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Abstract: Background: Percutaneous mitral valve clipping (PMVC) is being used 
successfully in the management of severe functional mitral regurgitation (MR) in patients 
with high surgical risk. However, the impact of (PMVC) on right ventricular volumes and 
functions is not clear.  
 Aim:  
The aim of the present study was to assess the impact of (PMVC) (in both short and 
intermediate terms)  on  right ventricular (RV) volumes and functions using trans-
thoracic echocardiography . Methods:  
The study population included 37 patients with severe (MR), and congestive heart 
failure  who were  at high surgical risk. The mean age was 61±14 years. Nine 
(24.3%)  were males. (PMVC) was successfully done for all patients All had clinical and 
echocardiographic follow up at 6 and 12-months post (PMVC) . 
 Results: MR showed significant improvement after (PMVC)  .  MR was less than grade II 
in 29 (78 %) of patients at 6 months and persisted at 12 months (P = 0.0001). Similarly, 
tricuspid regurgitation (TR) showed marked improvement. Severe (TR) was seen in 29 
patients (78%) before), but decreased to 7 patients (18.9%) after (PMVC) (P=0.004). Left 
ventricular ejection fraction (LVEF) improved from 32.63±13.35% at base line to 
36.31±13.28 % at 6 months(P=0.003). This was maintained at 12 months (35.38±91%) 
Table 1 shows the changes in RV end diastolic  volume (RVDV), RV end systolic volume 
(RVSV) , RV ejection fraction  
(RVEF), Tricuspid annulus plane systolic excursion(TAPSE), RV  longitudinal systolic 
function by tissue Doppler imaging(TDI)  as well as peak systolic pulmonary artery 
pressure (PASP). Conclusion: 
(PMVC) induced a significant reverse remodeling of RV by decreasing  both ( RVDV) and 
(RVSV) Moreover, it improved longitudinal RV systolic function as well as (RVEF). This 
was maintained up to one year follow up. 
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Echo data at baseline, and at follow up 

 Baseline 6m 12m P value 

TAPSE cm 1.7±0.57 2.0±0.7 1.9±0.6 0.001 

TDI S cm/s 10.5±2.3 13.9±3 12.2±2.7 0.005 

RVEF %    34.1±9.9 42.3±12.8 45±18.3 0.001 

RVDV ml 58±20.8 50.9±20.7 52.9±31.9 0.008 

RVSV ml 39.9±16.9 32.4±20.4 31±22.4 0.004 

PSAP mmHg 50.4±13.9 42.7±13.6 42.3±13.3 0.03 
 

TAPSE: Tricuspid annulus plane systolic excursion, TDI S´: Peak lateral tricuspid annulus systolic 
velocity by tissue Doppler imaging, RVEF : Right ventricular ejection fraction, RVDV: Right 
ventricular end diastolic volume, RVSV: Right ventricular end systolic volume, PASP: Peak 
pulmonary artery systolic pressure. 

 
 
Introduction 
Mitral regurgitation (MR) represents the second most common valvular disease in Europe(1) .This pathology 

evolves, over many years, allowing the heart to adapt to a chronic volume overload, leading to significant 

hemodynamic, and structural changes. 

In chronic severe MR, the remodeling of left heart may lead to the development of significant pulmonary 

hypertension in almost half of the patients (2& 3). The increase in right ventricular (RV) afterload at first induces  

remodeling of RV and right atrium (RA) .Afterwards, it leads to decreased contractile performance and to RV 

dysfunction that affects patient´s prognosis.  

Right ventricular (RV) ejection fraction (EF) is depressed in patients with chronic organic MR(2& 4). RV systolic 

performance is influenced by pulmonary artery systolic pressure (PASP). (4&5). In organic MR, elevated PASP 

increases RV afterload and is thought to elicit progressive RV failure, particularly in patients with 

disproportionate pulmonary hypertension (PH) (6).  

Percutaneous mitral valve repair (PMVR) which was FDA approved in 2013 has been shown to be associated 

with a favorable left ventricular (LV) reverse remodeling and with clinical outcomes in high-risk patients with 

severe MR(7). However, nowadays, scarce data, are available on reverse remodeling and right ventricular 

functions, after PMVR 

Aim of the work 

The aim of the present study was to assess the impact of Mitral Valve Clipping (in both short and intermediate 

terms) on right ventricular (RV) dimensions and function using trans-thoracic echocardiography. 

Patients and Methods 

The study included 37 consecutive patients who underwent Percutaneous Mitral valve Repair (PMVR) with 

Mitral Clip insertion in the period from April 2013 to June 2015 in Madinah cardiac center , Madinah Monawara, 

KSA.  PMVR was decided after heart team meeting  where these patients were deemed as high surgical risk The 

team also assessed valve anatomy to check the suitability for Mitral Clip treatment according to the EVEREST 

anatomic eligibility criteria. (8 &9). 

Patients were selected if they had severe functional or degenerative mitral  regurgitation and met the most 

recent indications for intervention from American College of Cardiology (ACC)/ and American Heart 

Association (AHA) joint task force recommendations regarding therapy of valvular heart disease R?. 

All echocardiograms were assessed by an independent echocardiographic laboratory. Mitral regurgitation was 

evaluated according to American society of echocardiography (ASE) guidelines by the use of quantitative 

(regurgitant volume, and regurgitant fraction) and qualitative (color Doppler and pulmonary venous flow) 

criteria (10). 

http://circ.ahajournals.org/content/127/15/1597.full#ref-8
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 Patients were on stable guideline optimized heart failure medication, Associated CAD was treated by PCI  ( 

percutaneous angioplasty and stent implantation) 3 months before, (PMVR)  , if applicable. 

Clinical and echocardiographic follow-up through office visits were carried out at 6 and 12 months after 

(PMVR). 

Inclusion Criteria 

1-Candidates for mitral valve repair as shown by echocardiography. 

2- Symptomatic patients  with moderate to severe (3+) or severe (4+) chronic mitral valve regurgitation 

(functional or degenerative) , with LVEF >25% and LVID-s ≤55 mm  

3-Asymptomatic patients with one or more of the following: 

A-LVEF >25% to 60% 

B-LVID-s ≥40 to 55 mm 

C-Pulmonary hypertension defined as pulmonary artery systolic pressure >50 mm Hg at rest or >60 mm Hg 

with exercise. 

Exclusion Criteria 

1-MR due to changes caused by endocarditis, rheumatic heart disease 

2-Recent myocardial infarction 

3-Mitral valve orifice area <4 cm2 

4- Severe renal insufficiency ( GFR <30 ml /min.) 

5-Previous mediastinal surgery  

6-Short life expectancy less than one year 

 

Methods 

All patients in this study were subjected to the following: 

1-History taking 

Detailed history taking with special emphasis as regards history of endocarditis and rheumatic heart disease 

for  exclusion. Detailed analysis of the degree of heart failure symptoms. especially NYHA functional class. 

Assessment of surgical risk and eligibility for Mitral Clip therapy. 

2-Clinical examinations 

General examination including vital signs and local cardiac examinations with special emphasis on auscultation 

to assess valvular and structural heart disease,  With the utmost care given to signs of CHF. 

3-Laboratory investigations  

All patients had the following done: 

Complete blood count 

Coagulation profile (PT, PTT, INR) 

Cardiac markers 

Kidney function tests, GFR 

Blood glucose level  

Liver function tests  

4- Resting Electrocardiogram (ECG)  

5-Echocardiographic assessment 

All enrolled patients had transthoracic two-dimensional echocardiography (Philips i33, Philips Ultrasound, 

Andover, MA, USA) before the procedure, at 6 months and 1 year after the procedure.  

All measures were assessed according to ASE recommendations guidelines (11).  

LV volumes  and ejection fraction were calculated from apical two- and four-chamber views using the modified 

Simpson's rule. LV internal dimensions, end-diastolic diameter and end-systolic diameters were measured at 

the level of the LV minor axis, approximately at the mitral valve leaflet tips, in the parasternal view, using two-
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dimensional-targeted M-mode echocardiography. LA and RA volumes were measured from a single-plane 

apical imaging window. MR severity was visually estimated by color Doppler and grading by the vena contracta 

width and the PISA (proximal isovelocity surface area) method, according   to the following score: 1+ (mild), 

2+ (mild to moderate), 3+ (moderate to severe), or 4+ (severe). To evaluate the possible development of MV 

stenosis, the mitral valve area was measured by Doppler evaluation. .The modified apical four-chamber view 

was performed to obtain ‘the right ventricle-focused view’ to evaluate the RV changes in size and function.  

The following parameters were measured at end diastole:  

1-RV free wall thickness,  

2- Basal, mid, and RV base to apex diameters.  

The RV global function was evaluated in apical four-chamber view by tracing the RV area, both in systole and 

diastole, and calculating fractional area changes (FACs) using the following formula:  

FAC = (end-diastolic area − end-systolic area)/end-diastolic area, reported in percentage.  

The RV longitudinal function was obtained, in apical four-chamber view, placing an M-mode cursor through the 

tricuspid annulus and measuring tricuspid annular plane systolic excursion (TAPSE).  

Pulsed Doppler tissue imaging, at the mitral lateral site and at tricuspid annulus respectively was acquired from 

the apical four-chamber view to measure the following parameters:  

Systolic velocity (Sm), early diastolic (Em), and atrial contraction peak velocities.  

All measurements were performed on three consecutive cycles if the patient would be in sinus rhythm and on 

10 consecutive cycles in case of atrial fibrillation and the mean value was calculated. 

Systolic pulmonary artery pressure (SPAP) was determined from peak tricuspid regurgitation jet velocity, 

using the simplified Bernoulli equation and combining this value with an estimate of the RA pressure: SPAP = 

4 × (V)2 + RA pressure, where V is the peak velocity (in m/s) of the tricuspid valve regurgitation jet. RA pressure 

was estimated from inferior vena cava diameter and with respiratory changes according to the guidelines (11). 

Statistical analysis 

Categorical variables as age and sex were presented as frequencies  and  percentages. Continuous variables 

were presented as mean± SD. For continuous variables, paired comparison between baseline, 6-month and 12 

months follow-up was performed with a Wilcoxon signed-rank test. The comparison of a single group over 

different points of time was achieved by the Friedman two-way ANOVA with Bonferroni’s post-tests.  

Correlations between the echocardiographic measurements were tested, and only those statistically significant 

have been reported, providing the Spearman correlation coefficient. A P-value of, 0.05 was considered 

statistically significant. All data were processed using the Statistical Package for Social Sciences, version 15 

(SPSS, Chicago, IL, USA). 

Results 

A total number of 37 consecutive patients  underwent  Percutaneous Mitral valve repair with Mitral Clip system 

were studied in MCC Madinah Monawarah KSA over a period of two years from April 2013 to June 2015. 

 The mean age was 61 ± 14 years old.  There were 9 males (24%) and 28 females (76%). Twenty one patients 

(56.8%) were diabetic. Twenty two patients were hypertensive (59.5%).  Six patients (16.2% ) were in AF 

.Twenty five patients had history of CHF (67.6%). However, 97.3 % (36 patients) had NYHA III/IV either at the 

time of the procedure or as a past history. Thirteen  patients (35.1%) had pulmonary artery systolic pressure 

(PASP) > 60 mmHg. Twenty patients (54 % ) had CAD with history of PCI and stent implantation. Four patients 

(10.8%) had chronic obstructive pulmonary disease (COPD),and 7 patients (18.9%) had chronic renal 

impairment with serum creatinine>170 mmol/l.(Table 1) 

PMVR was successfully completed in all the 37cases. One clip was deployed in 14 patients  . Eleven patients 

needed two clips, while only one patient needed three clips . 

Echocardiographic data  

Mitral Regurgitation Parameters 



Tamer Mosad Ragab / Afr.J.Bio.Sc. 6(2) (2024)                                                                       Page 3412 to  8  

  
 
 

 
 

Regarding Mitral regurgitation, the following parameters showed significant improvement; MR severity, vena 

contracta (VC), proximal isovelocity surface area radius (PISA r), and  proximal isovelocity surface area(PISA), 

All these changes were maintained at 6 as well as 12 months.(Table 2) 

 

 MR severity  

All the patients had MR grade ≥ III before insertion of Mitral Clip , Twenty nine patients (78.38%) had MR less 

than 2 after the procedure. Mitral regurgitation was less than grade II  in  the 29 patienta at 12 month follow 

up(P = 0.0001). 

    Vena Contracta 

In the same context,  vena contracta improved from 0.69±0.17 cm at baseline to 0.37±0.18 cm at 6 months, and 

0.40± 0.25 cm at 12 months (P = 0.0001). 

PISAr and PISA 

PISAr showed reduction from 0.96±0.29 cm at baseline to 0.38±0.28 cm at 6 months, Further reduction was 

noted at 12 months   as 0.30±0.29 cm (P 0.0001). 

PISA showed similar changes form 201.00±177.02 cm2 at baseline to 105.33± 118.52 cm2 at 6 months with 

further reduction at 12 months to be 83.95± 104.21cm2 (P0.0001)  

    Mitral Valve Mean Pressure Gradient (MPG ) 

Mean mitral valve gradient increased from 3.01± 1.99 mmHg at baseline to 5.71± 3.12 mmHg at 6 months and 

6.20±2.81 mmHg at 12 months. No  patient had gradient 10 mmHg or more (P=0.0001). 

Right Ventricular function 

The following parameters showed significant improvement at 6 months, and at 12 months, compared to 

baseline values : Tricuspid  annular plane systolic excursion (TAPSE), tissue Doppler imaging at lateral 

tricuspid annulus (TDI), right ventricular ejection fraction (RVEF), RV systolic and RV diastolic volumes, and 

pulmonary artery systolic pressure(PASP). 

On the other hand, right ventricular wall thickness (RVWT), basal diameter (RVBD), and mid diameter showed 

non-significant improvement. (Table 3) 

TAPSE 

The tricuspid annular plane systolic excursion (TAPSE) improved from 1.73 ±0.57 cm at base line to 2.02 ±0.70 

cm at 6 months, this improvement was still maintained at 12 months (1.87±0.63cm). (P = 0.0001) (Table 3 , 

figure 1). 

TDI  

In the same context, the systolic velocity at the lateral tricuspid annulus  examined by tissue Doppler imaging 

(TDI-RV-Sm) improved from 10.50 ±2.33 cm at baseline  to 11.98 ±3.02 cm at 6 months , and 11.24 ±2.72 cm 

at 12 months respectively (P= 0.005) (table 4) (figure 2). 

RV EF 

Similarly, right ventricular ejection fraction (RVEF), showed significant improvement, from 34.19 ±9.94 % at 

baseline, to 42.35 ±12.82 % at 6 months. It showed further improvement to 45.08 ±18.39 %   at 12 months (P= 

0.001). 

Right Ventricular Volumes  

Right ventricular diastolic volume improved from 56.05 ±20.86 ml at baseline to 54.91 ±28.73 ml at 6 months 

and 52.90 ±31.91 ml at 12 months respectively. (P= 0.008).Right ventricular systolic volume decreased from 

39.41 ±16.99 ml at base line to 37.44 ±20.47 ml at 6 months, and was 31.06 ±22.49 ml at 12 months. (P=0.004). 

(Figure3) 

Pulmonary Artery Systolic Pressure (PASP) 
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Pulmonary artery systolic pressure (PASP) also showed significant improvement from 50± 13.92 mmHg at 

baseline, to 45.73±15.67 mmHg, at 6 months with further decrease to 42.33±16.32 mmHg at 12 months. 

(P=0.036) (Figure4) 

RV Diameters 

Right ventricular wall thickness (RVWT) was 0.69 ±0.13 cm at baseline, 0.71±0.11cm at 6 months, and 

0.6±80.13 at 12 months respectively (P= 0.062).Right ventricular basal diameter was 4.04±0.82 cm at baseline, 

4.19±0.77 cm at 6 months, and 4.08±0.78 cm at 12 months  respectively (P= 0.034). Right ventricular mid 

diameter was 2.73±0.66 cm at baseline, 2.99±0.79 cm at 6 months, and 3.04±0.86 cm at 12 months respectively 

(P =0.129) . 

 

Left Ventricular Ejection Fraction (LVEF) 

Left Ventricular Ejection Fraction (LVEF) improved from 32.63±13.35% at base line to 36.31±13.28 % at 6 

months.  This was maintained at 12 months (35.38±91%) (P=0.003). 

Tissue Doppler measurement at the mitral valve annulus 

TDI at lateral mitral valve increased from 4.73 ±1.89 cm/s at base line to  5.28 ±1.93cm/s at 6 months and  4.84 

±1.81cm/s at 12 months respectively. (P=0.004). 

 S ´at medial annulus was 7.29 ±3.01 cm/s base line. It showed improvement to 8.23 ±2.84 cm/s at 6 months , 

and was maintained at 12 months as 8.52 ±3.11 cm/s (P=0.001). 

Left ventricular volumes 

Left ventricular diastolic volume (LVDV) was 201.44 ±70.81ml at baseline and was 191.73 ±61.67ml at 6 

months .It dropped to 180.54 ±69.18 ml at 12 months follow up (P= 0.123 ). Left ventricular systolic volume 

was at baseline 138.83 ±128.85 ml. It dropped to 126.22 ±124.65 ml at 6 months and 123.09 ±117.67 ml at 12 

months respectively.(P= 0.381). 

     Left and Right atrial Volumes 

Left atrial volume (LAV) showed non significant change .It was 68.47 ±25.36 ml at baseline .At 6 months, it 

showed almost no change (68.61 ±38.16 ml), while it showed some decrease at 12 months 67.05 ±36.69 ml 

(P=0.154) . 

Right atrial volume (RAV), showed mild improvement from 54.12 ±34.41 ml at base line to 53.89 ±33.46 ml at 

6 months, with further improvement to be 52.30 ±31.74 ml at 12 months (P=0.029). (Table 4) 

    Severity of tricuspid regurgitation 

Number of patients with  severe TR was 29 patients before insertion of MitraClip (78%), this number decreased 

to 7 patients after insertion (18.9%) (P=0.004) .The number of patients with mild and moderate TR increased 

from 8 patients (21.6%) before insertion to 30 patients after insertion (81%). This change persisted at 12 

months (P = 0.0001) . 

NYHA class 

In addition  to the improvement of MR and LV function, NYHA class improved significantly .At baseline ,36 

patients had NYHA class III / IV (97.3%) . The latter was seen only in 7 patients (18.92%) at 6 months, and in  

9 patients (24.32%) at 12 months respectively (P =0.003). 

  Laboratory Investigations 

Among all the laboratory investigations done to the patients before and after the procedure, only INR, and 

albumin showed significant change at 6 months and was maintained at  12 months. 

At base line INR was 1.33±0.33.It   improved to 1.18±0.27 at 6 months and 1.19±30 at 12 months  respectively 

.P=0.003). 

Albumin was 2.71±0.45 gm/dl at baseline, improved to 3.16± 0.43 gm/dl at 6 months and was 3.12± 0.46 at 12 

months respectively (P=0.004). 

All other labs did not show any significant change.  



Tamer Mosad Ragab / Afr.J.Bio.Sc. 6(2) (2024)                                                                       Page 3414 to  8  

  
 
 

 
 

 

 

 

 

 



Tamer Mosad Ragab / Afr.J.Bio.Sc. 6(2) (2024)                                                                       Page 3415 to  8  

  
 
 

 
 

   

            Table 1  : Baseline data before PMVR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NYHA: New York heart association dyspnea classification, PASP Pulmonary Artery Systolic Pressure. 

 

                           Table 2., Effect of PMVR on MR  (Echo Parameters) 

 

  Baseline 6m 12m Sig 

Vena contracta cm 0.69 ±0.17 0.37 ±0.18 0.40 ±0.25 0.000 

PISA r    cm 0.69 ±0.29 0.38 ±0.28 0.30 ±0.29 0.000 

PISA cm ² 

201.00 

±177.02 

105.33 

±118.52 
83.95 ±104.21 0.000 

MPG mmHg 3.01 ±1.99 5.71 ±3.12 6.20 ±2.81 0.000 

MR <2 
0.00 (0.00%) 

29.00 

(78.38%) 
29.00 (78.38%) 0.000 

  MR:Mitral regurgitation. PISA: proximal isovelocity surface area .PISA r: : proximal  isovelocity surface area 

radius.MPG:Mean pressure gradient 

 

 

 

 

                  

 

 

 

 

 

 

 

 

 Mean SD 

Age, years 61 14 

 Count % 

Male gender 9 24.3% 

Diabetes mellitus 21 56.8% 

Hypertension 22 59.5% 

Atrial fibrillation 6 16.2% 

Chronic obstructive pulmonary disease 4 10.8% 

Serum creatinine >170 mmol/Dl 7 18.9% 

Coronary artery disease 20 54.1% 

congestive heart failure 25 67.6% 

NYHA functional class III/IV 36 97.3% 

SPAP >= 60 mmHg  13 35.1% 
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Table 3.,Echocardiographic data   of RV at baseline,6 months and at one year 

 

Sig 12m 6m Baseline   

0.000 1.98 ±0.63 2.02 ±0.70 1.73 ±0.57 TAPSE cm 

0.005 10.24 ±2.72 10.98 ±3.02 10.50 ±2.33 TDI cm/s 

0.000 45.08 ±18.39 42.35 ±12.82 34.19 ±9.94 RV EF % 

0.008 52.90 ±31.91 54.91 ±28.73 56.05 ±20.86 RVDV ml 

0.004 31.06 ±22.49 37.44 ±20.47 39.41 ±16.99 RVSV ml 

0.036 42.33 ±16.32 45.73 ±15.67 50.49 ±13.92 PASP mmHg 

0.062 0.68 ±0.13 0.71 ±0.11 0.69 ±0.13 RV WTH cm 

     

0.034 4.18 ±0.78 4.19 ±0.77 4.04 ±0.82 RV BD    cm 

0.129 3.04 ±0.86 2.99 ±0.79 2.73 ±0.66 RV MD   cm 

 

, TAPSE  annular plane systolic excursion, TDI tissue Doppler imaging, RV EF Right ventricular ejection fraction, 

RVDV  Right ventricular diastolic volume, RVSV Right ventricular systolic volume, PASP Pulmonary artery 

systolic pressure,RV WTH Right ventricular wall thickness, RV BD Right ventricular basal diameter, RVMD right 

ventricular mid-diastole.  

                              

 

                                                Table4 Echocardiographic data of LV ,RA and MR 

  Baseline 6m 12m Sig 

LVDV ml 201.44 ±70.81 191.73 ±61.67 180.54 ±69.18 0.123 

LVSV  ml 138.83 ±128.85 126.22 ±124.65 123.09 ±117.67 0.381 

EF % 32.63 ±13.35 36.31 ±13.28 35.38 ±13.91 0.003 

TDV M. LAT cm/s 4.63 ±1.89 5.28 ±1.93 4.99 ±1.81 0.004 

TDV M. MED cm/s 7.29 ±3.01 8.23 ±2.84 8.52 ±3.11 0.001 

LAV ml 68.47 ±25.36 68.61 ±38.16 67.05 ±36.69 0.154 

RAV ml 54.12 ±34.41 53.89 ±33.46 52.30 ±31.74 0.029 

Vena contracta cm 0.69 ±0.17 0.37 ±0.18 0.40 ±0.25 0.000 

PISA r    cm 0.69 ±0.29 0.38 ±0.28 0.30 ±0.29 0.000 

PISA cm ² 201.00 ±177.02 105.33 ±118.52 83.95 ±104.21 0.000 

MPG M mmHg 3.01 ±1.99 5.71 ±3.12 6.20 ±2.81 0.000 

MR <2 0.00 (0.00%) 29.00 (78.38%) 29.00 (78.38%) 0.000 

   LVDV left ventricular diastolic volume,  LVSV left ventricular systolic volume, LVEF left ventricular ejection 

fraction, TDV M. LAT tissue Doppler velocity at lateral mitral annulus, TDV M. MED tissue Doppler velocity at 

medial mitral annulus, LAV left atrial volume, RAV right atrial volume, PISA r proximal isovelocity surface area 

radius, PISA proximal isovelocity surface area,  MPG M mean pressure gradient mitral valve, MR  mitral 

regurgitation.   

  



Tamer Mosad Ragab / Afr.J.Bio.Sc. 6(2) (2024)                                                                       Page 3417 to  8  

  
 
 

 
 

 

 

 

                
Fig.1. TAPSE :Tricuspid annulus plane                                         Fig.2. TDI TV, TDI TV tissue Doppler imaging at     

 systolic excursion.  At baselie,after 6 and 12 months                                                                         lateral tricuspid annulus.                       

 
Fig.3:, RVDV Right ventricular diastolic volume                                                                                     

                     
Fig.4. PASP, PASP Pulmonary Artery Systolic Pressure.                      

 

 

 

 

                                        

                

      

 

Discussion 

In this study, we included 37 high surgical risk patients with severe MR to evaluate the impact of percutaneous 

mitral valve clip insertion on pre-existing RV dysfunction and its remodeling. In such patients with severe MR 

regurgitation who could not have surgery due to high surgical risk, percutaneous mitral valve repair (PMVR) 

using Mitral Clip device has evolved as a promising interventional tool for MV repair. This procedure has been 

demonstrated to be feasible and safe leading to reduction in MR severity. has been shown to be associated with 
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a favorable left ventricular (LV) reverse remodeling and improvement in clinical status and quality of life (7,8,9) 

. 

However, until recently, no solid data on right cardiac chambers reverse remodeling and function, after PMVR, 

has been available (12).  

The results of our study showed significant improvement  of right ventricular function with improvement of 

right ventricular volumes after (PMVR)  . It also showed improvement of pulmonary artery systolic pressure 

(PASP) and decreased severity of tricuspid regurgitation. Improvement of left ventricular function and volumes 

were  also  noted, and, most importantly, the significant improvement of mitral regurgitation parameters. This 

was associated with concomitant clinical improvement of heart failure and NYHA functional class. 

 

Right ventricular function 

We found significant improvement of RV function at 6 months and 12 months compared to baseline. This can 

be explained by improvement of afterload and reduction of pulmonary artery systolic pressure (PASP) caused 

by correction of MR and improvement of LV function. The latter might also result in improvement of RV 

function through interventricular dependence. 

Our results  match literature as it is known that the natural history of MR, eventually, leads to right ventricular 

failure, the latter improves after correction of mitral regurgitation (13, 14). 

Usually, right ventricular failure in mitral regurgitation is secondary to of pulmonary hypertension (P. HPN). 

The presence of P. HPN (defined as a systolic pressure >50 mm Hg at rest or >60 mm Hg with exercise) even in 

absence of symptoms is class IIA is an indication for surgery or intervention in MR according to the previous 

and the latest ESC and ACC/AHA guidelines of 2021(15,16,17).  

However, the results from Ohno et al., opposed ours regarding RV functions, although it matched our results 

regarding the improvement in MR, TR, and NYHA functional class. They studied 146 cases and with MitraClip 

insertion for treatment of MR. Their results showed  non significant change, in TAPSE at baseline, and at 12 

months. .However, they did not give any explanation for that.  

Improvement of right ventricular function in our study was reflected as marked improvement of RV Ejection 

Fraction, with significant improvement of Trans Annular Plane Systolic Excursion (TAPSE), and S´wave in 

tissue Doppler Imaging (TDI) of   lateral tricuspid annulus. This indicates that the improvement of right 

ventricular function and right ventricular ejection fraction is mainly an improvement of longitudinal function. 

RV contraction actually consists of three steps. In the first step tricuspid annulus moves toward the apex, then 

apex moves toward the infundibulum in the second step. Then the third step is radial contraction of the RV free 

wall towards the interventricular septum which is the last and least important component(19). 

This could indicate that MR correction improves the longitudinal function represented by the first two steps 

which are more important than radial contraction. It could be possible that these two steps are more affected 

by PASP which is improved after MR correction. 

Our results support the fact that reduction in LV filling pressure obtained after MitraClip implantation results 

in a positive effect on the hemodynamics of the right side of the heart through reduction of PASP(20).  Follow up 

at 6-months and 12 months, showed significant reduction in PASP and significant increase in longitudinal RV 

systolic function (increase in TAPSE and RV S′TDI) in all patients with baseline RV dysfunction. These findings 

support the fact that RV performance is influenced by elevated PASP, which is a common finding in severe 

chronic MR. Reduced or normalized PASP after mitral valve repair could, at least in part, be the mechanism of 

the observed improvement of RV impairment in such patients (20, 21).  

RV outcome after MitraClip procedure is not yet clearly defined (22,23). In significant MR, complex interaction 

between the remodeled and enlarged left ventricle, septal performance, and PASP results in  RV dysfunction 
(24). 
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In the same context, as per Haddad et al., There is continuity between right and left ventricles at the level of 

myofiber layer. Together with the pericardium and the inter-ventricular septum it helps interventricular 

dependence, this can help understanding how failure of one ventricle affects the other. Actually ,the left 

ventricle is responsible for  20% to 40% of RV contractile performance(19). This can also participate in the 

mechanism of right ventricular function improvement . Godino et al studied 60 patients from 2008 to 2014 to 

evaluate the impact of RV dysfunction in patients with moderate–severe functional mitral regurgitation (FMR) 

successfully treated with MitraClip. Their results matched our results as it showed marked improvement of RV 

function at 6 months. However, their main objective was to study the outcome of mitral clip insertion in patients 

with RV dysfunction. For attaining this aim,  they divided patients into two groups,  one  with normal right 

ventricular function (38 patients) and the other with impaired right ventricular function (21patients), the 

second group showed marked improvement of RV dysfunction . 

On the same line results from Giannini et al 2013 matched ours. They   studied 35 patients to investigate the 

changes of left and right ventricular (RV) dimensions and function after MitraClip implantation in high-risk 

surgical patients with severe functional mitral regurgitation (MR).They concluded that MitraClip implantation 

induces a significant reverse remodeling of the right ventricle, with a significant reduction in PASP .Moreover,a 

significant increase in longitudinal RV systolic function  was noted. 

PASP 

Our study showed marked improvement of Pulmonary Artery Systolic Pressure (PASP) at 6 months that was 

maintained at 12 months .This matches well with literature.   

Reduction in LV filling pressure obtained after MitraClip implantation mostly resulted in reduction of PASP(20). 

Our results were supported by those from the 2014 multinational registry which was done to present a real-

world overview of Mitral Clip use in Europe on a total of 628 patients, MitraClip insertion resulted in marked 

improvement of PASP from 46.0 ±14.5mmHg at baseline to 40.2 ± 11.7mmHg  after insertion  (P= 0.001 ) (25). 

In addition, our results are supported by the results of Gaemperli et al,. who used right ventricular 

catheterization to assess immediate hemodynamic changes after percutaneous PMVR in fifty patients with 

severe MR. They reported immediate reduction of mean pulmonary artery pressure (mPAP) from 29±12mmHg 

before insertion to 24±6 mm Hg after insertion ( P 0.013) (26).  

On the other hand results from Siegel et al., opposed our results. They studied 107 patients with right heart 

catheterization  and echocardiography immediately before and after MitraClip insertion. They mentioned that 

mean pulmonary artery pressure was not decreased , on the contrary it showed (non significant) increase from 

23.5±11.9 mmHg to 23.8±7.7 mmHg (P 0.806) (27).  

They explained these results by the trans mitral gradient associated with the creation of the double orifice valve 

and  reduction of the MV area from 6.0 ± 1.3 cm2 to 3.6 ± 1.2 cm2 with a small increase in the MV gradient from 

1.7 ±0.9 mm Hg to 4.1±2.2 mm Hg by TTE Doppler follow up within  1.2 ± 6.8 days following MitraClip insertion 
(27).  

In our study no patients developed severe iatrogenic mitral stenosis and the reduction in PASP was significant. 

Right ventricular volumes 

Both RVDV and RVSV improved at 6 months with further improvement at 12 months (P0.008) for RVDV, and 

(P0.004) for RVSV. 

This results are logic and go with literature as RV EF is calculated according to fractional area change method, 

so it is the result of manipulating these figures and it changes according to the change of these values. 

Right ventricular diameters 

In our results no change regarding RV wall thickness and RV diameters (basal and mid diameters2) was 

detected.,. However, this would not cause any discrepancy with improvement of RV function and volumes as it 

is mentioned before that, improvement in RV function was mainly in longitudinal function represented by 

TAPSE and TDI from the lateral tricuspid annulus.  
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The lack of change in RV thickness and dimensions could be explained in view of irreversible histological 

changes in ventricular wall due to long standing hemodynamic changes. Whether longer periods of follow up 

can lead to different findings this needs to be answered in future studies. 

   

 

Assessment of Left Ventricular function 

We found significant improvement in Left Ventricular Ejection Fraction (LVEF) . 

Similarly there was a significant improvement in tissue Doppler measurement at the mitral valve reflecting a 

better improvement of longitudinal function of left ventricle. 

This matches  the literature as shown by many researchers. ( Gainnini et al 2013(22), the results of Taramsso et 

al in 2014(28),and Scandura et al., (7))   

Left and Right atrial Volumes 

Left atrial volume (LAV) showed almost no change at 6 months and some change at 12 months that was non 

significant (P0.154). On the other hand, right atrial volume (RAV), showed mildly significant improvement from 

at 6 months follow up, with further improvement at 12 months (P=0.029). 

This can be explained by the histo-pathological changes including fibrosis that take place in both atria in 

response to hemodynamic changes caused by mitral regurgitation. These changes could be irreversible and 

more resistant to remodeling in Lt. atrium because of longer duration and the thicker muscle of the Lt. atrium. 

It is also important to note that the later the intervention, the more difficult remodeling will be (7), Attizani et 

al., (32) as they concluded similar results. 

Conclusion 

Our study showed that successful MitraClip implantation in patients with FMR and RV dysfunction yields 

significant improvement of RV function represented in improvement of TAPSE, TDI TV, as well as  RV volumes,  

RA. atrial diameter, MR severity, LV function and  NYHA class  at short and intermediate term follow-up. 
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