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The aim of this study was to investigate the incidence and immediate and mid-term effects of heart valve pros-
thesis-patient mismatch (PPM) after mitral valve replacement using the GK bileaflet mechanical valve.

A total of 493 cases of mechanical mitral valve replacement were performed in the departments of cardiac sur-
gery in 7 hospitals from January 2000 to January 2008. The patients included 142 men and 351 women ages 21
to 67 (average age, 48.75). The patients were followed for 3 years after surgery. The effective orifice area index
(EOAI), £1.2 cm?/m?, was detected during the follow-up period and was defined as PPM. The patients were as-
signed to either the PPM group or the non-PPM group. Finally, the preoperative, perioperative and postopera-
tive indexes of the 2 groups of patients were compared.

A total of 157 patients had PPM 3 years after surgery. The incidence of PPM was 31.84%. Sixty-three patients
in the PPM group received a 25-mm GK bileaflet valve (40.13%), 82 received a 27-mm valve (52.23%), and 12
(7.64%) received a 29-mm valve. There were significant differences in length of intensive care unit stay, dura-
tion of ventilator use, length of hospitalization, body surface area, EOAI, mean transmitral pressure gradient,
and pulmonary artery pressure between the PPM and non-PPM group (P<0.05). There was a significant differ-
ence between preoperative and postoperative pulmonary artery pressures among non-PPM patients (P<0.05);
however, there was no statistical difference in preoperative and postoperative pulmonary artery pressures
among patients with PPM (P>0.05).

PPM after mitral valve replacement influences postoperative hemodynamics. Thus, larger-sized GK bileaflet
mechanical valves are often used to reduce the risk of PPM.
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Background

Heart valve prosthesis-patient mismatch (PPM) occurs when
the effective orifice area index (EOAI) of a heart valve prosthe-
sis is less than that of the normal heart valve. After implanta-
tion of a heart valve prosthesis, a relatively narrow valve open-
ing leads to a series of complications and risks [1]. In recent
years, PPM after mitral valve replacement has attracted more
and more attention from researchers. We studied the preven-
tion of PPM by retrospectively analyzing mitral valve replace-
ment with GK bileaflet mechanical valve implantation in 493
adults. We followed the patients for 3 years after surgery, an-
alyzing the preoperative, perioperative, and postoperative in-
dexes of the 2 groups of patients and preliminarily explor-
ing the reasons behind the formation of postoperative PPM.

Material and Methods

Patients

Study subjects included 493 patients with valvular heart dis-
eases who underwent mitral valve replacement in the de-
partments of cardiac surgery in 7 hospitals (Union Hospital
of Fujian Medical University, Second Affiliated Hospital of
Third Military Medical University, Second Xiangya Hospital
of Central South University, Jining Medical College Affiliated
Hospital, Henan Provincial Chest Hospital, Affiliated Hospital
of Nanyang Medical College, and Nanyang Municipal Central
Hospital) from January 2000 to January 2008. Patients who
had concomitant aortic valve replacement were excluded. Of
the subjects, 142 were men and 351 were women. They were
21 to 67 years old (average age, 48.75 years). Of them, 323
had rheumatic heart disease, 105 had a degenerative heart
disease, 56 had infective endocarditis, and 9 had ruptured
mitral valve chordae. All subjects underwent mitral valve re-
placement surgery with implantation of different sizes of GK
bileaflet mechanical valves. Patients with tricuspid incompe-
tence or an enlarged left atrium concomitantly underwent tri-
cuspid annuloplasty or left atrial plication. All subjects returned
to the hospital after 3 years and underwent echocardiogra-
phy. The mitral valve EOAI in cm? was detected using the con-
tinuity equation method, and the EOAI cm?/m? was calculat-
ed according to body surface area. PPM was defined as EOAI
<1.2 cm?/m?, and subjects were assigned to either the PPM
group (n=157) or the non-PPM group (n=336).

Surgical method

Surgery was performed under conditions of intravenous-inha-
lation compound anesthesia, moderate temperature and he-
modilution, and extracorporeal circulation with cardiac arrest.
Blood cardioplegia was used for perfusion. A chest median
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incision was performed, and catheters were placed in the aor-
ta and upper and inferior vena cava to establish extracorpo-
real circulation. The subvalvular structures of the mitral valve
were explored through the pathway of the right atrium, atrial
septum, and mitral valve. The mitral valve was removed, the
size of the valve annulus was measured with a suitable mea-
suring device, and EOAI expected value was calculated accord-
ing to body surface area. The appropriate size of prosthetic
valve was selectively used, and the prosthetic valve was im-
planted using double-needle and gasket interrupted mattress
suture. Patients with tricuspid incompetence or an enlarged
left atrium concomitantly underwent tricuspid annuloplasty
or left atrial plication.

Monitoring parameters and methods

The Vivid7 Dimension Color Doppler Ultrasound System (GE
Healthcare) was used to measure hemodynamic parameters
such as left ventricular ejection fraction, mean transmitral
pressure gradient, mitral valve EOAI, and pulmonary pressure.

Data sources

Preoperative and perioperative data were obtained through
review of the medical records. Follow-up data was obtained
when all 493 patients returned to the hospital to undergo
echocardiography to measure relevant parameters to deter-
mine cardiac function.

Statistical methods

SPSS16.0 software was used for statistical analysis.
Measurement data were expressed as mean standard devia-
tion, and a paired t-test was performed. The count data were
expressed as frequency, and the chi-square test, Fisher’s ex-
act test, or a test using the continuity correction formula was
conducted. P<0.05 was considered statistically significant.

Results

Depending on whether postoperative PPM was present, the
patients were assigned to the PPM group or the non-PPM
group. In this study, the incidence of PPM was 31.84%. Sixty-
three patients (40.13%) received a 25-mm valve, 82 (52.23%)
received a 27-mm valve, and 12 (7.64%) received a 29-mm
valve. There were no significant differences in the preopera-
tive indexes between the 2 groups (P>0.05) (Table 1). During
the perioperative period, there were significant differences in
length of intensive care unit (ICU) stay, duration of ventilator
use, and length of hospitalization between the PPM and non-
PPM group (P<0.05) (Table 2). Follow-up data 3 years after sur-
gery showed statistical differences in body surface area, EOAI,
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Table 1. Preoperative patient data.

aetsn) 0 Pvalue

Sex (male/female) 40/117 102/234 0.27
Age(xesyears) 4830£1193 48524936 083
 Body surface area (xtsmd) 1615040 163035 042
CCauses
 Rheumatic heart disease 91 23
 Degenerative diseases 4 &
Infective endocarditis a s o
 Ruptured mitral valve chordae 3 &
 Preoperative parameters by echocardiography
CEFGes%) 5839+1403 60.95:3105 02
© Mean transmitral pressure gradient (xss mmHg) 31712714 2017:935 008
* Mean pulmonary artery pressure (xes mmHg) 58326917  59.07+1121 013
Table 2. Various perioperative indexes.

R e

25-mm GK valve 63 46
27-mmGKvave s 93 0ot
29-mmGKvave e
| CPBtime (ksmin) 8137¢13.17 7935¢1826 008
Length of intensive care unit stay (xes min) 6167¢39.98 511742968 «©o1
| Time of ventilator use (xesh) 236341286 203561405 004
length of hospitalization (xesd) 24411619 14288973 0ol

mean transmitral pressure gradient, and mean pulmonary ar-
tery pressure between the PPM and non-PPM group (P<0.05)
(Table 3). The preoperative and postoperative mean pulmo-
nary artery pressures in the PPM group were 58.32+9.17 mm
Hg and 53.29+10.63 mm Hg, respectively (P>0.05). The preop-
erative and postoperative mean pulmonary artery pressures in
the non-PPM group were 59.07+11.21 mm Hg and 43.17+12.17
mm Hg, respectively (P>0.05) (Table 4).

Discussion

Until now, most research on PPM has focused on PPM after
aortic valve replacement surgery. In 1981, Rahimtoola et al. re-
ported 1 case of PPM with persistent pulmonary hypertension
and right heart failure after mitral valve replacement surgery.
Since then, more and more in-depth studies have been con-
ducted on PPM after mitral valve replacement [2-5]. In the pres-
ent study, the incidence of PPM after mitral valve replacement

surgery was 31.84%, which is lower than the data reported in
other relevant studies in the literature [6,7]. This difference
may be related to the short stature, light weight, and small
corresponding surface area of people living in southern China.

Causes of PPM formation

In our study, 63 subjects had PPM after implantation of 25-
mm GK bileaflet mechanical valves, while 82 subjects had
PPM after implantation with 27-mm GK bileaflet mechanical
valves. These 2 groups accounted for 92.36% of total patients
with PPM. In theory, if the condition of the mitral annulus per-
mits, a larger-sized heart valve prosthesis is used. However,
most patients with mitral valve replacement have rheumatic
heart disease (65.52%); thus, the long-term changes of rheu-
matism lead to adhesion, fusion, and even calcification of the
mitral annulus, resulting in a smaller valve annulus and left
ventricular atrophy. If the larger-sized heart valve prosthesis
is implanted, valve movement may be constricted and serious
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Table 3. Relevant indexes of follow-up 3 years after surgery.

CLINICAL RESEARCH

ey e T
Body surface area (x+s m?) 1.69+0.11 1.65+0.07 0.02
CEOAl(escm¥md 114003 1272002 oo1
 Postoperative parameters by echocardiography
CEFGes®)  sazssl17 s800s2237 007
 Mean transmitral pressure gradient (x¢s mm Hg) 2534635 1489:577 wot
 Mean pulmonary artery pressure (ks mm Hg) ~ 5329s1063 Ba741217 wot

Table 4. Comparison of preoperative and postoperative mean pulmonary artery pressures between the PPM group and non-PPM

group.
Preoperative mean pulmonary Postoperative mean pulmonary
LA
artery pressure (xts mm Hg)  artery pressure (xts mm Hg)
PPM group 58.32+9.17 53.29+10.63 0.07
Non-PPM group 59.07+11.21 43.17+12.17 <0.01

complications such as a ruptured left ventricular posterior wall
or arrhythmia can occur.

However, valve annulus enlargement is seldom performed
for the mitral valve; thus, when the body surface area is rel-
atively large but the valve annulus measured during surgery
is small, the surgeon is forced to choose a 25-mm or 27-mm
GK bileaflet mechanical valve. After valve replacement, car-
diac function and quality of life improves. At the same time,
the patient’s weight, and thus body surface area, increases.
Meanwhile, factors such as invasion of the surrounding tis-
sue, pannus growth, and even thrombosis growth on the me-
chanical valve annulus can lead to decreased mechanical valve
EOAI. This results in mismatches between the valve EOAI and
the body surface area, and formation of PPM.

Effect of PPM on hemodynamics

PPM after mitral valve replacement leads to a degree of mitral
stenosis. Pathophysiological changes include a high transvalvu-
lar pressure gradient, corresponding increased left atrial pres-
sure and pulmonary hypertension, left atrial enlargement, pul-
monary edema, and right heart failure, which affect the cardiac
output. In this study, duration of ventilator use, length of ICU
stay, and length of hospitalization were longer in the PPM group
than in the non-PPM group (P<0.05). Because postoperative
hemodynamics are not completely improved, it affects postop-
erative recovery. Pulmonary artery pressure in the PPM group
was not decreased after surgery compared with the non-PPM
group (P>0.05), while pulmonary artery pressure in the PPM
group was significantly decreased after surgery (P<0.05). These
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findings were similar to the reports of Raghuveer et al. [8] and
Li M et al. [9], indicating that PPM leads to sustained increas-
es in pulmonary artery pressure and affects the function of
the tricuspid valve, which may result in right ventricular dys-
function and the appearance of symptoms such as abdomi-
nal distension and swelling of the lower limbs.

PPM prevention

Despite much research, PPM remains difficult to prevent. In our
experience, body surface area is calculated before surgery and
an appropriately sized valve is selected based on the EOAI ex-
pected value. However, when the valve annulus is observed to
be small during surgery, the subvalvular tissue structures are
removed to the extent possible, a relatively large-sized pros-
thetic valve is implanted, intraoperative transesophageal echo-
cardiography is performed, and various indices are monitored
to prevent or reduce the degree of PPM. Currently, mechanical
valves of superior quality are being studied; these valves si-
multaneously have excellent hemodynamics and a larger EOAI
(e.g., the type M-2 mechanical valve).

Conclusions

In our study subjects, the much larger body surface area after
surgery indicated that patients should control their weight and
be physically active to avoid PPM. The valvuloplasty should be
applied, when possible, in surgical treatment of mitral and tri-
cuspid valve diseases. After mitral valvuloplasty, patients have
stable hemodynamics and larger EOAIs. The incidence of PPM
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is significantly lower than that occurring after mitral valve re-
placement, but the technical difficulty of mitral valvuloplas-
ty is relatively greater in terms of the disease type in China.
However, more studies are now being done in countries oth-
er than China [10,11], which will improve mastery of the sur-
gical indications and operative technique.
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