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Maintenance of sinus rhythm after DC reversion
of atrial fibrillation
A double-blind controlled trial of long-acting
quinidine bisulphate

Edward Byrne-Quinn' and A. J. Wing2
From the Cardiac Department, St. Thomas' Hospital, London S.E. i

Ninety-two patients were entered in a double-blind controlled trial of long-acting quinidine bisulphate
for the maintenance of sinus rhythm following DC reversion of atrial fibrillation. By random selec-
tion two statistically comparable groups of patients were obtained, a control group being given a
placebo and a treatedgroup quinidine bisulphate I -5 g. per day in two Z2-hourly doses. Thirty-seven
patients were followed up in the control group and twenty-eight patients in the treated group. The
maintenance of sinus rhythm in the treatedgroup was significantly longer than in the control group,
especially during the first three months. The mean serum quinidine level in the treated group was

2-2 ± o03 (SEM) mg. per litre. There was one death among the patients treated with quinidine,
which may have been due to quinidine toxicity caused by a high serum quinidine level.

Sinus rhythm is more efficient haemo-
dynamically and as a rate regulator than atrial
fibrillation. In addition, patients reverted to
sinus rhythm are relieved of palpitations and
are less liable to suffer embolic episodes
(Lown, I967). Reversion of atrial fibrillation
to sinus rhythm became simple and safe when
DC countershock superseded drug reversion
(Lown, Amarasingham, and Neuman, I962).
The main problem now is the maintenance of
sinus rhythm after the procedure.
There is controversy about the value and

potential danger of using quinidine for main-
tenance therapy. Some authors state that it
should be used prophylactically before DC
reversion of arrhythmias and afterwards to
maintain sinus rhythm (Lown et al., I963;
Hurst et al., I964; Korsgren et al., I965;
Morris, Peter, and McIntosh, I966; Rossi and
Lown, I967; Lown, i967), while others have
considered that it does not prolong the dura-
tion of sinus rhythm (Chevalier, I966; Hal-
mos, I966; Szekely, Batson, and Stark, I966;
Hall and Wood, 1968). The dangers of quini-
dine are well documented (Thomson, I956;
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Oram and Davies, I964; Davies, Leak, and
Oram, I965; Radford and Evans, I968).

In this paper we report the results of a
double-blind controlled trial of a long-acting
preparation of quinidine bisulphate (Kinidin
Durules) for the maintenance of sinus rhythm
after DC reversion of atrial fibrillation. This
preparation produces a slow and prolonged
release of quinidine bisulphate. The high
peak in blood concentration that occurs after
quinidine sulphate is replaced by a plateau
which develops gradually and is maintained
over 12 hours (Cramnr, Varnauskas, and
Werko, I963; Siitonen, I964).

Patients and Methods
Ninety-two patients who had atrial fibrillation and
were admitted to hospital between March 1966
and September I967 for DC reversion were in-
cluded in the trial. They were randomly allocated
to two groups-A and B. An identical tablet was
provided for each group. GroupA tablet contained
placebo, and Group B 0-25 g. quinidine bisulphate
in a sustained-release formn (Kinidin Durules).
This amount of quinidine bisulphate is equivalent
to 0-2 g. quinidine sulphate. Henceforth these two
groups will be called Group A (control) and
Group B (quinidine). The patients were told the
nature of the trial but neither they nor the authors
knew which tablet contained quinidine bisulphate.

Patients were admitted to hospital for two
nights. Digoxin was stopped at least 24 hours
before admission. A test dose of quinidine sul-
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Maintenance of sinus rhythm after DC reversion of atrial fibrillation 371

phate 200 mg. was given to all patients. After
allocation to Group A or B, patients were given
three of their tablets 4-I2 hours before reversion.
In Group B (quinidine) this corresponded to a

dose of 0°75 g. quinidine bisulphate (equivalent
to o-6 g. quinidine sulphate).

Synchronized DC reversion was performed by
the technique described by Lown (I964), using
either a Lown (American Optical Company) or a

Cardiac Recorders defibrillator. Light general
anaesthesia without premedication was given to
all patients. Reversion was recorded as successful
if the patient left the operating theatre in sinus
rhythm. Anticoagulants were given only to those
patients who had had embolic phenomena or had
Starr-Edwards prosthetic valves; there were 9

such patients in Group A (control) and 5 in
Group B (quinidine). An electrocardiogram (stan-
dard lead II) was taken before and after reversion
and at each follow-up attendance. The electro-
cardiograms were numbered, stored, and exam-

ined separately for rhythm by an independent
observer at the end of the trial. Maintenance
tablets were started after reversion and patients
were instructed to take three tablets at io a.m.
and io p.m. In Group B (quinidine) this corre-

sponded to a dose of I5 g. quinidine bisulphate
per day equivalent to I 2 g. quinidine sulphate
per day.

Patients were withdrawn from the trial and
not included in the final analysis if spontaneous
reversion to sinus rhythm occurred before DC
reversion, ifDC reversion failed to establish sinus
rhythm, if there was any evidence clinically or on

the electrocardiogram of quinidine toxicity, or if
the patient was lost to follow-up.

Patients who were successfully reverted to sinus
rhythm were examined at intervals of i day, i

week, 2 months, 6 months and, thereafter at 6-
monthly intervals. In addition, they and their
general practitioners were asked to report im-
mediately if relapse to atrial fibrillation occurred.
Digoxin was not usually given and only one

patient had to be admitted in relapse because of
rapid atrial fibrillation. At the end of the trial the
maintenance of sinus rhythm in both groups
was computed by the life-table or actuarial
method (Ederer, I960).

Serum quinidine Blood for serum quinidine
estimation was taken at the time of DC reversion
and at each follow-up attendance. The serum
was refrigerated and stored and the serum quini-
dine levels measured at the end of the trial by
one of us (E. B-Q.). The method used was that
of Brodie et al. (I947) as modified by Cramer and
Isaksson (I963), and consisted of a double extrac-
tion with benzene and sulphuric acid and fluori-
metric estimation of quinidine using an Aminco-
Bowman spectrophotofluorimeter. This is the
only method that measures quinidine alone,
eliminating quinidine metabolites.

Results
Distribution (Tables i and 2) The distri-
bution of patients between Group A (control)

7

TABLE I Distribution of patients in each
group according to numbers, age, sex, and
duration of atrial fibrillation

Group No. Age (yr.) Sex Duration of atrial
entered fibrillation (yr.)

Mean Range M F Average Range

A (control) 47 54 30-70 23 (49%) 24 (5I%) 1-2 I/I2-I0
B (quinidine) 45 54 37-66 26 (58%) I9 (42%) I-2 I/12-I0
A plus B 92 54 30-70 49 (53%) 43 (47%) I-2 I/I2-I0

The distribution between groups is not significantly
different.

TABLE 2 Distribution of patients according
to aetiology

Group A Group B Total
(control) (quinidine) A plus B

Total numbers 47 45 92

Rheumatic heart disease 27 (57-4%) 24 (533%) 5I (55-5%)
Mitral stenosis 2 (43%) 3 (67%) 5 (54%)
Mitral stenosis (post-op.) I3 (277%) I2 (267%) 25 (27-2%)
Mitral stenosis and 4 (8-5%) 3 (67%) 7 (7-6%)
incompetence

Mitral incompetence 2 (4.3%) 2 (44%) 4 (4-3%)
Multiple valve disease I (2-I%) 2 (44%) 3 (3-3%)
Mitral Starr valve replacement I (2-I%) 0 I (I-I%)
Aortic Starr valve replacement 3 (6-4%) I (2-2%) 4 (43%)
Mitral and tricuspid Starr valve I (2-I%) I (2-2%) 2 (2-2%)

replacement

Non-rheumatic heart disease 20 (42-6%) 2I (467%) 4I (44-6%)
' Lone' 8 (I7-0%) IO (22-2%) I8 (I9-6%)
Ischaemic and/or hypertensive 6 (I2-8%) 9 (20-0%) i5 (I6-3%)
Thyrotoxic 2 (4-3%) I (2-2%) 3 (3-3%)
Constrictive pericarditis I (2.1%) o I (I-I%)
Congenital I (2-1%) O I (I*I%)
Bronchitis I (2I%) I (2-2%) 2 (2-2%)
Emetine I (2-I%) 0 I (I-I%)

The distribution between the groups and between the totals of rheumatic and non-
rheumatic heart disease is not significantly different.

and Group B (quinidine) according to age,
sex, duration of atrial fibrillation (Table I),
and aetiology (Table 2) is not significantly
different by the x2 test. The total number of
patients entered in the trial was 92, of whom
47 were allocated to Group A (control) and
45 to Group B (quinidine).

Withdrawals (Table 3) In Group A (con-
trol) io patients were withdrawn, whereas in
Group B (quinidine) i7 patients were with-
drawn. This difference is mainly due to the
fact that 5 patients in Group B (quinidine)
spontaneously reverted to sinus rhythm be-
fore DC reversion and were thus withdrawn,
whereas there were no spontaneous reversions
in Group A (control). In addition, DC rever-
sion was unsuccessful in 5 patients in Group
A (control) and in 8 patients in Group B
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372 Byrne-Quinn and Wing

(quinidine). The average duration of atrial
fibrillation in these failures was between 5
and io years in Group A (control) and be-
tween 2 and 3 years in Group B (quinidine),
which is longer than the averages for the
whole groups. Two patients in each group
had evidence of quinidine toxicity, two in
each group were lost to follow-up, and one
patient in Group A (control) was observed to
be having bouts of paroxysmal atrial fibrilla-
tion on follow-up.

Complications There were no serious
complications attributable to the procedure
of DC reversion. Arrhythmias occurring after
DC reversion and lasting more than 5 min-
utes occurred in 7 patients in Group A (con-
trol) and in 4 patients in Group B (quinidine).
During spontaneous reversion to sinus rhythm
after one dose of quinidine bisulphate (o075 g.)
one patient appeared to have a transient car-
diac arrest and was resuscitated by one blow
on the chest by a nurse. There was no electro-
cardiographic recording, and the serum quini-
dine was not measured. Two patients in
Group A (control) had first degree heart
block, the PR intervals being 0o28 and o.5o
sec., respectively. In Group B (quinidine)
only one patient stopped the drug because of
diarrhoea due to the drug. However, in this
group there was one patient who died sud-
denly at home seven days after DC reversion.
She was aged 65 and had hypertension and
ischaemic heart disease and had been in atrial
fibrillation for between one and six months.
At the end of the trial it was found that the
serum quinidine level had been 4-3 mg./litre
when DC reversion was performed. At this
time the patient had received a test dose of
020 g. quinidine sulphate and one dose of
o075 g. quinidine bisulphate. After reversion
she had ventricular bigeminy lasting more
than five minutes which had ceased later in
the same day. The necropsy was performed
elsewhere and showed coronary artery occlu-
sion by atheroma, left ventricular hyper-
trophy, and patchy left ventricular mural
fibrosis. This was the only patient to die in

either group.
There was one probable embolic episode.

This occurred in a patient in Group A (con-
trol) who, five days after DC reversion, re-

lapsed back to atrial fibrillation, and at the
same time almost certainly suffered a left
renal embolus. She had hypertension and had
had a right nephrectomy in the past for pyelo-
nephritis. This patient was not on anti-
coagulants and made a satisfactory recovery.

In Table 3 it is shown that 37 patients in
Group A (control) and 28 in Group B (quini-

TABLE 3 Number of patients entered in
each group and withdrawn*

Group A Group B A+B
(control) (quinidine)

Patients entered 47 45 92

Withdrawn from trial:
Spontaneous reversion to sinus 0 5 (II'I%) 5
rhythm

Failed DC reversion 5 (io-6%) 8 (20-0%) I3 (14-9%)
Possible quinidine toxicity 2 2t 4
Lost to follow-up 2 2 4
Paroxysmal atrial fibrillation I 0 I

Total number withdrawn I0 17 27

Patients followed up 5-I5 months 37 28 65
Number relapsing to atrial 28 (75-70/) I2 (42-9%)

fibrillation
Number remaining in sinus 9 (24 3%) I6 (57-I%)
rhythm

* The results are here expressed as the number and percentage of those patients
followed up for 5-Is months who either relapsed to atrial fibrillation or remained
in sinus rhythm.
t Includes one death.

dine) were followed up for periods ranging
from 5 to I5 months. In Group A (control)
the over-all number of relapses was 28
(75'7%); in Group B (quinidine) it was I2
(42 9%). Thus 9 patients (24 3%) remained
in sinus rhythm in Group A (control) and i6
(57'I%) in Group B (quinidine).
The results as expressed in Table 3 do not

indicate the duration of sinus rhythm in each
group. This is achieved by computing the re-
sult by the life-table, or actuarial method given
in Table 4. From this it can be seen that the
majority of relapses to atrial fibrillation oc-
curred during the first three months: 24
(65%) in Group A (control) and 9 (32%) in
Group B (quinidine). The cumulative pro-
portion of those patients who remained in
sinus rhythm from the time of DC reversion
to the end of a given interval is given in col-
umn 8. The Fig. is obtained by converting
the figures in column 8 to percentages and
plotting these against time. This shows gra-
phically the considerable difference in the
maintenance of sinus rhythm between the two
groups in favour of Group B (quinidine).

Rheumatic and non-rheumatic heart
disease. The distribution of patients with
rheumatic and non-rheumatic heart disease
between the groups was not significantly
different in the total number of 92 entered
(Table 2). Table 5 shows that this remained
so in the 65 patients followed up. In addition,
this Table shows that the number in each
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Maintenance of sinus rhythm after DC reversion of atrial fibrillation 373

TABLE 4 Computation of maintenance of sinus rhythm by life-table, or actuarial method

(I) (2) (3) (4) (5) (6) (7) (8)
Months after In sinus rhythm Relapsed to Withdrawn in Effective no. Proportion re- Proportion re- Cumulative propor-
DC reversion at beginning of atrial fibrillation sinus rhythm exposed to risk lapsing to atrial maining in sinus tion remaining in
to sinus interval during interval during interval or relapsing to fibrillation rhythm sinus rhythm from
rhythm atrial fibrillation DC reversion to end

(col. 2-4 col. 4) (col. 3/cOl. 5) (1-col. 6) of interval, ± SEM

A B A B A B A B A B A B A B
(con- (quini- (con- (quini- (con- (quini- (con- (quini- (con- (quini- (con- (quini- (con- (quini-
trol) dine) trol) dine) trol) dine) trol) dine) trol) dine) trol) dine) trol) dine)

0-3 37 28 24 9 0 0 37 28 o-65 0-32 O035 o-68 O035 o.68*
+ o-o8 + o-o9

3-6 13 I9 I 0 I 2 I2.5 i8 o-o8 0 0-92 I 0.32 o-68*

± o-o8 ± o-o9
6-9 III I7 I 0 5 4 8-5 I5 0112 0 o-88 I 0-29 o-68*

± o-o8 +±oo9
9-I2 5 II 2 2 I 2 4-5 IO 0-44 0-20 0o56 o-8o o-i6 O054*

+o-o8 +0-II
12-15 2 8 0 I 2 4 I 6 0 OI7 I o-83 O-i6 0-45*

o-o8 ±0-I2

*.p < O*OI

group who relapsed to atrial fibrillation in the
first three months was not significantly differ-
ent between rheumatic and non-rheumatic
heart disease.

Further analysis of the 65 patients followed-
up showed that the differences of age, sex,
and duration of atrial fibrillation between the
groups remained not significant. However, the
average duration of previous atrial fibrillation
in these patients in both groups was between
six months and one year which was less than
in the total entered.
There was no sex difference in the three

months relapse rate. In Group A (control)
there were I4 women and I4 men, and in
Group B (quinidine) 4 women and 5 men.

Energy to revert The mean energy to re-

Number in sinus rhythm at beginning of interval (Table IV
g A-37 13 11 5 2 column2)
,, B-28 19- 17- II 8

.c100 i

X 90 - |One SE

SEe 87 \T80 Grop B-Ouinidine

60 -

5 -

a20

0 3 9 12 15
Months after D.C. reversion to sinus rhythm (Table IV

column 1)
FIG. Maintenance of sinus rhythm in the two
groups.

TABLE 5 Rheumatic and non-rheumatic
heart disease: distribution of 65 patients
followed up and numbers relapsing in first
three months

Aetiology No. followed up No. relapsing to atrial
fibrillation in first 3 months

Group A Group B Total Group A Group B Total
(control) (quinidine) A +B (control) (quinidine) A +B

Rheumatic heart I9 14 33 14 4 i8
disease

Non-rheumatic heart i8 14 32 IO 5 I5
disease

Total rheumatic and 37 28 65 24 9 33
non-rheumatic

These figures show no significant difference between rheumatic and non-rheumatic
heart disease at the IO% level.

vert in Group A (control) was 146 ± I2 6
(SEM) joules and in Group B (quinidine)
I28 ± I2z5 joules. These differences are not
statistically significant.

Serum quiiidine The results of serum
quinidine estimations in Group B (quinidine)
are given in Table 6. The mean for all estima-
tions was 2*2±0-I (SEM) mg./litre. There
was no significant difference between the
serum quinidine levels at the time of reversion
and at the time of follow-up, nor between the
levels of those patients who relapsed to atrial
fibrillation or who remained in sinus rhythm.

Discussion
By conducting a double-blind controlled trial
and by random selection, obtaining two statis-
tically comparable groups, it has been shown
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374 Byrne-Quinn and Wing

conclusively that maintenance therapy with a
long-acting quinidine bisulphate preparation
(Kinidin Durules) prolongs the duration of
sinus rhythm after DC reversion of atrial
fibrillation.

Various authors have reported that over
one-third of cases who relapsed to atrial fibril-
lation after successful DC reversion to sinus
rhythm did so within the first three months
(Korsgren et al., I965; Morris et al., I966;
Hall and Wood, I968). In this series, three-
quarters of those patients who relapsed in
either group did so within the first three
months. The fact that 24 out of 37 patients
in the control group relapsed during this
period whereas only 9 out of 28 patients in the
quinidine treated group did so is confirmation
that quinidine is advantageous during this
critical period (Morris et al., I964; Reini-
kainen et al., I965; Rossi and Lown, I967).

It has been suggested by some authors that
quinidine does not prolong the duration of
sinus rhythm (Oram and Davies, I964;
Chevalier, I966; Halmos, I966; Szekely et al.,
I966; Hall and Wood, I968). The only other
trial has been carried out by Hall and Wood
(I968) in 94 patients all of whom had rheu-
matic heart disease. These investigators
divided their patients into two groups on a
basis of admission to two different hospitals.
Patients at one hospital were given quinidine
sulphate i g. per day in divided doses, and
patients at the other hospital were given no
quinidine. They found exactly the same
mean serum quinidine level of 2-2 mg./litre
(SD ± i.i) as was found in the present study
using the same method for estimation. There
was no statistically significant difference be-
tween the number of cases maintaining sinus
rhythm in their treated group and in their con-
trol group, expressing the result as percen-
tages of the number of patients successfully
reverted and followed for specific time periods
as in the Fig. Both their groups had similar
maintenance of sinus rhythm as Group B
(quinidine) (Fig). In addition to their trial they
showed that patients with non-rheumatic
heart disease maintained sinus rhythm signifi-
cantly longer than those in the rheumatic
group. We have found no significant differ-
ence in the number relapsing during the criti-
cal first three months with either aetiology.
It is difficult to explain why the control group
in the present trial did so badly as compared
with theirs. It appears that their patients with
rheumatic heart disease fared better without
quinidine.
Advocates of quinidine therapy have sug-

gested that relapse to atrial fibrillation after
successful reversion to sinus rhythm will

TABLE 6 Comparison of mean serum
quinidine levels of patients at time of
reversion with those at follow-up, and those
who relapsed to atrial fibrillation with those
who remained in sinus rhythm

Total At time of Atfollow- Relapsed Remained
reversion up to atrial in sinus

fibrillation rhythm

No. of samples 69 I5 54 I0 53
Mean serum quinidine 2-2+0-1 2-0+0-3 2-3±0-I I-9±0-3 2-2+0-I

(mg./litre + SEM)

The differences are not statistically significant.

occur in 85 per cent of cases if the drug is not
used (Goldman, i960; Sokolow and Perloff,
i96i). Because of the differences in presenta-
tion of results, length of follow-up, and pre-
parations of quinidine used, it is difficult to
compare the results of the treated group in
this trial with other series. The same quini-
dine bisulphate preparation in a dose of 2-o g.
per day has been used by Korsgren et al.
(i965) with similar results. Better results were
reported by Reinikainen et al. (i965), with the
same drug in doses between o-8 and i -2 g./day,
and by Hurst et al. (I964) using quinidine
sulphate o-2 g. 6-hourly. Morris et al. (i966)
using quinidine gluconate maintained a serum
quinidine level of 4-0 mg./litre, as measured
by the method of Edgar and Sokolow (I950),
which gives higher results than the present
method. Expressing their results as duration
of maintained sinus rhythm in ioo patients
they obtained similar results to Group B
(quinidine) in the Fig. However one-third of
these patients had undergone more than one
episode of DC reversion.
Lown (I967) has used quinidine sulphate

maintenance therapy (o03 g. every 6 hours),
and has reported that of the first ioo patients
reverted, 23 per cent had remained in sinus
rhythm by I965. The first patient with atrial
fibrillation was treated in I96I. He has stated
that 50 per cent of patients subjected to DC
reversion remained in sinus rhythm for at
least one year.
The energy level used to convert to sinus

rhythm was not significantly different between
either of the two groups. Therefore, this does
not confirm the findings of Rossi and Lown
(I967) who required less energy in a group of
25 patients premedicated with quinidine sul-
phate compared with 25 control patients.
Any advantage in the use of quinidine for

the maintenance of sinus rhythm must be
balanced against the risks. The occasional
occurrence of serious ventricular arrhythmias
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and sudden death is well known (Thomson,
I956; Selzer and Wray, I964; Davies et al.,
1965). Some workers have abandoned the use
of quinidine because of these complications
(Oram and Davies, I964; Halmos, I966;
Radford and Evans, I968). One patient in the
present series died and she was in Group B
(quinidine): though she had severe ischaemic
heart disease the suddenness of her death and
the high serum quinidine level of 4-3 mg./
litre at the time of DC reversion suggest that
quinidine toxicity was likely.
Serum quinidine was measured retrospec-

tively in this trial. The method chosen is the
only method that measures quinidine alone
(Brodie et al., I947; Crmer and Isaksson,
I963). Other methods measure quinidine and
its metabolites (Brodie and Udenfriend, 1943;
Newton and Crawford, I955; Edgar and
Sokolow, I950; Balatre, Lefevre, and Mer-
len, I960). As quinidine metabolites are
generally less active as antiarrhythmic agents
(Conn, I964; Conn and Luchi, I964), it
appeared logical to choose the method that
measures quinidine alone. Quinidine in small
doses and with low blood levels has been
shown to produce ventricular arrhythmias
(Selzer and Wray, I964), but Sokolow and
Ball (1956) found that myocardial toxicity was
infrequent at serum quinidine levels of 6-o
mg./litre by their method (Edgar and Soko-
low, 1950). This level is equivalent to 3.5
mg./litre by the method used in this study,
and it has been our policy since the trial not
to exceed this level.

The patients were under the care of the late Dr.
Evan Jones, Dr. Raymond Daley, and Mr. M. V.
Brambridge. We wish to thank Professor W. I.
Cranston and Professor W. W. Holland for their
helpful advice, and Dr. Ch. Fessas, Dr. S. Jenkins,
and Dr. D. Pratt for their assistance. Dr. R. R.
McSwiney kindly provided laboratory facilities.
The placebo tablets were supplied by Astra-

Hewlett Limited.
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