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CARDIAC ARRHYTHMIAS



each tablet,
capsuleor Sce
teaspooniul each
of elixir Donnatal each
= alcohol)  No.2 _Exteniab

hyoscyamine sulfate 1037 mg. 0.1037 mg 03111 ma.
atropine sulfate 0.0194 mg, 0.0184 mg 0.0582 mg
hyoscine hydrobromide 0.0065 mg 0.0065 mg 0.0195 mg.

phenobarbital
(warning: may be habil forming)

Kagri162mg. (% grl324mg (% gr)l48.6mg.

Brief summary. Side effects: Blurring of vision, dry mouth, difficult
urination, and flushing or dryness of the skin may occur on higher
dosage levels, rarely on usual dosage. Administer with caution to
patients with incipient glaucoma or urinary bladder neck obstruc-
tion as in prostatic hypertrophy. Contraindicated in patients with
acute glaucoma, advanced renal or hepatic disease or a hyper-
sensitivily to any of the ingredients.

A‘HROB'NS A H. Robins Company Richmond. Virginia 23220
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When cardiac
complaints occur

in the absence
of organic findings
underlying
anxiety may be
one factor

The influence of anxiety on heart function

Excessive anxiety is one of a combina-
tion of factors that may trigger a series of
maladaptive functional reactions which can
generate further anxiety. Often involved in
this vicious circle are some cardiac arrhyth-
mias, paroxysmal supraventricular tachycar-
dia and premature systoles. When these
symptoms resemble those associated with
actual organic disease, the overanxious
patient needs reassurance that they have no

Before prescribing, please consult complete product information,
a summary of which follows:

Indications: Relief of anxiety and tension occurring alone or accom-
panying various disease states.

Contraindications: Patients with known hypersensitivity to the drug.

Warnings: Caution patients about possible combined effects with alco-
hol and other CNS depressants. As with all CNS-acting drugs, caution patients
against hazardous occupations requiring complete mental alertness (e.g., oper-
ating machinery, driving). Though physical and psychological dependence
have rarely been reported on recommended doses, use caution in administer-
ing to addiction-prone individuals or those who might inctease dosage; with-
drawal symptoms (including convulsions), following discontinuation of the
drug and similar to those seen with barbiturates, have been reported. Use of
any drug in pregnancy, lactation, or in women of childbearing age requires
that its potential benefits be weighed against its possible hazards.

Precautions: In the elderly and debilitated, and in children over six,
limit to smallest effective dosage (initially 10 mg or less pet day) to preclude
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec-
ommended in children under six. Though generally not recommended, if
combination therapy with other psychotropics seems indicated, carefully
consider individual pharmacologic effects, particularly in use of potentiating
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions
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SHIEL AND GUTIERREZ: CONDUCTING PATHWAYS OF THE HUMAN HEART 9

Fibrousring of ——
pulmonaryartery

Conus ligament

- Fibrous ring of aorta
eptum membranaceum

Left fibrous trigone

Left atrioventricular %@’
ring %//// /

ight atrioventricular
© ring

A-V bundle
Right fibrous trigone

Fig. 3—The interatrioventricular fibrous skeleton: Note
A-V bundle penetrating right fibrous trigone.

(22) which run from the left bundle branch to the
upper interventricular septum, and the accessory fi-
bers described by James (10). The vast and fastidi-
ous labors on the conducting system have even in
modern times not deterred some investigators, not-
ably, though not uniquely, Glomset and his associ-
ates (4, 5, 6) from denying the existence in man
of a myogenic conduction system and attempting to
reincarnate the supremacy of the neurogenic the-
ory. Perusal of their papers will reassure the reader
that, however he receives them, their views are
not unsupported by much careful investigation.
There are indeed many reasons for the doubts and
discrepancies of various investigations. Anatomic
certainty comes only from meticulous serial sec-
tioning, and the tedium and labor involved have per-
haps tempted some conclusions whose validity has
been impaired by faulty techniques. On physiologi-
cal grounds alone, the presence of conducting sys-
tems is incontrovertible, and there is abundant
anatomical data testifying not only to specialized
muscle paths but also to their intimate association
with neural elements. Whether the situation of nerve
and muscle indicates mere anatomic proximity or
bespeaks a close functional connection, is, however,

Bachmann's

bundle
Paraspecific

fibers of Mahaim Left bundle
Purkinje hrapey
fibers

Bachmann's
bundle

S-A node —
Anterior
internodal tract — >

Middle
internodal tract ——

bundle (Hl-s)

Posterior Moderator band

internodal tract -

Bypass fibers of Kent

Fig. 4—Scheme of the conducting pathways viewed from
the right atrioventricular aspect.

Fig. 5—Scheme of the conducting pathways viewed from
the left atrioventricular aspect.

a question still unsettled. Though the long and cur-
rent ascendancy of the myogenic theory reflects the
accumulated evidence in its favor, this review of
the discovery of the conducting system may bear
witness to the dangers of facile acceptance. The
myogenic theory was conceived in dissatisfaction
with the neurogenic explanation and born in the
labors of Gaskell, His, and Kent. Not all discoveries
have survived attempts at confirmation, and in par-
ticular, the existence of the lateral A-V fibers de-
scribed by Kent (fig. 3) have been successively ac-
cepted, rejected, and later reinstated as present in
fetal and certain pathological hearts. Again, so far
from excluding the possible contribution of neural
elements to conduction, modern ultrastructural and
histochemical studies of the S-A and A-V nodes have
strengthened the evidence of autonomic nerves
(26) and cholinesterase activity at these sites (12).
Clearly, therefore, the identification of both neural
and muscular components in no way abates the
potential importance of either. On the contrary,
continued exploration of the neuromuscular rela-
tionships is required, and it remains the task to
solve the contribution of each before today’s dis-
cordant views can harmonize.

BACHMANN SINOATRIAL NODE

WENCKEBACH
THOREL

- ATRIOVENTRICULAR
NODE

(WINDOW A
CUT-0UT)

Fig. 6—Heart viewed from above showing the Wenckebach,
Thorel, and Bachmann bundles (middle, posterior, and
anterior internodal tracts of James).
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MAUCK: CARDIAC RATE AND RHYTHM

CINGULATE GYRUS
(POSTEROLATERAL)

CNS STIMULATION

Fig. 1—The effect of stimulation of the cingulate gyrus on heart rhythm.

dominantly parasympathetic or sympathetic re-
sponses are produced. It is possible through these
alterations in neural discharge to produce essen-

mlw]wlwvlm MNM /'MMM/

CONTROL STIM STIM
0.3MA 06MA

i

STIM STIM
0.8MA 1.4MA

Fig. 2—The effect of graded increments in electrical stimulation
of the mesencephalon on heart rhythm,

tially all of the arrhythmias observed by electro-
cardiography in the clinical setting.
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SCHERLAG: HIS BUNDLE ELECTROGRAM 17

tion time (P-A = 35 msec); A-V nodal conduction time (A-H = 53 msec); and His-Purkinje system conduction time (H-V = 32 msec).
B. Pacing at a faster rate than the sinus rate, from the recording electrodes (stimulus, Hb), produces an unchanged QRS complex in
all leads with a pacer impulse (PI) to R wave interval (PI-R) of 31 msec, directly comparable to the previously measured H-V time,
32 msec (panel A). Pacing the His bundle from the aortic root allowed retrograde activation of the atrium (PI-SA = 132 msec). The
interval between time lines equals 1 second. (Reproduced by permission of The American Heart Association, Inc., from B, J. Scherlag,
et al., “His Bundle Electrogram,” Circulation 46:602, 1972.)

duction. Unfortunately, this term has persisted  atrial activity in the immediate vicinity of the A-V
although we now use the term A-H interval since node and therefore, eliminates the intra-atrial con-
it represents a more accurate measure of trans- duction between the sinus node and the low right
mission through the A-V node. Ordinarily, the A atrjum. In addition, the A-H interval allows a com-
wave of the His bundle electrogram represents local ~ parison of A-V nodal conduction during both sinus

A Sinus Rhythm. B, Atrial Pacing €. Atrial Pacing
0 O ORI SRR R O i SENC TR RN O
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Fig. 2—The effect of atrial pacing on intra-atrial (P-A or PI-A), A-V nodal (A-H), and His-Purkinje (H-V) intervals in the dog.
A, During sinus rhythm at a heart rate of 94 beats per minute, the P-A, A-H, and H-V time measured from the His bundle electro-
gram (Hb) and the simultaneously recorded ECG leads I, AVR, and AVF, are 10, 50, and 30 msec respectively. Band C. Atrial pacing
up to a rate of 201 beats per minute produces a progressive increase in the A-H interval to 95 msec while the H-V interval remains
constant at 30 msec. The pacer impulse to atrial activity (PI-A) is essentially the same at 23 to 25 msec during atrial pacing. D. At a
heart rate of 208 beats per minute, a 5:4 Wenckebach cycle is seen with A-H variation from 75 to 150 msec. PI-A and H-V remain
the same at 24 and 50 msec, respectively. Note that in the blocked beat the H and V deflections do not appear after the stimulus
and atrial activity,






SCHERLAG: HiE BUNOILE ELECTROGRAM 54
"ﬁé'ﬂ’s‘rm’mﬂﬁ he MY VEGUeE oY D T iHeNSIoN bE TSNIER WU DUl oY

EFLEE
s e 4 e _

rhyam or $ioed s g, I s Intevai b
Mnﬁmamﬂ!m

over & wide raige of tmam
ahe mmvmm slhos cos-

S
creasps Witk m:mm it

iy
0

mxmﬁ.;

,u-zim i the am‘rmmu mw i wmalhr‘ :



20 SCHERLAG: HIS BUNDLE ELECTROGRAM
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Fig. 4—Case W.A. Twelve standard ECG leads (top) from the same patient as in figure 3, whose pattern changed during study from
right bundle branch block to left bundle branch block. A. Simultaneous bipolar electrograms (BE) recorded from the area of the
A-V junction and standard ECG leads L-1, L-2, and AVF. The A-H time at P-P interval of 850 msec was 180 msec. The induced
(PI) premature atrial systole (A) at P-P interval of 640 msec either blocked and was followed by an A-V junctional escape beat or
conducted with an extremely prolonged A-H time. The H-V time of 90 msec was constant throughout. B. Bundle of His pacing at a
rate of 100 per minute (PI-PI = 600 msec). The PI-R interval of 90 msec is equal to the H-V time during normal sinus rhythm. The
shape of the QRS complex remains unaltered throughout. (Reproduced by permission of The American Heart Association, Inc.
from O. S. Narula, ef al. “Pervenous Pacing of the Specialized Conducting System in Man: His Bundle and A-V Nodal Stimulation.”

Circulation 41:77, 1970.)

for heart rate P-R, P-A, A-H intervals in all three
studies show good agreement. The lower and upper
limits for the H-V interval, that is =2 standard
deviations, in the last two studies are also in close
accord, giving a range of 33 to 49 msec and 27
to 47 msec, respectively. In the study by Damato

et al. (5), the H-V intervals averaged 5112 with
a range of 39 to 63 msec. Other laboratories have
reported normal values of 35 to 55 msec, and in a
more recent report, Damato and his group have in-
dicated an average value of 45 msec for the normal
H-V time in patients. Unfortunately, no tabulated
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Fig. 1—Sinoatrial block. Three sinus beats are seen followed by a pause. The fourth P wave is not visible as 4:3 block occurs between

the sinus node and atria as seen in diagram.

atria are under the control of the sinus node at a
rate of 91 per minute, and the ventricles are under
a cont'rol of a junctional pacemaker at a rate of 66
Per minute. In B, longer pauses are observed, but
the atrial rate s decreased to 83 per minute, and
the ventricular rate is 63 per minute. In C, the atrial
;a;te is 97. per minute, and the ventricular rate is

per minute. The R-R intervals measure 1.87
Zeconds, twice the R-R interval seen in B, probably

e to exit block of the junctional pacemaker.

g In many i{lstancias, high-grade A-V block may

associated with atria] fibrillation. Exit block from

the subsidiary pacemaker can be easily identified
if the block occurs with a precise conduction ratio
as seen in figure 5. In this example, there is atrial
fibrillation, and the ventricles are under the con-
trol of a junctional pacemaker at a rate of 64 per
minute. In V2, the R-R intervals become more pro-
longed and measure 1.83 seconds, almost twice
that seen in I and II, and are probably due to exit
block from the subsidiary junctional pacemaker. An-
other example of this problem is illustrated in figure
6. Junctional tachycardia is present at a rate of
approximately 125 per minute. The atrial activity is
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Fig. 2—High-grade A-V block is present. In strip AVL a long pause is seen, indicating exit block from a subsidiary Purkinje pace-

maker, probably located in the right bundle branch system.

hardly seen, and atrial fibrillation is present. After the
third, ninth, and twelfth QRS complexes, long
pauses of 0.86 seconds, sometimes twice the R-R
interval of the basic rhythm, are present. These
pauses are engendered by exit block from the sub-
sidiary junctional pacemaker. In sharp contrast to
these last two examples, an irregular ventricular
response in the presence of atrial fibrillation can
cause some diagnostic confusion unless Wencke-
bach conduction from the subsidiary pacemaker is
considered. In figure 7, atrial fibrillation is present.
The ventricles are under the control of a junctional
pacemaker at a rate of approximately 136 per min-
ute. The R-R intervals as seen by the diagram vary
slightly. After the seventh QRS complex, right carotid
sinus pressure was applied, and the R-R intervals
became prolonged from 0.44-0.46 to 0.88 seconds,
twice the R-R intervals seen previously. This is due
to exit block from a subsidiary junctional pace-
maker. At the end of record B, 2:1, 3:2, and 4:3
ratios are seen. This variation of R-R intervals in
B is caused by Wenckebach conduction from the
subsidiary junctional pacemaker.

Ventricular Parasystole. In figure 8, two differ-

ent types of QRS complexes are seen in the upper
record, the first one upright and the other one
predominantly downward. There are two indepen-
dent rhythms, sinus rhythm and ventricular para-
systole, as shown in the diagram. The parasystolic
pacemaker has a cycle length of 580 per msec, and
the variation of R-R intervals during the parasystole
is due to Wenckebach phenomenon in the trans-
mission of the impulse from the ectopic parasystolic
pacemaker to the ventricles. When exit block of the
parasystolic pacemaker occurs with a ratio of 4:3,
sinus impulses are transmitted to the ventricles.
The coupling intervals show slight variation beats in
2, 6,10, 14, 18.

Among the clinical examples, figure 1 was pre-
sented to demonstrate a similar mechanism be-
tween sinoatrial block and exit block. Hence, only
the failure of an ectopic pacemaker to activate ad-
jacent myocardium is considered exit block. How-
ever, other authors admit that exit block can occur
in all excitable tissues of the heart with pacemaker
or latent pacemaker properties (2, 6). Thus, if the
latter assumption is accepted, it would be very hard
to differentiate sinoatrial block from exit block of
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Fig. 3—High-grade A-V block is present and in lead V2, a long diastolic interval is seen which is greater than twice the subsidiary
junctional pacemaker rate. Two possibilities may be considered: (1) exit block from the subsidiary pacemaker and (2) concealed
penetration into the subsidiary pacemaker by one of the sinus beats, delaying the rhythmicity of the subsidiary pacemaker.

sinus impulse origin. It is true that fibers possessing
high degrees of automaticity such as those in the
sinoatrial node generally show a lower level of
resting membrane potential, a smaller action po-
tential amplitude, and a markedly slower rate of de-
polarization than other cardiac fibers. These factors
engender a slower conduction velocity and may
even cause decremental conduction and precipi-
tate exit block (4, 6). In fact, loss of resting mem-
brane potential due to phase 4 depolarization in
fibers surrounding the actual pacemaker may pro-
duce slow conduction, fractionation of the wave
front, decrement, and finally, exit block.

Exit block at a level of the junctional pace-

maker, the Purkinje tissue, and the ventricular para-
systolic pacemaker focus were shown above. How-
ever, exit block is most commonly observed in
junctional rhythms with accelerated impulse for-
mation due to digitalis excess (13, 17).

In figure 3, a combination of concealed conduc-
tion and exit block is shown in the ladder diagram.
The differentiation between these two rhythm dis-
turbances by electrocardiographic techniques is
made by the identification of concealed conduction.
Note that the R-R interval is shorter than two basic
R-R intervals in the presence of exit block. Since
Wenckebach conduction from the junctional pace-
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Fig. 4—In A, an inferior wall infarction is present with high-
grade A-V block; In B, the subsidiary pacemaker rate is
slowed to 60/min; In C, the subsidiary pacemaker rate is now
30, hence, 2:1 exit block from this pacemaker is considered.

maker is not present, the R-R interval is a precise
multiple of the basic R-R interval.

In junctional rhythm with exit block, the cause
of block is attributed mainly to a small action po-
tential amplitude with a slow rate of depolarization,
a mechanism favoring decremental conduction (17).
The last tracing shown illustrates exit block from a
ventricular parasystolic focus as indicated by the
diagram. Wenckebach structure is postulated to
account for the progressive shortening of the R-R
interval. The increased automaticity in a group of
specialized fibers may create an ectopic pacemaker,
but at the same time, because the propagation of
the impulses through this region becomes more dif-
ficult, both entrance and exit block may coexist.
However, in this particular case, in which the para-
systolic focus is rapid, unidirectional block engen-
dered by rapid discharge of the pacemaker might
play a greater role in causing exit block rather than
in protecting the parasystolic focus.

It is impossible on the basis of surface electro-

Fig. 5—In the upper two strips, atrial fibrillation is present, although the ventricular rate is quite regular at 60 /min. In the lower two
strips, the rate is 30/min, hence, exit block from the subsidiary pacemaker is present in the face of atrial fibrillation.
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Fig. 6—Atrial fibrillation is present with group beating. The longer diastolic pauses are equal to two of the basic junctional beats. In
this instance, atrial fibrillation is present with complete A-V dissociation due to A-V block, with escape of junctional pacemaker and
exit block from the junctional pacemaker.
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Fig. 7—{\. At tl.le left-hand portion of the strip, a rapid regular rhythm is present at 140 /min. Following right carotid sinus pressure,
the rate in the right portion of the strip is slowed to 75/min, and 2:1 exit block from the subsidiary junctional pacemaker is present.

B. Here the rhythm is irregular although group beating is seen, particularly bigeminy. Wenckebach conduction from the subsidiary
Pacemaker is present.
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Fig. 8—Basically a sinus rhythm is present. Note narrow QRS complexes which are preceded by P waves (see diagram). However, a
rapid ventricular rhythm is seen showing periods of Wenckebach periodicity as the R-R interval of the ectopic beats becomes shorter
before the pauses and the reemergence of the sinus rhythm. Hence, exit block from an accelerated, ventricular parasystolic tachycardia
is present with exit block showing Wenckebach periodicity.
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L

BE o

P-R =120 msec :

P-A = 50 msec

A-H = 90 msec | l
“V-H" = 20 msec

107 8JS

Fig. 2—The effect of fusion beats on the H-V interval in a patient with intermittent ventricular ectopic beats. Traces from above:
Bipolar His bundle electrogram (BE, Hb) and 3 simultaneously recorded ECG leads I, AVF, and Vi. A. During sinus beats, the P-R
of 190 msec was composed of intra-atrial conduction time (P-A = 50 msec). A-V nodal conduction (A-H) = 90 msec and His-Purkinje
conduction (H-V) = 50 msec. A fusion beat (F) caused a shortening of the “P-R” to 175 msec entirely due to H-V diminution of
15 msec (50-35 msec). The vertical dotted line indicates the earliest ventricular activation in all leads. B. Another fusion beat (2nd
complex marked F) causes a further shortening of the P-R to 135 msec and a reversal of the H-V with the onset of ventricular activa-
tion preceding His bundle activation by 5 msec. C. Another fusion beat (F) produced “normalization” of the QRS complex as com-
pared to other beats. Note that the shortening of the P-R in each case is matched exactly by the alteration in H-V or V-H time; the
P-A and A-H interval remain constant throughout. The interval between time lines equals 100 msec.

with a normal QRS complex. The second beat in
panel A shows left bundle activity preceding His
bundle activity during ventricular premature con-
tractions which probably arose in the area of the
proximal left bundle. In panel B, a series of beats
arising in the same region of left bundle activity
preceding His bundle activity is seen. Without the
left bundle recording, one could interpret the aber-
rant beats with a shortened H-V time as arising in
the His bundle and conducting through the ven-
tricles aberrantly.

In conclusion, it is important to state that the
use of His bundle-electrocardiography in differen-
tiating supraventricular beats with aberration from
ventricular beats requires a critical approach to the
interpretations of deflections appearing in the P-R
segment. The use of quantitative rather than quali-
tative tests is essential when only the His bundle
recording is used as opposed to the simultaneously
recorded activity from the proximal bundle branches.
In some cases, His bundle pacing may be helpful in
reproducing spontaneously occurring aberrant pat-
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Fig. 5—Case 5: Retrograde activation of the BH by premature “ventricular” beats (probably left bundle beats). (Reproduced by
permission of the American Heart Association, Inc. from Narula, O. S. et al. “Significance of His and Left Bundle Recordings from
the Left Heart in Man.” Circulation 42:395, 1970).

4. MassuMi, R. A. Interpolated His bundle extrasystoles. 6. PUECH, P., GROLLEAU, R., Fujac, E., et al. The diagnosis

Amer.J. Med. 49:265-270, 1970. of supraventricular arrhythmias and the differentiation

between supraventricular tachycardias with aberrant con-

duction and ventricular tachycardias. In: Symposium on

5. NARULA, O. S., JAVIER, P. J., SAMET, P., et al. Significance Cardiac Arrhythmias. (eds.) E. Sandoe, E. Flinsted-

of His and left bundle recordings from the left heart in Jensen, and J. A. B. Olesen. Astra, Sodertalje, Sweden,
man. Circulation 42:385-396, 1970. 1970. Chapt. 11.
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42 SCHERLAG AND LAZZARA: SUPRAVENTRICULAR TACHYCARDIA

high right atrium to the end of the latest activation, LAT in the posterior left atrium, is 100 msec. B. During the ventricular pacing
(VP) with retrograde atrial activation the total atrial activation time equals 65 msec. C. With vagal stimulation induced cardiac
asystole and a ventricular escape time (VET) of 12 secs, the ventricular escape beat produces normal retrograde atrial activation
with a total atrial activation time of 65 msec. No atrial arrhythmia ensues. D. With a ventricular escape time of 13 secs, a ventricular
escape beat with the same configuration as seen in C produces a dispersion of retrograde atrial activation. Compare the first sequence
of atrial activation in panel D (within the dotted rectangle) with the first sequence of atrial activation seen in panel C. Total atrial
activation equals 100 msec in panel D for the first atrial sequence as compared to the normal 65 msec seen in panels B and C. Note
the occurrence of atrial fibrillation subsequent to the dispersion of atrial activation in panel D. Interval between time lines equals

1 second.

pared to normal retrograde activation time of 55
msec, probably indicative of some dispersion of
atrial activation associated with the stress of A-V
nodal conduction. When the rate was increased to
150 per minute a short Wenckebach cycle was
seen with a reciprocal beat. Only the last beat of
the Wenckebach cycle shows dispersion of atrial
activation with a total time of 75 msec compared to
the normal 55 msec. Also note that there is a direct
relationship between the degree of dispersion and
the degre¢ of retrograde A-V nodal delay. When
the H-A time was 165 msec, AA was 65 msec,
whereas when the H-A time was 195 msec, the AA
was 75 msec. With 2:1 conduction no dispersion of
atrial activation was seen.

In figure 4, we have presented a schematized
version of what may be taking place during retro-

grade atrial activation when dispersion of atrial acti-
vation occurs. In panel A, the normal pattern of
retrograde atrial activation is shown as recently
demonstrated by Spach et al. (10) in the dog and
rabbit A-V nodal preparation. These authors found
that activation coming out of the A-V node rather
uniformly excited atrial musculature at the A-V
nodal-atrial border. In panel B, on the other hand,
we have postulated that during stress of A-V nodal
conduction during which there is “functional longi-
tudinal dissociation” of activation through the A-V
node, impulses may asynchronously exit from one
portion of the A-V node into adjacent atrial tissue;
whereas at other sites within the A-V node, marked
slowing or block of retrograde impulses occur. Due to
this asynchronous exit from the A-V node, atrial
activation may proceed either back into the A-V

Vent. Pacing 120/min ’ I 150 | r Y65, ; I
Rec. B. Rec. 8
LZ’J WW\/—J\ [&M& \‘\/JVJH\/J\’
SA L[ ’
LRA : 1 i f 2 H! . H A '
) Y | Y 5 ; MR A H. : J
Hb =t — o e bttt ‘:V, e
H H J H i H H
' H-AZ165 msec H-A=Z195 msec '
A-H=125 msec A-H= 95 msec
CS v ¥ A ; A \ ;
) i i i i il
i P ; I \
3 | f | 1 ‘; ‘: | i
oo, o v : | s : | I
PLA - 1. S A A I\ ‘he I he J :
'k ) q n = ' IRER j i
AA=55msec 55 83 60 65 55 | 75 55 55
49.150-8JS

Fig. 3—The occurrence of atrial dispersion during retrograde Wenckebach cycles. Traces from above: Lead II (L-2) ECG: bipolar
plunge wire electrograms from the sinus node area (SA); the low right atrium (LRA); the area of the His bundle showing only His
bundle activity (H) and ventticular activation (V); coronary sinus ostium (CS); the inferior left atrium (ILA); and the posterior left
atrium (PLA). During ventricular pacing at 120 per minute with 1:1 retrograde conduction, atrial activation time (AA) equals 55
msec. As the rate is increased to 145 per minute, a Wenckebach cycle occurs ending in a reciprocal beat (Rec. B). Note that the
total atrial activation time increases from 60 to 65 msec just prior to the reciprocal beat and coincident with the retrograde Wenckebach
cycle. With a ventricular pacing rate of 150 per minuie, another Wenckebach cycle occurs and now the beat prior to the reciprocal
beat shows dispersion of atrial activation, 75 msec. With ventricular pacing at 165 per minute there is 2:1 retrograde conduction
with no change in the atrial activation pattern or total atrial activation time from the normal.
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A

Fig. 4—A schematic version of retrograde atrial activation. A. Indicates activation proceeding from the His bundle retrograde through
the various regions of the A-V node: nh, n, an. (After Spach er al.) (10). Activation spreads uniformly into the atrium. B. Retrograde
activation with asynchronous exit of impulses from the A-V node leading to the possibility of reentry into the node or the atrium.

See text for discussion.

node and then to the ventricle to produce a recip-
rocal beat, or activation may proceed in an asyn-
chronous manner so that local reentry circuits may
develop at one or more sites to produce atrial
arrhythmias. In any event, dispersion of atrial acti-
vation would be a consequence of this asynchronous
exit from the A-V node.

In order to relate this phenomenon of disper-
sion of atrial activation with the occurrence of re-
entry atrial tachycardias, we attempted to induce
echo beats in the dog atrium with the delivery of
premature stimuli to the atrium during sinus rhythm
(fig. 5). To enhance the occurrence of echo beats,
we also delivered local subthreshold epicardial stim-
ulation to a site in the low right atrium near the
coronary sinus ostium so that parasympathetic nerve
elements supplying the A-V node were preferen-
tially affected (8). In this way, exacerbation of
A-V conduction delay was obtained. In panel A,
normal retrograde atrial activation time was 55
msec; in panel B, a premature atrial stimulus was
delivered to the high right atrium during sinus
rhythm and induced an echo beat. Note the stimulus
artifacts seen on the coronary sinus (CS) trace.
These are due to the subthreshold stimuli applied
to epicardial parasympathetic nerve elements (local
vagal stimulation). The echo beat has a general
appearance of retrograde atrial activation with activ-
ity in the low right atrium occurring before activa-

tion of the high right atrium or the posterior left
atrium. Note also that the total atrial activation is
slightly prolonged during this echo beat as compared
to the normal retrograde atrial activation pattern,
85 msec as compared to 55 msec. In panel C,
with the same coupling interval, an atrial echo beat
was induced by an atrial premature systole, how-
ever, it was followed by another reentry beat. Note
that there was a greater degree of dispersion of
atrial activation, 95 msec, in the echo beat seen
in panel C as compared to the echo beat in panel B,
85 msec. The reentrant beat also showed the gen-
eral appearance of retrograde activation; however,
the degree of atrial dispersion is now only 85 msec
and reentrant rhythm spontaneously terminated.
Also note that the degree of dispersion of atrial
activation can appear on the surface ECG as well
although the interposition of P wave, ST, and T
waves may obscure this aspect. Thus, it can be seen
that with a high degree of dispersion, the P wave
is broadened with 95 msec of atrial dispersion as
compared to 85 msec. The P wave polarity remains
the same.

Dr. Alfred Pick was kind enough to bring to
our attention some suggestive evidence that atrial
dispersion does occur in patients under conditions
of compromised A-V conduction. In figure 6, taken
from Katz and Pick (4), it can be seen that during
retrograde Wenckebach cycles not only does the
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Some Mechanisms of Supraventricular Tachycaraia”

Gomdu' MOE, MD, *hD.

B.’ef:;or a Research, Masonic Mad‘sm; Refemll ;
DHed, & m

ew York

or of supra-
ventrieulnmmmd‘n ’Iheypmphné on ihe asls
oinpymmw Ewdumlmdlummm«
\mﬁ‘

mzha, would sccount for :gprmr_mmig 40?& p
their cases. They aiso posiuisted that resmiry
mfcﬁgn the 8-A node mijhl account for anotber

&

iy

b w't
ey

Ithpﬁ'iwﬂy ous~
hmw_bzs‘.:ﬁn:&lm

oy that oction. A premsrare E&ﬂak
WO sorlvates orie paciiway wihhin the
e mmmm~am
;A paik withis, the =ode, and oely
“Wentricie, Thus, we ¢an Bave axn

d within 25 atrlam which tam. et

'mmuewmaua-vmmm

basis of cirous movement within the nods, Thus,
MCY QUARTERLY Wli: 4847, 1973




MOE: summwmm m‘.:mmma

e T —

YLj'. ‘37

‘“,- PGleced the sk moe, Twibery i PRRE ) 1) think tha
C i & relwively Efcul: atea o ""'il" : & : H
tended w.*ad of 'rtm 1Ak easy to gat ¥

. }I

r)Lrj'.‘" l\" sk
(
“ bl ."] e mnin

ety i hashal v bty ot - i
<, 9d 53 1l AT falbean anlane Yo ipdatyt -l -duie Base. Soysiel _.. ;
MM n!.ﬂ.p‘li'ﬂ: NN @ it ;n,.u. ,1@1*91. atlbous il ViR '“rﬁr-!ri * o"’r
o '#vmrn-- ik P aag 1 o g g '!""'ﬂ""!mr’lrdfﬁ m ﬁ 4 p.+‘+..;' ;
St *uu ! PR TIN 2 s R S e I ml.»
4 ‘1‘ e L

. Wﬁrﬂ ot -
\ i

ot i Y ) s




Ventricular Tachyarrhythmias*

fsom SURAWICZ, M0,

Frejessor of Medicine, Director of Mrdwwscuiw

Univarsity of Kentucky College of Medicine. L

I‘bmn&mmmm;ﬂhn
mmmm‘m;wobmdnk o incressed
Lptomarsity wagally dificult o
diftereatine. mmmmmm

tas| hawaver. Iﬁnwmsmm

Hg yenwicis :w;u,mdmmt:hk {V8) attes
mmdmwmowy artety
n&q@hm‘mm\ 'S) the condoction

-uamlscvsdmsbyﬁmdmmﬂma

s *Pmd!r-mr mwﬂzathiymmnnw
ﬂu&rmthmm Funme 2. 1978, Viiginis Beach, Wirgidu

S

A RS compicx. This QRS com-
ﬂuewheuﬂumweryc-f
7 htmaiinmzﬂlh’m-

&

ot mechanism. Are:
thehemmmﬁﬂm
Tpmmh; slaus peat, and 2}
wt:htmmthgmao{me
Fo ¢ matance, whm the cardiac

cAosely cm.b&v: ex’nmto:e i ascribed to nome

MCY QUARTERLY 305 4582 1908
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Fig. 1—Electrograms of a dog with experimental occlusion
of left coronary artery. (Reproduced by permission of L.
Baschieri, L. Palagi, and M. Puletti. “Experimental Study of
the Pathogenesis of Ventricular Extrasystolia.” Cardiologia,
50:371, 1967. Explanation in text.)

homogeneous refractoriness. The third mechanism
which supports the dependent type, and which is
most commonly illustrated in textbooks, is the
mechanism whereby a particular fiber is bypassed
on the way to the ventricle (3D). In such a case
of a so-called unidirectional block, the bypassed
fiber does not fire during normal propagation of
an impulse but becomes depolarized when the im-
pulse returns from another side and causes an ex-

49

trasystole. These are the three possibilities whose
occurrence may produce a ventricular extrasystole
of a dependent type.

An example of an independent mechanism
is a parasystole. How does one diagnose para-
systole? Obviously, we look for evidence of variable
coupling, fusion beats, and a common denominator
indicating the assumed rate of firing of the in-
dependent, or “protected” pacemaker. When the
parasystolic impulses do not appear at the ex-
pected time, we postulate an exit block, or intermit-
tence due to temporary loss of protection. When
application of carotid sinus stimulation sup-
presses the dominant pacemaker, the so-called
parasystolic focus will emerge undisturbed and fire
at the same rate as prior to the carotid sinus stimu-
lation (fig. 4).

In clinical practice, automaticity and reentry
can be occasionally distinguished on the basis of
response to treatment. For instance, treatment of
digitalis induced ectopic atrial tachycardia with
potassium demonstrates that the rate of the ectopic
pacemaker gradually decreases. This would suggest
that the rate of diastolic depolarization is slowed
and that this type of arrhythmia is based upon
automaticity rather than reentry. We believe that
reentry would be more likely to cease rather ab-
ruptly and not by gradual slowing of the rate. This
is shown in figure 5. In this patient severe hyper-
kalemia produced ventricular flutter which did not

Il CONTROL

] | ] w

Il CAROTID SINUS PRESSURE

:l o

o

.

Fig. 2—Continuous tracing of lead II of a 48-year-old man with rheumatic heart disease. Ventricular ectopic beats with fixed coupling
interval. After carotid sinus stimulation (lower tracing), the sinus rate is slower but the coupling interval remains unchanged and no
ventricular ectopic beats appear during long P-P intervals. (Reproduced by permission of B. Surawicz and M. G. MacDonald and the

American Journal of Cardiology, 13:199, 1964.)
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Fig. 3—Diagram representing 3 different mechanisms of dependent ventricular extrasystole originating in a Purkinje fiber marked by
asterisk. In A, the fiber is depolarized by the impulse spreading from the sinus node (black dot) and no extrasystole ensues. In B, the
sinus impulse enhances diastolic depolarization which causes repetitive firing. In C, the refractory period of the depolarized Purkinje
fibers is short, and the repolarization is completed during ventricular repolarization (dashed action potential). In this case, reentry
may be due to potential difference between the ventricular fiber and the prematurely repolarized Purkinje fiber if these two fibers are
in close proximity to each other. In D, reentry is due to unidirectional block (see text).
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Fig. 4—Lead II of a 64-year-old laborer admitted to the hospital after an episode of syncope suffered on the street. Continuous strip
of a tracing recorded on admission. The range of R-R intervals in the entire tracing was 0.52 to 0.68 sec and of coupling intervals,
0.42 to 0.56 sec. The interectopic intervals are multiplicants of an interval ranging from 0.82 to 0.98 sec. After carotid sinus stimulation
(lower tracing), the sinus pacemaker is inhibited and the first and second ventricular ectopic beats appear before the first atrial de-
flection is recorded. The intervals between ventricular ectopic beats measure 0.98 sec and are constant. The P waves are apparent on
the descending limb of the T wave from the 2nd to the 8th ventricular ectopic beats but the corresponding atrial impulses are not
conducted to the ventricles. Note a fusion beat at the end of the lower strip. (Reproduced by permission of B. Surawicz and M. G.
MacDonald and the American Journal of Cardiology, 13:199, 1964.)



SURAWICZ: VENTRICULAR TACHYARRHYTHMIAS

respond to conventional treatment of hyperkalemia.
The administration of lidocaine terminated the flut-
ter abruptly, and this would suggest that the origin
of arrhythmias is on the basis of reentry. Another
interesting clinical situation was that of a 42-year-
old man with ventricular tachycardia complicated by
syncope and requiring repeated electrical defibrilla-
tion. This patient’s particular tachyarrhythmia was
resistant to all forms of therapy with the exception
of fairly large amounts of procainamide. Thus,
it was decided to introduce a temporary ventricular
pacemaker catheter in order to convert his ar-
rhythmia. When the patient developed ventricular
tachycardia, the first pacemaker stimulus fell upon
the refractory period, and the second one fell upon
the T wave and produced a fusion beat that resulted
in prompt reversion to sinus rhythm (fig. 6). It
is interesting to observe that the pacemaker rate
was slower than the rate of the ventricular tachy-
cardia. This type of response suggests a reentry
mechanism rather than one based upon automaticity.
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There have been other methods for managing re-
fractory ventricular tachycardia, such as aorto-
coronary bypass and resection of a ventricular
aneurysm. It is reasonable to conclude that the re-
moval of dead myocardium with resultant disap-
pearance of the arrhythmia suggests a reentry mech-
anism rather than increased automaticity. Finally, it
is conceivable that certain tachyarrhythmias may be
due to combinations of increased automaticity and
reentry, for example, repetitive reentry into a par-
tially, or intermittently protected parasystolic focus.

In summary, there is well documented experi-
mental evidence of both increased automaticity and
reentry in the experimental preparations. However,
in the clinical setup, the distinction between these
two mechanisms of ventricular tachyarrhythmia is
usually very difficult to determine. Certain diagnostic
clues can be obtained from the observations of the
dependence of the ectopic beats upon the preced-
ing dominant impulses and from the responses to
therapeutic interventions.

O.K. 15F
Bilat. Nephrectomy. Hyperkalemia
22 mEq ml 50% G + 200 Insulin

NaHCO3 + 20
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Bolus 100mg Lidocaine i.v.

3 min.

Fig. 5—Abrupt termination of ventricular flutter after administration of lidocaine in a 15-year-old patient with hyperkalemia and
atrial flutter. Note the characteristic peaked T wave after termination of ventricular tachyarrhythmia. Lidocaine was administered
after the failure of conventional therapy with sodium bicarbonate, glucose and insulin.
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Termination of V.T. with fixed-rate ventricular Pacing
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Fig. 6—Monitor lead of a 42-year-old man with ventricular tachycardia terminated by transvenous right ventricular pacing (see text).
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Fig. 1—Incorrect interpretation of rhythm leading to unnecessary therapy. The upper panel shows lead I of the ECG which was
incorrectly interpreted as salvos of VPD’s, and on this basis lidocaine was begun.

The lower panel shows recordings from high right atrium (HRA), the bundle of His (HBE), and lead I of the ECG. Actually,
the rhythm was occasional VPD’s with concealed retrograde conduction resulting in aberrant conduction of the subsequent beat
(LBBB configuration).
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Fig. 2—Time-plasma concentration course of lidocaine ahd procainamide produced by sudden 200 mg intravenous injection (/eft)
and constant-rate intravenous infusion (right).

After IV injection of either drug (/eff), the early, rapid fall in plasma drug concentration is due to distribution of drug into its
large appdrent volume of distribution (Vp). A slower late phase of disappearance is seen which is due to elimiriation of the drugs
by a combination of hepatic metabolism and renal excretion. The half-time for elimination (t,z€) is 1.5 hours for lidocaine and 3.5
hours for procainamide.

At right, the plasma concentration during and after a 12-hour constant infusion of procainamide and lidocaine into a 70 kg
patient. The infusion rate was selected so that after an infinite amount of time, the plasma concentration of each drug would be
4 ug/ml. For lidocaine, t;.¢ = 1.5 hours, Vp = 120 liters, and infusion rate = 52.8 ug/min/kg body weight. For procainamide,
tise = 3.5 hours, Vp = 140 liters, and infusion rate = 26.4 ug/min /kg body weight. Primarily due to its longer elimination half-life,
a much slower rate of procainamide infusion is required to produce a 4 ug/ml steady-state plasma concentration. Because of its
longer t,,.¢, procainamide takes longer to achieve 909, of its steady-state plasma concentration (11.6 hours) than lidocaine (5.0 hours).
Also, the plasma concentration of procainamide falls slower after discontinuing the infusion.



) BIGGER

—_—

100 g
e R S S

PLASMA _IDOCAINE ugiwi
Rt a——

TIHE N HOURS

aited ligiosnine domge i a 70 kg patlemt wdih.
‘ﬁ|r.“:1."_'w'; 2100 mg foliowed
85 M:.. uld TR v kg body weighi. The $his i
¥ng _..c.n-'...'-e minimar sdective scmgaatrs IMEC
Tas hick solis f:‘--e i (be
rutiotalms cousie msautting fom comidped themapy
fwz pukrempiad - lines fu_qv the CompENIe qires
Sourme Whish wokld hwen swiiied Srom sithee made of dos-
g wunE. MNete (Hel i method Mwisiglve tha plsams com
ENEIRE fn e gflzurilve songs

Snmecanlely 1y

toduped reis of lidochins Simmetion. Ajsc *'um..'ﬂ,m.
semingtion can be redisind wier hepaiossl
oS wvonady Enndledl Whey congestive faliume
or Anttey Sadtion feuding awistolivm of toe
drug s - oresert infielon - 2ates mest De - reduedd
pieesn g iRl B ey wieh g e o2 o

Soid

Fagtrgrrey 'i' x

Winaiden A8 88 ey Siited fnm lte Shprapeb s deE-
Teeltnens; ’i“:e slesrme, comosmtIElio Bebigved ' afier
mtririyoiler - mbesiion sveiily to deperid on- s
formlation e wooperirstion Micoted, *ﬁ&'u--"“‘-'
o s o ur:uh Vised for e feoliom, wetiolt? [ (ho mrsecie
eitae: S gedsnal-siiitesery widtoh Baing
& wrb* f.‘:-ﬁ- goinion e 84 mp petkyg Dedy
et ~givdn: a0 e Jeltalt mose, we . Eeg
ePnlove ® T g peimi pliame t.:-rm‘*‘w..'.“‘!‘(r _
“an F:‘f".u;ge___-eu Bodl ot 3% g def ml
£t N whlnigey. boa the sonesdivptien —,m.r::’,s.j_ ud
por-ml for B0 us iites ’i-g. 4

Orai diases Whee lidocaing is g9
I welivamorte, tiud Ui rouw of

his B2 iean‘ iWo

tiar-infetition. ST’ o@ite of 309

o
of 4] 1T
& o dl‘-' Ak

nEsiy, it
risiPation

1y ”ﬂ't’fi'i

SREV

"';i‘ﬁf !i‘.;s".‘éi’ wsw warmtiz

doken teud %

ori anc

™

Baant ghdoo

magssp, There ly avidence to sugglet thet e ool ca
ey s crused oy (e centey adBlod of & 1yyahobte

tpl Britation
e W g mone venze
Sdosmine nod a0y DERpOsE ol I

rether jhan local gaslfrinu

Erae aivonids

ils fAeug than

or enfimeriyibmic apecirisn Wy wisd BeosLy

==gicred ¥y BOEe o By n).u:'.\".("'?q FEVRE D

; i “.&-"f‘_'_:.‘w. b e ey

. Tadre v g great ddallof gone .
in i litersot ee G et
e, Mg id Wend ‘one %

etk “‘T elpdious m iy witensios je elmon

en: rise in
ngreggie decress:

WYL N .
. lias et
Buy - nisrstrel™

# deess

A H’-VI.C‘”“ 'y"

remosnveried T
5t

st he
o
wheihet of Bot g

]

o G

TANEE iy

TEASMA LD

THEE W HOURS

Flg. s—dveTpgs piniron DEOoRios w ¥
ssven patiesst with sculs Mighéurdel
1§ Body weigh "3*‘ -'.::f:ﬁ.{m v
wusgle nl w 4

aSUtE ngnc

rlinl Bebanti@ion.




.uwr' n.Jr-*
-‘u lli 3' -4

'!.‘:a;ﬁf% At

iy R L

r-,'n, - L ‘1,‘1} ‘

: ‘ 'JIr o !»n{v,ﬂ X it “"“P“H e
nt sty e A ? i S " il .mer(‘ Wi 'ﬁn.«mm
A-..-mn mq ol o %

n‘m“rr-l:“ﬁ "y "[ﬁ:r; L7 ]'“ i =
ARG AR arw*r* . armﬂ L

L ,.HM -.
i oo e g JU»*-W

'J.hy ﬂ'.'.l‘r'u') v ]T'rt
’ i
gl Sk 1 ‘1‘hn FW..'lTﬂ‘ ;

*ﬂwrh.‘na

“'ll'f‘]""ﬁ ayb : : ;P"E!n

F'd\ul A \ _“l'i e ‘fn-n;g"‘;,a. QU

'>'_‘ i ;f I f-l- -y '." oo 1 2 -. r.'fl"‘ Lﬂ. A
!a—of-—t—‘-‘ , r-a.——- Ay " g .

AT A ‘!" o "ﬁx"?‘wi Y ulIl!JT lf'l}ﬂlf‘ll'-ru‘ ak
i ‘ﬁ*"*“" "‘u'm S o
?,. L ﬂn*v”‘r“lm{r?nr*r AENT q 0 4:“-1" :l
.’,uf' oo -m'v**.:w*j S Tkl T il




7i SIGGER AND ‘GIARDINA; LIDOCAINE ANS BROCAINAMIDE

wtabls plama MH‘GIO Aol At
hg&mm?‘wﬂsﬂm;umo‘

m%&am‘ww rﬂ#ﬂew 6
.MMLUEU‘I: U Byl

e Nowbaliy, o Wikils mm dﬂ-‘. have
conbidenibly. deseases martelity. fom srekyhaees

poteatisly (Ha-westendng as the presice of fie
dermyiomig iteell, A cossidesabie dnoidsnes of foX.
iwyhsmmmmumm'zhngfwmd
topaley fhelr general uselniness. Fowiely «suaily
sty from osufficient sttetlon fo ihe. geoeral
physidiogic state of ihe pelieny: e dunctional dme
pairmest of the orgins whigh metsholizs ‘thené
drugy, 'op plszmasadyagiiic coswidarsiions Elow-
wrmMmmm*Wﬂmkmg
theve dregs; o fhoreugh icnwledpe of their toxic
e#wum;nmﬁmsummhamu

m“mmmmmdwwﬂ:
midﬁp-

MWMWMMM
o b ralated 1o siwa of dose and rare oi adpsdnlstra-
tion, Ordinary desks, however, msy #odoes ynds-
grable affects wion iBere (3 sovers hebatie disarder,
acidanls; sbvereSimgustive heart falltrs, iony chndise
patpat, end: ahogk: I8 didocaine % infosed at aswel
ratsd whork pges- vonditions ' saisi, tenicity may
ensuo aul, o fem Wby bicod lévels huve besc
measured in fhods ceded, ikey aré fraguenty two
mmmmmmmum
mmﬂ taintiod i af

Lkulp -uh vpodmcm signh of ' ceniral
nervons sysieen) { OWE) invoi-sment before exyweh-
festive ‘or oplective eaddicvascular affects sre oh-
rarved. The sely symptomn mey be eameimety sahds,
MW&MM&MFMMMN
socisted whthy dizxineds, drywsieess, numbnes of lips
and tengue, ussech dsirovrions and TRess Ay
prewsnt we | wuspect thes thany of the minor' TNS
symptoms of didocains. suxidiey’ g0 unrecognizes us
st il azy wended with dinzepiac or g sistiier ngent|
Miore severe TN manifestntions sach as tremiar, eoms
valstooy, cenplrstoiy fomieslor, aivd srefenis ndvul
MMWMMGNM
mu@m iman 10 ug péropd ot may be déen
iower agpeshirstions.  Higns oMCNY luxlclly ma
e teesidd bv siopping lidoosins inhukion uli.
B G apmiptosms Wil {aprove wiitkl § 330 gl
woun, Dot mery twke severs! howurs to comipisioly sl
Zidossine ipduced Sonvisions may veq e b
mwhwmwm&lum 8







ié BIGGER AMD GIARDINA: LDOCAIME AND PROCA NAMIDE

digsmpe axd congea’ v beact falure, Rlhough oec.
l‘"mfﬂe ihci..:d b asdn sudopsl, i ihese condd-
W, ey o mok racione Geren e Mave nodad
ar the provakd "‘y #f mrlowed Semodeiasis
e¥acte 15 myinfalzed Yy intermitient ivivesous .
el aud B ..szm“.‘. m..u:-.#ts:w’mg of 91'.')3-'.5:! it L 4
I peoessazry, doses Highet than 1000 mg may bs
g by 'I]za tecieigae withont pvidence of apidiag
uxighy or Mypoteunion. Procabsariidedndaed e
B wc"»_'_;b‘.:lif o sleetronend el Sonldliy phay _u"‘
iregied ) roler gl '_m achate guE Ms gadeats
asnles, \_'we,,wﬁe:e iy oF jendrslersmol,
Bxiracardipe ‘oxic reggiome o sroedleasics
gre most ooncrotly seem Qadag chtona  orgl
fhetaty, Gaatrolrientive! distorhances (Hsnes, vom-
{hin g dineriea) . arid ENE disturbarces Jdescel de-
gression, oemeiosls, and conviisiony] Nave besn
'wm *{ Othe: woxic effeciy fnciide dldn pesn, fover
and =hils, edd agisrwioryiosls, Mogt of these exire-
sargiac reactlofs dubside almos: imedintoly with

dgvontivustion of the deug bl some: ey Teval
2 Tow dsys fo B Tew weeks A syniorse eRewy r’:g
:..ﬁ:'"r e Jaras argthesuninegls (SIE
by arilraigle, fever, ;Jiem:'uprmm..a:»ﬂ"_
aﬁd Teporcdgely hea pecerred irsc
Henln of JGug-fart malejenmied e
adretal cprtloosieroifs havws Dest reguliad o
ol seyeaelly ietacions spmpeams of 88, T eaould
be poigted o e, weitke SEX the drug tndised
SLB-ike wyndrome pootucss ro Sefmanes dangr
in eny vHel ocgan iyste, Thi and she fpur thst
aspirin - o wierify wiey comital syRpRoms are -
portunt. comelderszions v patiog e oEnEgimet
D"' i pedant who has a ie-tnreataving arzhyinia
‘oo witdal oMer, Jiugs ere uafuive, snd whe s
Jeveinped fae SLB-EKe svadiomz I such & case,
ane FoasoRable course of auom 1 o somitnie pro-
caiznpinide BNl sordrol symioms of the SLE gy
deome with We6Hes or adrena’ couticonsierpids,




oatriak ng Funetion: in nm

‘m“}u o

“‘ gl ':-‘J‘i."...i‘»'f. Tl s l LET wj L -—‘-,H-,l"".' _'

1,._\1l|"l il 1 ey ) i T T )
lpm;mmum(sém ik i it
"‘ari: el o AL Arrie-t b e

i i A

% ] | T B TT S e A

e R ‘uf o e T TR T L !
T WUk SR L S e L .

ji il L .1¥ } =)
m'd .Nv\ 4 - P ‘l.". .

14.“ lls y ve R ) LR T (RS LTS LT
«3-lit At Taivker Lok llos. lnbodl

PR L= O o gt w j AT 2 T

Telup il Whig i KLE 4‘;’._."._.,.._1{1. e



73 BIGGEY AND STRAUSS BINCATRIS. NODE FUNCTON

Trek the nofad Buwionuye espasisey hes
gnecate! &n Jopwae fp ke $-4 spde Al Ose
e miss st oe 'za““.;!*c“ o fhe mdioss epd
o ol "“’ L,-sﬁ?s [Eu e A e d "EV e 2
X r.e, woisl sexclee exeintion. The pevon psas-
el of tme 3.4 2zdal el 4 2 R npe el
with Wow sondustion and '.'Eﬁet.\‘a:'_n:y 8 Weogk o
Nagregnienlon o wesimistles that i, dhmss O &
Bl TeTOUTLOR giedd paoertole Alow ing. £,
ihe & node. pesairetes sxils gre aull, hEwe
rulitide comnestiods wis Oelr nalghooey, gut are
e inagied (o v Semes numeclive tasus sirosng, vecs
augliowing, leahaven ol pravedly camitlhate 1o sow
pondunton i the ad=is podp, In additen, 2o sings
sode 1 Berounded By 2 group ol balle with are
latermiediats In dmevciage cpume bebwesn 8.2
neel cels and atcal speciolived ovtle. These ceils,
celisd. “reriaodel Eiety” are nol sliomaiic unds:
nonwal clzoumstances but G leve slectropi yicisglc
propert iz which oo d#!r ‘genduction and
Nogi, “peraocy sefls™ Mefhesst A baprier fo cor
duction mio the &4 Mﬂ E’M 2 Jegion -
“orgerizzion” nxd woipdiBeRttan of dnpudes lerving
the £, code miight ceouf. ‘“' g

All of the events W #have—tmpulss
grnetasr m ihe 5-A g n‘d taseninsle 1o
Vg alrlom—sre Svieible SR on the hofy wortace
pactrocecciogan jad, In m ehtewcelinter arrie)

L?

dectrogrony. Ank 'i'l?nm of the 8-4
nede {5 maz 1§ sven mi har amegyds
ol the 4.V mode, We'l b sondy the
A=Y aodse Iz men by ¢ K sleorogens
from e aidal mergs of the AW tods ol on
tae strer sice, the sewoly BuNE of Hi. Pre

gammed storitice" of the en vwzncte‘ end
ganiyeir ol the slectides® w piow g ratter
aslpte. chafacierizadion o! e AN “nods The
§-A zode i somewhs: susiogols w e AV node
i Chnt (Re naas goveraied It e B4 wode must
vk sk the “ueimofil fber” Tastlégows 1o
i A7 aede) I= owder 1o rency ‘syspliled dtris
hers ‘ensicgos 10 s baidie of ‘ﬁ;, Hownrs:
el amiogy s Very ‘mpamnleie i thel e §:A
rofe feeld 3 an grer of slow somducten med. W
addiing, spariairondly pererstes arpilise
Frosimenal and wilibsl ohsarvitons mads
in the fom Oecade of ihe Tweniliet sextuly eaTdd.
Tehed 1t sechnd .J.agr&t §-4 ek eonld seevr in
pelmel gnd Rugsn Gemfs, B fasl, Besood dhgree
dapaitisl Yieck was well swalilaied ciiiten’y from
snalynia of the fuguls:s veonous pulse well pelors Sl

gancmvaly wal monnded plerroe sl g:w'n:ui_"p
Sirne Yhat Sme Sheve TEe Been £ greet incoomse fo
B zas J-Me of fne deseesritinpiolis farvarey
& svona Sepres BoA ek, Mo ey, e
= 3. ..m..'bmnl pﬁu% 8 & therepesido Levies

a8 (24 o ot i it ent wodersmadiog
of & veliegy of of Sa __:vr;si s 12
funciion. Tnsts WI

i osevers shing Srkiuailie imduced by

—-'wmhmwhtlrmfoc the ops
sl amoent of drag sdminiatered,

I zeviods of geoord fegws SA g
;mW&go{ﬂ\hm” !

loey phuses 'n simogielal <hythin catised Sy

slews Wivsedy repetivivs conoesled tlmis m

Block or A deg-ve 5.4 wit hiosk,

§ civonic gtelsl fibriletion with o Mdw ven-
wicular sty in the shsence of drogy wiich
sow AY sonduction, sad loebilily of the
kesrt 3 sdsiime kianie sinms thyfam afer
electrial sedloversioe

7 the um.m mymd*a SyBCTomes
Several of hese syndrosam deserve
cemiant, Thi Bt fhree Vsted have Seen 2reop-

nized loe 2 )ong tlme add if scoompenied by heert
Zallore or central mervous svstem Symotoms are
aften meenil, Wnd suctessylly, with lmpisntad sie.
edeal prosmsier. For & i’mg ‘time we mbgmm!
ther petlests with abrial A%ilEHon wio Ned & siow
Ve -mw: fate without g m were prone
m": digitalis and often ?!ﬂ' severs st Brady-
mmmmmws o ging
Eylusction When gmdiivested. Teoetly, we have
fesred {nee fals {8 it8 1o 'Ove facs Shut meny vacisnis
with severs S-A molle Sypfumidor slo bove fa
owred AV comdudticn mnd plugglih vendrioulis
sadermaters. THE eholpserdia-bradycanile syndesmes
g 1] “ave Doert recognired for sbour fweuty
yearr, dut they presented difficult; often inwirmepuns-
axs, marggement sellend umi sombined trees-
Eenid wit: devgs and an m@tﬁw pacentaker becems
awgddebie, ‘

0 4 sereiio m«sgﬂm -A aodal évmrﬂtlu_
whits, & presents ad oke of the e syndicmes Saed |
A, I-Ze:-wcvﬂ‘ it cam e MI.I ¢ knom whethes
3-4 rzede dptancion (v geesash, Two ssemgier o
widois . presest sidniosl difteulty ares 1} moderits
unws sracveertis whith moey or mey not-fndicule
Miringle malfunetibe of fie S8 Dede and |
& serisy of @ifficult ravie probiese

(]




BIGGER AND STRAUSS: SINOATRIAL NODE FUNCTION

79

Tt

T

BEE e

TS

T
s

T HEEEE L B
I L

inEs

1t

19§ | \

T
5 i

b

Tt

3

Fig. 1—The tachycardia-bradycardia syndrome. A 67-year-old man referred for evaluation of recurrent syncope, dizziness, and
weakness. Lead II of his admission electrocardiogram shows a repeated change in rhythm from atrial flutter to sinus bradycardia.
He was treated with a permanent transvenous pacemaker and digitalis and has been symptom-free for more than a year.

sequelae and 2) drug-induced sinus bradycardia or
S-A block which improves to normal or near-normal
when the inducing drug is removed. We need
clinical applicable tests to evaluate patients who
demonstrate such events. Ideally, these tests would
separate patients with intrinsic S-A nodal dysfunc-
tion who require careful follow-up observation and
have a high probability of need for early therapeutic
intervention from those who merely have a slow
sinus rate or those in whom a combination of ex-
trinsic factors caused a temporary impairment in
function of an essentially normal S-A node. Re-
cently, two techniques have been used in the attempt
to evaluate sinus node function in man: 1) rapid
atrial pacing and 2) premature atrial stimulation.
We will discuss briefly the use of these techniques
in analyzing S-A nodal function.

Rapid Atrial Pacing. Out of a group of pa-
tients with syncopal attacks who presented to the
National Heart Hospital in England, four were
noted to have periods of sinus bradycardia alter-

nating with periods of atrial tachyarrhythmias. In
these patients the sinus rate usually ranged between
22 and 50 per minute. The episodes of atrial tachyar-
rhythmias were of variable duration, and in one
patient, syncope associated with the termination of
the tachyarrhythmia was documented. The episodes
of syncope in these patients were due to a long
period of cardiac standstill that followed the sudden
termination of the atrial tachyarrhythmia (fig. 1).
The extra long pauses that followed the termina-
tion of the tachyarrhythmia were a manifestation of
depressed sinus node automaticity. That this was
the case is suggested by the effects of quinidine
hydrochloride on the sinus rate, that is, atrial stand-
still was observed in all four patients. Recent experi-
mental studies reporting on the sinus node response
to atrial pacing have obtained data that is some-
what analogous to the clinical observations on the
sinus node response following sudden termination
of an atrial tachyarrhythmia. These reports also
have speculated on the ability of this technique to
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Fig. 3—Secondary sinus pauses occurring during the measurement of sinus escape interval. A 53-year-old woman with angina
pectoris, and normal coronary arteriograms was referred for evaluation of sinus bradycardia. In this patient, the longest sinus escape
interval was seen after an atrial pacing rate of 130/min. At a pacing rate of 170 /min, the sinus escape beat interval was shorter than
at 130/min, and prolonged secondary sinus pauses were noted following termination of rapid atrial pacing. These secondary sinus
pauses may reflect pacemaker malfunction or advanced degrees of sinoatrial exit block. Atropine caused shortening of the sinus
escape interval at all paced rates and abolished secondary sinus pauses. See text for discussion.

pattern of beating is compatible with repeated short  after discontinuing atrial pacing are abolished by
periods of sinoatrial exit block (repetitive con- atropine, suggesting that they may be encouraged by
cealed exit block). Secondary sinus pauses seen  cholinergic influences (fig. 3).
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BIGGER AND STRAUSS: SINCATRIAL NODE PUNCTION
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Mechanisms of A-V Block”

LEONARD S, DREIFUS, MD,
IOSEPH McMENAMIN, MD
DEMETRIS KIMBIRIS, MD

Fromy the Deparisenss of Medicine, Pryzipicgy, and Blopryxics,
Haknemann Medicai College, Philadeiphia, Fennsyivania
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of disturbasces of pirioventriowinr (ASV' ) conduetion.
interest on this subject eppavenily uc'n in 1827
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WM&W (8. Fees de Carvalne 120},
W&mbn axd  Drsitzs 13C, .1;. ‘apd othess hag

_ Prelelbﬁh!‘ih' M:rh!ymﬂummrnr
Mmmmu..m W 1873 ol Vicginle Bewch, Vii-

* or by insludieg cases of A-V block sngeadesed oy

e

sEmered the gisctraphysioiogic mechanigrt of ¥ .vio-
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DREIFUS ET AL: MECHANISMS OF A-V BLOCK

variety Type I, which subsequently became known
by the name of “Wenckebach periodicity.”

In contrast, Mobitz (16) called a block Type
IT when a ventricular complex dropped out without
any change in the P-R interval of the electro-
cardiogram in immediately preceding beats. He
also mentioned that, in the Type II variety, often
many successive ventricular beats dropped out
causing prolonged asystole, despite preceding periods
of 1:1 conduction with a normal P-R irterval.
Hence, it must be reemphasized that the original
classification of the two types of “partial heart
block” was based entirely on variation or con-
stancy of the A-V conduction tirme.

Clinical Findings. First Degree Atrioventricular
Block. First degree block does not itself produce
any symptoms. From a physical standpoint the
presence of this type block may be suspected by
the finding of a soft first heatt sound. Levine and
Harvey (1949) provided us with an explanation
of this finding. These workers reported that the
intensity of a first heart sound depended upon the
position of the cusps of the A-V valves at the onset
of systole. If ventricular systole occurs shortly
after atrial systole, the A-V valves are open wide and
will be closed violently and abruptly during systole
producing a loud first sound. When the interval
between atrial and ventricular systole is longer, the
cusps will tend to return to their origihal position
so that the sound produced at the time of ventricular
systole would be much softer. This suspicion may be
confirmed when inspection of the jugular pulse
discloses a delay between the A and V waves.

Second Degree and High-Grade Atrioventric-
ular Block. Second degree and high-grade atrioven-
tricular block may or may not produce symptomis.
Second degree A-V block with Wenckebach periods
must be differentiated from the pause following an
extrasystole. This can usually be done with
auscultation. In block there is ventricular ac-
celeration before the pause. Difficulty may atise
in diagnosis because occasionally a blocked atrial
premature beat may caise a pause in the sinus
thythm. If the P wave is hidden in the T wave,
interpretation may be quite difficult. From the
physical standpoint, however, the extrasystole will
produce a cannon wave in the neck. More ad-
vanced second degree block with 2:1 A-V ratio
produces a marked bradycardia.

Electrocardiographic Findings. The traditional
classification of atrioventricular block involves three

87

major types. In first degree, there is merely a pro-
longation of the P-R interval, and every atrial im-
pulse is conducted into the ventricle. Second degree
A-V block has been divided into two sub types:
Mobitz Type I which is equated with the traditional
Wenckebach (15) periodicity, in which the P-R
interval is gradually prolonged and eventually the
QRS complex drops out (figs. 1 and 2), and
Mobitz Type II second degrée block; characterized
by the sudden dropping out of a QRS complex
without progressive prolongation of the P-R interval
(figs. 3 and 4). Complete or third degree A-V
block is identified by independent activation of
atria and ventricles with no conduction seen when
physiologic P-R intervals are possible, The ventricles
beat independently, each with its own pacemaker.
The difficulty with this traditional classification is
that the site of the A-V block is not specifically
identified. In addition, it cannot be utilized in 2:1
conduction or in any rhythm other than sinus
(figs. 5 and 6). Hence, more precise identification
of the type and site of conduction block is
mandatory, as specific clinical programs must be
organized. There is no problem with first degree
block; however, with second degree block, classifi-
cation based on the width of the QRS interval will
apply to all conduction ratios including 2:1, high
grade A-V block, and in certain instances of atrial
ﬁbrlllatlon (ﬁgs 3 4,5, and 6)

Flg 1—Orthogonal leads X, Y, Z. A sinus rhythm is pres-
ent at a rate of 75/min. The P-R interval becomes pro-
gressively prolonged with 0.22 sec to 0.32 sec before the
6th P wave fused with the T wave is dropped. This is a
Type I block (Wenckebach) associated with an acute in-
ferior wall infarction.
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Fig. 4—His bundle electrogram, first two beats are produced by ventricular pacing. P waves are conducted to His bundle but are
blocked below His. This type of conduction block is usually associated with Type II conduction.

With the development of cardiac pacemakers
as well as the expanding knowledge in precise
localization of the pharmacologic action of antiar-
rhythmic and cardiotonic agents, the clinician must
acquire a firm understanding of the nature of A-V
transmission. Digitalis, acetylcholine, and ischemia
appear to slow intranodal conduction, while pro-
cainamide, quinidine, propranolol, potassium salts,
and lidocaine slow conduction above the A-V node
and in the subjunctional region (21, 34, 35). For
practical purposes, the site of block can be identified
by the duration of QRS in most instances, and His
bundle electrocardiography will add little to clin-
ical management. If progressive P-R prolongation

is seen with a wide QRS complex, two levels of
block may be present, but therapy is predicated on
the lowest level of block. Conduction delay of the
Wenckebach variety is most common in the “N”
region of the A-V node but can be seen in the
subjunctional region of the A-V transmission sys-
tem (19) and even between contiguous ventricular
fibers (4), but offers little as a prognostic sign
alone.
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Fig. 5—Orthogonal leads X, Y, Z. 2:1 conduction is pres-
ent and QRS complexes are wide. This type of conduction
cannot be classified, block probably exists in the fascicles
and is subjunctional in location.

Fig. 6—Orthogonal leads X, Y, Z. QRS complexes are
wide and show a right bundle branch system block con-
figuration with an S wave appearipg in lead X. A QRS
complex fails to appear following the 6th P wave. P-R
interval had become progressively longer from 0.18 sec to
0.32 sec before dropping out of QRS. Two levels of block
may be postulated, the first within the A-V node, causing
Wenckebach periodicity, and second, a subjunction block in
the fascicles of the right bundle branch system.
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MOORE: PRE-EXCITATION SYNDROME

101

Pre-Excit.

140 160

a5 55 100 120

Balhing

180 200 220

b—kent—fe——————Ventricle———]

Post —op.

Fig. 2—Ventricular epicardial activation sequence map in a patient with type B WPW syndrome. On the left is the activation map and
lead IT ECG recording during pre-excitation, and on the right is the map of epicardial excitation and the ECG following surgical
interruption of the A-V region where pre-excitation was recorded. The sequence key below each map indicates the relative activation
times. During pre-excitation (left map) a focal region at the lateral right A-V sulcus is activated first and closely follows atrial activa-
tion of the adjacent atrial muscle. Following surgical interruption earliest activation occurs at the region of the ventricular septum.
(Modified from J. P. Boineau and E. N. Moore, “Evidence for Propagation of Activation Across an Accessory Atrioventricular
Connection in Types A and B Pre-excitation,” Circulation 41:382, 1970. Reproduced by permission of The American Heart Associa-

tion, Inc.)

accessory bypass tract (bundle of Kent) can pro-
duce an electrocardiogram exhibiting the Wolff-
Parkinson-White syndrome (1).

Bundle of His Electrograms in Pre-excitation.
The other development in cardiac electrophysiology
that has contributed recently to our better under-
standing of the pre-excitation syndrome is His bun-
dle electrocardiography. The electrogram recorded
from the bundle of His contains three complexes
recorded from the lower right atrial septum (A), the
His bundle (H), and the ventricular septum (V). The
atrial-to-His bundle activation time (A-H interval)
is roughly equal to A-V nodal conduction time and
the His-to-ventricular septal activation time (or to

the earliest ventricular depolarization represented
on an electrocardiogram) reflects conduction time
within the ventricular specialized conduction system
(H-V interval). Sufficient numbers of studies in nor-
mal patients and in dogs have provided us with
normal A-H (50-120 msec in man) and H-V (25-55
msec in man) values.

Figure 3 presents electrograms recorded si-
multaneously from the right atrium (RA), bundle of
His (BH), left Purkinje fiber and left ventricular
muscle (LPF) together with a lead II electrocardio-
gram (3). The tracing labeled S is a recording de-
noting the time that an electronically simulated lat-
eral accessory A-V bypass pathway pre-excited the
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CASE I

This 56-year-old white male painter was in excellent health prior to the development of substernal pain, diaphoresis two days prior
to admission. During the ER evaluation, the patient had ventricular fibrillation and asystole. After defibrillation, a complete electro-

cardiogram demonstrated the following.
What would you recommend?

of close to 50%; therefore, I am sure Dr. Bigger
and I, although we would insert a pacemaker
catheter in this situation, realize the prognosis is
€xtremely poor. It is possible that in the future,
St}Idies such as selective coronary arteriography
With the consideration of emergency aorto-coron-
ary surgery would be a more appropriate approach
.than the sole management of heart block with the
Insertion of a standby catheter.

Dr. Scherlag: T would like to make another comment.
I agree that in patients with acute infarction and
bundle branch block, pacemaker therapy does not
appear to aid in terms of survival. However, we
have been involved in studies with Dr. Clyde
Schoenfeld in the intensive care unit utilizing His
bundle recordings. Acute inferior myocardial in-
farction with Wenckebach phenomena is a situa-
tion in which most people do not recommend pace-



il foserdom it lwe o ACr MEERTS

ae
WentEesgel i

rE Lavs Sovilopsd 5’;.‘:&

Iagoesy 4 Mese To g Posr sEfel: L ik Tish e
Alggt&. e r;:‘"a;' singg (e priand ey
slame B sesiod of Wolnamey H:a nnd Thet il cice;

de t4e Aference f'{-'“‘e ] a*i*" deﬁ.‘.a_.
Jﬂm Blgger: T hess pea e v damaitipa
sl B Sypolsodat, toflurailes i». e ;:.‘.‘ .
.}'.'-’a B I &0 h n.L a It 4.0t .". augale 'I"i‘ ot
sergstsnoac, §otkng Sl an adivigugl
r~mrwa s,:am«m- of Suep falbae
paasthivd o5 S5 verarcly s saoutio :'.L exmign
g womdl £l STRVE BOinte BT i oF s
D¢ Digkbagon: The gudlence wigh h, inisrests
fa your " rseommendstions anm«:mng (3ds.00 :31’
caiishins and e e of portabip SoRiSTY,
' Efggg., '
Dy, mﬁ\'&. ehEs ueiilan M, § Oirile® iramwvan-
v Bgolsr, fecuualat selieless or e sani-foar-
g USCT® catherer, We mralen. iolis peesrate:
cathalent sac (166 1Dem n.;) Foissp Suceweony
O gy wheashm cars el g g sod e
Myﬂ-a mwﬁﬁw Mmhu‘ﬂﬁm
Davie el Ceok matiﬁ-_ | O e &
- fefon mz"ﬁtg madla popaler v Tirs, Klmpall axc
. Rillip of New Yok Haepits). We uled several hur
drdlS of thess cathetess fox msam uu’ fouzd
thes fo be suiafiotory. AL protenl we wee huciy
cethetors fugt kave gond oharectepletics ‘:nr jorry -1
';gu.qunna;:z.
y:gle De you use the brachial arﬁmnm
¥ Ak
m mwﬁ We hpve wed dhe a;.iamv; m
Audalavien, brashis, s2¢ more rscastly, ﬂa femordl
wehs, Probelly {he most corvenley ﬁﬂe Wi seet
"h ‘cutberer, g fer us e pEton B sonsecned, fo
7 e exiemmal ‘uggw grinm Becaie Rotf the
‘m‘l wrms And logs gre ,e‘Hm‘, 4 ot dpvm oot
_&?ﬂ; fegulgd Veie Zamy 5 d¥Benls 'st asEaenensid
mm Beopie n; *aia.
A%, Dretiuay e Sovkivgon, mag I ke one mors
_zemek pelars yeo 'sevn the chcemeae dscuisiont
W, iave Jopn. waing e | :waaﬁm fonaaghelase
“ﬁhmanéhuw eveddt & ‘*"ﬁ J.mwafma-
Song, 4 thisic. 4 & g sigrnativg Tar, Saae uaicgd.
w*ﬂ;m # o, Varth, g, g, axe capialy, Rt
Jmay ¢ pinoed, toongh  npedls grzmﬁtmw o
¥t ogd o gt dn 4BS on 'R M0LS pepmkent b,
e -8 Wesk 10 (o, dmyy, FOK-may npsier
ﬁ‘.&.p - 0. 8. Siameoupy . covm, sad coplegn 4
P N ,mmk. sebomsmend Ahad Didee

nf"

;‘_-J_

e, .
e T\

WORKSHOY

B wel Wil SOvSE SorDtiery DEEE nity des
.mLt;t:.M.han wn-Jaty zaleeny,
. Doe. Balode Dr, HoFoan, wont v e Lpsrsnim o
vs#t“l"ﬂlu.ﬁbm Shetrve a5TEE TEsAhGiL T D6
oiueiag o:f'&ua;ﬁqme.w tagr 1 st pmd P AL
Sdmal? o =y -

Dn, iSoftman: T ﬁ!é!&l’ this T v some dey
e =veetanier:  woild. #e l.. g munsien
wriimes, gad /s vy &u‘&g‘ﬁf""m .18 o painl
a Sracth of the uiromesy RRMEY sad Do veno
loea oo Shelisie duting .w"?x,(.ma——,e! Gy wEy

Wil 8CERE

i

are fnl iy Jar dowr (he snberiay aeigseileg ooy

e Y e fuery coelades mg.a:-_e,‘ -
vels voritaly noudghes oy the vEsE e Yegoin
igotenie and lose £ good deal of copeayoe: e
wren, i, delinse The onoRiios ol m;ﬁm_‘ =

pestuie ks Dpd And pove-n WY Carpe amount
of phisssive gut of the Swcher’s ares to fhe &d
acant aress ofdle L pdie am, T ink Tov the mon
sart the wégﬁqd “aeleass Abc lntion" réstits frum
the Busking oWt fma: she ischer’c area of poiac
sivaw, Jectie &6, azd svervihieg ese dhar comnes
@t suddently Sram ‘scaemie “zlis,

ﬂre I gerieinly sgree with D, Ioﬁmﬂ:
snd would Hke to sk wheihes the merhvihiela ‘s
on the besis pf REdinelictiy on & sy ..ﬂ-h.;“'r..g:..f.

Wa bevs perforsied sudles adltsing the Hiduey
Shaotis drene A‘Ju‘ with gigricr fegee ”."f-g ArisTYy
tsunffs. B e ofter sevarml lgure,” The

Bplant sy FIRLEY RpDOsT it B oup i o
haﬂcﬁ. f i g V! ||'o; ,1

pr, Bigger: L wonidier ¥ yon would S¢ move wpmllc
a@ﬁi“’?"‘ m unamanis e b thie aitesiion
|t mear ﬂi&.t‘:ﬁe arThythsnies do nod J‘;:.:« wfbe‘n _{ij

oS 56 ger? Dvel 3 eenpant 21t

Tkt peakites W v stop (e kirim

r: Belieolag |, hink i b & geod poist, gL
difienit o diferentiste betmesn doniizy Red B

fare.
=) A

CASE (|

3'394 Dicklnane: T Ha Sus
Imarprstelion of ihis ud aay MR,
wucioxy aad replmens:

Dz, Surawies | wossimes gt 4:.-
=] mq,:um, zatis #ith e seeum ,f-;
B wsgll. beavie &7 the aimeucs of F g
presgnos of ghe: pelp end sraccp rRigR
sally of ﬁmﬂ;smn uéawh.agm&s G
L.\m:’mm with bl mmu'g ?Jiﬁqu .l




WORKSHOP

107

CASE I

This 67-year-old white male with arteriosclerotic heart disease, angina pectoris, and mild chronic renal disease developed chest pain

and syncope associated with the following electrocardiogram.
How would you manage this patient?

preceding this episode, but if this diagnosis of hy-
perkalemia is correct, then I would treat it with
glucose, insulin, and bicarbonate.

Dr. Dickinson: The potassium level was 9 meg/L.
Would you like to be more specific as to how you
would use the dextrose and insulin?

Dr. Surawicz: In a case like this, we can give 50%
glucose and 1 unit of insulin per 2 g of glucose
during a period of electrocardiographic monitoring.
I would then give 1-2 ampoules of bicarbonate
and see what is happening.

Dr. Hoffman: I agree with Dr. Surawicz. In most
mammalian hearts, including the human heart, the
atria seem to be more sensitive to hyperkalemia than
the ventricles. I do not know why the atria are
more sensitive to the potassium than the ventricles
and the ventricular conduction system. Perhaps Dr.
Surawicz can tell us.

Dr. Surawicz: No, but the question is, why does
the rhythm remain regular? Is it an escape pace-
maker or is it from the sinus node?

Dr. Hoffman: If I had not read a recent paper by
Dr. Fred Pick, I might have said what you wanted.
I think that in many instances, if you have a ven-
tricular rhythm of this sort in a patient with hyper-
kalemia, it may be a sinus rhythm where there
is sinoventricular conduction and sinoatrial block.
Dr. Pick is a very careful investigator, and he has
not been able to reproduce some of our studies.
Thus, I have been hedging on it for awhile. To
come back to the question of other electrolytes,
I imagine that one might wonder about changes in
the level of calcium. As the serum calcium is
elevated, the only thing this will do to the heart is
to antagonize the effects of high potassium. For
any given level of potassium, if the serum calcium
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Before prescribing, please consult
complete product information, a sum-
mary of which follows:

Indications: Tension and anxiety
states; somatic complaints which are
concomitants of emotional factors; psy-
choneurotic states manifested by tension,

anxiety, apprehension, fatigue, depres-

sive symptoms or agitation; symptomatic ,
relief of acute agitation, tremor, delirium

tremens and hallucinosis due to acute

alcohol withdrawal; adjunctively in skele-
tal muscle spasm due to reflex spasm to

local pathology, spasticity caused by
upper motor neuron disorders, athetosis,
stiff-man syndrome, convulsive disorders

(not for sole therapy).

Contraindicated: Known hypersensi- e
tivity to the drug. Children under 6
months of age. Acute narrow angle glau-
coma; may be used in patients with open
angle glaucoma who are receiving appro-

L ] [
priate therapy.
Warnings: Not of value in psychotic
patients. Caution against hazardous 000

occupations requiring complete mental
alertness. When used adjunctively in con-
vulsive disorders, possibility of increase
in frequency and/ or severity of grand mal
seizures may require increased dosage of
standard anticonvulsant medication;
abrupt withdrawal may be associated
with temporary increase in frequency
and/ or severity of seizures. Advise
against simultaneous ingestion of alcohol
and other CNS depressants. Withdrawal
symptoms (similar to those with barbitu-
rates and alcohol) have occurred follow- (=
ing abrupt discontinuance (convulsions,
tremor, abdominal and muscle cramps,
vomiting and sweating). Keep addiction-
prone individuals under careful surveil-
lance because of their predisposition to
habituation and dependence. In preg-
nancy, lactation or women of childbearing
age, weigh potential benefit against

possible hazard. When, for example,

Precautions: If combined with other .
chotropics or anticonvulsants, con- .
Eisdyer carefully pharmacology of agents reassurance and COUHSCllng
employed; drugs such as phenothiazines,

narcotics, barbiturates, MAO inhibitors On repeated ViSitS

and other antidepressants may potentiate

its action. Usual precautions indicated in are not enough

patients severely depressed, or with latent
depression, or with suicidal tendencies.
Observe usual precautions in impaired

[ J [
renal or hepatic function. Limit dosage to
smallest effective amount in elderly and
debilitated to preclude ataxia or over-

sedation.
Side Effects: Drowsiness, confusion,

diplopia, hypotension, changes in libido,
nausea, fatigue, depression, dysarthria,
jaundice, skin rash, ataxia, constipation,

headache, incontinence, changes in sali-

; O (@]
vation, slurred speech, tremor, vertigo, ®
urinary retention, blurred vision. Para-
doxical reactions such as acute hyper-
-excited states, anxiety, hallucinations, 5
increased muscle spasticity, insomnia,
rage, sleep disturbances, stimulation (dlazepam)
have been reported; should these occur,

discontinue drug. Isolated reports of neu- 2—Il‘lg, S'mg,

tropenia, jaundice; periodic blood counts

and liver function tests advisable during lo-mg tabletS

long-term therapy.

Roche Laboratories
Division of Hoffmann-La Roche Inc.
Nutiey, N.J. 07110
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