery piressncreased afterld

and, consequently, a drop light ventricular ejection fraction. The mean afi¢he study group we38.04+9.79 yrs which is
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comparable to other studies ByN. Murthy Jayanthi Sriram et[8]. andVipin Kumar et al[f. 62% of the study population was
female which is comparable to Inci et lHYA Class Il symptoms were seen in 56% of patienis NYHA Class Il was seen
in 44% of patients which was comparablétonad Noor et al studg]. MVOA was 0.81+0.16cm2 pre PTMC which increased
to 1.76+0.12cm2 post PTMC, MV gradient came dowmf22/14 to 11/5mm Hg which was comparable to shyd. Drighil

et al [16]0ur study indicates that despite a rapid fall ilnmnary artery pressures concomitant with a sicguifi increase in
mitral valve area following PTMC, right ventriculgfobal function does not show significant improesin the immediate
post-procedure period. RV FAC, TAM and MPI all sleastatistically significant improvement in RV ftioo after 6 months
of PTMC. This is attributable to slow reduction BRA pressure and decrease in RV afterload. Pulmoamideyy pressure
decreases immediately after PT[8(8]. Pulmonary pressure usually normalises withinnsdnths, but may stay elevated for
more than two years in some patigis This can be explained by the structural chanfiéseopulmonary vessels, which may
return only slowly after operation or may be irmesilele. A normalisation of right ventricular ejestifraction, concurrent with a
normalisation of pulmonary artery pressure, has beported in most patients after PTNR3,5] However, in some cases, the
right ventricular ejection fraction remains depeeksThis is explained by the occurrence of myoehrdysfunction due to
rheumatic patholod$9,20] or high wall stress secondary to ventricular dilah [17]. In the latter study, the right ventricular
ejection fraction normalised in only 19% of patgenithin three months following mitral valve repaeenfl?7]. The extent of
right ventricular dilatation and the duration ofrafic pressure overload beyond which complete niation of right
ventricular function cannot be achieved is, howewet knownMPI (Tei index), which is calculated using thrediges of time,

is a reliable parameter evaluating both systolid diastolic functions [21]. The Tei index is notegtly influenced by
changes in blood pressure, afterload, heart ra¢dogd, RV pressure, dilatation, or tricuspid regtation in the clinical
setting. The study of Mohan et al [9].showed thatnpnary artery pressure decreased immediately &fdoon
valvuloplasty and that right ventricular functicas assessed by the Tei index, returned to nornhaésavithin 1 year in
65% of such patients. It was shown that there wgtg ventricular fractional shortening and improvarhin systolic
functions, as assessed by the Tei index, afterodallvalvuloplasty in patients with mitral stenokisaddition,
significant rise in FAC and TAPSE and decreaseASIP was noted post BMV 6 months, which indicategriomed RV
function. In the current study RV MPI, S’ showed s@nificant change after BMV. This lack of immettia
improvement in RV MPI, S’ may be due to effectssabtained pressure overload on the RV for prolommibds and
these might have shown improvement over longeov¥olup [5]. This again is concordant with the obsgion by
Mohan et al [9]lwho showed that RV MPI shows no irdim&e change after BMV. RV MPI is a relatively load
independent parameter of the global RV functionjciwhmay not change immediately after BMV. Therel®nge in
afterload immediately post BMV, which results ingrovement in most of the load dependent param&tersalso
found that there was minor improvement in LV ejextfraction. This correlated with the findings in @arlier study by
Mohan et al [13].The exact reason for this immegianprovement is unclear, but improvement in thdaht

contribution to LV filling, improved myocardial ctnactilityn may be the possible explanations[14-15]
CONCLUSIONS

This study showed RV function parameters in pasiemith severe mitral stenosis did not improve imiaedy after
PTMC. However these parameters showed improvenmnpared to baseline at 6 months of follow up. Tieysbearing
with certain limitationshis study had a small sample size of 50 patiertoWw up was limited t& months. Hence some
parameters of RV function might have showed impneest in long term follow up. Inadequate image gydh some

patients can be responsible for errors of measurea®eRV is difficult to image.
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