
Introduction

Coronary revascularization for ischaemic heart disease
is a well established method capable of effective relief of
symptoms of ischaemia and improving the long-term pro-
gnosis of the patients. Due to the excellent results the sur-
gical procedure is continuously being offered to the older
population (Fig. 1). Though yielding similar benefits the
surgical revascularization in elderly is accompanied by hig-
her incremental risks caused by age-related morbidity and
probably a globally reduced vital capacity.

Materials and Methods

A total of 1584 coronary revascularization procedures
were performed at our cardiac surgery unit in years 1995 –
1997. From this cohort 1475 patients in whom CABG was
performed as an isolated procedure were enrolled in the
study. These patients were divided in two groups: I – the pa-
tients of the age below 70, and II – the patients of the age
70 and older.

A complete set of preoperative, operative and postope-
rative data were analysed. The data were retrieved from the

Patient Analysis Tracking System Database provided by
Medicon CZ and completed from the patients medical do-
cumentation. The paired values for groups I and II were
compared using two sample T-test and chi-square test for
contingency tables. A statistically significant difference was
accepted at a p value = 0.05.

Results

Three categories of parameters were analysed contai-
ning 1) the demographic preoperative data, 2) the data cha-
racterizing the surgical procedure and 3) postoperative
course.

There were significant differences found between group
I and II in all three data categories.

In demographic data there were significant differences
both in BMI (27.5 v.s. 26.4, p (0.001) and BSA (1.94 vs.
1.86, p ≤ 0.001). The prevalence of diabetes was higher
among the elderly (27.4 vs. 41.7 %, p ≤ 0.005). There were
significant differences in frequency of haemodynamically
important carotid lesions (23.6 vs. 31.1%, p ≤ 0.05) and ob-
literative arteriosclerosis of peripheral vessels (14.2 vs.
20.5%, p ≤ 0.05). The renal dysfunction was present in 19 %
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of elderly patients compared to 10.8 % in the younger
group, and the preoperative serum creatinine level in elder-
ly was higher respectively (90.5 vs. 99.1 µmol/l, p ≤ 0.006).
A markedly different distribution in NYHA (dyspnoea) and
CCS (angina) classification was present (Fig. 2) with pro-
nounced shift towards higher stages in both classifications.
Interestingly, the prevalence of current smokers was lower
in elderly (21.2 vs. 8.6 %, p ≤ 0.005). On the contrary, the
differences in hypercholesterolaemia, hypertension, history
of TIA or stroke, previous myocardial infarction, cardiolo-
gical or cardiosurgical interventions and ejection fraction
were not found significant (Tab. 1).

The revascularization procedure was performed as elec-
tive in 62% of the younger patients while only in 38% of the
elderly (non-elective procedure being defined as any other
than ruled by the waiting list: the urgent transfer from the
catheterization room or CABG performed because of seve-
re/unstable angina, postinfarction angina or presence of cri-
tical coronary lesions within the same hospitalization). The
length of cardiopulmonary bypass, aortic cross-clamp,
number of distal anastomoses, total blood loss, length of in-
tubation and the use of intra-aortic balloon pumping were
examined but with exception of longer extracorporeal cir-
culation in older group (73.8 vs. 81.3 min, p ≤ 0.05) no ot-
her significant differences were found (Tab. 2).

The 30-days mortality of the whole cohort of isolated
CABG was 2.9 % , but it was markedly different between
the younger and the elderly (2.3 vs. 7.3 %, p ≤ 0.005).
Similarly, the incidence of NearMiss+ which is defined as
occurrence of one or more major complications almost le-
ading to death of the patient was significantly higher in the
older group (18.4 vs. 36.4 %, p ≤ 0.005). The incidence of
postoperative complications in elderly was higher both glo-
bally (34.6 vs. 56.3 %, p ≤ 0.005) and in all analysed types
of complications. Renal and respiratory failure, neurologi-
cal and neuropsychological disorders, arrhytmias and low
cardiac output were the complications strikingly more pro-
nounced in the elderly group. The older patients required
more transfusions of autologous blood (2.2 vs. 3.3 transfu-
sion units, p = 0.001) and stayed longer at ICU (56.3 vs.
66.0 hours, p ≤ 0.04). The length of hospital stay since ope-
ration was also longer in older patients (11.8 vs. 13.1 days,
p ≤ 0.006) (Tab. 3).

Discussion

The elderly patients have been recognized as high-risk
candidates for open-heart procedures since the beginnings
of routine cardiac surgery (4,7,9,11,14). Nevertheless, due
to continuous refinement of operative techniques, optimi-
zation of the cardio-pulmonary bypass and sophistication
of the postoperative care cardiac surgery showed out to be
feasible even in patients of a very advanced age (1,10). The
accumulating surgical experience has reflected in a chan-
ging attitude towards the elderly candidates of heart surge-
ry in general and also resulted in a shift of opinion on
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Fig. 1: Increasing proportion of elderly patients in coronary bypass surgery in KCH-HK unit.
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Fig. 2: The elderly CABG patients are operated at the advanced stages of the heart disease according to NYHA and CCS
classification.

Tab. 1: Clinical characteristics of the patients.

Group I Group II (70+)
BSA 1.94 ± 0.16 1.86 ± 0.16 p ≤ 0.001
BMI 27.5 ± 3.1 26.4 ± 3.2 p ≤ 0.001
Diabetes mellitus 27.4 % 41.7 % p ≤ 0.005
Renal dysfunction 10.8 % 19.0 % p ≤ 0.005
Plasma creatinine 
level (µmol/l) 90.5 ± 31.7 99.1 ± 26.5 p = 0.006

Peripheral vascular 
disease 14.2 % 20.5 % p = 0.027

Current tobacco 
abuse 21.2 % 8.6 % p ≤ 0.005

History 
of TIA/stroke 4.9 % 7.9 % NS

Hypertension 69.3 % 75.5 % NS
Previous MI 71.6 % 72.8 % NS
Previous cardiac 
surgery 4.4 % 2.6 % NS

Previous cardio- 
logical intervention 9.7 % 12.6 % NS

COPD 8.5 % 8.6 % NS
Ejection fraction 57.5 ± 14.0 % 56.4 ± 14.6 % NS
Hypercholesterol-
aemia (over 5,2 / 55.1 / 32.6 % 53.0 / 33.8 % NS
over 7,7 mmol/l)

Tab. 2: Operative details.

Group I Group II (70+)
Non-elective 
operation 38.3 % 61.6 % p ≤ 0.005

Number of distal 
anastomoses 2.6 ± 0.9 2.6 ± 0.8 NS

Aortic cross-clamp 
time (min) 44.7 ± 15.7 44.6 ± 16.5 NS

Length of CPB 
(min) 73.8 ± 30 81.3 ± 35 p ≤ 0.05

IABP - after 
weaning off CPB 2 % 2.6 % NS

Total blood loss 
(ml) 1031 ± 787 1055 ± 853 NS

Transfusions of 
PRC (units) 2.16 ± 2.5 3.25 ± 2.8 p = 0.001

Length of intubation 
(hours; median) 17 20 NS

Tab. 3: Operative mortality and postoperative course.

Group I Group II (70+)
30-days mortality 2.3 % 7.3 % p ≤ 0.005
NearMiss+ 18.4 % 36.4 % p = 0.005
Postoperative 
complications 34.6 % 56.3 % p ≤ 0.005

Length of stay 
in ICU (hours) 56.3 ± 86.4 66.0 ± 48.5 p = 0.037

Length of hospital 
stay (days) 11.8 ± 5.4 13.1 ± 6.4 p = 0.006
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of impaired renal function in patients’ history and a higher
entry serum creatinine level is well documented in the
group II. The pre-existing diminished renal capacity to-
gether with adverse effects of low-cardiac output which was
also more frequent in the elderly group set the ground for
significantly higher occurrence of postoperative renal di-
sorders in the older group (12).

Based upon a cluster of known risk factors there is no
surprize that the 30-days mortality of our sample of elderly
Czech CABG population is significantly different from that
of the younger patients (2.3 vs. 7.3 %, p ≤ 0.005). Similarly,
the incidence of NearMiss+ is again two-fold higher in the
elderly group. These findings are in a good correlation with
the results in western population. Thus, with respect to no
noticeable differences in operative strategy or technique
(with exception of the duration of cardio-pulmonary bypass
which was slightly longer in the elderly group), the worse
results seem to be attributable to higher preoperative co-
morbidity and age-related diminished functional capacity of
the septuagenarians. The overall fragility of these patients is
clearly displayed in a wide spectrum of postoperative com-
plications all of them being more frequent in the elderly.
The most pronounced are the renal and respiratory failure,
neurological and neuropsychical disorders, low cardiac out-
put and arrhytmias.

Conclusion

Hereby accumulated evidence supports the thesis that
the older age of the candidates of CABG is a messenger of
elevated risks and worse results of the surgery due to higher
pre-operative co-morbidity and overall decreased vital ca-
pacity. This phenomenon per se keeps unaffected by the
continuous refinement of operative techniques and accu-
mulation of knowledge in cardiac surgery.

On the contrary, also important positive aspects are in-
herent in the topic despite unanimously worse trends.
Though risky, the coronary revascularization in older age
groups has remained an attractive challenge for cardiac sur-
geons throughout the decades and, moreover, even the pa-
tients of a very advanced age are now considered suitable
candidates for CABG.

In fact, the proportion of elderly patients in coronary
surgery has been raising strikingly and this is not merely
a reflection of the demographic ageing, but also the ex-
pression of an active surgical approach. The coronary sur-
gery has been offered to the elderly increasingly even
though their treatment burdens the health institutions with
longer ICU/in-hospital stays and extra costs. The surgical
coronary revascularization in the older groups has been
able to stand the competition with interventional cardiolo-
gical procedures (the beneficial effects of which showed
out to be less durable than in younger groups). The conti-
nuous effort for optimization, which succeeded in transfor-
ming CABG in a standard low-risk procedure in general,
has brought also a dramatic reduction of mortality/morbi-

dity of CABG in the elderly population. Nevertheless, ex-
cept for a few reports of excellent results the large statistics
display less favourable early results in septuagenarians and
older age groups. The impact of newly introduced off-pump
revascularization techniques still needs to be evaluated ca-
refully. In the opinion of the author, the potential benefits
of this type of treatment in elderly may be weakened by in-
cremental risks mainly due to technical problems in vessels
with advanced arteriosclerosis.

The long-term results and quality of life after the surge-
ry are the indispensable factors in evaluating the outcome
of the operation. Several investigators examined the posto-
perative quality of life in elderly by means of structured
questionnaires and proved that not only the life-expectancy
of elderly CABG survivors is equivalent to age-matched
non diseased population but that these patients enjoy
a good satisfaction from the cardiac operation and perceive
improved well-being in physical functioning as well as in
scores of mental health (13,14). The patients of our study
will be subject to a similar mid-term follow-up survey.

Coronary revascularization in elderly patients is fully
justified rational treatment. In the light of the late benefits
even somewhat higher operative mortality/morbidity seems
acceptable. However, prudent weighing of individual risks
still remains to be the critical issue in adjusting the proper
strategy of treatment of coronary heart disease in elderly
patients.
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which age exactly presents a threshold of substantially high-
er risk. Moreover, the cardiac surgeons from all the develo-
ped countries have been faced with an increasing demand
for cardiac surgery in elderly caused by overall ageing of
their populations. This demographic phenomenon caused
both by prolongation of lifespan as well as reduced natality
in the developed countries will bring unforseen changes in
medical, social and economic aspects in oncoming decades.

Coronary revascularization for ischaemic heart disease
is the most frequent type of cardiac surgery due to the
prevalence of atherosclerosis in developed countries. Iden-
tification of risk-stratified groups of patients and construc-
tion of predictive models for various patients subsets have
become increasingly important with regard both to the in-
dividual’s risk/benefit ratio and to the cost-effectiveness in
general.

Several authors analysed their results of coronary revas-
cularization in patients of older age throughout the three
recent decades (8,13). In a chronological review of main
papers dealing with this topic there is clearly evident that
the results of CABG have been constantly improving in the
course of time (Tab. 4). Similar improvement can be traced
in the older groups of patients as well as cumulating expe-
rience with CABG in octogenarians and nonagenarians.
Despite these positive trends the operative mortality in pa-
tients over 70 years still remains considerably higher than
in younger groups and the mortality in patients over 80 le-
vels up to 10-12 %.

Most of the published papers study the population of
highly developed western countries - mainly US, UK or
Japan - and a limited knowledge is available about the out-
come of CABG in elderly patients in Czech Republic (2,3).
Set for many decades in a different socio-economic situati-
on and with its elderly patients influenced by different life-
style patterns - resulting in high cardiovascular morbidity
and mortality - there is an obvious need for comparison of
results and risk stratification in this specific subset of po-
pulation. In our study we performed retrospective analysis
of isolated CABG procedures with respect to age in a con-
secutive series of our patients; this cohort will then be
a subject to further longitudinal follow-up.

What are the recognized risk factors of elderly candida-
tes of CABG? In a clear presumption of worse outcomes of
surgery in these patients we in no way can be surprised by
a presence of important risk factors: higher stage of NYHA
and CCS, diabetes, manifestations of extracardiac oblitera-
tive arteriosclerosis, renal dysfunction. The advanced stage
of cardiac disease is principally caused by its longer dura-
tion and partly also by previous postponement of radical
treatment in otherwise risky patients – this is globally ex-
pressed in a higher percentage of urgent, non-elective
CABG procedures. The prevalence of diabetes was signifi-
cantly higher in elderly in our study and this comorbidity
presents an important potential for multiple negative ef-
fects – advanced morphologic changes in coronary arteries,
renal dysfunction or impaired wound healing. With regard
to the age of CABG candidates the presence of diabetes dis-
plays a bell-shaped relation – while markedly more frequent
in septuagenarians it again decreases in octogenarians and
older patients to values of middle-age populations (9). This
phenomenon is probably caused by a careful selection of
octogenarians for CABG treatment as well as a reduced life
span in diabetic patients.

A higher percentage of stenotic carotid lesions is well
documented in our study due to routine Doppler ultra-
sound examination, which was part of our standard pre-
operative protocol in these years. Though the preoperative
history of transient cerebral ischaemia or stroke was not
statistically different between group I and II (5 vs. 8 %) the
presence of advanced atherosclerosis both in extracranial
and intracranial vessels is no doubt a major contributing
factor for significantly higher incidence of postoperative
neurological and neuropsychical disorders in group II.

The elderly patients in our study had significantly lower
BSA and BMI. The exact explanation of this finding rema-
ins uneasy since several possible effects can play role si-
multaneously. On one hand, we can speculate that higher
BMI in younger patients may be an expression of pro-athe-
rogenic nutritional/metabolic disorder, on the other hand
smaller BSA found in elderly is a known risk factor of poor
operative results mainly on basis of small vessel diameter in
general.

The renal dysfunction is another potent threat jeopardi-
zing the outcome of surgery in elderly. A higher incidence
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Tab. 4: Outcomes of CABG in the elderly: review of cohort
studies in the literature.

30-days mortality (%)
Patients

Year of aged
Author publ. under 70 over 70 over 75 over 80
Gann 1977 6.7
Knapp 1981 1.1 1.6
Gersh 1983 4.6 6.6 9.5
Hibler 1983 4.6 5.0 20.0
Hochberg 1984 4.0 12.0
Horneffer 1987 2.2 9.3
Goldman 1988 2.9 6.2
Horvath 1990 10.8
Freeman 1991 12.9
Ko 1991 12.0
Tsai 1991 7.0
Hannan 1994
Curtis 1994 5.2
He 1994 8.9
Katz 1995 6.4
Morris 1996 7.8
MEDICARE 1995 11.5
KCH - unit HK 2000 5.9*

* - overall mortality of isolated CABG in 70+ patients in years
1995-2000 at our unit
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able to stand the competition with interventional cardiolo-
gical procedures (the beneficial effects of which showed
out to be less durable than in younger groups). The conti-
nuous effort for optimization, which succeeded in transfor-
ming CABG in a standard low-risk procedure in general,
has brought also a dramatic reduction of mortality/morbi-

dity of CABG in the elderly population. Nevertheless, ex-
cept for a few reports of excellent results the large statistics
display less favourable early results in septuagenarians and
older age groups. The impact of newly introduced off-pump
revascularization techniques still needs to be evaluated ca-
refully. In the opinion of the author, the potential benefits
of this type of treatment in elderly may be weakened by in-
cremental risks mainly due to technical problems in vessels
with advanced arteriosclerosis.

The long-term results and quality of life after the surge-
ry are the indispensable factors in evaluating the outcome
of the operation. Several investigators examined the posto-
perative quality of life in elderly by means of structured
questionnaires and proved that not only the life-expectancy
of elderly CABG survivors is equivalent to age-matched
non diseased population but that these patients enjoy
a good satisfaction from the cardiac operation and perceive
improved well-being in physical functioning as well as in
scores of mental health (13,14). The patients of our study
will be subject to a similar mid-term follow-up survey.

Coronary revascularization in elderly patients is fully
justified rational treatment. In the light of the late benefits
even somewhat higher operative mortality/morbidity seems
acceptable. However, prudent weighing of individual risks
still remains to be the critical issue in adjusting the proper
strategy of treatment of coronary heart disease in elderly
patients.
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which age exactly presents a threshold of substantially high-
er risk. Moreover, the cardiac surgeons from all the develo-
ped countries have been faced with an increasing demand
for cardiac surgery in elderly caused by overall ageing of
their populations. This demographic phenomenon caused
both by prolongation of lifespan as well as reduced natality
in the developed countries will bring unforseen changes in
medical, social and economic aspects in oncoming decades.

Coronary revascularization for ischaemic heart disease
is the most frequent type of cardiac surgery due to the
prevalence of atherosclerosis in developed countries. Iden-
tification of risk-stratified groups of patients and construc-
tion of predictive models for various patients subsets have
become increasingly important with regard both to the in-
dividual’s risk/benefit ratio and to the cost-effectiveness in
general.

Several authors analysed their results of coronary revas-
cularization in patients of older age throughout the three
recent decades (8,13). In a chronological review of main
papers dealing with this topic there is clearly evident that
the results of CABG have been constantly improving in the
course of time (Tab. 4). Similar improvement can be traced
in the older groups of patients as well as cumulating expe-
rience with CABG in octogenarians and nonagenarians.
Despite these positive trends the operative mortality in pa-
tients over 70 years still remains considerably higher than
in younger groups and the mortality in patients over 80 le-
vels up to 10-12 %.

Most of the published papers study the population of
highly developed western countries - mainly US, UK or
Japan - and a limited knowledge is available about the out-
come of CABG in elderly patients in Czech Republic (2,3).
Set for many decades in a different socio-economic situati-
on and with its elderly patients influenced by different life-
style patterns - resulting in high cardiovascular morbidity
and mortality - there is an obvious need for comparison of
results and risk stratification in this specific subset of po-
pulation. In our study we performed retrospective analysis
of isolated CABG procedures with respect to age in a con-
secutive series of our patients; this cohort will then be
a subject to further longitudinal follow-up.

What are the recognized risk factors of elderly candida-
tes of CABG? In a clear presumption of worse outcomes of
surgery in these patients we in no way can be surprised by
a presence of important risk factors: higher stage of NYHA
and CCS, diabetes, manifestations of extracardiac oblitera-
tive arteriosclerosis, renal dysfunction. The advanced stage
of cardiac disease is principally caused by its longer dura-
tion and partly also by previous postponement of radical
treatment in otherwise risky patients – this is globally ex-
pressed in a higher percentage of urgent, non-elective
CABG procedures. The prevalence of diabetes was signifi-
cantly higher in elderly in our study and this comorbidity
presents an important potential for multiple negative ef-
fects – advanced morphologic changes in coronary arteries,
renal dysfunction or impaired wound healing. With regard
to the age of CABG candidates the presence of diabetes dis-
plays a bell-shaped relation – while markedly more frequent
in septuagenarians it again decreases in octogenarians and
older patients to values of middle-age populations (9). This
phenomenon is probably caused by a careful selection of
octogenarians for CABG treatment as well as a reduced life
span in diabetic patients.

A higher percentage of stenotic carotid lesions is well
documented in our study due to routine Doppler ultra-
sound examination, which was part of our standard pre-
operative protocol in these years. Though the preoperative
history of transient cerebral ischaemia or stroke was not
statistically different between group I and II (5 vs. 8 %) the
presence of advanced atherosclerosis both in extracranial
and intracranial vessels is no doubt a major contributing
factor for significantly higher incidence of postoperative
neurological and neuropsychical disorders in group II.

The elderly patients in our study had significantly lower
BSA and BMI. The exact explanation of this finding rema-
ins uneasy since several possible effects can play role si-
multaneously. On one hand, we can speculate that higher
BMI in younger patients may be an expression of pro-athe-
rogenic nutritional/metabolic disorder, on the other hand
smaller BSA found in elderly is a known risk factor of poor
operative results mainly on basis of small vessel diameter in
general.

The renal dysfunction is another potent threat jeopardi-
zing the outcome of surgery in elderly. A higher incidence
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Tab. 4: Outcomes of CABG in the elderly: review of cohort
studies in the literature.

30-days mortality (%)
Patients

Year of aged
Author publ. under 70 over 70 over 75 over 80
Gann 1977 6.7
Knapp 1981 1.1 1.6
Gersh 1983 4.6 6.6 9.5
Hibler 1983 4.6 5.0 20.0
Hochberg 1984 4.0 12.0
Horneffer 1987 2.2 9.3
Goldman 1988 2.9 6.2
Horvath 1990 10.8
Freeman 1991 12.9
Ko 1991 12.0
Tsai 1991 7.0
Hannan 1994
Curtis 1994 5.2
He 1994 8.9
Katz 1995 6.4
Morris 1996 7.8
MEDICARE 1995 11.5
KCH - unit HK 2000 5.9*

* - overall mortality of isolated CABG in 70+ patients in years
1995-2000 at our unit



Introduction

The Wolfram Syndrome that is also known as DID-
MOAD syndrome is characterized with the presence of dia-
betes insipidus, diabetes mellitus, optic atrophy and
deafness resulting from a degenerative process involving
pancreatic β cells, supraoptic and paraventricular nuclei,
the optic nerve, and cranial nerve VIII. Dilatations in uro-
genital system and variable neurological and psychiatric ab-
normalities may be associated with the disease. The
inheritance of the syndrome is autosomal recessive and ty-
pical findings are only expected in homozygotes for disor-
der (6,9,12). Recent studies showed the gene of Wolfram
syndrome is linked to the markers on the short arm of chro-
mosome 4 (3,7).

This paper describes a family with six siblings of whom
the first one has full expression of Wolfram syndrome; dia-
betes insipidus, diabetes mellitus, optic atrophy, sensori-
neural deafness and urinary dilatation, the second one
presents with diabetes insipidus (incomplete), diabetes mel-
litus, visual disturbance and deafness, the third one with
only sensorineural hearing loss, and the fourth sibling is
prediabetic and has early coronary heart disease whereas
the other two siblings are healthy. The parents are first cou-
sins and have no health problem. The incomplete findings
of Wolfram syndrome in some individuals of this family
were highly interesting. To contribute the clarifying the ge-
netic and phenotypic variations of this rare syndrome, we
investigated this family with a detailed clinical examination
and DNA analysis.

Patients and Methods

Cases
Case One: An eighteen-year-old diabetic male patient

was admitted with complaints of urinary retention and in-
continence starting three months prior to admission. The
patient had been given insulin therapy for diabetes mellitus
for five years. From the history, the patient complained of
polydipsia exceeding 8-10 liters a day. Physical examination
was normal exception dehydration, glove and sock like hy-
poestesia in the distal part of the extremities and hypoacti-
vity in the deep tendon reflexes. Myopia, optic atrophy,
posterior polar cataract and strabismus were detected in
the ophthalmologic examination. Case Two: Twenty-nine
year old male patient had Type 1 diabetes mellitus for ten
years and were using insulin with poor compliance to treat-
ment. He also had hearing loss and visual disturbances.
Physical examination revealed 2/6 diastolic murmur, ab-
sence of deep tendon reflexes, glove and sock like hypoes-
tesia in the extremities. Eye findings were myopia and
marked pallor in the optic discs. Case Three: This sibling is
a thirty-two year old female. She had only complete deaf-
ness. From her history, it was learned that she had conge-
nital deafness. There  was no history of congenital rubella
or any other neonatal infections, anoxia during birth, trau-
ma to skull, and central nerve system infection. Because
she had congenital deafness and was given no special trai-
ning, she did not develop speech normally. Therefore, she
had mutism. In clinical examination, the Weber and Rinne
tests revealed bilateral sensorineural hearing loss. Case
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Summary: Wolfram syndrome is a rare neurodegenerative disorder with autosomal recessive inheritance. The main cha-
racteristic features of this disorder are diabetes mellitus and optic atrophy. However, diabetes insipidus, sensorineural de-
afness, renal tract and neurologic abnormalities are seen in majority of patients. In this study, we describe a family in which
two members had the main features of the syndrome while a third sibling had only sensorineural deafness.  DNA analysis
revealed that the fully affected siblings were homozygote for a pointmutation on chromosome 4p whereas the third sibling
with deafness was a heterozygote carrier for the same mutation. The characteristics of disease and phenotypic variations
that possibly related to heterozygote carrier state were discussed.
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