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RECONSTRUCTIVE SURGERY IS PREFERRED IN

children with severe valvar dysfunction.1

When this treatment fails, and replacement
of the valve is necessary, mechanical prostheses are
generally preferred in children because of the well-
recognised accelerated calcification and dysfunction of
bioprostheses.2–4 This choice is not without problems.
The patients need life-long anticoagulation, and

may outgrow the size of the valve. Because diseased
valves are infrequently replaced in children, knowl-
edge of the prognosis is limited. In this study, we
reviewed retrospectively all patients under the age of
15 years in whom we inserted a mechanical valve
between 1988 and 2002.

Materials and methods

Population studied
Skejby Sygehus covers a population of approximately
3 millions, resulting in a yearly caseload of approxi-
mately 145 operations in children less than 15 years
of age with congenital cardiac disease. Between
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December 1988 and July 2002 we inserted mechani-
cal valves in 41 of these patients. For these patients,
we reviewed the hospital files from our institution
and the referring centres. In 27 patients, 15 being
girls, we inserted valves in atrioventricular position at
a median age of 3.1 years, with a range from 0.4 to
14.5 years. The initial disease was congenital in 23,
rheumatic in two, post-endocarditic in one, and
Marfan’s syndrome in one (Table 1). In the other 14
patients, 2 being female, we implantated valves in aor-
tic position at a median age of 13.5 years, with a range
from 7.0 to 14.9 years. The initial aortic disease was
congenital in 13, due to stenosis in 10 and insuffi-
ciency in three, and post-endocarditic in the remain-
ing patient.

Operative data
Atrioventricular valves. A mechanical valve was
inserted in mitral position in 23 patients, including
eight with a leaking left-sided atrioventricular valve
in the setting of an atrioventricular septal defect
with common atrioventricular junction. In the other
3 patients with surgically palliated functionally uni-
ventricular hearts, one with hypoplasia of the left
heart, the valve was inserted in the tricuspid posi-
tion. In one patient with atrioventricular septal
defect, first the left, and subsequently the right-
sided atrioventricular valve was substituted. Prior
surgical valvoplasty or valvotomy had been per-
formed in 15 (56%) of the patients.

The prosthesis was placed within orifice of the
native valve in all but two patients with a narrow
annulus, in whom a supraannular position was cho-
sen to accommodate a larger valve. The prostheses
used were all St. Jude Medical Prostheses (St. Jude
Medical Inc, St. Paul, Minneapolis, USA). The sizes
are given in Table 2.

In 6 (22%) of the patients undergoing atrioventric-
ular valvar implantation, additional surgery was
needed during the same procedure, with 2 patients
having 2 procedures. This included three replacements
of the aortic valve, albeit that these procedures are not
included in the section of our review devoted to the
aortic valve, two tricuspid valvoplasties, resection of a
subvalvar shelf in the left ventricle, and excision of a
partition in the left atrium. In addition, one patient
had correction of stenosis across a Mustard baffle.

Aortic valves. We placed mechanical aortic valves
in 14 patients, 6 of these having undergone prior
balloon valvoplasty. Indeed, one patient had under-
gone three attempts of percutaneous dilation, and
two attempts at surgical valvoplasty, before the
native valve was replaced. In two patients, surgical
valvoplasty were attempted perioperatively, but
failed. The prostheses used were 11 St. Jude valves

and three Carbomedics valves (Carbomedics Inc,
Austin, Texas, USA). The sizes are given in Table 3.

In two patients, the replacement was supplemented
with a myectomy due to subvalvar obstruction, while
an additional 2 patients had a supravalvar obstruction
corrected by insertion of an aortic patch, and one had
a perimembranous ventricular septal defect closed
through the aortotomy. A patient with a common arte-
rial trunk repaired as a neonate received a mechani-
cal valve due to insufficiency of the native truncal
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Table 1. Underlying cardiac morphology.

Number of patients

Congenital 23
AVSD 7
Primum defects 4
TGA 4
FUVH 2
MVI 2
Floppy mitral valve 2
HLHS 1
Shones syndrome 1

Rheumatic 2
Endocarditis 1
Marfan’s syndrome 1

Total 27

Underlying disease for patients having an atrioventricular valvar
implantation
Abbreviations: AVSD: atrioventricular septal defect; TGA: transposition
of the great arteries; FUVH: functionally univentricular heart;
MVI: unspecified mitral valvar insuffiency; HLHS: hypoplastic left
heart syndrome

Table 2. Distribution of sizes of valvar prostheses used for
atrioventricular valvar implantations. All inserted valves
were St. Jude.

Size Number

19 4
21 4
23 4
25 6
27 3
29 3
31 3

Table 3. Distribution of sizes of valvar prostheses used for aortic
valvar implantations. Of the inserted valves, 11 were St. Jude,
and 3 were Carbomedics, the latter all being size 23.

Size Number

19 1
21 5
23 8
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valve, combined with replacement of a pulmonary
homograft.

Anticoagulation
Postoperatively all patients received anticoagulation
(coumarins) treatment in order to maintain an inter-
national normalised ratio within the range of 2.5 to
3.5 for the patients with a mechanical atrioventricu-
lar valve, and within 2.0 to 3.0 for the patients with
a mechanical aortic valve. In 26% of those with atri-
oventricular valves, and 43% of those with aortic
valves, oral anticoagulation was self-managed by the
patients or their parents as described earlier by
Christensen et al.5 Patients were not advised to avoid
physical activities.

Follow-up
The children were checked clinically and by echo-
cardiography at intervals of 3 months to 2 years.
Outgrowth in relation to valvar size was judged by
the presence of clinical symptoms and supportive
echocardiographic findings.

Follow-up was completed by March of 2005. The
mean follow-up for the implantations in atrioventricular
position was 7.7 years, with standard deviation of 5.3,
giving a total of 209 patient years. The mean follow up
for the aortic valves was 6.8 years, with standard devi-
ation of 4.6, giving a total of 95 patient years. Follow
up was complete for both groups. Valve-related com-
plications were evaluated according to the guidelines
reported by Edmunds et al.6

Statistical analysis
Data are presented as frequencies, medians with
range, or mean with standard deviation, as appropri-
ate. Survival data are presented using Kaplan-Meier
curves. Stata Statistical Software (release 8.0; Stata
Corporation, College Station, TX, USA) was used
for the analyses.

Results

Mortality
Among the patients with substituted atrioventricu-
lar valves, two patients died within 30 days of the
operation (7.4%), and five died later (Table 4).
Survival at up to 16 years follow-up was 73% (Fig. 1).
The first six patients died of cardiac related causes
within the first few months, while the last patient
died in a road accident seven years after replacement
of the valve. An autopsy confirmed that death was
unrelated to the mechanical valve.

Following aortic valvar implantation, one patient
attended a local hospital on the 27th postoperative day
with abdominal pain, and died suddenly a few hours
later. Autopsy showed 650 millilitres of clear fluid
under pressure in the pericardium. Additionally,
there was an embolus in the basilar artery. The inter-
national normalised ratio was 4.7 at arrival. This
gives mortality at 30 days of 7.7%. Another patient
died suddenly seven years after implantation while
travelling in Nepal. The cause of death could not be
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Table 4. Mortality.

Age at operation Time from operation to 
Patient # (years) Underlying disease Valve death (days) Cause of death

5 4.4 VSD, TGA, pulm. stenosis MVR 65 Heart failure
10 0.8 AVSD, Downs L-AV 107 Sepsis
15 1.1 HLHS TVR in HLHS 69 Heart failure
18 1.8 AVSD L- and R-AV 143 Heart failure
20 3.6 Marfan’s syndrome MVR 0 Heart failure
21 1.2 FUVH TVR in UVH 29 Sepsis, endocarditis
14 10.3 VSD and TGA MVR 2859 Road accident

Age at operation, underlying disease, time from operation to death and cause of death for patients with an atrioventricular valve
Abbreviations: VSD: ventricular septal defect; TGA: transposition of the great arteries; pulm.: pulmonary; AVSD: atrioventricular septal defect;
HLHS: hypoplastic left heart syndrome; FUVH: functionally univentricular heart; MVR: mitral valvar replacement; L- and R-AV: left and right
atrioventricular valve; TVR: tricuspid valvar replacement

Figure 1.
Kaplan-Meier survival curves for the patients after implantations
of valves in atrioventricular position. Numbers under the curve
indicate patients at risk.
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determined. Survival at up to 13 years follow-up was
77% (Fig. 2).

Valvar thrombosis and events related to 
anticoagulation
Among the patients with atrioventricular valves,
there were no morbidity caused by thrombosis of the
mechanical valve, but there were three episodes of
bleeding related to anticoagulation (11%; 1.4% per
patient year). In one patient with a high interna-
tional normalised ratio, bleeding occurred after an
operation in the oral cavity, and the patient needed a
transfusion. Another patient had two large cerebral
bleeds in spite of adequate anticoagulation one year
after the implantation. The bleeds originated from a
large cerebral arteriovenous malformation, which
was subsequently removed surgically. A final patient
had major bleedings during her menstruation,
requiring hospitalization. The problem was solved
with contraceptive pills. Among those with aortic
valves, there was no morbidity related to thrombosis
of the valve or anticoagulation.

Perioperative heart block
In 6 of the 27 patients (22%) having atrioventricular
valvar implantation, perioperative heart block neces-
sitated insertion of a pacemaker (Table 5). Of the
14 patients having aortic valvar implantation, one
patient (7%) needed a pacemaker because of peri-
operative heart block. This patient had a ventricular
septal defect closed through the aortotomy at the
same procedure as the valvar insertion.

Reoperation
Of the 27 patients undergoing atrioventricular val-
var implantation, reoperations were required in five
(19%), giving a freedom from reoperation at up to
16 years at 67.2% (Fig. 3). New valves were inserted
in 4 patients, one due to outgrowth of the valve, one
due to stenosis of the valve by pannus, one due to
endocarditis of the prosthetic valve, with all three of
these patients receiving a larger valve, and the final
patient needing two replacements. In this patient,
the mechanical valve was initially replaced with a
smaller biological valve due to haemolysis, and this
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Figure 2.
Kaplan-Meier survival curves for the patients after aortic valvar
implantations. Numbers under the curve indicate patients at risk.

Table 5. Patients with a mechanical heart valve and subsequent pacemaker implantation.

Patient # Underlying disease Type of valve Mortality

10 AVSD, Downs Left AVVR Yes
15 HLHS TVR in HLHS Yes
18 AVSD Left and right AV Yes
21 FUVH TVR Yes
23 FUVH TVR in FUVH No
25 AVSD, Downs Left AV No

Underlying disease, type of implanted valve and mortality among the pacemaker implantations in patients with a mechanical atrioventricular valve
Abbreviations: AVSD: atrioventricular septal defect; HLHS: hypoplastic left heart syndrome; FUVH: functionally univentricular heart;
AVVR: atrioventricular valve; TVR: tricuspid valve

Figure 3.
Freedom from reoperation for patients having valves implanted in
atrioventricular position. Numbers under the curve indicate patients
at risk.
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valve was later replaced with an even smaller
mechanical valve due to formation of pannus. No
further haemolysis was observed. The fifth patient
had excision of a subvalvar shelf in the left ventricle.
All five patients survived the operations without
complications.

Of the 14 patients having implantation of an aor-
tic valve, one (7%) had a new valve inserted because
of haemolysis, giving a freedom from reoperation at
up to 14 years of 92.3%. During the operation, a
paravalvar leak was found, so the mechanical valve
was replaced with a larger biological valve, and no
further haemolysis was observed.

Discussion

The major concerns regarding insertion of mechani-
cal valves in children are the perioperative mortality,
the risk of outgrowing the mechanical valve, com-
plications related to anticoagulation, and the risk
of atrioventricular block. Our study confirms that
these risks do exist, but also shows that severe com-
plications are relatively rare.

Mortality
The mortality among our children having insertion of
mechanical valves in atrioventricular position resem-
bles the findings from other studies, although our
series includes more patients with functionally univen-
tricular hearts than previously reported (Table 6). Like
earlier studies, we found that implantation of mechan-
ical valves in children was associated with a high early
risk of death, followed by a late phase with low risk,
despite the need for subsequent valvar replacement and
chronic anticoagulation.7 Furthermore, the patients
who died of cardiac-related causes were under five
years of age, and the majority had complex congeni-
tal heart defects.

This is somewhat in contrast to the mortality after
aortic valvar implantation. The two patients died
suddenly, and did not have complex congenital heart
defects. In one, death occurred 27 days after opera-
tion, due to cardiac tamponade. The described
embolus in the basilar artery was not consistent with
the high international normalised ratio, and had no
clinical correlate. The other patient died while trav-
elling in Nepal seven years after the operation. Since
autopsy was not performed, the cause of death was
not determined. The low number of children with
replaced aortic valves in our population makes it dif-
ficult to generalize, however our results still resem-
ble those published by others (Table 6).

Valvar thrombosis and events related to anticoagulation
Another major concern of implanting mechanical
valves in children is related to the need of life-long
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anticoagulation to prevent thromboembolism, but
at the same time to avoid bleeding events. This can
at times be a difficult balance, especially in children
due to lack of compliance in puberty.8,9 We found
complete freedom from thromboembolic events, and
88% freedom from bleeding at up to 16 years fol-
lowing implantation of valves in atrioventricular
position. The absence of thromboembolism, and the
low rate of bleedings, are encouraging since previous
studies reported higher rates, with freedom from
bleeding at 10 years varying between 65% and
90%.2,3,10 Furthermore, the bleedings that occurred
in our study were minor in two, and associated with
a cerebral vascular malformation in one. Although
there is still a substantial risk related to implanta-
tion of mechanical valves, the outcome seems to have
improved in the current era. This is also encouraging
taking into account that these patients have not been
restrained from normal physical activities. The rea-
son might be better control of anticoagulation.

Among patients having replacement of an aortic
valve, there were no clinically relevant thromboem-
bolic or bleeding events that resembled the findings
reported in other studies.4,11–13

Perioperative heart block
Of the patients requiring insertion of a permanent
pacemaker, 4 had complex heart defects. Of these,
one had an atrioventricular septal defect where both
the left- and the right-sided atrioventricular valves
were replaced, and three had functionally univen-
tricular hearts. Thus, it seems as if atrioventricular
valvar replacement in the setting of a functionally
univentricular heart carries a high risk of block. Of
these patients, three died within a few months after
surgery, indicating the severity of their disease.

Reoperation
Freedom from reoperation in our study was in
accordance with previously reported series.4,7,12 Of
our four patients having second replacements, one
was due to outgrowth, which is a relatively low
frequency compared with results reported by
others.2,3,10,14,15 Furthermore, in accordance with 
other studies,7,10,14 we found that the second
replacement could be performed with a low mortal-
ity and morbidity.

The low rate of second replacements in patients
having diseased aortic valves could be due to a
slightly older age at the initial operation, thereby
making it possible to place a larger valve. This older
age at first operation could reflect that we perform
balloon valvoplasty as primary treatment for con-
genital aortic valvar stenosis.

Limitations

Our study has some inherent limitations in being
retrospective, with the potential of reporting error
and bias during the collection of the date.
Furthermore, the limited number of patients, com-
bined with diverse diagnoses, makes it difficult to
compare our population with those of other 
published studies.

Conclusion

Implantation of mechanical valves in the left atri-
oventricular and aortic positions can be performed
with acceptable mortality, low occurrence of adverse
events, and good long-term results. Our data sug-
gests, nonetheless, that substitution of valves in chil-
dren with functionally univentricular hearts carries
an increased risk of need for implantation of pace-
makers and death.
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