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Introduction

At present, the St. Jude Medical valve (SJM valve, St.
Jude Medical Inc., St. Paul, MN) is the most reliable pros-
thetic valve all over the world in the aspects of long-
term durability and anti-thrombogenesis because it has
good hemodynamics due to its central blood flow.1-5) We
were the first to use this valve in Japan in July 1978 and
have shown stable results for 20 years using it as the pri-
mary option among prosthetic valves.5,6) In this study,
the long-term function of this value is evaluated by con-

tinuous wave and color Doppler echocardiography.

Patients and Methods

The subjects were the 191 patients who underwent aortic
or mitral valve replacement using a SJM valve in our in-
stitute between July 1978 and September 1998 showing
more than 50% of left ventricular ejection fraction at the
M mode echocardiography. The measuring devices were
SSH-60A, SSA-380A and SSA-260A (Toshiba Medical
Inc., Tokyo, Japan) and the dispatch frequency of the probe
used was 2.5 or 3.75 MHz. The patients were classified
into 3 groups according to measurement period, the short-
term group; (within 5 years with 74 in the aortic valve
position and 101 in the mitral valve position), and the
mid-term group; (10 years with 47 in the aortic valve
position and 67 in the mitral valve position) and the long-
term group; (15 years and more with 33 in the aortic valve
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In this study, the long-term function of the St. Jude Medical valve (SJM valve) is evaluated
by Doppler echocardiography.

The subjects were 191 patients who underwent mitral or aortic valve replacement using
the SJM valve in our institute since July 1978 and had no clinical problem showing more
than 50% of left ventricular ejection fraction. The patients were classified into 3 groups
according to the measurement period (within 5 years, 10 years and 15 years and more), and
further classified by valve size and their results were compared.

In every valve-size group, there was no significant difference among the groups in terms
of the measurement period. In the mitral valve position, peak pressure gradient and pres-
sure half-time were not significantly different among groups of varying valve sizes. On the
other hand, in the aortic valve position, the pressure gradient in the 21-mm group was
significantly higher among the 21-mm, 25-mm, and 27-mm groups, showing a negative cor-
relation with size.

As a result, it was suggested that the SJM valve functioned well more than 15 years after
operation. From these results, it was considered that patients with a small annulus of the
aortic valve needed an annulus-enlarging procedure or use of Hemodynamic Plus series
valves to keep the size of more than 23 mm. (Ann Thorac Cardiovasc Surg 2001; 7: 216–22)
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position and 44 in the mitral valve position), and further
classified by size and their results were compared.

By continuous wave Doppler echocardiography, peak
velocity of the aortic prosthetic valve at the aortic valvu-
lar distal position was determined on the two chamber
view in the apex and that of the mitral prosthetic valve at
the left ventricular influx site was determined on the four
chamber view in the apex. Peak pressure gradient of the
aortic and mitral prosthetic valves was calculated by
simple Bernoulli’s formula. On the replaced mitral valve,
pressure half time, which is the time until peak velocity
at the mitral prosthetic valve is reduced to 1/��2, was
determined and the effective orifice area (=220/ pressure
half time) was calculated by the formula Hatle et al.7)

proposed. Using color Doppler echocardiography, regur-
gitation on the aortic and mitral prosthetic valves was
examined on the left ventricular long axial cross section
and the four chamber view respectively. The evaluation
of regurgitation is as follows: on the aortic valve posi-
tion, the cavity of the left ventricle was divided into 4
parts and the case was classified into grade I to IV ac-
cording to the range of regurgitation. On the mitral valve
position, the cavity of the left atrium was divided into 4
parts and the case was classified into grade I to IV simi-
larly. And further, the left ventricular diastolic diameter
(LVDd), left ventricular ejection fraction (EF) and % frac-
tional shortening (%FS) were determined because the left
ventricular function may have an influence on the above
measured values. Each parameter was the mean during
10 continuous heart rates.

Measurements were expressed as mean ± standard de-
viations. The Scheffe’s method was used for intragroup
analysis and Spearman’s correlation tests were performed
to evaluate the relationship between the peak gradient or
pressure half time and prosthetic valve size. The level of
significance was set at p<0.05.

Results

Aortic prosthetic valve
As to the measurement time, the short-term group was
0.1 to 4.9 years after surgery (an average of 2.5 years),
mid-term group was 5.2 to 13.6 years after surgery, (av-
erage 8.1 years) and the long-term group was 15.1 to
20.0 years after surgery (average 17.1 years). The age,
gender, duration after surgery, diagnosis, prosthetic valve
size and body surface area (BSA) of patients are shown
in Table 1. There were significant differences between
the 21 mm and 23 mm, 25 mm, and 27 mm in the short-

and mid-term group, and between the 21 mm and 23 mm,
and  the 25 mm in the long-term group (p<0.05).

Left ventricular function: LVDd in the short-term, mid-
term and long-term group was 52.2±6.6, 52.4±6.1, and
53.6±6.4 mm, respectively. EF in the early-term, mid-
term and long-term group was 63.5±9.4, 65.1±9.5, and
61.4±7.4%, respectively. %FS in the short-term, mid-term
and long-term group was 35.0±7.1, 36.1±7.2, and
33.2±5.6%, respectively. There were no significant dif-
ferences in each parameter between the three groups.

Peak velocity and pressure gradient (Figs. 1, 2): In
the short-term group, peak velocity in the 21-mm, 23-
mm, 25-mm and 27-mm size was 2.35±0.28, 2.21±0.37,
1.83±0.33, and 1.78±0.31 m/sec, respectively. In the mid-
term group, peak velocity in the 21-mm, 23-mm, 25-mm
and 27-mm size was 2.44±0.14, 2.40±0.55, 1.96±0.31,
and 1.82±0.20 m/sec, respectively. In the long-term
group, peak velocity in the 21-mm, 23-mm, 25-mm and
27-mm size was 2.46±0.09, 2.22±0.22, 2.03±0.20, and
1.59m/sec, respectively.

In the short-term group, peak pressure gradient in the
21-mm, 23-mm, 25-mm and 27-mm size was 22.4±4.8,
20.1±6.9, 13.9±4.5, and 13.2±4.9 mmHg, respectively.
In the mid-term group, peak pressure gradient in the 21-
mm, 23-mm, 25-mm and 27-mm size was 23.9±2.7,
19.8±6.2, 15.7±4.7, 13.5±3.0 mmHg, respectively. In the
long-term group, peak pressure gradient in the 21-mm,
23-mm, 25-mm and 27-mm size was 24.3±1.8, 20.1±3.5,
16.7±3.2, and 10.1 mmHg, respectively. In the short- and
mid-term group, there were significant differences be-
tween the 21 mm and 25 mm and 21 mm and 27 mm. In
the long-term group, although there were no significant
differences because there was only one patient in the 27-
mm group, there were significant differences between
the 21 mm and 25 mm. There was a significant negative
correlation between the peak gradient and prosthetic valve
size (Fig. 2, r=–0.648, p<0.01).

Regurgitation of the prosthetic valves: Regurgitation
was recognized in 50 cases (67.6%; grade I: 49, grade II:
1) in the short-term group, in 31 cases (66.0%; grade I:
30, grade II: 1) in the mid-term group and in 22 cases
(66.7%; grade I: 22, grade II: 0) in the long-term group,
there were no significant differences between the three
groups. The regurgitation was physiological regurgita-
tion in the prosthetic valves and abnormal regurgitation
was not recognized.

Mitral prosthetic valve
As to measurement time, the short-term group was 0.1
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Table 1.  a: Patients’ characteristics in aortic valve’s case

Fig. 1.  Peak gradient at short, mid and long-term.

Aortic valve

Number

Age (y.o.)

Gender (M : F)

Duration after surgery (years)

Diagnosis      21 mm      AS
                                       AR
                                       ASR
                                       re-Op
                      23 mm      AS
                                       AR
                                       ASR
                                       re-Op
                      25 mm      AS
                                       AR
                                       ASR
                                       re-Op
                      27 mm      AS
                                       AR
                                       ASR
                                       re-Op

Size          21 mm 
                 23 mm 
                 25 mm 
                 27 mm 

Body surface area        21 mm 
                                     23 mm 
                                     25 mm 
                                     27 mm 

74

48.3±10.7

39 : 35

2.5 ± 1.5 (0.1-4.9)

9
7
6
1
8
7
5
1
11
8
3
0
2
7
1
0

22
20
22
10

1.42 ± 0.09
1.63 ± 0.18
1.63 ± 0.16
1.75 ± 0.17

47

44.7±10.6

26 : 21

8.1 ± 2.3 (5.2-13.6)

8
8
3
1
6
4
2
1
4
4
1
0
1
5
0
0

20
12
9
6

1.43 ± 0.09
1.61 ± 0.15
1.64 ± 0.09
1.75 ± 0.17

33

43.2±7.7

18 : 16

17.1 ± 1.9 (15.1-20.0)

4
5
3
0
6
3
2
0
5
3
1
0
0
1
0
0

12
11
9
1

1.41 ± 0.09
1.57 ± 0.13
1.75 ± 0.14

1.76

Short-term group Mid-term group Long-term group
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to 4.9 years after surgery (average 2.2 years), the mid-
term group was 5.2 to 14.5 years after surgery (average
8.9 years), and the long-term group was 15.2 to 20.0 years
after surgery (average 16.9 years). The age, gender, du-
ration after surgery, diagnosis, prosthetic valve size and
BSA of patients are shown Table 2. There were no sig-
nificant differences in each parameter between the three
groups.

Left ventricular function: LVDd in the short-term, mid-
term and long-term group was 48.5±7.1, 52.1±8.9, and
46.7±9.9 mm, respectively. EF in the short-term, mid-
term and long-term group was 61.8±9.2, 62.3±7.9 and
60.7±8.1%, respectively. %FS in the short-term, mid-term
and long-term group was 33.7±6.8, 34.2±5.7, and
32.9±6.1%, respectively. There were no significant dif-
ferences in each parameter between the three groups.

Peak velocity and pressure gradient (Fig. 1): In the
short-term group, peak velocity in the 27-mm, 29-mm
and 31-mm size was 1.38±0.25, 1.40±0.25, and
1.33±0.17m/sec, respectively. In the mid-term group,
peak velocity in the 27-mm, 29-mm and 31-mm size was
1.44±0.23, 1.44±0.22, and 1.33±0.26m/sec, respectively.
In the long-term group, peak velocity in the 27-mm, 29-
mm, and 31-mm size was 1.49±0.17, 1.40±0.23, and

1.39±0.14m/sec, respectively. There were no significant
differences between the three groups.

In the short-term group, peak pressure gradient in the
27-mm, 29-mm and 31-mm size was 7.9±2.7, 8.2±3.0,
and 7.3±2.0 mmHg, respectively. In the mid-term group,
peak pressure gradient in the 27-mm, 29-mm and 31-
mm size was 8.5±2.7, 8.5±2.7, 7.4±2.7 mmHg, respec-
tively. In the long-term group, the peak pressure gradi-
ent in the 27-mm, 29-mm and 31-mm size was 8.9±1.9,
8.2±2.7, and 7.9±1.5 mmHg, respectively. There were
no significant differences between the three groups. There
was no significant correlation between the peak gradient
and prosthetic valve size (r=–0.047).

Pressure half time and effective orifice area (Fig. 3):
In the short-term group, pressure half time in the 27-mm,
29-mm and 31-mm size was 89.0±14.0, 95.3±27.2 and
90.7±5.0 m/sec, respectively. In the mid-term group, pres-
sure half time in the 27-mm, 29-mm and 31-mm size
was 84.7±12.5, 97.9±18.9, and 93.8±9.8m/sec, respec-
tively. In the long-term group, pressure half time in the
27-mm, 29-mm and 31-mm size was 89.3±16.3,
89.3±15.2 and 94.3±8.0 m/sec, respectively. There were
no significant differences between the three groups. There
was a significant correlation between the pressure half

Table 1.  b: Patients’ characteristics in mitral valve’s case

Mitral valve

Number

Age (y.o.)

Gender (M : F)

Duration after surgery (years)

Diagnosis      27 mm      MS
                                       MR
                                       MSR
                                       re-Op
                      29 mm      MS
                                       MR
                                       MSR
                                       re-Op
                      31 mm      MS
                                       MR
                                       MSR
                                       re-Op

Size          27 mm 
                 29 mm 
                 31 mm  

Body surface area        27 mm 
                                     29 mm 
                                     31 mm

101

49.4 ± 11.0

50 : 51

2.2 ± 1.1 (0.1-4.9)

21
15
9
3
24
14
6
4
6
4
2
0

45
44
12

1.48 ± 0.12
1.59 ± 0.13
1.68 ± 0.10

67

43.3 ± 11.5

33 : 34

8.9 ± 2.9 (5.2-14.5)

12
7
6
3
14
9
7
2
6
4
2
1

25
30
12

1.50 ± 1.12
1.58 ± 0.12
1.69 ± 0.09

44

40.9 ± 10.3

23 : 21

16.9 ± 1.7 (15.2-20.0)

7
3
2
1
12
6
5
1
4
1
4
1

12
23
9

1.50 ± 0.12
1.52 ± 0.15
1.57 ± 0.11

Short-term group Mid-term group Long-term group
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time and prosthetic valve size (r=–0.148).
In the short-term group, the effective orifice area in

the 27-mm, 29-mm and 31-mm size was 2.53±0.41,
2.48±0.63, and 2.43±0.14 cm2, respectively. In the mid-
term group, the effective orifice area in the 27-mm, 29-
mm and 31-mm size was 2.66±0.41, 2.34±0.48, and
2.37±0.27 cm2, respectively. In the long-term group, the
effective orifice area in the 27-mm, 29-mm and 31-mm
size was 2.55±0.48, 2.55±0.52 and 2.35±0.23 cm2, re-
spectively. There were no significant differences between
the three groups.

Regurgitation of the prosthetic valves: Regurgitation
was recognized in 38 cases (37.6%; grade I: 37, grade II:
1) in the short-term group, 25 cases (37.3%; grade I: 24,
grade II: 1) in the mid-term group and 17 cases (38.6%;
grade I: 16, grade II: 1) in the long-term group, there
were no significant differences between the three groups.
The regurgitation was physiological regurgitation in the
prosthetic valves and abnormal regurgitation was not rec-
ognized.

Discussion

The SJM valve was developed as the first bileaflet valve,
which has a lower pressure gradient and a larger effec-
tive orifice area than ball and tilting valves due to its
central blood flow, and was first used clinically in 1977.
Since then, it has been implanted into more than one
million patients all over the world and stable long-term

results have been reported. Therefore, it has been used
widely as the most reliable mechanical valve at present.1-6,8)

There are, however, problems in bleeding caused by an-
ticoagulant therapy and thromboembolism. It was re-
ported that the incidences of thromboembolism, throm-
botic valve and bleeding caused by anticoagulant therapy
at 10 postoperative years and more were 0.20-1.49, 0.03-
0.30, and 0.20-0.90%/pt-year, respectively.1,4,8) Recently
it has been reported that the pannus tends to be formed
between the left ventricle and the orifice due to its struc-
tural feature, and then the annulus of prosthetic valves
should be improved and suture methods and the direc-
tion should be reconsidered.9)

The evaluation methods of prosthetic valves are car-
diac catheterization, echocardiography, cinefluoroscopy,
and prosthetic valve sound analysis.10) Among them,
echocardiography is non-invasive, and effective espe-
cially in the evaluation of replaced prosthetic valves and
the diagnosis of complications. Many cases using it have
been reported.11-19) There are many cases of SJM valves
examined by echocardiography, which are reported to
have lower pressure gradient and a larger effective ori-
fice area than ball and tilting valves due to the structure
getting its central blood flow. On the other hand, the bio-
logical valves show sclerotization and degeneration at 5
years after operation and in some cases are necessary to
be replaced, which suggests that the SJM valve is supe-
rior to the biological valve also in the aspect of durabil-

Fig. 2.  Correlation between pressure gradient and prosthetic valve
size in the aortic position

Fig. 3.  Pressure half time in the mitral position at short, mid and
long-term.
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ity.11) According to previous reports on SJM valves, the
peak pressure gradients at the aortic valve position in the
19, 21, 23, 25, and 27-mm size were 31.2-38.2 mmHg,
21.2-30.0 mmHg, 15.2-33.7 mmHg, 18.1-20.0 mmHg,
and 13.7-16.0 mmHg, respectively,12-16) showing the cor-
relation between the pressure gradient and size.15) At the
mitral valve position, the peak pressure gradients in the
27, 29, and 31-mm size were 7.95-11.0, 7.0-11.0, and
7.62-12.0 mmHg, respectively. The pressure half time in
the 27, 29, and 31-mm size was 71.8-137.5, 74.1-84.0
and 57.9-72.0 msec, respectively. The effective orifice
area in the 27, 29, and 31-mm size was 1.60-3.13, 2.35-
3.10, and 3.06-3.80 cm2, respectively. Many researchers
reported that the correlation between the size and pres-
sure gradient or half time at the mitral valve position was
either less than those of the aortic valve position, con-
forming with our results.11,14–19) These previous reports,
however, dealt with the data immediately after operation
or at intermediate term and there is no report at a long
term (more than 15 years) as far as we could see. Asano
et al. reported that the peak and average pressure gradi-
ents and pressure half time of patients with mitral valve
cases did not change with time for 10 years.11) On the
other hand, Shigenobu et al. classified the patients with
mitral valve cases into 2 groups, within 5 years after op-
eration (mean: 3.6 years) and 5 years and more (mean:
7.3 years) and examined their pressure gradients at rest
and under load. They reported that the pressure gradi-
ents of patients 5 years after operation were high both at
rest and under load and that stricture of the prosthetic
valves may develop by tissue overgrowth with years.17)

Regurgitation within the prosthetic valves was found
in about 70% of the aortic valve cases and about 40% of
the mitral valve cases in this series independent of the
measurement period. This regurgitation could not be
picked up by auscultation and there were no clinical prob-
lems. It occurred within the prosthetic valves and it was
considered as the regurgitation peculiar to them. It has
been reported that the regurgitation of SJM valves at the
aortic and mitral valves was 30-58% and 20-36% respec-
tively by transthoracic-echocardiography. Our results
were rather higher but it seems to be due to the difference
in the measuring device and staff. By transesophageal-
echocardiography, regurgitation of the prosthetic valves
is detected in almost all patients. It is, therefore, neces-
sary for a patient whose regurgitation is massive or ab-
normal to find the exact position where the regurgitation
occurs.

From these results, it is shown that the function of the

SJM valve is maintained when the cardiac function is
kept even in the long term. We perform the suture by
interrupted suture without pledget. We think that not us-
ing pledgets prevents pannus formation. When the car-
diac function is low, the thrombus and pannus may be
formed by the turbulent flow and retention. Therefore,
follow-up of this valve over several years is needed in
patients with cardiac dysfunction. In this study, patients
using a 19-mm size valve were not included, and further,
we have no experience using Hemodynamic Plus (HP)
series valves. Carrel et al. reported that the pressure gra-
dient of the HP series was lower than that of the Stan-
dard series and that the HP series should be selected for
the patient using a 21-mm valve and less.20) This time,
the pressure gradient of the patients using 21 mm was
significantly higher than others. Therefore, as to the pa-
tients with a small annulus, further discussion will be
needed including the annulus-enlarging procedure, use
of HP series and follow-up of patients with a small pros-
thetic valve.

Conclusion

In this study, the long-term function of the SJM value is
evaluated by continuous wave and color Doppler
echocardiography.

In the short-term group by size, there was no signifi-
cant difference among groups by measurement period.
In the mitral valve group, peak pressure gradient and pres-
sure half time were not significantly different among
groups by size. On the other hand, in the aortic valve
group, pressure gradient in the 21-mm group was sig-
nificantly high among the 21-mm, 25-mm, and 27-mm
groups, showing a negative correlation with size.

As a result, it was suggested that the SJM valve keeps
functioning well more than 15 years after operation.

References

1. Arom KV, Nicoloff DM, Kersten TE, et al. Ten years’
experience with the St. Jude Medical valve prosthe-
sis. Ann Thorac Surg 1989; 47: 831–7.

2. Smith JA, Weslake GW, Mullerworth MH, et al. Ex-
cellent long-term results of cardiac valve replacement
with the St. Jude Medical valve prosthesis. Circula-
tion 1993; 88: 49–54.

3. Aoyagi S, Oryoji A, Nishi Y, Tanaka K, Kosuga K,
Oishi K. Long-term results of valve replacement with
the St. Jude Medical valve. J Thorac Cardiovasc Surg
1994; 108: 1021–9.

4. Fernandez J, Laub GW, Adkins MS, et al. Early and



222

Sezai et al.

Ann Thorac Cardiovasc Surg Vol. 7, No. 4 (2001)

late-phase events after valve replacement with the St.
Jude Medical prosthesis in 1200 patients. J Thorac
Cardiovasc Surg 1994; 107: 394–407.

5. Sezai Y: Experience with the St. Jude Medical pros-
thesis. In: DeBakey ME ed. Advances in Cardiac
Valves: Clinical Perspectives; USA: Yorke Medical
Books, 1983; pp 88–102.

6. Shiono M, Hasegawa T, Sezai Y, et al. Late phase re-
sults of the St. Jude Medical valve prosthesis in the
tricuspid position. Annals of Thoracic and Cardiovas-
cular Surgery 1995; 4: 219–23.

7. Hatle L, Angelsen B, Tromsdal. Noninvasive assess-
ment of atrioventricular pressure half-time by Dop-
pler ultrasound. Circulation 1979; 60: 1096–104.

8. Debetaz L-F, Ruchat P, Hurmi M, et al. St. Jude Medi-
cal valve prosthesis: an analysis of long-term outcome
and prognostic factors. J Thorac Cardiovasc Surg
1997; 113: 134–48.

9. Koyanagi H, Kitamura M, Aomi S, et al. Nonstructural
dysfunction of the St. Jude Medical valve caused by
pannus formation. Jpn J Thorac Surg 1997; 45 (suppl):
202.

10. Vongpatanasin W, Hillis LD, Jange RA. Prosthetic heart
valve. New Eng J Med 1996; 335: 407–16.

11. Asano H, Yokote Y, Ogiwara M, et al. Continuous wave
Doppler assessment of prosthetic valves in the mitral
position. Jpn J Artif Organs 1993; 22: 780–4.

12. Watanabe T, Hosoda Y, Tanaka A, et al. Ultrasono-
tomography of the patients replaced the aortic valve
with a 19 mm SJM valve: Evaluation of long-term data
by continuous wave Doppler ultrasonography. Jpn J

Cardiovasc Surg 1990; 19: 705–8
13. Henneke KH, Pongratz G, Bachmann. Limitations of

Doppler echocardiography in the assessment of pros-
thetic valve hemodynamics. J Heart Valve Dis 1995;
4: 18–25.

14. Panidis IP, Ross J, Mints GS. Normal and abnormal
prosthetic function as assessed by Doppler
echocardiography. J Am Coll Cardiol 1986; 8: 317–
26.

15. Cooper DM, Stewart WJ, Schiavone WA, et al. Evalu-
ation of normal prosthetic valve function by Doppler
echocardiography. Am Heart J 1987; 114: 567–80.

16. Reisner SA, Meltzer RS. Normal values of prosthetic
valve Doppler echocardiographic parameters: a review.
J Am Soc Echo 1988; 1: 201–10.

17. Shigenobu M, Sano S. Evaluation of St. Jude Medical
mitral  valve funct ion by exercise  Doppler
echocardiography. J Card Surg 1995; 10: 161–8.

18. Shigenobu M, Sano S. Criteria to detect mitral pros-
thetic valve dysfunction via continuous wave Doppler
echocardiography. J Cardiovasc Surg 1994; 35: 301–
6.

19. Bitar JN, Lechin ME, Salazar G, Zoghbi WA. Doppler
echocardiographic assessment with the continuity
equation of the St. Jude Medical mechanical prosthe-
ses in the mitral valve position. Am J Cardiol 1995;
76: 287–93.

20. Carrel T, Zingg U, Jenni R, Aeschbacher B, Turina
MI. Early in vivo experience with the Hemodynamic
Plus St. Jude Medical valves in patients with narrowed
aortic annulus. Ann Thorac Surg 1996; 61: 1418–22.


