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Abstract

Rheumatic mitral stenosis is a rare disease nowadays. In the Kingdom 
of Saudi Arabia and at King Abdulaziz University Hospital, we still see 
annually a few cases of advanced cases of rheumatic mitral stenosis 
among adult patients requiring hospital admission and urgent 
interventional treatment. We opt to study retrospectively the clinical 
presentation, techniques, outcomes, complications, and predictors 
of mortality related to percutaneous balloon intervention in patients 
with symptomatic mitral stenosis who were treated at King Abdulaziz 
University Hospital between 2009 and 2015.  Among 6536 adult 
admissions over a 6-year time period, there were 21 new cases of 
symptomatic, echo-confi rmed mitral stenosis (3/1000); only 6 cases 
(28.6%) were eligible for intervention. In the intervention group the 
mean age was 38; 83% were female; 50% Non-Saudi. In fi ve (83%) 
out of six cases balloon valvuloplasty had increased mitral valve 
area by 0.596 ± 0.312 and reduced the mean mitral valve gradient 
by 6 ± 3.847 (p =0.05 and 0.012 respectively). The most important 
predictor of successful dilation to valve area above 1.5 was Wilkin's 
score.  Two indirect deaths occurred in a 6-month follow-up period 
and were correlated to age of 45 and above with initial presentation 
of either stroke, or pulmonary hypertension (mean pulmonary artery 
pressure>45) and refractory heart failure.
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Introduction

Rheumatic fever remains to be the most common 
cause of acquired mitral valve stenosis in the 

developing countries[1]. In Saudi Arabia there is a 
signifi cant decline in the incidence of acute rheumatic 
fever among children visiting the ER in at least two 
tertiary centers in the eastern and central regions 
between 1990 and 2011[2-5], incidence had declined 

from 45/100,000 to 12.5/100,000, respectively, 
compared to 14/100,000 in North America[6].

Valvulitis leading to mitral regurgitation is the 
early valvular manifestation of acute rheumatic fever 
aff ecting the mitral valve, Mitral stenosis results from 
the healing process that involves thickening, fi brosis, 
scar formation and shortening of the chordae, there 
are more predilection to the anetromedial and 
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posterolateral commissures than any other part of the 
mitral valve leading to mitral commissural fusion, the 
pathognomonic sign of mitral stenosis; but with time 
any part can be involved. The duration of this process 
varies from one geographical area to another, based 
on the WHO Technical Report, the median time of 
developing mitral stenosis symptoms may take from 
10-40 years in the developed regions while it may take 
shorter time in another epidemic areas with a mean of 
3-5 years[7,8], it is estimated that 16% of patient with prior 
history of rheumatic fever will develop some degree of 
mitral stenosis during their lifetime[9]. Median survival 
rate after symptoms is 2.4-3.5 years if no intervention 
was done and the most common cause of death is 
heart failure, stroke and pulmonary embolism[10]. 

The American Heart Association recent guidelines[11] 
had shed light on the diff erent stages through which 
mitral valve stenosis can progress before presenting 
with symptoms.  Symptomatic patients with severe 
MS (mitral valve area ≤ 1.5 cm2, Stage D) and favorable 
valve morphology in the absence of left atrial thrombus 
or moderate-to-severe mitral regurgitation are (Class 1) 
indication for intervention. In asymptomatic patients it 
is debatable (Class 2 b) to intervene if there is a new 
onset atrial fi brillation or when exercise pulmonary 
capillary wedge pressure is elevated to 25 mmHg or 
more. Two methods of interventions are known to 
date, both of which are aimed to split the fusion points 
of the anteromedial and posterolateral commissures 
or what is known as commissurotomy. The classic old 
one is open commissurotomy; this was substituted by 
percutaneous trans-mitral commissurotomy (PTMC) 
in 1984 when Dr. Inoue and his colleagues[12] reported 
the fi rst case series using a special balloon to cross 
through the mitral valve through a septal puncture 
window. In 1988 (Wilkins score) was adopted by most 
operators[13]; it predicts a higher success rate of this 
technique utilizing four genuine features of the mitral 
valve apparatus: thickening of the valve; mobility of the 
valve; degree of calcifi cations; and the involvement of 
subvalvular apparatus. Each part can get a score from 0 
to 4 based on severity. In this paper we opt to study all 
cases of mitral stenosis that were eligible for PTMC and 
their outcomes in a single tertiary hospital in the city of 
Jeddah, Saudi Arabia.

Methods

After ethical approval to access patients’ database was 
obtained from King Abdulaziz University - Research 
Ethics Committee, a retrospective analysis of all PTMC 
cases at King Abdulaziz University Hospital covering the 

period from 2009-2015 was performed. This analysis 
looked at patients’ profi le including demographics, 
clinical presentations, indications, hemodynamic and 
echocardiographic criteria pre PTMC.  Evaluation of 
outcome related to interventions, limitations and 
complications were also addressed during and post 
PTMC in addition to follow up appointments. A chart 
and echocardiographic review was systemically done 
to identify patients. Follow up visits were also reviewed 
post intervention to assess improvement in functional 
status and response to therapy. Standardized 
echocardiographic study was done to patients with 
suspected or identifi able mitral stenosis at baseline 
and post PTMC at least once.

Pre PTMC protocol of assessing patient with mitral 
stenosis would include:  History, physical examination, 
and Transthoracic Echocardiographic (TTE). The 
echo evaluation has to have multiple methods to 
assess severity of Rheumatic Mitral Stenosis (RMS)
[14] including planimetery, pressure half time, mean 
gradient, in addition to indirect indices of severity like 
mean pulmonary arterial pressure (MPAP) and Left 
atrial (LA) volume. Wilkins score is used to determine 
visibility of PTMC. Trans-esophageal echocardiogram 
(TEE) is performed to all patients to rule out left 
atrial appendage clot before proceeding with PTMC. 
There has to be no left atrial appendage clot and no 
signifi cant MR. If patient’s initial presentation was 
stroke due to mitral stenosis then anticoagulation is 
considered and PTMC is deferred ideally for 6 months 
and for a minimum of 4 weeks. Before considering 
PTMC a full neurological evaluation is made to assess 
longevity and functional status from stroke, a TEE 
is done ruling out residual thrombus, and bridging 
coagulation is planned. Further testing with Holter 
electrocardiogram, stress tests may be considered in 
certain patients. 

After inclusions/exclusion criteria were applied to 
patients and informed consent obtained, balloon is 
prepped, fl ushed, sized and fi lled with diluted contrast, 
PTMC is typically performed under conscious sedation, 
and in a few occasions under general anesthesia when 
airway can’t be protected (i.e., cardiogenic shock, 
stroke), sterilization and preparation of both groin area 
are undertaken in the normal fashion and with aseptic 
technique and standardized draping of the patients’ 
body, local anesthetics are applied to both groin using 
1% lidocaine of 10-15 ml in the subcutaneous space, 
a 7 French femoral arterial sheath and a 5 French 
femoral venous sheaths are placed into the right and 
left  femoral vein and artery respectively , a coronary 
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angiogram is not routinely done to patients pre PTMC 
unless they have symptoms suggestive of coronary 
artery disease and in younger patients if they have 
risk factors. Left ventriculogram using a pigtail is done 
at base line with 15 ml of contrast to assess mitral 
regurgitations using angiographic grading system, the 
pigtail is then pulled backwards to the ascending aorta 
to be used as a landmark for fl uoroscopic guided septal 
puncture. Subsequently, right heart catheterization is 
performed with shunt runs pre and post procedure. 
Assumed Fick equation is used to determine cardiac 
output and to calculate mitral valve area. A standard 
septal puncture technique is fi nally performed using 
Mullins transseptal (Medtronic Dublin, Ireland) 
introducer sheaths and Brockenbrough curved needles 
(Medtronic Dublin, Ireland).  After levo-phasic right 
atriogram with the guidance of biplane fl uoroscopy 
and pigtail aiming away (posteriorly in the lateral 
view) (Fig. 1A) from the ascending aorta; the needle is 
advanced. In-patient under general anesthesia 2 and 3 
Dimential Transthoracic Esophageal Echocardiogram 
(3 D TEE) is used to guide with septal puncture and 
balloon positioning without the need of atriogram (Fig. 
1B). The Inoue balloon maximal size is calculated based 

on patient height using the equation [Height/10]+10. 
Once septal puncture is done; confi rmation of 
positioning is ensured using pressure tracing and blood 
gas saturation; then 5000 IU of intravenous heparin 
is given and the coiled-spring wire is placed into the 
left atrium. Finally, 18 French dilator is advanced once 
or twice over the wire through the septum before 
the balloon is used, several tricks are used to get the 
balloon across the valve particularly if the left atrium 
is dilated like the “pull and push” technique (retracting 
the stylet will push the balloon while advancing it 
will pull the balloon back), counter clock wise of the 
balloon with the stylet around the pulmonary veins 
and timing the movement of the balloon with diastole. 
3 D echocardiogram also helps guide the position of 
the balloon and crossing the stenotic mitral orifi ce in 
diffi  cult cases (Fig. 1C). First dilation is typically done 
4-mm lower than maximal balloon size (Fig. 1D, after 
each dilatation and after retracting the balloon to left 
atrium measurements of Mitral Valve Area (MVA) and 
gradient (superimposing LV and LA pressure tracing) 
are completed. An echocardiographic assessment is 
also performed between dilatation to assess need 
of more dilation and degree of mitral regurgitation, 

Figure 1.  Echo-fl uro guided septal puncture and balloon commissurotomy in mitral stenosis in Panel A:  A lateral view shows a pig tail is 

placed into the aorta (*) to guide the septal puncture needle position, it should be posterior (black arrow) and inferior to the aorta, in B: 

Bicaval view with tenting (white arrow) of the septum before puncture is made. C: Demonstrates the use of 3D echo to confi rm crossing 

of the mitral valve. Finally Inoue balloon is infl ated at the mitral valve orifi ce outlined by the two black lines Panel (D).
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an increase in valve area to a reading equal to or 
above 1.5 cm2 and a drop in gradient by 50% are 
signs of successful PTMC, on the other hand if there 
is an increase in mitral regurgitation to 2+ (moderate 
degree or more) at any stage of the intervention then 
procedure has to be omitted. After balloon is retracted 
out of the body an 18 French sheath is placed onto 
the right femoral vein, and removed later (after 1-2 
hours) when clotting time is less than 160 seconds. 
Occasionally 50 cc of protamine sulphate is given and 
both sheaths removed at the end of the procedure. Two 
nurses then apply manual pressure to each groin for 20-
30 minutes. No closure devices or fi gure of 8 sutures are 
to be used. Patients get admitted to telemetry where 
vitals and groin are to be checked every 1 hour then 
every 2-4 hours based on a standard protocol, routine 
blood tests are ensued as per protocol, a chest X-ray 
and an echocardiogram are done the following day 
and if no complications, patient is discharged after 24-
hour observation. In patients younger than 25 or with 
history of recurrent rheumatic fever consideration of 
benzathine penicillin monthly injection is undertaken 
and discussed with patient before discharge. Patients 
with prior history of stroke or atrial fi brillation will not be 
discharged until International Normalized Ratio (INR) is 
therapeutic using standard vitamin K antagonists and 
no novel oral anticoagulants (NOACs) are allowed. 
Patient has direct access to treating physicians and to 
cardiac services if any complications or new symptoms 
occur. Most patients are to be discharged on beta-
blockers, diuretics and occasionally digoxin for rate 

control.  Follow-up appointment is scheduled at 1 
month, and then 6 months followed by annual visits for 
echocardiographic assessment and clinical evaluation.

Statistical Methods

Pre- and post-PTMC mean valve area and gradient 
were reported to all patients, and a paired t test 
statistics were applied using IBM SPSS Statistics for 
Windows, Version 20 (IBM Corp., Armonk, NY USA). 95% 
confi dence intervals were measured and results were 
reported as mean ± Standard Deviation (SD).  

Results

Despite a large volume and very busy cardiac services 
at King Abdulaziz University Hospital, we identifi ed 
a total of 21 cases: most (~70%) underwent surgical 
interventions (n = 15) with valve replacement (mean 
age = 44, 10 were Females, 60% non-Saudi), the 
primary reasons for surgical interventions were heavily 
calcifi ed vessel or the presence of more than moderate 
mitral regurgitation. Only 6 cases (~30%) were eligible 
for PTMC. Figure 1 shows still images of the protocol 
and technique used in echo-guided PTMC, these were 
done in the span of 6 years from  September 2009 to 
September 2015. Females were predominant and 
represented more than 80% of these cases. 50% were 
Saudi from low socioeconomic stratum with a total 
of 50% having a documented or reported history of 
rheumatic fever during childhood; the non-Saudi 

Figure 2.  Two diff erent clinical scenarios of bad outcomes in patients with symptomatic severe mitral stenosis:  The right side panel 

(A) showed a chest X-ray of a patient presented with cardiogenic shock due to critical mitral stenosis, on the left hand (B) a CT scan of 

another patient demonstrated a large Fronto-parietal lobe stroke from thromboembolic occlusion of the left middle cerebral artery.
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group included three patients from Sudan, Afghanistan 
and Yemen they were expats working or visiting the 
Kingdom.  80% presented with symptoms of shortness 
of breath and exercise intolerance (New York Heart 
Association class 2-3) one with compensated heart 
failure (male patient) and one with critical RMS (MVA 
0.78); Mitral Valve Gradient (MVG) of 24 mmHg; 
MPAP of 49 mmHg presented with cardiogenic shock 
requiring intubation and ICU admission, her presenting 
symptoms were initially thought to be secondary 
to viral pneumonitis Middle Eastern Respiratory 
Syndrome-Corona virus (MERS-CoV) due to bilateral 
white-out lungs (Fig. 2A) but echocardiography and 
rapid improvement with diuretics helped reconcile 
the diagnosis of mitral stenosis. Finally one case was 
admitted as a large left Middle Cerebral Artery (MCA)  
stroke (Fig. 2B) and found to have severe mitral stenosis 
and paroxysmal atrial fi brillation. Table 1 shows 
demographic features of these cases. The mean age 
was 38, MPAP was 45.3 and mean Wilkins score was 
8.5 with minimal score of 5 and maximum of 13. Table 
2) shows the echocardiographic and hemodynamic 
features of mitral stenosis cases the success rate of 
opening the valve to a mean area of 1.5 cm2 was more 
than 80% when the score was 8 or less; 70% when 12 

or less and 50% when score was 13 or more as depicted 
in the large arrows in (Fig. 3). Pre and post mitral valve 
areas have increased by 0.596 ± 0.312 statically it 
was borderline signifi cant p value 0.05.  On the other 
hand the mean valve gradient dropped by 6 ± 3.847 
with a signifi cant p value 0.012 (Table 3, Figs. 3 and 
4).  One case was aborted due to septal hypertrophy, 
high degree of calcifi cation led to failure of PTMC on 
the second attempt despite crossing the septum; case 
eventually was referred to surgery. Roughly 20-30 
ml of contrast were used when fl uoro-guided septal 
puncture is used, mean fl uoro-time was 27 minutes 
with the shortest 15 min and longest 63 minutes, 
left atrial enlargement and crossing the mitral valve 
with the balloon was the most common reason for 
prolonged radiation time. Intracardiac echocardiogram 
(ICE) is not available in our center and we typically use 
2 and 3 D TEE intra-procedurally for intubated patients 
and patients with septal anomalies or hypertrophy, 
it has been shown that ICE does shorten time of 
procedure and omits the need for contrast used. All 
procedures were tolerated very well, the most common 
complications, in order, were: mild hypotension at 
the end of the procedure with mean systolic pressure 
drop by 5 to 10 points from baseline; minor oozing at 

No 
AGE 

M=38 

Gender 

(83% F) 

Nationality 

50% Non-Saudi) 
Clinical Presentation 

Success Rate* 

(83%) 

Technique 

of Septal Puncture 

1 50 F Non-Saudi Dyspnea/Heart failure Successful FG

2 51 F Saudi Stroke/ Atrial Fib Successful FG+TEE

3 21 F Saudi Shock (ICU admission) Successful FG+TEE

4 48 F Saudi Dyspnea NYHA 2 Successful FG

5 37 F Non-Saudi Dyspnea NYAH 3 Failed† FG

6 23 M Non-Saudi Heart failure Successful FG
(*) Success rate is defined as an absolute increase in the valve area by at least 50%. (†) Procedure could not be performed due to failure of septal needle to 
puncture the inter-atrial septum (septal hypertrophy), patient referred for open valve commissurotomy. FG=fluoroscopy guided septal puncture. TEE=Trans-
esophageal echocardiography. 

Table 1.  Demographic features, clinical presentations related to RMS patients who presented to King Abdulaziz University cardiac 

catheterization laboratory hospital form September 2009 to September 2015. 

Patient # MVA P1/2 MPAP 
Mitral Valve Score 

Total Score 
T M Ca Sub 

1 0.90 57 2 2 0 1 5

2* 0.80 39 2 2 2 2 8

3 0.78 49 2 2 2 3 11

4 1.14 37.2† 1 1 2 2 6

5 0.90 47 4 4 3 2 13

6 0.90 43 2 2 2 2 8

Mean 1.07 45.3 1.8 1.8 1.3 2 8.5
MVA=Mitral valve area; MPAP = Mean pulmonary arterial pressure, P1/2 = Pressure half time, T = Mitral valve thickness, M = Mobility (Pliability) of the mitral 
valve, Ca = Calcifications, Sub = Sub valvular apparatus. (*) Stroke was the initial presentation; (†) Acceleration time of PR was used to calculate this MPAP, due 
to inability to record the Doppler signal of the TR.  

Table 2.  Echocardiographic and Hemodynamic features of mitral stenosis’ cases.
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the venipuncture site with no more than 1 g/dl drop 
in hemoglobin over 24 hours, no hematoma were 
reported but ecchymosis was commonly seen.  No 
blood transfusion was reported in any of the cases. 
One case had a vasovagal attack with quick recovery 
after intravenous fl uid was given. 50% were discharged 
the next day; the remaining stayed longer for various 
reasons, such as optimizing heart failure treatment, 
and need for diuresis (2 cases) or anticoagulation (one 
case). All patients were discharged on beta-blockers 
for heart rate control and small dose diuretics.  Patients 
in early 20s of age were routinely placed on penicillin 
injection on a monthly basis until the age of 25, or 10 
years from the last documented episode of rheumatic 
fever[16]. The most common laboratory fi ndings on the 
day after the procedure were mild elevation in white 

cell counts and cardiac enzymes (Creatine Kinase and 
Troponin) with variable degree (higher with more serial 
attempts of balloons infl ation and crossing mitral valve 
orifi ce).

Despite a good follow-up turnover in the fi rst 6 
months to 1 year, there is a signifi cant drop after the 
fi rst year to more than 50%. None of the subjects have 
needed a re-ballooning procedure in the span of the 
6 years. Two cases had reported mortality both of 
which were above the age of 45 years; one had severe 
pulmonary hypertension and refractory heart failure 
and died within 2 months after procedure, the second 
one with right dense hemiplegia due to valvular atrial 
fi brillation died from septic shock and aspiration 
pneumonia 6 months after PTMC, in both cases PTMC 
were done successfully.

Patient Pre-MVG Post-MVG Pre-MVA Post-MVA 

1 12 5 0.90 1.5

2 19 9 0.80 1.7

3 16 6 0.78 1.4

4 11 7 1.14 1.9

5 13 13 0.90 0.9

6 15 10 0.90 1.6

Mean ± SD 6 ± 3.847 0.596 ± 0.312  

95% CI (1.9-10) (.9-1.2) 

P value 0.012 0.05 
MVG = Mean valve gradient; MVA = Mitral valve area  

Table 3.  Pre- and post-PTMC results of mean valve gradient and Mitral valve area in 6 patients and its statistical analysis.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Echocardiographic Score of Mitral Stenosis

80% success rate for score 8 or lower 50% sucess rate for score 12 or  more

P=0.05
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Figure 3.  Pre- and post-mitral valve commissurotomy results on mitral valve area (MVA). 
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Discussions

Comparing our data to most recently published series 
from India the success rate was 83% vs. 93%, average 
age was 38 versus 32 respectively and rate of atrial 
fi brillation was 16% on both series[41]. In the six-year 
follow-up period of our study two deaths occurred 
and were unrelated to the procedure itself none of 
the survivors needed re-ballooning, when compared 
to most recent reports on long-term outcome[42] with 
a mean follow-up of 13.5 years, (39%) remained event 
free, (8%) died, 8% required a second PTMC and 43.5% 
required surgical intervention. Poor functional status, 
new onset mitral regurgitation and valve morphology 
were independent factors of poor prognosis[41].  In 
another contemporary report with a mean follow-
up of 11.6 years both male gender and Wilkins score 
were additional predictors of poor outcomes, valve 
area above 1.75 is the best predictor of durability after 
PTMC [43].

The article describes a real-time experience and 
true scenarios of some of the challenging cases in 
a single tertiary center, despite the limited number 
of cases of rheumatic mitral stenosis (R (21 cases). 
As indicated above, they represent comparable 
information to what have been reported from other 
centers with larger volume. The spectrum and 
complexity of cases are diverse and clinical presentation 
is rather complex, the series of eligible PTMC cases (n 

= 6) are limited in number due to several factors, fi rst 
and foremost is the signifi cant drop in the incidence 
of rheumatic fever over the last two decades in Saudi 
Arabia. The second most important factor is advanced 
stages of mitral stenosis at the time of diagnosis makes 
intervention with percutaneous approach very limited 
due to high Wilkins score with extensive calcifi cations, 
concomitant mitral regurgitation, presence of coronary 
artery disease and or other valvular lesions that favor 
surgical interventions.  Finally, referral-related bias; 
with more complex cases being referred to some 
centers than others, for example in the city of Jeddah 
there are more than 9 catheterization laboratories, 
5 of which are able to perform PTMC. Albeit fewer in 
numbers nowadays, operators are more confronted 
with the complexity of the cases and need for more 
technical skills to perform PTMC successfully. The rule 
of ICE or 2/3 D-TEE in these cases is well established as 
they are both superior to fl uoro-guided approach and 
highly encouraged, ICE is more convenient in PTMC 
and other structural interventions compared to TEE 
since no general anesthesia is required and it really 
helps guiding the directions of the balloon and site of 
septal puncture particularly in cases with e.g. septal 
hypertrophy, large left atrium. 

Several prognostic factors of outcome like 
advanced age in addition to pulmonary hypertension, 
heart failure and stroke have been implicated in the 
past[15]. They are markers of bad outcomes regardless of 
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Pre and Post mitral commissurotomy Mean gradient 

p=0.012

Figure 4.  Pre- and post-mitral commissurotomy mean gradient. 
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PTMC result. They have to be sought when addressing 
cases of RMS before considering interventions. In 
the hands of an experienced interventionist PTMC 
is eff ective and durable for symptomatic patients 
with mitral stenosis with no other signifi cant valve 
pathology and proper selection criteria.

Conclusions

Rheumatic mitral stenosis is rarely seen nowadays, 
due to lower incidence of rheumatic fever and 
clinical presentation with symptoms tend to be late 
and with unfavorable anatomy and poor prognostic 
factors.  Despite the limited number of PTMC done 
in the contemporary era, complexity of cases and 
technical challenges are greater and require more 
skills and utilization of technology like ICE or TEE. Age 
greater than 45 in addition to signifi cant pulmonary 
hypertension (mean PAP >35), heart failure and stroke 
are poor prognostic factors despite successful PTMC. 
PTMC is durable when 4-point echocardiographic 
score (Wilkin’s score) is used and careful selection of 
patient is ensured.
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