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Objectives: We investigated the frequency of prosthesis-patient
mismatch (PPM) after mechanical mitral valve replacement
(MVR), its effect on postoperative systolic pulmonary arterial
pressure (PAP), and the relationship of indexed effective orifice
area (EOA) with systolic PAP and hemodynamic variables of the
prosthetic valve.
Study design: The study included 100 patients (27 men, 73 wo-
men; mean age 51±11 years) with a normally functioning mecha-
nical mitral valve prosthesis. Prosthetic mitral EOA, indexed EO-
A, and net atrioventricular compliance (Cn) were estimated by
Doppler echocardiography. Prosthesis-patient mismatch was de-
fined as an indexed EOA Û1.2 cm2/ m2 and Cn Û4 ml/mmHg, and
pulmonary hypertension (PHT) was defined as systolic PAP Û40
mmHg.
Results: The frequencies of PPM and postoperative persistent
PHT were 33% and 31%, respectively. Postoperative persistent
PHT was seen in 79% and 8% in patients with and without PPM,
respectively (p<0.001). The frequency of low Cn was significantly
higher in patients with PPM (60% vs. 31%; p<0.001). Postopera-
tive systolic PAP was significantly higher in patients with PPM
(42.0±6.6 mmHg vs. 29.9±6.0 mmHg, p<0.0001) and in 41 pati-
ents having a low Cn compared to 59 patients having a high Cn

(37.2±8.8 mmHg vs. 31.6±7.4 mmHg, p<0.001). Postoperative
systolic PAP was significantly correlated with indexed EOA (r=-
0.535, p<0.001) and Cn (r=-0.422, p<0.001), whereas prosthetic
valve size was not correlated with systolic PAP (r=0.022,
p=0.829) and indexed EOA (r=0.008, p=0.93). In multivariate reg-
ression analysis, indexed EOA, age, mean transprosthetic gradi-
ent, and Cn were independent factors affecting systolic PAP.
Conclusion: Prosthesis-patient mismatch after MVR is associa-
ted with persistent PHT. Use of a prosthetic valve that is compa-
tible with the body surface area may significantly reduce the inci-
dence of PPM, and thus the frequency of persistent PHT.

Anahtar sözcükler: Ekokardiyografi, Doppler; kalp kapa¤›
protezi/yan etki; hipertansiyon, pulmoner/etyoloji; mitral
kapak/cerrahi; protez uyumu.

Key words: Echocardiography, Doppler; heart valve
prosthesis implantation/adverse effects; hypertension,
pulmonary/etiology; mitral valve/surgery; prosthesis fitting.

Amaç: Mekanik mitral kapak de¤iflimi (MKD) geçirmifl hastalar-
da, protez kapak-hasta uyumsuzlu¤unun (PKHU) s›kl›¤›, bunun
ameliyat sonras› sistolik pulmoner arter bas›nc› (PAB) üzerine et-
kisi ve protez kapak indeks etkin orifis alan› (EOA) ile sistolik PAB
ve protez kapa¤›n hemodinamik de¤ifllkenleri aras›ndaki iliflki
araflt›r›ld›.
Çal›flma plan›: Çal›flmaya, normal fonksiyonlu mekanik protez mit-
ral kapa¤› olan 100 hasta (27 erkek, 73 kad›n; ortalama yafl 51±11)
al›nd›. Doppler ekokardiyografi ile protez mitral EOA, indeks EOA
ve net atriyoventriküler uyum (Un) de¤erlendirildi. Protez kapak-has-
ta uyumsuzlu¤u, indeks EOA’n›n Û1.2 cm2/m2, Un’nin Û4 ml/mmHg;
pulmoner hipertansiyon (PHT), sistolik PAB’nin Û40 mmHg olmas›
olarak tan›mland›. Bulgular: Protez kapak-hasta uyumsuzlu¤u ve
ameliyat sonras› kal›c› PHT oranlar› s›ras›yla %33 ve %31 bulundu.
Kal›c› PHT s›kl›¤› ve düflük Un s›kl›¤› PKHU olan grupta PKHU ol-
mayan gruba göre anlaml› derecede yüksek bulundu (PHT için
%79 ve %8; düflük Un için %60 ve %31; p<0.001). Ameliyat sonra-
s› sistolik PAB de¤erleri, PKHU olan grupta PKHU olmayan gruba
göre (42.0±6.6 mmHg ve 29.9±6.0 mmHg, p<0.0001) ve Un de¤e-
ri düflük olan 41 hastada yüksek olan 59 hastaya göre (37.2±8.8
mmHg ve 31.6±7.4 mmHg, p<0.001) anlaml› derecede yüksek idi.
Ameliyat sonras› sistolik PAB ile indeks EOA (r=-0.535, p<0.001) ve
Un (r=-0.422, p<0.001) aras›nda anlaml› iliflki bulunurken, protez
kapak boyutu sistolik PAB (r=0.022, p=0.829) ve indeks EOA
(r=0.008, p=0.93) ile anlaml› iliflkili göstermedi. Çok de¤iflkenli reg-
resyon analizinde, sistolik PAB’ye ba¤›ms›z olarak etki eden de¤ifl-
kenler, indeks EOA, yafl, protez kapak üzerindeki ortalama gradi-
yent ve Un olarak bulundu.
Sonuç: Mekanik mitral kapak de¤iflimi sonras› ortaya ç›kan
PKHU kal›c› PHT ile iliflkilidir. Ameliyat öncesinde vücut yüzey
alan›na uygun protez kapa¤›n seçilmesi, PKHU’yu büyük oranda
önleyebilece¤i gibi ameliyat sonras› kal›c› PHT s›kl›¤›n› da azal-
tabilir.
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Prosthesis-patient mismatch (PPM) is caused by the
effective orifice area (EOA), which is provided by prost-
hetic valve due to incompatibility of the small EOA in
relation to the body surface area (BSA). Due to the small
nature of EOA of the prosthetic valve used for mitral
valve replacement (MVR) and despite a normally func-
tioning mitral valve, the transvalvular gradient was fo-
und to be relatively high similar to mild-moderate mitral
stenosis.[2-4] PPM in the mitral position is known to pre-
vent regression of left atrial pressure and pulmonary ar-
tery hypertension (PHT).[5,6] On the other, PHT increases
cardiovascular morbidity and mortality by causing right
ventricular dysfunction. As a result, restoration of nor-
mal PAP is the objective of MVR.[7-9]

Net atrioventricular compliance is one of the important
determinants of PAP in patients with mitral stenosis.[10] Net
atrioventricular compliance (Cn) is the ratio of the volume
change between the left atrium and left ventricle (LV) du-
ring diastole to the change in transmitral pressure gradient,
and reflects the post-capillary resistance. Cn was found to
be an independent determinant of left ventricular pressure
and PAP in patients with mitral stenosis.[11]

The incidence of PPM in the mitral position has be-
en reported by literature studies to vary between 8.6%
and 71%.[6,12] Variation in the prosthetic valve size and
type may have led to data variation. Considering the hig-
her rate of mechanical prosthesis use in turkey compared
to Europe and the USA, we aimed at investigating (i) the
incidence of post mechanical MVR development of
PPM, (ii) relationship of index EOA with prosthetic size
and mean gradient, and (iii) the effect of PPM and Cn on
postoperative systolic PAP.

PATIENTS AND METHODS

Patient selection. We retrospectively evaluated the
hospital data of 346 patients who underwent mechanical
MVR in our hospital between January 2003 and Septem-
ber 2007. The following were considered as the study
exclusion criteria: prosthetic valve dysfunction (separati-
on, thrombus on the valve, pannus and endocarditis), his-
tory of surgery due to natural valve endocarditis, history
of coronary artery bypass graft (CABG) surgery, prost-
hetic aortic or tricuspid valve, tricuspid valve plasty, mo-
re than mild aortic stenosis or regurgitation, ejection frac-
tion (EF) <50%, cardiomyopathy, chronic obstructive
pulmonary disease, congenital heart diseases, surgery
within the past six months, age less than 18 years, unava-
ilability of preoperative echocardiographic data and ina-
bility to perform echocardiographic measurements due to
chest structure. A total of 100 patients (27 men, 73 wo-
men; mean age 51±11; range 26-84) who respected the-
se criteria, and performed their preoperative echocardi-

ographic and PAP measurement were included in the
study.

Echocardiographic measurements. Echocardiog-
raphic analysis was performed by two experiences car-
diologists (AT and OK) who were blinded for the pati-
ent’s clinical condition in the left lying position using the
Acuson Sequoia C256 device (Siemens Medical
Systems, Mountain View, CA, USA), and the 2.5-3.5
MHz transducer. Standard M-mode measurements were
made according to recommendations of the American
Society of Echocardiography.[13] Evaluation of left ven-
tricular regional wall movement was carefully made ba-
sed on the 17 segment model. EF was determined in the
double-plane apical view (2 chamber view and 4
chamber view), using the modified Simpson’s method.
Normal left ventricular systolic function was defined as
normal left ventricular end diastolic and end systolic di-
mensions, absence of important regional contraction ab-
normality, and EF >50%.[13]

Prosthetic mitral valve and aortic and tricuspid regur-
gitation were evaluated by color Doppler in the apical
four-chamber view. The tricuspid regurgitation peak
flow rate was obtained using the continuous wave Dopp-
ler technique, while the right ventricular-right atrial pe-
ak pressure gradient was estimated by the modified Ber-
noulli equation. The systolic PAP was obtained by ad-
ding the right atrial pressure to this value.[14] Right atrial
pressure was estimated by the largest diameter of the in-
ferior vena cava (IVC) from the subcostal view and the
degree of inspiratory collapse.[15] Pulmonary hypertensi-
on was defined as a systolic PAP Û40 mmHg.[16]

The prosthetic mitral EOA was estimated by dividing
the prosthetic mitral valve diastolic flow of the left ven-
tricular outflow path by the velocity-time integral, using
the continuity equation.[17] The index EOA was calcula-
ted by dividing the EOA by BSA. PPM was defined as
an index EOA of ≤1.2 cm2/m2.[6,17,18] Patients were divi-
ded into two groups as those with PPM and those witho-
ut PPM, according to the value of index EOA.

Net atrioventricular compliance was calculated from
the mitral flow profile in the Doppler echocardiography
in accordance with that postulated by Flachskampf et al,
by the following equation: Cn=1.270 (EOA/E-wave cur-
ve).[10,19] In this equation EOA is the mitral valve EOA es-
timated from the continuity equation (cm2) while E-wa-
ve curve is the down curve of the E-wave velocity obtai-
ned from the mitral Doppler flow signal (cm2/sec.). The
result was expressed as mmHg. A low Cn was conside-
red as ≤4 mmHg.[10]

Concomitant monitoring of heart beat was performed
during echocardiographic analysis. Measurements were
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repeated three times and the mean values were obtained.

Statistical analysis. Study data were expressed as me-
an±standard deviation. The Students t-test was used for
comparison of continuous variables, while the Chi-square
test and the Fisher’s exact tests were used for categorical
analyses. The Person’s correlation coefficient was used
for correlation analyses. Correlation coefficients of 0-0.25,
0.25-0.50, 0.50-0.75 and 0.75-1 were defined as low/we-
ak, moderated, strong and very strong respectively.

Comparison of more than one continuous variable was
performed using the ANOVA test. On the other hand, the
Bonferroni method was used for intergroup comparison,
while the linear regression analysis was used for multiva-
riable analysis. Results were evaluated with a confidence
interval of 95% and a statistical significance value of
p<0.05. The SPSS (Windows 15.0) program was used for
all statistical analyses.

RESULTS

Clinical, preoperative characteristics, group intraope-
rative data of the patients are shown in Table 1. There
was no significant difference between the groups with
regards to gender (p>0.05). The mean age of the gro-

up with prosthesis-patient mismatch (p=0.014), body
mass index (p=0.001), and mean values for BSA
(p=0.003) were found to be significantly higher. No
significant difference was found between the two gro-
ups with regards to preoperative mitral valve patholo-
gies, rhythm, frequency of PHT, size of prosthesis
used, and the Maze procedure (p>0.05). The frequ-
ency of applying the ≤27 valve (81.8% in the PPM
group and 85.1% in the non-PPM group) was found to
be similar in both groups. 

Echocardiographic characteristics. Pre- and pos-
toperative (mean 35 months) echocardiographic cha-
racteristics of the patients are shown in Table 2. Altho-
ugh the EF values of both groups were within normal
limits, the PPM group values were found to be higher
(p=0.042). The mean transmitral gradient was found to
be higher in the non-PPM group (p=0.045). There was
no significant difference between the groups with re-
gards to the other preoperative echocardiographic cha-
racteristics (p>0.05).

Although postoperative EF values of both groups
were found to be within normal limits, the PPM group
values were found to be higher (p=0.013). The mitral

Age
Sex

Male
Female

Body mass index (kg/m2)
Body surface area (kg/m2)
Valve pathology

Mitral stenosis
Mitral regurgitation
Mitral stenosis and regurgitation

Hypertension
Type II diabetes mellitus 
Preoperative rhythm

Sinus 
Atrial fibrillation

Pulmonary hypertension
Size of prosthesis (mm)

21
25
27
29
31

Maze procedure

PPM: Prosthesis-patient mismatch

27
73

60
15
25
10
5

62
38
90

2
5
77
13
3
7

n % mean±SD n % mean±SD n % pmean±SD

27.0
73.0

60.0
15.0
25.0
10.0
5.0

62.0
38.0
90.0

2.0
5.0
77.0
13.0
3.0
7.0

51±11

26.8±4.1
1.7±0.2

All patients (n=100)

22.4
77.6

64.2
16.4
19.4
7.5
3.0

70.2
30.0
94.0

3.0
4.5
77.6
10.5
4.5
6.0

15
52

43
11
13
5
2

47
20
63

2
3
52
7
3
4

49±12

25.9±3.4
1.7±0.2

PPM (-) (n=67)

36.4
63.6

51.2
12.1
36.4
15.2
9.1

45.5
54.6
81.8

6.1
75.8
18.2

9.1

12
21

17
4
12
5
3

15
18
27

-
2
25
6
-
3

55±8

28.7±4.8
1.8±0.1

0.014
0.14

0.001
0.003
0.182

0.29
0.33
0.017

0.077
0.464

0.681

PPM (+) (n=33)

Table 1. Preoperative characteristics and intraoperative data of the patients
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valve EOA, index EOA and the Cn values were found to
be significantly low in the PPM group (p<0.0001), whe-

reas the mean prosthetic transvalvular gradient and the
systolic PAP values were found to be significantly high
(p<0.0001). 

The effect of prosthesis-patient mismatch on
systolic pulmonary artery pressure. A relationship
was found between the index EOA and the postopera-
tive systolic PAP (r=-0.535, p<0.001) (Figure 1), Cn

(r=0.498, p<0.001) and the mean prosthetic transval-
vular gradient (r=-0.360, p<0.001), whereas no relati-
onship was identified between the index EOA and val-
vular size (r=0.008, p=0.93). There was no relations-
hip between prosthetic valve size and the postoperati-
ve systolic PAP (r=0.022, p=0.829).

The incidence of persistent PHT in the PPM group
before and after surgery was found to be 82% and
79%, respectively. In the non-PPM group, the inciden-
ce was found to be 94% and 8% respectively. Changes
in the incidence of PHT after surgery, was found to be
significant between the groups (p<0.001). PHT was

Left ventricular end diastolic diameter (mm)
Before surgery
After surgery

Left ventricular end systolic diameter (mm)
Before surgery
After surgery

End diastolic septal thickness (mm)
Before surgery
After surgery

End diastolic posterior wall thickness (mm)
Before surgery
After surgery

Ejection fraction (%)
Before surgery
After surgery

Left atrial end systolic diameter (mm) 
Before surgery
After surgery

Mitral valve area (cm2)
Before surgery

Mean gradient (mmHg)
Before surgery
After surgery

Systolic pulmonary artery pressure (mmHg)
Before surgery
After surgery

Effective orifice area (EOA) (cm2)
Index EOA (cm2/m2)
Atrioventricular compliance (ml/mmHg)

PPM: Prosthesis-patient mismatch

50±6
46±4

34±6
30±4

9.8±0.8
9.8±1.4

9.8±0.8
9.6±1.2

60±4
59±4

50±6
46±5

1.1±0.3

11.8±4.6
3.8±1.5

51.9±13.9
33.9±8.4
2.19±0.46
1.3±0.3
5.5±2.7

All patients (n=100)

50±6
46±4

34±6
30±4

9.8±0.8
9.8±1.4

9.8±0.8
9.6±1.2

60±4
59±4

50±6
46±5

1.1±0.3

11.8±4.6
3.8±1.5

51.9±13.9
33.9±8.4
2.19±0.46
1.3±0.3
5.5±2.7

p

0.857
0.477

0.277
0.457

0.099
0.377

0.082
0.858

0.042
0.013

0.470
0.061

0.214

0.045
<0.0001

0.197
<0.0001
<0.0001
<0.0001
<0.0001

PPM (+) (n=33)

51±6
46±4

35±5
30±4

9.7±0.8
9.7±1.5

9.6±0.8
9.7±1.1

59±4
58±5

51±5
5±4

1.0±0.4

12.5±4.7
3.2±1.1

51.9±13.9
29.9±6.0
2.37±0.41
1.4±0.2
6.2±2.8

PPM (-) (n=67)

Table 2. Pre- and postoperative echocardiographic data of patients

Figure 1. Relationship of the effective orifice area with
postoperative systolic pulmonary pressure.

Pulmonary artery pressure
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predictable with a sensitivity of 84% and specificity of
91% when the index EOA was ≤1.2 cm2/m2.

The effect of net atrioventricular compliance on
systolic pulmonary artery pressure. A moderate rela-
tionship (r=-0.422, p<0.001) was found between pos-
toperative systolic PAP and Cn (Figure 2). The posto-
perative systolic PAP of a 41 year-old patient with low
Cn (≤4 ml/mmHg) was found to be 37.2±8.8 mmHg,
whereas that of a 59 year-old patient with high Cn was
found to be 31.6±7.4 mmHg (p<0.001) (Table 3). The
mean Cn of 69 patients with postoperative PHT was
6.3±2.8 ml/mmHg, whereas the mean Cn of 31 patients
with postoperative PHT was found to be 3.8±1.5
ml/mmHg (p<0.0001). Evaluation of the groups in res-
pect of low Cn values demonstrated that the incidence
of low Cn in the group with PPM (n=20, 60%) was sig-
nificantly higher than in the group without PPM
(n=21, 31%) (p<0.001). The distribution of postopera-
tive systolic PAP values and the frequency of PHT

between the groups with respect to low and high Cn va-
lues is shown in Table 4. 

Independent variables of pulmonary artery pressu-
re. In the univariate analysis, a relationship was found
between postoperative systolic PAP and age (r=0.47,
p<0.001), index EOA (r=-0.53, p<0.001), Cn (r=-0.42,
p<0.001), the mean prosthetic transvalvular gradient
(r=0.43, p<0.001) and postoperative atrial fibrillati-
on.On the other hand, the multivariate analysis demons-
trated that index EOA, age, mean prosthetic transvalvu-
lar gradient and Cn, were independent variables affec-
ting postoperative systolic PAP (Table 5).

DISCUSSION

Increase in pulmonary artery pressure is known to be
caused by pulmonary blood flow, pulmonary venous
pressure and/or pulmonary vascular resistance.[20] Pul-
monary hypertension is an important risk factor of car-
diovascular diseases morbidity and mortality.[21] As a re-
sult, the main objective of MVR should be normalizati-
on of PAP. However, regression of PAP after surgery
differs from one patient to the other and it is generally
not complete.[22] Development of PPM following mitral
valve replacement is suggested to lead to persistent
PHT, similar to mitral stenosis.[6] PHT is thought to be

Pulmonary artery pressure
Before surgery
After surgery
Difference

Post operative:
Pulmonary artery pressure (mmHg) (Mean±SD)
Frequency of pulmonary hypertension (n, %)

44.0±3.8
19 (95%)

Cn≤4
ml/mmHg
(n=20)

Cn>4
ml/mmHg
(n=13)

PPM (+) (n=33) PPM (+) (n=33)

Cn≤4
ml/mmHg
(n=21

Cn>4
ml/mmHg
(n=46)

38.8±8.8
7 (53.8%)

30.6±7.1
2 (9.5%)

29.6±5.6
3 (6.5%)

50.7±11.5
37.2±8.8

-13.5±13.4

52.8±15.3
31.6±7.4

-21.8±17.5

Cn ≤4 
ml/mmHg

(n=41)

pCn ≤4 
ml/mmHg

(n=41)

0.45
<0.001
0.020

r= -0.422
p<0.001

y= 41.05-1.28x
r2= 0.18

Figure 2. Relationship of postoperative systolic pulmonary
pressure with net atrioventricular compliance.
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Table 3. Distribution of pre- and post operative systolic
pulmonary artery pressure values in patients with a
low and high net atrioventricular compliance (Cn).

Table 4. Distribution of postoperative systolic pulmonary artery pressure values and frequency
of pulmonary hypertension between the groups with respect to low and high net
atrioventricular compliance (Cn) values



persistent since, in the presence of PPM, there is insuf-
ficient relieve from the passive pressure of the left atri-
um and as a consequence PAP.[3,6,23]

PPM has been shown to be associated with decrea-
sed hemodynamics, inadequate regression of LV
hypertrophy, increases in the incidence of cardiac
events and high mortality rate, after aortic valve repla-
cement.[24] However, the clinical and hemodynamic ef-
fects of the incidence of PPM in the mitral position is
not fully understood and results of studies conducted
in this respect have been controversial.[6,12] Li et al.[6]

demonstrated the presence of PPM in the mitral posi-
tion (84% rate of mechanical prosthesis use) defined
as an index EOA ≤1.2 cm2/m2 in 28 of the 40 patients
(71%), whereas Totaro and Argano[12] observed the
presence of PPM in the mitral position (completely bi-
oprosthesis) only in eight of the 92 patients (8.6%).
The incidence of PPM in our study was 33%. Unlike
in the studies mentioned, our study included only pati-
ents who underwent implantation of mechanical prost-
hesis. These differences of PPM incidence may have
been due to patient characteristics and the prosthetic
valve used (mechanical or bioprosthesis).

Data concerning changes in PAP following mitral
valve replacement are also controversial. In the study
conducted by Zielenski et al.[23] to investigated the va-
lues of PAP obtained through catheterization before
MVR and one year later, the PHT of seven of the 14
patients (50%) who registered preoperative PHT
(systolic PAP ≤40 mmHg) was reported to persist af-
ter surgery. Li et al.[6] reported a 54% (30 out of 56 pa-
tients) incidence of PHT (systolic PAP ≤40 mmHg)
following MVR; the incidence of PHT in non-PPM
patients was reported to regress after surgery from
69% to 19%, whereas no significant change was repor-
ted in patients with PPM (66% preoperatively and
68% postoperatively). On the other hand, Totaro and
Argano[12] reported a 47% one-month post MVR inci-
dence of PHT. The incidence of postoperative PHT in
our study was lower (31%) than in these other studies.
In the PPM group, the post MVR mean systolic PAP
was found to be 7.3±8.4 mmHg, compared to the gro-
up preoperative values, whereas in the non-PPM gro-
up this decrease was 22±7.9 mmHg (p<0.001).

The relationship between PPM and the valve size
used is not clear. Lam et al.[25] did not find any relati-
onship between index EOA and postoperative PAP.
They demonstrated that index EOA was not a predic-
ting factor for postoperative persistent PHT, whereas
use of the ≤27 valve and increased mean prosthetic
transvalvular gradient were found to be predictive for
PHT. Results of the said study were compared to tho-
se of Lit et al.[6] who demonstrated that there was a re-
lationship between index EOA and systolic PAP, and
this difference was attributed to various factors. Pri-
marily, the ≤27 prosthesis size which was used in the
study by Li et al. at a rate of 52% (n=29) was reported
to be higher than current standards; the incidence of
≤27 prosthesis valve size use in patients with PPM
(66%) was found to be significantly higher compared
to that of non-PPM patients (19%). Secondly, it was
suggested that regression of postoperative PHT would
be delayed by the high rate of small-sized prosthesis
valve use. Authors have concluded that the relations-
hip between index EOA and systolic PAP would be
strengthened by the high rate of postoperative persis-
tent PHT in patients with PPM. Although the frequ-
ency of ≤27 prosthesis valve size use in our study was
higher (84%) than that of the study by Li et al.[6], no
significant difference was found in this respect betwe-
en patients with PPM (8.9%) and those without PPM
(85.1%). In our study, we did not also demonstrate any
relationship of valve size with index EOA, and of val-
ve size with postoperative systolic PAP.

Pibarot et al.[26] reported a strong relationship of index
EOA with prosthetic transvalvular gradient measure at
rest and during exercise. However, Dumesnil et al.[17] and
Li et al.[6] demonstrated that the relationship of index EO-
A with prosthetic transvalvular gradient in patients with
prosthetic mitral valve was weaker than that observed in
patients with prosthetic aortic valve. Similarly, we also
demonstrated a moderate relationship (r=-0.36) between
index EOA and mean prosthetic transvalvular gradient in
our study. Compared to the aortic valve, hemodynamics
of the mitral valve is more sensitive to chronotropic ef-
fects; as a result, different gradients may be observed du-
ring various heart rates over the mitral valve, for similar
index EOA values. Consequently, the weak relationship
between index EOA and mean prosthetic transmitral gra-
dient values, compared to prosthetic aortic valve is an ex-
pected result.

Atrial compliance (Ca) is the measure of the left at-
rial reservoir function.[27,28] In other words Ca measures
the extend of absorption of the increased left atrial vo-
lume due to enlargement of the left atrium and as a re-
sults the extend by which pulmonary arteries are pro-
tected from increased pressure due to this increased
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Age 
Index effective orifice area (cm2/m2)
Mean gradient (mmHg)
Net atrioventricular compliance (ml/mmHg)

-0.434
-0.315
0.281
-0.162

ß p

<0.0001
<0.0001
<0.0001
0.041 

Table 5. Independent variables affecting postoperative
pulmonary artery pressure
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volume. Decreased left atrial compliance leads to in-
creases in left atrial pressure due to increased flow du-
ring exercise; this pressure would completely be con-
veyed to the pulmonary artery and as a result lead to
the development of symptoms and limitation of exer-
cise capacity.[29] Net atrioventricular compliance is the-
oretically affected by atrial and ventricular complian-
ce. Any abnormality of Cn would give information
about the normal function of any of these chambers, in
the presence of normal function of the other chamber.
LV function and LV compliance are usually normal in
isolated mitral stenosis. As a result, Cn is usually con-
sidered to be completely equal to Ca under conditions
regarded as clinically associated with mitral stenosis,
and hence abnormal Cn indicates abnormal Ca.

[27] Left
atrial remodeling and hypertrophy which occur in
chronic mitral valve disease frequently lead to a dec-
rease in Ca. Passive pressure in the left atrium and the
relieve in PAP which arises as a consequence is not
complete in the presence of PPM. As a result PPM has
been suggested to be possibly associated with low
Cn.

[11] Li et al.[6] reported that Cn was moderately rela-
ted with index EOA and systolic PAP. They demons-
trated that postoperative PAP was significantly higher
in the patient group with low Cn, compared to the pa-
tient group with high Cn.

[6] In our study, we also de-
monstrated a moderate relationship of Cn with index
EOA and systolic PAP. We demonstrated a signifi-
cantly higher postoperative systolic PAP in patients
with low Cn compared to those with high Cn. We ob-
served that low Cn very mildly affected systolic PAP
in the absence of PPM; however, in the presence of
low Cn with concomitant PPM, systolic PAP was gre-
atly affected by Cn.

In this study, we demonstrated that age, index EOA,
Cn and mean prosthetic transvalvular gradient were in-
dependent predictors of postoperative systolic PAP.
We suggest that differences in literature study results
are due to the variation in patient characteristics and
the characteristics of valve used. More data is required
to better understand the effect of PPM on hemodyna-
mic and clinical outcomes, and the incidence of PHT
following PPM.

In conclusion, we demonstrated that PPM and per-
sistent PHT were frequently encountered after mecha-
nical MVR, and that there was a relationship between
postoperative systolic PAP and PPM. We did not de-
monstrate any relationship of postoperative systolic
PAP with prosthetic valve size and index EOA. On the
other hand, we observed that Cn would provide valu-
able information about postoperative persistent PHT
in patients with PPM following MVR. Age, index EOA,
mean prosthetic transvalvular gradient and Cn were

shown to be independent predictors of postoperative
systolic PMT following MVR. Our study demonstra-
ted that selection of a prosthetic valve before surgery
that is consistent with body surface area would greatly
prevent PPM, and as a result reduce the frequency of
postoperative PHT.
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