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Long-Term Survival After Mitral Valve Replacement in
Children Aged <5 Years

A Multi-Institutional Study

Christopher A. Caldarone, MD; Geetha Raghuveer, MD; Christine B. Hills, BA,
Dianne L. Atkins, MD; Trudy L. Burns, PhD; Douglas M. Behrendt, MD; James H. Moller, MD

Background—Short- and long-term outcomes after prosthetic mitral valve replacement (MVR) in childrerBgers
are ill-defined and generally perceived as poor. The experience of the Pediatric Cardiac Care Consortium (45 centers,
1982 to 1999) was reviewed.

Methods and Results-MVR was performed 176 times on 139 patients. Median follow-up was 6.2 years (range 0 to 20
years, 96% complete). Age at initial MVR was *.9.4 years. Complications after initial MVR included heart block
requiring pacemaker (16%), endocarditis (6%), thrombosis (3%), and stroke (2%). Patient survival was as follows: 1
year, 79%; 5 years, 75%; and 10 years, 74%. The majority of deaths occurred early after initial MVR, with little late
attrition despite repeat MVR and chronic anticoagulation. Among survivors, the 5-year freedom from reoperation was
81%. Age-adjusted multivariable predictors of death include the presence of complete atrioventricular canal (hazard
ratio 4.76, 95% CI 1.59 to 14.30), Shone’s syndrome (hazard ratio 3.68, 95% CI 1.14 to 11.89), and increased ratio of
prosthetic valve size to patient weight (relative risk 1.77 per mm/kg increment , 95% CI 1.06 to 2.97). Age- and
diagnosis-adjusted prosthetic size/weight ratios predicted a 1-year survival of 91% for size/weight ratio 2, 79% for
size/weight ratio 3, 61% for size/weight ratio 4, and 37% for size/weight ratio 5.

Conclusions—Early mortality after MVR can be predicted on the basis of diagnosis and the size/weight ratio. Late
mortality is low. These data can assist in choosing between MVR and alternative palliative strgt@gaesation.
2001;104[suppl 11:1-143-1-147.)
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M itral valve replacement (MVR) in children aged5 In clinical scenarios in which the risk associated with MVR
years is infrequently performed, and results are ill- is considered low, balancing the risk of long-term anticoag-
defined. Replacement in this age group is often performed ulation against the long-term risks associated with transplan-
after failure of primary mitral valve repair. The incentive to tation or single ventricle palliation can be expected to favor
avoid valve replacement in young children is fostered by the MVR. In contrast, however, recent improvements in the
concern that operative mortality is high, ranging from 10% to management of patients with single-ventricle physiology may
36%2:-4Other concerns include the potential morbidity asso- render abandonment of the left ventricle an appropriate
ciated with long-term anticoagulation and the need for sub- strategy in clinical scenarios in which the risk of a 2-ventricle
sequent prosthetic valve replacements as the child grows. repair with MVR is excessively highTherefore, knowledge
Because valve repair is typically the initial objective of of the risk factors for death after MVR will be an important
surgical therapy, most patients present for valve replacementcomponent of the physician’s decision-making armamentar-
after a failed attempt at valve repair. In this situation, jum when choosing among these diverse therapeutic options.
therapeutic alternatives include further attempts at mitral  The present study was undertaken with 2 main objectives:
valve repair, abandonment of the left ventricle with atrial (1) to define the historical outcome after MVR in children aged
septectomy and a Damus-Kaye-Stancel-type anastomosis, 05 years with the use of a large multi-institutional database and

transplantation. Important considerations in choosing among (2) to identify variables predictive of death after MVR.
these therapeutic alternatives and MVR include estimates of

early and late mortality, the likelihood of repeat valve Methods
replacement, and the incidence of late complications associ-a| children aged <5 years having MVR who reported to the
ated with prosthetic valve replacement in this age group. Pediatric Cardiac Care Consortifinsince its inception in 1982
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TABLE 1. Routine Demographic Data at First, Second, and Third MVR

First MVR Second MVR Third MVR
No. of patients 139 32 5
Median age, y 1.42 (0.03-4.98) 4.42 (0.36-16.20) 5.33(3.66-13.83)
Median weight, kg 8.3(3.5-21.2) 13.7 (3.6-46.0) 15.0 (12.2-40.0)
Male/female, n 64/75 16/16 2/3
Median prosthesis size, mm 19 (14-31) 21 (16-29) 25 (23-27)

Values are numbers of patients or median (range).

through 1999 were included in the present study. These cases werepulmonary artery (4 patients), and other miscellaneous diag-
reported to the Consortium by 45 actively participating centers in a noses (8 patients). Seventy-seven of the patients had previous
prospective fashion. Coded documents, including operative notes operative attempts at mitral valve repair. Of the 23% having

and catheterization records from the patient's medical record, were f itral . h ority had a failed
reviewed in a retrospective fashion. The referring physicians and/or MVR as a first mitral operation, the majority had a faile

surgeons were contacted by mailed questionnaires and/or directintraoperative attempt at mitral valve repair. The hemody-
telephone contact by consortium personnel. Follow-up was consid- namic lesion responsible for the MVR was mitral regurgita-
ered complete if the patient’s status was determined after January l.tion in 65%, mitral stenosis in 9%, and combined mitral

2000. stenosis and regurgitation in 26% of the patients. The follow-
Statistical Methods ing prosthetic vaI_ves were _used at_ time of first MVR: St. Jude
Statistical analysis was performed with Statistica analysis software, /870, CarboMedics 7%, Bjork-Shiley 5%, tissue valves 2%,
version 5.1 (StatSoft). Data are presented as frequencies, mediangnd other mechanical valves 8%.

with ranges, or mean+SD, as appropriate. Representation of survival

data was made by using the Kaplan-Meier method. Representation ofQutcomes

competing risks was made by using the output from the Statistica gyryival for the entire cohort after initial MVR was 82% at 30

survival analysis module modified to maintain proportionality. davs. 79% at 1 vear. 75% at 5 vears. and 74% at 10 vears
Univariate and multivariate analyses were performed by using Cox .y ’ year, . y ’ y
proportional hazards modeling with default settings in the Statistica (Figureé 2). Among survivors, the S5-year freedom from

survival analysis module. reoperation was 81%. Thirty-two patients underwent a second
MVR, with 2 early deaths (<30 days) and 2 late deaths. Five

Results patients underwent a third MVR with no deaths. Figure 3
Demographic Data shows the outcome status of patients as a function of time

One hundred thirty-nine patients age® years at the time of ~ after initial MVR. The majority of deaths occurred shortly
first MVR were identified and entered into the study. The after initial MVR. The rate of repeat MVR is relatively
median follow-up for survivors was 6.2 years (0 to 20 years) _constant but not assoma_t(_ed Wlth S|gn|f|gant operatlv_e mortal-
and was 96% complete. ity. The lack of late attrition in the patient population also
The 139 patients in the cohort had a total of 176 MVRs suggests that chronic anticoagulation is not associated with
performed. Routine demographic data at the time of MVR are &PPreciable mortality.
tabulated in Table 1. The age distribution of patients was
skewed to younger age at first MVR (Figure 1). Primary

cardiac diagnoses included the following: complete atrioven- . L 0 . -
tricular canal (44 patients), partial atrioventricular canal (28 patlents after initial MVR, but only 16% required implanta-

. \ . . . tion of a permanent pacemaker. The need for pacemaker
patients), Shone's syndrome (30 patients), congenital mitral implantation was not restricted to any specific diagnostic
insufficiency (18 patients), endocarditis (4 patients), mitral b — 0 any Spec g
stenosis (3 patients), anomalous left coronary from the group. Other complications after initial MVR included bac-

' terial endocarditis in 6%, thrombosis in 3%, and stroke in 2%.

Complications
Transient complete heart block was present in 30% of the
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Figure 2. Survival after initial MVR is plotted for entire patient
Figure 1. Age distribution of patients at time of first MVR. cohort.
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Figure 3. Proportion of patients in outcome category is plotted
against time after initial MVR. Reop indicates reoperation.
Maijority of deaths occur early after first MVR; thereafter, late
attrition is low despite relatively constant rate of second (and
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/Al»ve and free of reop

- 2 MVR

to the difficulty encountered when attempting to place a large
mitral valve prosthesis in a small heart. With this clinical
impression in mind, the statistical analysis to determine risk
factors predictive of death after initial MVR was modified to
capture the potential disparity between the size of the mitral
prosthesis and the heart. Thus, the ratio of prosthetic valve
s size to body weight was used as an independent variable in
¥ the analysis.

Evaluation of variables predictive of death after initial

4 IR MVR included demographic data, diagnostic data, physiolog-

5 10
Time after initial MVR (years)

third) MVR and chronic anticoagulation.

All patients were reported to be receiving warfarin sodium

(Coumadin) at the time of follow-up.

Risk Factors for Death After Initial MVR

ical data, preoperative data, and operative data. These data are
summarized in Table 2. By age-adjusted multivariable anal-

ysis, variables predictive of death after initial MVR included
the presence of complete atrioventricular canal (hazard ratio
4.76 relative to partial atrioventricular canal, 95% CI 1.59 to
14.30), Shone’s syndrome (hazard ratio 3.68 relative to

partial atrioventricular canal, 95% CI 1.14 to 11.89), and
increased ratio of prosthetic valve size to body weight (hazard

ratio 1.77 per mm/kg increment, 95% CI 1.06 to 2.97).

The relationship between size and weight is further illus-
trated in Figure 4. As the size/weight ratio increases, there is

an increase in the early mortality associated with initial MVR.

Inspection of the outcome data (Figure 3) demonstrated aThe relationship between the size/weight ratio and age- and
high incidence of death in the early postoperative period, diagnosis-adjusted survival at 1 year after initial MVR is
suggesting that perioperative variables have a significant depicted in Figure 5. The adjusted 1-year survival associated
impact on operative mortality. Because appropriately sized with a size/weight ratio of 2 is 91% (corresponding to a
mitral valve prostheses are often not available for small 16-mm prosthesis in an 8-kg infant). In contrast, the adjusted
patients, a frequent problem in the operating room is related 1-year survival for a size/weight ratio of 4 is 61%.

TABLE 2. Variables Predictive of Death After Initial MVR

Variable

P

Univariate Multivariate

Demographic data

Diagnostic data

Predominate physiology

Preoperative data

Operative data

Age

Male sex

Year of surgery

Down’s syndrome

Shone’s syndrome

Partial AV canal

Complete AV canal

Endocarditis

Other mitral diagnoses

History of aortic coarctation repair
Mitral insufficiency

Mitral stenosis

Combined stenosis/insufficiency
Preoperative complete heart block
Reoperation

Number of previous mitral repairs
Interval since last mitral repair
Concomitant replacement of aortic valve
Chordal preservation

Larger prosthesis size/body weight ratio
Supra-annular placement of prosthesis
Postoperative complete heart block

<0.001

0.04

NS

0.02 .
0.08 0.014
0.01 cee
0.03 <0.001

NS

0.07

NS

0.08

NS

NS

NS

NS

NS

NS

NS

NS ...
<0.001 <0.001
<0.01

NS

AV indicates atrioventricular.
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initial MVR. The diagnosis of Shone’s syndrome or complete
atrioventricular canal is associated with a higher risk after
initial MVR. Both diagnoses are associated with anatomic
relationships that may account for higher mortality. For
example, Shone’s syndrofs associated with a constella-
tion of left-sided obstructive lesions, including supramitral
ring, mitral stenosis, and subaortic stenosis. It seems quite
possible that the worst prognosis associated with Shone’s
syndrome is related to the geometric problems inherent in
placing a relatively large prosthesis in a small mitral annulus

Weight (kg)

0
2 16 0 . (2“ ) % % % and the potential for exacerbation of left ventricular outflow
1ze (mm . . . .
tract obstructiort® Other$ have also noted high mortality in
Figure 4. Scatterplot of prosthetic valve size vs body weight is this subset. Because of the small ventricular dimensions in
illustrated. Lines representmg.co'nstant 3|ze/we|ght' (Sz/Wi) rgtlos Shone’s syndrome, the potential for hindrance of prosthetic
are also plotted. As Sz/Wt ratio increases, proportion of patients . . i
dying after initial MVR increases. leaflet mobility by the adjacent myocardium may also con-
tribute to increased operative risk
Discussion Anatomic factors associated with complete atrioventricular

A difficult clinical scenario involves an infant or young child ~ canal are also potential contributors to high operative mor-
with severe mitral valve disease presenting after 1 or multiple tality. The altered relationship between the plane of the mitral
attempts at valve repair. Therapeutic strategies include furtherannulus and the left ventricular outflow tract has been
attempts at repair, abandonment of the left ventricle with an described by Van Arsdell et &.This variation in association
atrial septectomy and Damus-Kaye-Stancel-type anastomo-with the “gooseneck” deformity of the left ventricular out-
sis, transplantation, or MVR. Decision-making in this sce- flow tract may predispose the patients to left ventricular
nario must be predicated on accurate estimates of the likeli- outflow tract obstruction in patients in whom a relatively
hood of survival with each option. Thus, the first objective of large prosthesis is placed in the left atrioventricular position.
the present study was to define the outcome after initial MVR  This complication has been noted at autopsy in patients with
in children aged<5 years with the use of a large multi-  complete atrioventricular canalComplete heart block is also

institutional database. associated with complete atrioventricular canal and may add
Numerous studies support a general perception that mortality 1o further attrition in this patient group.
after MVR is high in this patient group, with mortality rates of In the present study, an increased ratio of the prosthetic

>30%22However, other reports have noted improving survival \51ve size to the patient's body weight is identified as a

rat;esli? more recent eras, with operative mortality rates of 0% 10 o gictor of death after initial MVR. This data would suggest
20%: I Aqother concern ('js theh port]entl_al for !ate attlrltlpn dueh_toh that a “large” prosthesis in a “small” infant is problematic and
compft|cat|ons gssg)(tnage wit fc ronlct a hticoagu at|otr_1, \{V tlﬁ raises the concern that the disparity between the prosthesis
are often perceived to be more frequent in younger patients thang;; o 5,4 the |eft heart leads to anatomic obstruction of the left
in adults. A third concern after prosthetic valve replacement in . . .

. . ) . ventricular outflow tract, restriction of prosthetic leaflet
this group of patients is that the valve prostheses may require_ .. - . .

. . motility, and injury to the conduction system. If geometric

subsequent replacement that is due to patient grdé#ihus, . . . .

- . . . .. disparity between the prosthesis and the left heart is an
the morbidity and mortality associated with repeat MVR in this tant dict f death after initial MVR. then th
group must also be factored into the decision regarding the initial important predictor ot death after initia 'R, then the

availability of smaller mitral valve prosthesis should be

therapeutic strategy. . o .
In the present study, data that can guide the consideration oféxpected to decrease operative mortality in small patients.

MVR strategy are presented. Specifically, the majority of the
deaths occurred soon after the initial MVR, with little late 100
attrition despite reoperation for second valve replacement and o0
chronic anticoagulation. The rate of reoperation was relatively 8
constant but was associated with little mortality. These data
suggest that if a patient can be identified with a low predicted
mortality at initial MVR, the long-term outlook is quite favor-
able despite the potential for requiring a second (and possibly
third) MVR. Conversely, if a patient can be identified with a
high predicted mortality at initial MVR, consideration of alter-
native therapeutic strategies may be appropriate.
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10 —  Adused |
Identification of factors predictive of death after initial % 7 2 3 P 5 5
MVR should improve decision-making when there is a choice Size/Weight ratio (mm/kg)
among therapeutic strategies available and, thereby, improve

!ong—.term_ r95U|t_5- The da_‘ta presented i_n the present study,yeignt ratio both adjusted and unadjusted for cardiac diagnosis
identify diagnosis as an important predictor of death after and age.

Cumulative percent survival at one year

Figure 5. Predicted 1-year survival is plotted as function of size/
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Figure 6. Predicted survival at 1 year (unadjusted for diagnosis)
is plotted against prosthetic valve z score. Note that as disparity
between prosthetic valve size and normal mitral annulus size
increases (increasing z score), 1-year survival falls precipitously.
This effect is greatest at smaller valve sizes.

Because there is a general perception that MVR in children is
associated with a high mortality, it would not be surprising to
find that surgeons may attempt to “oversize” a mitral valve

et al Mitral Valve and Prosthetic Valves 1-147

years may be useful in choosing between MVR and alterna-
tive therapeutic strategies.

Appendix
To more fully control for the correlation of age with the size of the
mitral annulus (and prosthetic valve size), a secondary analysis was
performed by using the following methodology.

The predicted diameter of the native mitral annulus was calculated
as described by Rowlatt et*alwith the use of patient body weight.
The disparity between the size of the mitral valve prosthesis and the
predicted diameter of a “normal” mitral annulus was evaluated with
a z score defined as follows: (size—annulus)/SD, where size is the
circumference of the mitral valve prosthesis, annulus is the predicted
circumference of a normal mitral annulus, and SD is the standard
deviation of the population used by Rowlatt et al to determine the
circumference of the normal mitral annulus.

The averagez score was 1.38 (range 0.01 to 4.06) and was
independent of patient age. However, thecore was related to the
size of the prosthesis used. In general, smaller prostheses were
associated with smallerscores. The majority of deaths occurred at
the high end of the range af scores for a given valve size. The
majority of deaths also tended to occur at smaller valve sizes.

The influence ofz score and prosthesis size on the final model was
evaluated by creating interaction terms with the use of discrete pros-
thetic valve sizes and observing their influence on the predictive
capacity of the patient survival model. The subsequent model included

prosthesis to allow patient grovvth and to de|ay a second MVR. the following independent variables predictive of death after initial

The present data would suggest that a strategy of oversizing ma))V'

be of limited benefit. First, oversizing may be associated with

VR: the diagnosis of complete atrioventricular canal (hazard ratio
5.01, 95% CI 1.97 to 12.74) or Shone’s syndrome (hazard ratio 3.50,
95% Cl 1.27 to 9.65) and increased prosthetic valseore. Because of

increased geometric disparity between the valve prosthesis andhe limited numbers of patients, the effect of an increagisgore was

the left heart and, consequently, may be associated with in-

limited to the valve sizes of 19, 21, and 25 mm and was not statistically

creased operative risk. Second, the data presented suggest thatgnificant for other sizes. The relationship between an increasing

second (and third) MVRs are associated with little operative
risk; therefore, the benefit associated with delaying a second
MVR may be relatively small in relation to the risk associated

with increased geometric disparity.

A limitation of the present study is the paucity of data
regarding the patient’s preoperative status, which may have
an important impact on the operative mortality. The present
study is also limited by a retrospective methodology and the
potential for reporting error and bias during the data collec-
tion. The hypothesis that geometric disparity leads to in-
creased mortality would be better supported if echocardio-

score and an increased likelihood of death is illustrated in Figure 6. With
an increasing score (suggesting increasing geometric disparity), there
is a substantial decrement in 1-year survival. This effect is greatest with
the smaller valve prostheses.
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