
echanisms of onset and 

rdiac rhythm studied by 

nowiedge ol‘ the events which take 
place at the onset and termination 

of the cardiac arrhythmias has been useful 
in understanding the mechanisms of the 
arrhythmias in experimental animals as 
shown by Jioe, Harris, and Vv7ggers.r 
information concerning the onset and 
termination of abnormal rhythm in man 
is scarce, being dependent on chance ob- 
servations or recordings. Since such knowl- 
edge might throw light. on the factors at 
the beginning or end of arrhythmias which 
could help either in understanding the 
underlying mechanism or in treatment, it 
\\‘as decided to obtain this information by 
constant monitoring of the electrocardio- 
gram and computed heart rate with special 
attention to the sequences occurring at the 
onset and termination of attacks in man. 
The method is specially adaptable to a 
study- of the paroxysmal arrhythmias and 
of rhythm disturbances that are termi- 
nated with drugs. 

Fr~rm tile University of ?ulichigan Medical Center 

s 

i;acilities for inonitoring .‘t,iix,91>< . :I; .i 
?;r:,bile, t\vo-channel, n?aglle! ic t+e re- 
corder and a recording car.ciiotrl~.(i.,~~lctcr, 
as shown in Fig. 1. The latter insrrun!ent. 
permitted a 24 hour count of ~~renn;l:urc 
!;eats and proved a useful aid in sgwching 
tile tape for conversion sequences. :‘atients 
\\ere monitored n-Me restin? in ilcd 31 
sitting in a chair. Wires w3c atta,:bcd to 
the chest by snap fastener4 cri~pcd to 
adhesive patchesj: The exposed AXI under- 
side of the fastener served as t!le e:ec!-rode 
and \vas smeared Edith a nonirritating 
electrode jelly. 5 TIVO bipolar c31wt leads 
I\-ere used, of I\-hi& one a:~gnwn~ed I’ 
waves and reduced R-wave amplitude and 
rhe other produced a tail R I:,-ave to trigger 
the cardiotachometer. The 5rst of these 
leads connected the left side of the mam- 
jrrium to the fourth rib along tile right 
sternai border; the second lead eriiployved 
the same rnanubrial connection and ;i 
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Fig. 1. The two-channel, mobile tape recorder and recording cardiotachometer as used at the bedside. Using a 
recording speed of 15/16”/sec. provides 16 hours of uninterrupted recording on tape. The frequency of pr ‘e- 
mature beats is recorded on the strip chart recorder continuously for a 28 hour period. The telephone di al 
permits coding the tape with patient’s study number, time, and type of drug being used on the magnetic tap )e. 

connection near the cardiac apex. A 
ground wire was attached over the ziphoid 
process. 

Patients selected were those who gave 
a history of a paroxysmal arrhythmia or 
who were undergoing medical conversion 
of an arrhythmia. There were 137 patients 
monitored for periods generally of a week’s 
duration, but only those providing useful 
data are reported here. 

The results in 17 monitored patients 
with atria1 flutter treated with digitalis 
are shown in Fig. 2. In the 10 patients who 
converted to atria1 fibrillation, the atria1 
rate increased from a mean of 271.4 =t 
11.4 (S.E.) to 300 =I= 15.7 beats per minute. 
Four of these patients terminated with 
normal sinus rhythm. In the 7 patients 
who remained in atria1 flutter after digi- 

talis therapy, the atria1 rate increased 
from a mean of 266.6 f 9 to 279 i 16.1 
beats per minute. The mean increase in 
atria1 rate in the patients terminating with 
atria1 fibrillation was 24.6 & 2.7 beats per 
minute, compared with 12.6 f 10 beats 
per minute for those patients whose atria1 
flutter failed to terminate. Using the t 
test for paired observations, the atria1 
rate change in the successful terminations 
was significant (P < O.OOl), and in the 
unsuccessful terminations was not sig- 
nificant (P = 0.25j. 

These results show that the conversion 
of atria1 flutter to atria1 fibrillation is cor- 
related with the ability of digitalis to 
increase atria1 rate. This desired action is 
dependent on the greater relative magni- 
tude of the indirect vagal action of digi- 



Fig. 2. 41 18 patients with atria1 flutter or fibrillation, 14 (78 per cent) converted to N..YL +iiss .&i<lli. 3i 

the combination of digitalis and quinidine. 

taiis, as suggested by Farah and Loomis.? 
Thus, the present studies confirm that the 
over-riding effect of digitalis in man is 
vagal-except for 2 patients in whom the 
direct muscular effect of the drug caused 
a slowing of the atria1 rate and in two 
patients in whom the drug caused no change 
i.n atria1 rate. Thi.s tendency for the direct 
action of digitalis to occasionally override 
or balance the vagal action prevents ef- 
fective use of the drug in terminating atria1 
flutter in manv patients. 

The transi;ion from atria1 flutter to 
atria1 fibrillation was an uneventful, grad- 
;ial increase in atria1 rate until the atria1 
rhythm became irregular. It is of interest 
r;ha.t postconversion interference dissocia- 
cion was not observed in the 4 patients 
LV~Q terminated with normal rhythm, nor 
in 4 additional patients in whom atria1 
clutter terminated without drugs. In these 
studies postconversion interference dis- 
sociation was observed only after the com- 
bined use of digitalis and quinidine. 

The patients with a!,.nai !Iu~ :er it;iio 
‘ailed to convert to a norm;J S;:IUY mci?a- 
Gsm with digitalis were given quinidine, 
0.4 Gm. every 2 hours for up ro 8 doses. 
:Quinidine in these doses caused A slowing 
in the atria1 rate from a mea!! of 257 & 
4.4 to 199.1 & 31.8 beats per minute in 
those insta.nces where the rhy7,hin termi- 
:lated with normal sinus rh:~~~llrn. %Then 
yuinidine therapy was unsercessfui in 
Terminating the rhythm, the aerial rate 
&ii1 slowed from a mean of “56.X f 14.6 
LO 201.8 & 16.4 beats per mkttc. The mean 
decrease in atria1 rate in the i successful 
instances was 57.9 i: 15 beats per minute, 
which was a significant change (1 < 0.01’1, 
compared with 55 A 21.5 beats per minute 
in the 4 unsuccessful cases. Howeve~~ the 
magnitude of the quinidizze-irlduced atria1 
slowing does not differ signi5c;intly in the 
successful compared to the u~successfuliy 
created groups. This indicates the futility 



of attempting to predict which patients 
will convert to normal sinus rhythm by 
monitoring atria1 rate. It is also apparent 
that some other factor than mere atria1 
slowing accounts for the termination of 
atria1 flutter by quinidine. 

Since all patients in this group were 
fully digitalized in addition to receiving 
quinidine, it was not surprising to find 
more than one mechanism of termination. 
In 9 patients, the quinidine effect was pre- 
dominant so that progressive slowing of 
the atria1 rate occurred. When the atria1 
rate was reduced below 176, 2 patients 
exhibited asystole lasting 1.3 and 2.5 
seconds respectively (as shown in Fig. 3), 
and 2 patients exhibited interference dis- 
sociation followed by normal sinus rhythm 
in each case. Three patients whose atria1 
rate declined but failed to fall below 176 
remained in atria1 flutter. In 4 patients, 
the atria1 rate fell initially but remained 
between 214 to 273, or actually increased, 
suggesting an overriding digitalis effect; 
all developed atria1 fibrillation: followed 
by normal sinus rhythm in three. Of the 
7 atria1 flutter patients terminating with 
normal sinus rhythm, 3 developed a post- 
conversion interference dissociation. 

The spontaneous termination of atria1 
flutter occurred in circumstances that pro- 

duced a slowing of the atria1 rate followed 
by a short period of asystole in 3 patients. 
This was similar to the effects observed 
with the use of quinidine. The period of 
asystole lasted from 1 to 2.4 seconds before 
normal sinus rhythm was resumed, as 
shown in Fig. 3. Since quinidine slowed the 
atria1 rate in flutter producing asystole, 
and a similar mechanism was observed in 
3 patients during the spontaneous termi- 
nation of atria1 flutter, this suggests that 
a brief period of asystole is not a toxic 
effect of quinidine. 

Two additional patients monitored dur- 
ing the spontaneous termination of atria1 
flutter showed no atria1 slowing and de- 
veloped atria1 fibrillation instead of asy- 
tole followed by a normal sinus mechanism. 

The opportunity to record the onset of 
atria1 flutter is rare, and this event has 
been monitored in only 4 patients. One of 
these was a 2$$ week old infant with paro- 
xysmal atria1 flutter and fibrillation, in 
whom 381 transient attacks of atria1 fibril- 
lation and 75 transient attacks of atria1 
flutter were monitored. In addition to 
studying the time of onset of each of these 
attacks, the tin.e of appearance of 437 
atria1 premature beats was noted with 
respect to the onset of the last normal P 
wave. Tracings on this patient printed 

QUINIDINE 
ATRIAL FLUTTER 

P NSR 

yy-ppp 

2.5 sec. 

3---T-T 

R 16 25 mm/w 

SPONTANEOUS 
ATRIAL FLUllER 

1.2 Sec. 

i+Jb+4+Yh;hhK* 
(cG+qL+~~>~wP;~ 

R89 50mmlsec 

SPONTANEOUS 
ATRIAL FLUllER (Rate 5Wmin.) 

Fig. 3. Termination of atria1 flutter (upper trace) with quinitiine is followed by an electrical pause which is 
similar in magnitude to the pause occurring following spontaneous termination of atria1 flutter (lower 2 traces) 
and has a variance of 1 to 2.5 sec. in both situations. 



Tru:11 :nagnet:c tape are sl~owi~ in Fig. 4. 
The frequency of attacks of both atria1 
5ixillatiorr and atria1 flutter, and atria1 
xm~atrire lwats occurring at various times 
after the last normal I’ xvave, are shown in 
Fig. 5. It x\:as immediately apparent that 
rhe onset of neither atria1 fibrillation, atria1 
flutter, nor atria1 premature beats fell at 

!OIUSET ATRIAL FIBRILLATION 

r ?TRIAL PREM. BEAT 

l-k- -+-F- 

I / 1 I / I ; ! ’ 

i:ig. 4. The oIlset of atriai hbrillation is shown occurring i11 [he I’-5 iz:cr\-al II~ LIIC :ipprr c.;l~c. Ii, !iiMC” 
:race shows the onset of atria1 flutter occurring in the S-T i;lterval. Several atriai premarure kata :L -e &cuw. 

160 240 

,...a. 0.. 
I 

o..o. ,.a. a. ~.& 

320 

Time t msec 1 

F!g. 5. ‘I‘hc irequenc~ of atria1 prematul-e beats, atria1 gutter, axd libril!;rrio~ are ploxed ;:c rc)i~!-~i~ 1~. :n~ 
rime of onset after the last normal P wave. Since large nunibers of premature beats and episodes of ;:r~i)ythrnia 
were plotted, these were grouped and the midpoint of each g-roup considered as the time ol 01:x1. T!:LIs, the 
~-OLI~ plotted as 70 msec. correspo!lds to a time of onset from 60 to SO msec. after the norma! 1’ was-r:. 
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between the mean time of onset of both 
atria1 fibrillation and atria1 flutter com- 
pared to the mean time of onset of atria1 
premature beats is significant (p > 0.001). 

These observations suggest a coupling 
mechanism to the previous atria1 cycle 
for atria1 premature beats, atria1 flutter, 
and fibrillation. Since the attacks of atria1 
flutter and fibrillation occurred earlier in 
the electrical cycle than did atria1 pre- 
mature beats, the duration of the atria1 
T wave was measured to see if this sepa- 
ration could be explained by incomplete 
atria1 recovery favoring the development 
of either atria1 flutter or atria1 fibrillation. 
The duration of the atria1 T wave was 
measured in blocked atria1 premature 
beats where the atria1 T wave could be 
seen separated from the QRS complex. 
The mean duration of the atria1 P-T:, 
interval was 190 msec., which meant that 
the majority of attacks of atria1 flutter 
and fibrillation began before atria1 re- 
covery was complete, and the majority of 
atria1 premature beats occurred after re- 
covery was completed. The fact that the 
onset of atria1 flutter and fibrillation favors 
a time in the electrical cycle when the atria 
are incompletely recovered would favor 
reentry as the underlying mechanism. Most 
investigators have stated, assumed, or 
implied that fibrillation results from early 
premature responses in partially or ir- 
regularly excitable tissues.3 The signifi- 
cance of depression of conduction velocity 
in the initiation of fibrillation which occurs 
with propagation of electrical impulses in 
the relatively refractory period -is specifi- 
cally considered by Moe, Harris and 
Wiggersi and Moe and Mendez.4 Moe and 
Abildsko+ have reinvestigated the mecha- 
nisms of fibrillation and, although unwill- 
ing to attribute fibrillation to a single 
mechanism, these authors suggest that 
nonuniform recovery of atria1 muscle 
with the accompanying slow conduction 
velocity in relatively refractory muscle 
favors formation of wavelets which lead 
to sustained atria1 fibrillation. 

Atria1 premature beats occurring after 
atria1 recovery is completed are simply 
propagated over the atrium, leaving no 
further pathway for reentry. Atria1 pre- 
mature beats were seen in all parts of the 
electrical cycle, but the greatest frequency 

occurred toward the end and immediately 
following the atria1 T wave. The mecha- 
nism of this obvious tendency for atria1 
coupling is not explained by these studies, 
although a single reentrant path is the 
hypothesis favored by the data presented, 
rather than the random occurrence of 
ectopic beats. Wallace and 1VIignonej have 
explained ventricular coupling on the basis 
of a reentrant pathway produced arti- 
ficially by local myocardial cooling, and 
the mechanism for atria1 coupling is prob- 
ably related to reentry also. 

Atrial cmnd nodal tachycardia 

Paroxysmal atria1 and nodal tachycardia 
began with one or more premature beats 
occurring in an irregular sequence. When 
more than one premature beat preceded 
the stable tachycardia, the ectopic rate 
either accelerated or decelerated, varying 
during the onset as much as 37 beats per 
minute before a stable rate was achieved. 
There was no constant relationship be- 
tween the timing of the first premature 
beat and the previous cycle. Study of 
single attacks in 8 patients revealed that 
the initial premature beat fell after the 
previous T wave in 5, in the previous S-T 
interval in 2, and in the previous P-S 
interval in 1. 

Examples recorded from three patients 
are shown in Fig. 6. The upper two trac- 
ings show decelerating ectopic rates before 
a stable tachycardia is achieved. In the 
second tracing, the first atria1 premature 
beat appears at the apex of the previous 
T wave and in the subsequent cycles on 
the upstroke of the T wave. 

When more than one attack could be 
recorded in the same patient, the same 
complex sequence of ectopic activity was 
occasionally observed during each sub- 
sequent attack. An example of this is 
shown in Fig. 6 (2 lower tracings) where 
2 attacks of nodal tachycardia are pre- 
ceded by trigeminal rhythm made up of 
a normal and 2 nodal ectopic beats with 
interference dissociation. Notice that in 
each attack the equivalent rate of the 
second pair of nodal beats is slower than 
the first pair. Following this a nodal beat 
falls on the previous T wave. Then there 
is an accelerating rate of nodal ectopic 
activity with retrograde conduction show- 
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“‘ig. 6. Recordings of the onset of atria1 and nodal tachjcardia showiilg the dewier-atiq a,e:: : * +erlid:ure 
Seat activity in the upper 2 traces. The lower two traces are from separate attacks in the same parjut, showing 
-emarltably similar and complex premature beat activity. See text for description. 

Eng progressive retrograde block. In the 
third tracing the attack begins with a 
stable rate of 150, while in the lower at- 
Tack marked retrograde block occurs with 
the P wave falling after the T wave. The 
attack begins with normal conduction be- 
coming progressively aberrant over the 
next 3 beats. A stable tachycardia of 150 
per minute then ensues. 

‘The period of most conspicuous variation 
in rate during atria1 and nodal tachycardia 
was observed toward the end of attacks 
when the atria1 rate slowed an average of 
23 rt 3.3 beats per minute in 13 patients, 
as shown in Fig. 7. Two patients were ex- 
cluded from this study: one had nodal 
tachycardia superimposed on atria1 fibril- 
lation, and in one the tape was accidentally 
erased. Two of the patients included in the 
saalysis showed the characteristic abrupt 
termination which is considered the usual 
method of termination in textbooks. In 
these 2 patients the a.trial rate slowed only 
4 and 5 beats per minute, respectively, 
before the rhythm terminated. The data 
presented here suggest that gradual termi- 
z&ion is the more usual method of termi- 
jiation. 

-40 I- T- --. -~7 -- ~. ~-T ---?- ---1 
-5 -4 -3 -2 -/ 0 

NUMBER OF CYCLES BEFORE TE:RMI,QATION 

r.. 
r1g. /. - ‘The changes in race SctweeK :he iasc cycle 
of the tachycardia and the fifth cycle &ore termi- 
nation is IughIy significant (P < 0 000131) a;~d for 
the next to last and final qycle (P < 0,4X?! 1. 

Termination of the dti-ack 7~ ~5 foilowed 
by sinus pause lasting from 0.r) to 5.6 
seconds in 9 of 14 patients, during which 
rime ventricular escape in t?:e form of 
single, multiple, or coupled ventricular 
beats was observed in 10 of $4 patients. 
The ventricular rate during ::.hls escape 
activity exceeded the attack r&e by a 
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wide margin in 3 patients, as shown in 
Fig. 8. In the upper trace, after slowing 
of atria1 rate occurs, the attack appears to 
be interrupted by two paired ventricular 
beats with an equivalent rate of 250 per 
minute, compared to the attack rate of 
214 per minute. The 2 middle tracings are 
from patients with nodal tachycardia 
treated with a pressor agent. Short bursts 
resembling ventricular tachycardia oc- 
curred during the usual pause, and this 
was not observed with any other form of 
therapy. This result is attributed to rais- 
ing pressure and not to the specific drug 
used. Similar effects have been reported 
for epinephrine by Levy” and Allen,7 and 
for norepinephrine by i\/3eek8 and Con- 
way. g 

When atria1 tachycardia with block is 
treated with digitalis, atria1 slowing is 
observedlO before termination occurs. This 
effect is, of course, the opposite to that 
expected in atria1 flutter where, after 

digitalis, the atria1 rate increases before 
terminating with atria1 fibrillation. It is 
of interest that, in one patient monitored 
during the digitalis-induced termination 
of atria1 tachycardia with block, atria1 
slowing was followed by several sudden 
increases in atria1 rate until during one of 
these the rhythm terminated, as shown in 
Fig. 9. Thus, digitalis initially slows the 
atria1 rate, but it is possible that as the 
dose of digitalis is raised a different mecha- 
nism similar to that seen in atria1 flutter 
takes over. 

%ummary 

Digitalis accelerated the rate in atria1 
flutter resulting in atria1 fibrillation, where- 
as the addition of quinidine slowed the 
atria1 rate producing either asystole or 
interference dissociation. In some patients 
receiving both digitalis and quinidine, the 
atria1 rate showed less of a tendency to 
slow or actually increased, resulting in 
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Fig. 8. The offset of atria1 and nodal tachycardia recorded in 4 patients showing the 3 types of ventricular 
escape; viz., paired beats (upper trace), short bursts of ventricular tachycardia (two middle traces), and coupled 
beats (lower trace). The characteristic slowing of the rate as the attack subsides is best seen in the lower trace; 
all attacks are followed by short periods of atria1 arrest. 
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Fig. 9 The rermination of atria1 tachycardia with L:l b:o<~!; 1~) dIgitaIls :b charucterizeci i:> d I ::g, ~ssivt 
slowin~~ of the atria1 rate from 214 to 170 over a period of 4 day-s, foIlowed by 3 abrupt incre.i*c+ I!’ the ai:-ial .a 
,-ate which terminated with a sinus pause, a nodal beat, and normal rhythm, as shown here. 

~triai fihriilation followed 
“-hythm. This suggests an 
of digitalis. 

hy normal sinus 
overriding effect 

Since the spontaneous termination of 
,rrrial flutter occurred in unknown circum- 
stances that usually slo\4:ed the atria1 rate 
‘end asystole was observed, this suggests 
:hat asystole is not a toxic effect of quini- 
dine. 

Atria1 flutter. fibrillation, and atria1 
:,r emature beats began more commonly 
.n the P-T cycle than in the T-P cycle. 
Since atria1 recovery is more likely in- 
complete during the P-T cycle, this favors 
I-eentry as the underlying mechanism in 
:he patient studied. 

Atria1 and nodal tachycardia begin with 
LL~J irregular sequence of premature beats 
:lefore a stal)le tachycardia is established. 
There is usually a significant slowing of 
f:he rate prior to termination of the at)- 
normal rhythm. Sinus arrest with ven- 
rricular escape is the usual method of 
termination, regardless of the form of 
tlrerapy used. Bursts of rapid ventricular 
rilythm resembling ventricular tachycardia 
were seen only after the use of pressor 
:igents. 

Atria1 tachycardia with block treated 
il:th digitalis shows an initial atria1 slow- 
Yng but, as the dose of digitalis was raised 
in one patient, abrupt increases in atria1 
z-ate occurred until the rhythm terminated. 
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