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ABSTRACT                                                       !
Objective 
 To find out if severe pulmonary hypertension 
is a major contributory factor to in-hospital 
mortality and its regression after isolated mitral 
valve. !
Methods 
 This retrospective observational study was 
conducted at cardiac surgery department, 
Faisalabad Institute of Cardiology, Faisalabad 
from May 2016 to July 2017. Forty six patients 
who fulfilled the inclusion criteria were included 
in the study. Mitral valve replacement was 
performed with a mechanical or bioprosthetic 
valve as indicated. Preoperative and postoperative 
echocardiography was done to determine the 
severity of pulmonary hypertension (PTH). Data 
consisting of preoperative and postoperative 
variables was recorded in Excel spreadsheet. !
Results 
 Mean age of the patients was 33.8 years. 
Isolated mitral valve replacement was performed 

in 27 patients (58.7%), while 19 patients (41.3%) 
underwent mitral valve replacement along with 
tricuspid valve repair. There was no perioperative 
mortality and all patients were successfully 
discharged home. The change in pre-operative and 
post operative pulmonary artery pressures was 
analyzed in 31 patients where both pressure were 
available. Mean preoperative pulmonary artery 
pressure was 77mmHg and mean postoperative 
pulmonary artery pressure was 36.74 mmHg. A 
paired sample t-test was used to find out the 
significance of change in pressure which had a p-
value of <0.0001 making it highly significant. !
Conclusions  
 Mitral valve replacement in the presence of 
severe PHT is a safe procedure. Significant 
reduction of PHT postoperatively strongly 
justifies surgery in such cases. !
Key Words:   
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INTRODUCTION                                                                                             
  
 Pulmonary hypertension (PHT) has been 
reported in 78% patients of rheumatic mitral valve 
disease and often has its impact on  left atrial 
pressure as well as remodeling of pulmonary 
vascular resistance [1]. The effect of pulmonary 
venous hypertension on pulmonary circulation is, 
however,  highly variable ranging from no effect 
to severe pulmonary vascular resistance [2]. 
Long-standing PHT increases after-load on the 
right ventricle (RV) leading to hypertrophy and 
eventually cor-pulmonale. Long standing right 
ventricular failure is associated with dilatation of 
right ventricle and tricuspid regurgitation which in 
turn exacerbates the RV dysfunction [3]. 
 In the early 1950’s cardiac catheterization and 
histological investigations characterized the 
physiology and microvascular changes provoked 
by PVH. The PH is likely to resolve to some 
degree with the relief of left atrial hypertension 
even in the presence of  long-standing and 
severely increased pulmonary vascular resistance 
[1,4]. However, residual or persistent PHT after 
Mitral valve replacement or repair may give rise 
to symptoms of exertional dyspnea, dizziness, 
chest pain and pedal edema [5]. These clinical 
features have a striking similarity with those of 
mitral valve disease and may adversely affect the 
quality of life of a patient. 
 The rheumatic heart disease is quite prevalent 
in our population despite its lower incidence in 
developed countries. It usually affects the younger 
age group and is by far the most common reason 
for mitral valve replacement or repair. Mitral 
stenosis is more common than mitral regurgitation 
and both can present wi th pulmonary 
hypertension due to long standing disease [6].   
 Severe PTH has been implicated as a risk 
factor for increased operative mortality rates in 
patients undergoing mitral valve replacement or 
repair. The fears of high predicted mortality, poor 
regression of pulmonary hypertension and 
persistence of symptoms after successful mitral 
valve surgery have always raised questions of the 
suitability surgical treatment. Therefore, any 
evidence contrary to these fears may favorably 
influence the surgeons in their decision making. 
Resultantly many patients my get a dramatic 
improvement in the quality of their life [7] . We 
conducted this study to assess effect of  PHT on 
operative mortality and its pattern of the 
regression after mitral valve surgery. 
 

METHODS                                                                  
  
 It is a retrospective Observational Study 
conducted at Faisalabad Institute of Cardiology, 
Faisalabad. The study period extended over 14 
months starting from May 2016 to July 2017. All 
patients who underwent mitral valve surgery with 
or without tricuspid valve repair and had severe 
pre-operative pulmonary hypertension (i.e. 
systolic PAP >60mm Hg) were included in the 
study. Patients undergoing redo surgery or 
requiring concomitant coronary bypass, aortic 
valve surgery of congenital heart surgery were 
excluded from the study. 
 The operations were performed by consultant 
surgeons with more than 2 years experience of 
working independently.  All operations were done 
through median sternotomy using standard 
protocol of cardiopulmonary bypass. Intermittent 
cold blood cardioplegia was used along with 
systemic hypothermia at 320C. Mitral valve 
replacement was performed with a mechanical or 
bioprosthetic valve using either continuous or 
interrupted sutures. Tricuspid valve repair was 
always augmented with an annuloplasty ring.  
 The Pre-operative and post-operative 
echocardiography was used to determine the 
severity of PHT. For echocardiography Vivid E9 
(GE) machine was used, with M5Sc probe which 
operates at 1.5-4.6 MHz. To quantify pulmonary 
hypertension with echocardiography, the maximal 
Tricuspid Valve Regurgitation velocity was 
measured with CW Doppler. To derive Pulmonary 
artery pressure from TR signal, following 
equation was used:  !

Systolic Pulmonary Artery Pressure = 4 x (TR Velocity)2 + RAP !
 A systematic search of our dedicated 
Electronic database (Cascade Databases Lahore, 
Pakistan) identified Forty six (46) patients who 
fulfilled the above mentioned criteria. The data 
consisting of pre-operative, and post-operative 
variables was recorded in Excel spreadsheet. The 
data was summarized using mean + standard 
deviation for the numeric variables and frequency 
and percentages for categoric variables. The 
comparison of preoperative and postoperative 
hypertension was done using paired sample t-test 
and p-values were determined. A p-value of less 
than 0.05 was considered significant.  !!!
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RESULTS                                                         
  
 Majority of the patients were below the age of 
35 years (mean=33.8, SD=11.992). Eleven out of 
46 (23.9%) patients were male and the remaining 
35 (76.1%) were female. The mean body weight 
was 51.61 kg (SD=14.794) and mean BMI was 
21.75 (SD=5.89). The mean pre-operative left 
ventricular ejection fraction of the patients was 
58.67 (SD=5.816) with the minimum being 40% 
in 1 patient. All patients had good right 
ventricular function preoperatively. Thirty-three 
(71.7%) patients had severe mitral stenosis while 
13 patients (28.3%) had severe mitral 
regurgitation. Isolated mitral valve replacement 
was performed in 27 patients (58.7%), while 19 
patients (41.3%) underwent mitral valve 
replacement along with tricuspid valve repair. 
Mean cardiopulmonary bypass and aortic cross-
clamp times were 89.87 (SD=23.15) and 62.48 
(SD+18.746) minutes respectively. Mean 
ventilation time was 7.13 (SD=5.647) hours while 
t h e m e a n i n o t r o p i c r e q u i r e m e n t w a s 
30.22(SD=23.12) hours. There was no peri-
operative mortality and all patients were 
successfully discharged home. Mean preoperative 
PHT was 77mm Hg (SD+20.203). Post-operative 
PHT was 36.74 (SD+8.805) in 31 patients. In 10 
patients there was no TR so PHT could not be 
calculated while record of postoperative 
echocardiography was not available in 5 patients. !
DISCUSSION                                                                                                        !
 Surgery of the mitral valve is the commonest 
valve surgery being performed by cardiac 
surgeons in our country. The PH has been a part 
and parcel of the disease. The mechanism by 
which PH develops in patients with MVD is 
driven by an increase of LA pressure, which leads 
to pulmonary venous hypertension, and 
subsequently pulmonary arterial hypertension. 
With mitral stenosis (MS), there are two well-
characterized associated hemodynamic states. 
Initially, with progression of MS, the mitral valve 
area (MVA) and cardiac output decrease with a 
concomitant rise in the LA pressure. Later as 
disease progresses, with a continued reduction in 
MVA and elevation of LA pressures, changes in 
the pulmonary bed occcur, increasing the 
pulmonary vascular resistance (PVR) and PH. 
Finally overt right heart failure occurs from right 
ventricular pressure overload. The major 
symptom of PH is dyspnea on exertion [1]. Other 

symptoms include fatigue, weakness, angina, 
syncope, and abdominal distention. Symptoms at 
rest are reported only in very advanced cases [8]. 
 The increase in pulmonary arterial pressure is 
often out of proportion to the degree of left atrial 
hypertension, reflecting a major increase in 
pulmonary vascular resistance [9]. In mitral 
stenosis, the small pulmonary arteries exhibit 
distal extension of smooth muscle, medial 
hypertrophy and fibrosis, and adventitial 
thickening. Reports have also described 
substantial intimal thickening and even fibrosis, 
including in young patients. The small veins 
usually have thickened and fibrotic media, intimal 
fibrosis and may be arterialized. The capillaries 
are engorged and possess thickened basement 
membranes. The lymphatics are dilated and thick 
walled than normal [2]. Surgical decompression 
of the left atrium through mitral commissurotomy 
or mitral valve replacement has often yielded 
marked regression of pulmonary hypertension. 
Similar decrease in PVR was reported after 
percutaneous trans-mitral commissurotomy 
(PTMC). Levine and co-workers demonstrated an 
immediate decrease in PVR from 630±570 to 
447±324 dynes-sec/cm5 in 14 patients who 
underwent PTMC. Repeat catheterization 7±4 
months after procedure showed further 
improvement of pulmonary hypertension in 12 of 
the 14 patients, with a mean pulmonary vascular 
resistance for the group as 280±183 dynes-sec/cm 
[9,10]. The acute hemodynamic response to 
bileaflet mechanical MVR was reported in 60 
patients with PH from the modern era. Evaluation 
of 30 patients with severe PH (mean PA pressure 
of 54 mm Hg) showed that mean PA pressure fell 
to 23 mm Hg at 48 hours postoperatively [1]. Our 
study has also demonstrated significant reduction 
in the PH to less than half of the preoperative 
levels. For the 10 patients in whom PH could not 
be calculated due to absence of tricuspid 
regurgitation, we believe that lack of tricuspid 
regurgitation in itself suggests a significant 
decrease in the PH. 
 Without relief of mitral valve obstruction, 
observational data from several decades ago 
demonstrated that mean survival was 2.4 years 
when severe PH was present with severe MS. 
Mitral valve repair and replacement have 
dramatically improved the outlook in patients 
with mitral valve disease and severe PH. Results 
from the early days of cardiac surgery carried 
significant mortality. Nichols et al. (1964) 
reported surgical mortality of 23 percent for all 
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types of mitral valve surgery in those with a 
pulmonary arterial pressure greater than 50 
mmHg [4]. This still represents a major 
improvement in survival and quality of life as 
compared to patients in the medically treated 
group. However, owing to advancements in 
postoperative care, results have steadily 
improved. Ghoreishi (2011) reported operative 
mortality of 12% in 148 patients with severe PH 
undergoing MV surgery for mitral regurgitation 
[11]. Other studies have also reported similar 
results. In 475 patients with severe PH undergoing 
MV surgery, Enter et al (2016) have shown a 30-
day mortality of 4.6% with 5-year survival of 
86.2% in patients with severe PH and 75.4% in 
patients with extreme PH (pulmonary artery 
systolic pressure > 80 mm Hg). They concluded 
that mortality in MV surgery is unaffected by 
severe PH, but extreme PH remains a risk factor. 
The 30-day mortality risk effect of PH has been 
included in the EuroSCORE (European System 
for Cardiac Operative Risk Evaluation) II model 
[3,12]. Our study is different in this regard from 
the above mentioned studies as there was no 
mortality in our study population, even in 14 
patients with extreme PH. We believe the main 
reason for this difference in mortality is the mean 

age, which was 33 years in our study group and 
nearly 60 years or more in the other studies. 
Severe PH (and especially extreme PH) has been 
considered a relat ive, i f not absolute, 
contraindication to mitral valve surgery 
particularly in those requiring mitral valve 
replacement. The findings presented here suggest 
that the reverse should be the case. Extreme 
pulmonary hypertension should be regarded as a 
positive indication for early operation in many of 
these patients. Mitral valve surgery performed at 
any time during follow-up is safe and 
independently associated with a reduced risk of 
total mortality and CVD in every subset of 
patients [12]. The most recent ACC/AHA 
management guidelines also recommend surgical 
intervention for mitral valve in asymptomatic 
patients who have a resting PA systolic pressure 
greater than 50 mm Hg, or a PA systolic pressure 
greater than 60 mm Hg with exercise.  !
CONCLUSION                                                         
  
 The mitral valve surgery can be performed 
safely in patients with severe pulmonary 
hypertension. There is significant regression of 
pulmonary hypertension after mitral valve 
surgery. We are justified to conclude that no 
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The p-value for change in PAP is < 0.0001!
(Each “+” represents one patient in the study)
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patient should be refused mitral valve surgery 
because of extreme pulmonary hypertension. !
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