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There are differences of opinion concerning the significance of the prolongation of electrical
systole as a diagnostic sign of active rheumatic heart disease. Taran and Szilagy (1947, 1951, 1952),
Abrahams (1949), and Solomon and Zimmerman (1951) maintain that a prolonged electrical systole
is a reliable criterion of activity in rheumatic heart disease; Taran even considers that there is a
close correlation between the length of Q-Tc prolongation and the degree of carditis. Weinstein
et al. (1950), Pokress and Goldberger (1949), as well as Gittleman et al. (1951) have reported that
Q-T prolongation frequently occurs in active rheumatic fever, though they have not observed it in
all cases. Craige et al. (1950) and Epstein (1950) do not agree with these views and find that
even in severe carditis the Q-T interval does not exceed the upper limit ofthe normal.

This diversity of opinion has induced us to examine cases of rheumatic heart disease with a view
to evaluating the significance of Q-T prolongation as indicating rheumatic activity and, at the same
time, to determine the presence and frequency of other electrocardiographic abnormalities in
active rheumatic fever. Moreover, we have included in our report a list of some of the patients
operated on for mitral stenosis in whom histological examination of the auricular appendage
supplied objective evidence of the presence or absence of carditis.

METHODS
From 157 subjects 164 electrocardiograms were obtained and examined. They were all recorded on a

Cambridge string galvanometer, with the patients in the recumbent position. Only technically clear records
were used.

Our cases have been divided into five groups.
Group I. 33 normal subjects who served as a control group- 1I men, 11 women, and 11 children.
Group II. 56 electrocardiograms of 50 patients with rheumatic fever-12 men, 21 women, 17 children.

The presence ofactivity was proved by clinical criteria (articular pains and swelling, and fever) and laboratory
findings (increased sedimentation rate and leucocytosis). This group includes patients ranging in age from
4 to 52 years.

Group III. 31 electrocardiograms of 30 patients with " subclinical " rheumatic activity-5 men, 23
women, and 2 children. These patients had mild to moderate pains in the joints, a subfebrile temperature, and
a heart murmur, but the laboratory examinations were normal.

Group IV. 30 patients with quiescent rheumatic heart disease- Il men, 16 women, and 3 children. These
patients showed definite evidence of rheumatic valvular disease without great cardiac enlargement. There
was no clinical or laboratory evidence of rheumatic activity.

Group V. 14 cases of mitral stenosis that underwent surgical treatment. In this group a histological
examination of the auricular appendage was made.

Patients showing congestive heart failure, marked myocardial hypertrophy (Dreyfuss and Diengott,
1951), and those receiving digitalis or quinidine were excluded because of the well-known influence of these
factors on the Q-T interval (Eden, 1951). Electrocardiograms showing auricular fibrillation and widening
of QRS complexes were also excluded because of the unreliability of measurements in such cases.

* This study was supported by a grant from the Lown Fund.
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The electrocardiograms were analysed for heart rate, P-R interval, S-T deviation, T changes, and the
Q-T duration (electrical systole). The Q-T interval was measured in the customary manner from the begin-
ning of the descent of the Q wave to the end of the T wave or, in the absence of a Q wave, from the ascent
of the R wave, often with the aid of a lens.

The measured Q-T interval was then corrected for the cardiac rate, using the Taran and Szilagyi modifica-
tion of Bazett's formula,

Q-T (measured)
Q-Tc (corrected)= VR-R (cycle length)

The nmeasurements were made in three standard leads and in VI, V2, V5, five cycles being measured in
each lead, i.e. 30 cycles altogether; then the average was calculated. In cases with tachycardia (over 100
a minute) or when much sinus arrhythmia was present, 6-8 cycles were measured in each lead.

The results obtained in the various groups were then submitted to statistical analysis.

RESULTS
Group L Control cases. The common upper limit of the normal Q-T, in our mat erial was

found to be 0-412. Values above this figure were considered to be abnormal.
Group IL Patients with rheumatic fever (active rheumatic heart disease). Out of the 56

electrocardiograms 50 showed a Q-T, prolongation, i.e. a Q-Tc interval longer than 0-412. The
ranges were 0*414 to 0 528, the mean value 0 435. In six instances the electrocardiograms were
repeated at least four months after the first recordings, while signs of rheumatic activity were still
present; the Q-Tc was found to be still prolonged.

Group III. Patients with " subclinical " rheumatic activity. Out of the 31 electrocardiograms
28 showed a Q-Tc prolongation ranging between 0-415 and 0468, with a mean of 0 433.

Group IV. Patients with quiescent rheumatic heart disease (non-active rheumatic heart
disease). Out of the 30 records 28 showed a Q-Tc below the upper limit of normal (less than
0-412), that is in this group a Q-T, prolongation was found in two cases only.

Group V. An attempt was made to compare the Q-T, values with the results of the histological
examination of auricular appendages removed at the operation of mitral stenosis. Out of 10 cases
with marked Q-Tc prolongation two showed histological proof of rheumatic activity (Aschoff
bodies); and two showed cellular accumulations closely resembling Aschoff bodies. In 4 cases
with normal Q-T, interval no histologicai signs of any active rheumatic process could be traced.

Table I summarizes the results arrived at with regard to Q-Tc prolongation in group II, III,
and IV.

TABLE I
Q-TC IN ACTIVE AND QUIESCENT RHEUMATIC HEART DISEASE

Q-Tc prolonged Q-Tc normal

No. of cases % No. of cases %
Group II .. .. 50 89 6 11

GroupIII .. .. 28 90 3 10

Group IV .. .. 2 7 28 93

A comparison of the frequency of occurrence of other electrocardiographic abnormalities with
the incidence of Q-T, prolongation in groups II, III, and IV is best shown in the graphic repre-
sentation of Fig. 1. The P-R interval was considered to be prolonged if it was longer than 0-20 in
adults and 0-16 in children.
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FIG. 1

STATISTICAL RESULTS (Group II and III)
(1) The results are highly significant in the sense that the lower limit of confidence is far above

the upper limit of normal Q-Tc values (at any level of probability one may choose).
(2) The results in both groups (II, III) are similar, both in mean value and in dispersion.
(3) The distribution of Q-Tc values is unimodal, fairly symmetrical in group II and, in both

groups (II, III), not significantly different from a normal distribution.
(4) The characteristic values are as follows:

Group II Group III
Average .. .. .. .. .. .. 04354 0-4332
Standard deviation .. .. .. 0-0269 0-0174
Standard deviation of average .. .. 0-0036 0-0031
The lower limit of confidence at P=0 0015 .. 04246 0-4239

(5) The following table gives an approximate idea of the gain in efficiency resulting from the
use of the Q-Tc method alone, or in conjunction with other electrocardiographic abnormalities:

TABLE II
VALUE OF Q-TC ALONE OR WITH OTHER CARDIOGRAPHIC ABNORMALITIES

Group II Group III

Q-Tc Q-Tc Q-Tc Q-Tc
Cases with: prolonged normal prolonged normal

P-Rprolonged .. .. .. 11 2 10 0
P-R normal .. .. .. 39 4 18 3

S-T deviated .. .. .. 9 2 3 0
S-T isoelectric .. .. .. 41 4 25 3

T changed .. .. .. .. 16 0 3 0
T normal .. .. .. .. 34 6 25 3
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COMMENT
The observations submitted in this paper were made with a view to evaluating the significance

of a prolonged electrical systole (Q-T interval) in rheumatic heart disease. The Taran method was
used for the calculation of the Q-T,. Since it has been shown that changes in Q-T duration-if
they exist-need not occur in every cardiac cycle (Taran and Szilagyi, 1952), a greater number of
cycles must be measured and the average calculated before arriving at conclusions. For this we
found 30 cycles sufficient and for higher cardiac rates 36-48 cycles.

As in every study dealing with Q-T measurements observation of normal cases proved of great
importance. Our control subjects (group I) were of the same age group and lived in the same
environment as did our patients; the children (from 4-14 years) had an upper limit of Q-T, 0-41 1;
the women, 0-412; the men, 0-406. These results give a fair medial of the figures reported by other
authors (Bazett, 1920; Abrahams, 1949; Epstein, 1950; Alimurung et al., 1950; Yu et al., 1951;
and Taran and Szilagyi, 1947).

The results in group II indicate a significant prolongation of the Q-Tc in about 90 per cent of
the patients with active rheumatic heart disease. They confirm the reports of Taran and other
authors, but do not agree with those of Pokress and Goldberger, who out of 50 patients with active
rheumatic fever found a Q-Tc prolongation in 14 only; our results also differ from those of Craige
et al. (1950) who found normal Q-T intervals in 29 patients with fatal pancarditis; however, these
authors did not state whether their patients had suffered from pericarditis, which has a marked
shortening effect on the electrical systole (Taran and Ordorico, 1950).

The results obtained in group III proved to be of great importance for the clinical evaluation
of the patients' condition. This group included a number of patients in whom such indications as
subfebrile temperature, mild pains in the joints, and a heart murmur, together with a rheumatic
past history, suggested active rheumatic carditis, though all the routine laboratory examinations
gave normal results. It is evident that the significant Q-Tc prolongation obtained in a large per-
centage of patients in this group makes the diagnosis of rheumatic activity possible. A comparative
study was made between the frequency of occurrence of other electrocardiographic changes, such
as P-R prolongation, S-T deviation, T wave abnormalities, and the Q-Tc prolongation. The
results obtained are very significant from the statistical point of view and prove that the Q-Tc is
a more sensitive diagnostic sign than the other electrocardiographic abnormalities known to occur
in active rheumatic heart disease.

Our observations show that the active cases have a longer Q-Tc than normal subjects and
patients with quiescent (non-active) rheumatic heart disease. We have, therefore, come to the
conclusion that the Q-Tc prolongation may be considered as a diagnostic sign of active rheumatic
heart disease.

SUMMARY
One hundred and sixty-four electrocardiograms were examined for the Q-T interval, the P-R

and S-T segments, and the T wave. The Q-T interval was corrected for cardiac rate and then the
value submitted as the Q-Tc, according to the Taran modification of Bazett's formula.

Our investigation included five groups of cases: (1) normal control subjects, (2) patients with
active rheumatic heart disease, (3) patients with rheumatic history suspected to be active, but
without distinct evidence of activity (" subclinical activity "), (4) patients suffering from non-
active (" quiescent ") rheumatic heart disease, and (5) a number of patients who underwent mitral
valvotomy, which allowed a histological examination of the auricular appendage.

The common upper limit of the normal Q-T, was found to be 0-412.
In our groups (2) and (3) the Q-Tc was found to be prolonged in about 90 per cent of cases

and the statistical analysis showed the high significance of the obtained values. On the contrary,
the Q-Tc in patients with non-active rheumatic heart disease was found to be below the upper
limit of normal in over 93 per cent of cases.
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The frequency of occurrence of other electrocardiographic abnormalities in active cases was
found to be far below the incidence of the Q-T, prolongation.

We thus conclude that the Q-T, prolongation may be used as a sensitive indicator of rheumatic
activity.

We wish to thank Dr. A. Laufer, Pathologist, Hebrew University, Hadassah Medical School, for his advice and
help in re-examining the histological findings in patients listed in group V, and Mr. E. Peritz, Statistician, for his aid
in the statistical evaluation of our material. The mitral valvotomies were performed by Dr. H. Milwidsky.
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