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An electrocardiographic investigation was made for 1004 individuals: for 297
Down syndrome (DS) patients (average age 14.1 yrs), their 269 healthy siblings
(average age 18.7 yrs), and for 438 parents (average age 49.0 yrs). An increased
frequency of tachicardy, ventricular preexcitation, and bundle branch block was
found in DS patients compared with their siblings. The bundle branch block
in DS patients was inherited in autosome dominant way with penetrance 0.6.
It was supposed that chromosome trisomy lowers the threshold for multifac-
torial pathology and therefore allows to reveal the prevalent influence of
inheritance. The investigation of familial patterns in families of chromosome
patients seems to have greater resolution than the traditional twins’ method
which is used for investigation of multifactorial inheritance.
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INTRODUCTION

Electrocardiogram (ECG) reflects major heart func-
tions such as automatism, irritability, and conductivity.
Each of the latter is determined in a multifactorial
way. The incidence of multifactorial pathology differs
among the families and in geographic regions. Ethnic
differences in ECG were shown [1] — even though
attempts have been made to deny their presence [2].

However, persistent exceptions do occur when mul-
tifactorial signs in the familial pattern show Mendelian
inheritance. Familial cases with ECG alterations have
been known for decades. As a matter of fact, they are
the result of cardiomyopathy [3, 4] or hereditary
syndromes accompanied by the following pathology:
Holt-Oram atriodigital syndrome [5, 6], Friedreich
ataxy combined with congenital glaucoma [7] or with
Charcot-Marie-Tooth peroneal muscular atrophy [§].

Beside these and multiple other rare syndromes
with nontypical ECG distortions, there are known
some hereditary syndromes for which ECG test is a
single or leading diagnostic sign. Solely electrocar-
diographic Wolff-Parkinson—-White syndrome is inhe-
rited in autosomal dominant type [9], the linkage of
the disorder to DNA markers on band 7q3 having
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been demonstrated [10]. Abnormally prolonged QT
interval is common to both of the other purely elec-
trocardiac cases: Ward—Romano syndrome, which is
inherited in autosomal dominant type, as well as to
autosomal recessive Jervell and Lange—Nielsen car-
dioauditory syndrome. In spite of synonymous chan-
ges in ECG and obvious monogenic inheritance, the
syndromes of long QT turned out to be heterogenic
in genetic sense [11].

Based on nonsystemic reports on inheritance of
ECG parameters, we attempted to evaluate ECG in
Down syndrome (DS) patients and their first range
relatives.

MATERIALS AND METHODS

In order to detect multifactorial traits with prevalent
inherited factors, one must choose (i) a sufficiently
frequent chromosome disease and (ii) a sufficiently
frequent multifactorial sign which could be additional-
ly divided into several smaller units. The most fre-
quent of autosomal diseases accompanied by multiple
congenital malformations is Down syndrome (DS).
About 650 alive patients are known in Lithuania. Al-
most 300 of these (about 46%) were covered by our
investigation. ECG was used as a typical multifactorial
sign. Standard 12-lead ECG was recorded for all of
1004 DS patients and their relatives in regional hos-
pitals. The “formal” ECG diagnosis was divided into
21 traits.
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The ECGs were studied in a group of 297 DS
patients (156 male and 141 female) with cytogeneti-
cally proven additional chromosome 21. The karyoty-
pe of 271 patients (91.2%) contained 47 chromoso-
mes with trisomy 21, 14 patients (4.7%) were chromo-
some mosaics 46/47, +21, 12 patients (4.0%) contai-
ned 46 chromosomes with Robertsonian translocation.
The youngest DS patient was 1 year and the oldest 48
years old (average age 14.1 years).

For such an age-ranged contingent it is rather dif-
ficult to choose an adequate control group (especially
considering the fact that in hospitals and outpatient
departments ECG is usually recorded when heart pa-
thology is suspected). In our opinion, sibling control
is the most acceptable in many aspects. ECG was
taken for 269 siblings (135 brothers and 134 sisters)
with normal karyotype. The youngest sibling was 1
year old, the oldest 58 years old (average age, 18.7
years). The age difference of 4.6 years between the DS
group and the sibling group can be easily explained by
the widely known fact that these patients are often
born by women of older age.

Should any of the ECG parameters occur with the
same frequency in siblings and parents and be present
more frequently in DS patients, we might affirm that
it reflects hereditary damage in this ontogenetic chan-
nel. Therefore ECG was also stu-
died in 438 parents (258 mot-

The ECG-based diagnoses for the three groups of
patients are displayed in Table 1. The increased frequ-
encies for cicatrix, repolarisation abnormalities and
low QRS voltage in parents as compared with healthy
offsprings were most likely due to aging. The DS pa-
tients, as compared with their siblings, showed an in-
creased incidence of sinus tachicardy (P < 0.002 ac-
cording to Student’s t test), right (P < 0.002) and left
(P < 0.001) bundle branch block (BBB) and ventricle
preexcitation (P < 0.001 when assumed short-PQ and
Wolff-Parkinson—White syndromes).

About 80% of manifestations in chromosome dis-
eases are so-called minor anomalies which in isolation
occur also in normal population or accompany non-
chromosomal pathology. There is no one clinical sign
that would be typical of chromosome diseases in ge-
neral or of a single disease. The incidence of the same
symptoms among chromosome disease patients is re-
ported to be quite variable, from several to dozens per
cent.

This phenomenon was determined as delayed onto-
genesis [12] or as nonspecific amplified developmental
instability [13] caused by chromosome aneuploidy or
any other teratogenic factor. The concept of decreased
buffering in development pathways [14] allows us to
predict that developmentally less stable traits are also

hers and 180 fathers). The youn- Table 1. ECG diagnoses in Down syndrome families
gest of parents was 21 years old,
the oldest 81 years old (average ‘ ' DS patients|  Siblings Parents
age was 48.4 years for mothers Diagnosis (297 ECG) | (269 ECG) | (438 ECG)
and 49.6 years for fathers). n | % n | % n | %
_ The largest age groups were | ginuo pradicardy 5 17 4 15 10 23
six-to-ten years (21.7%) in DS pa- |5 Ginus tachicardy* 39 131 15 56 13 30
tients, 11-to-15 years (21.8%) in |3, Sinus arrhythmia 4 13 5 19 0 0.0
siblings, and beyond 46-t0-50 |4. Extrasystoly 7 24 10 37 23 53
years (17.2%) in parents. 5. Atrial fibrillation 3 1.0 1 0.4 4 0.9
6. Sinoauricular block 1 0.3 0.7 4 0.9
7. Atrioventricular block 6 2.0 8 3.0 5 1.1
RESULTS AND DISCUSSION (g Right bundle branch block* 47 158 21 78 25 5.7
9. Left bundle branch block** 28 9.4 8 30 22 5.0
ECG changes have been found |4 ppiraventricular block 2 74 19 71 4 100
in 77.8% of DS patients, 63.6% |11, Short PQ** 21 71 8 30 14 32
of siblings and 69.2% of parents. |12. Wolff-Parkinson-White syndr** 7 24 0 00 5 1.1
The increased incidence of ECG  |13. Left ventricular hypertrophy 23 77 27 10.0 36 8.2
pathology was observed in DS 14. Right ventricular hypertrophy 5 1.7 0 0.0 2 0.5
patients aged 30 years and be- 15. L‘?ft atria.l hypertrophy 0 0.0 1 0.4 0 0.0
yond, whereas in the parents it }g Elcihetm?;rlal ey 1‘; ;3 1(3) gg 2(2) (5)8
occurred much later, at age over 18: Cicatrix 1 0:3 0 0:0 16 3:7
70 years. The age-dependent in- |19 Deyiation of electric axis 31 104 26 97 43 98
cidence curve in siblings preci- |20, Repolarisation abnormalities 34 115 24 89 68 155
sely corresponded to that of pa- |21. Low QRS voltage 0 0.0 4 1.5 19 4.3
rents in the age interval between Total 299 ~ 19 Y —
20 and 40 years, i.e. where the
ages of both groups were over- Significance level: *P < 0.002, according to t test
lapping. **P < 0.001, according to t-test
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more liable to variation in trisomy syndromes. If so,
then we can prove that chromosome imbalance in DS
patients lowers the threshold for appearance of fami-
lial multifactorial pathology. Therefore, in our opi-
nion, for the appearance of three ECG signs — tachi-
cardy, bundle branch block, and ventricular preexcita-
tion — hereditary factors are responsible predominantly,
while other ECG disturbances are basically determi-
ned by environmental factors.

If trisomy-21 provokes manifestation of multifacto-
rial pathology, one can expect that inheritance of some
ECG parameters in chromosome patients would be
close to Mendelian. For 10 ECG diagnoses parental
trait was inherited by offsprings: DS patients and their
healthy siblings as well (Table 2). Left ventricle hyper-
trophy was inherited by DS patients twice and the
bundle branch block (BBB) four times as often as by
their siblings.

Only the difference between the frequencies of in-
herited BBB in DS patients and their siblings was
statistically significant (P < 0.004 according to Fisher’s
arcsinus test; Table 3). Parents with BBB (right or left,
complete or incomplete) had 41 offsprings suffering

from DS, and for 12 (29.3%) of these patients BBB
was established. In 42 healthy siblings this block was
found only in three cases (7.1%). The analysis of fa-
milial patterns enabled to conclude that the BBB was
inherited in autosome dominant type with penetrance
of 60%. The more phylogenetically recent features are
more variable in general population as well as in DS
patients. Investigation of ECG in DS families showed
that BBB, being undoubtelly phylogenetically more re-
cent [15], is more likely to be inherited compared with
other ECG traits.

Traditionally, the influence of inheritance on mul-
tifactorial signs is investigated using the twins’ method.
Both the ECG method, which is used in cardiology,
and the twins’ method, which is used in genetics, are
well known classical methods. Probably this is why
there are a few new publications and almost all of
them refer to a study of the year 1939 [16]. The sub-
ject of the study was a sample of 50 pairs of twins (32
monozygotic and 18 dizygotic), young adults without
cardiac pathology. The amplitudes of P wave and QRS
complex were measured and the ECGs were estimated
as “closely similar”, “somewhat similar” or “non-simi-
lar”. The conclusion of the mentioned in-

vestigation was that the ECG of monozygo-
Table 2. Familial ECG alterations . L. . .
tic twins is influenced by inheritance.
Number of parental traits We suppose we have suggested a new
Diagnosis found in children approach to investigation of inheritance in
DS patients | Siblings | Total multifactorial pathology. Investigation of fa-
- - milial pattern in families of chromosome
L. S%nus bradilcardy 1 v 1 patients seems to be more informative and
2. Sinus tachicardy 4 3 7 havi . . .,
. aving a higher resolution than the twins
3. Right bundle branch block 4 1 5 method
4. Left bundle branch block 4 1 5 ’ .
. Received
5. Intraventricular block 3 4 7 14 June 2001
6. Short PQ 3 2 5 une
7. Left ventricular hypertrophy 9 5 14
8. Ischemia 1 0 1 References
9. Deviation of electric axis 6 9 15 1. Zerkiebel N, Perret F, Bovet P et al. J
10. Repolarisation abnormalities 5 10 15 Electrocardiol 2000; 33: 1-15.
2. Mansi IA, Nash IS. J Electrocardiol 2001;
Total 40 35 75 34: 303-7.

Table 3. Familial cases of right and left bundle branch block (BBB)

DS patients (total 41) Siblings (total 42)

Diagnosis in parents with BBB without BBB with BBB without BBB
n % n | % n | % n | %
Right BBB 4 9.8 15 36.6 1 2.4 25 59.5
Left BBB 4 9.8 14 34.1 1 2.4 11 26.2
BBB (in children — block of 4 9.8 0 0.0 1 2.4 3 7.1
another branch)
Total* 12 29.3 29 70.7 3 7.1 39 92.8

Significance level: * P < 0.004, according to Fisher’s arcsinus test
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HISO PLUOSTO KOJYCIU BLOKADA - MONOGE-
NISKAI PAVELDIMAS CHROMOSOMINIU LIGONIU
EKG POZYMIS

Santrauka

Buvo iSanalizuotos 1004 elektrokardiogramos: 297 pro-
bandams, sergantiems Dauno sindromu, 269 jy sveikiems
sibsams ir 438 tévams. Probandams dazniau negu jy te-
vams ir sibsams nustatyta sinusiné tachikardija, skilvelines
ekstrasistolés ir Hiso pluosto kojyciy blokada. Genealo-
ginés analizés duomenimis, probandai, sergantys Dauno
sindromu, Hiso pluosto kojy¢iy blokada paveldi autoso-
miniu dominantiniu badu su 60% penetrantiSkumu. Ma-
nome, kad 21-os chromosomos trisomija mazina daugia-
veiksnés patologijos pasireiSkimo slenkstj, todel pasireis-
kia paveldejimas. Daugiaveiksneés patologijos tyrimas chro-
mosominiy ligoniy Seimose aiskiau negu dvyniy metodas
rodo paveldimy veiksniy poveiki.
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