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RATIONALE OF DRUG THERAPY 

By Edward K. Chung 

INTRODUCTION 
Various anti -arrhythmic agents are essential in pre- 

venting and treating cardiac arrhythmias in order to pre- 
vent the untoward sequelae which frequently follow. These 
untoward sequeal may include: the development of con- 
gestive heart failure, worsening of pre-existing congestive 
heart failure or myocardial infarction, Adams -Stokes -syn- 
drome, hypotension, shock, renal or cerebral insufficiency, 
aggravation of anginal pain, development of thromboem- 
bolic phenomena, various symptoms from the arrhythmia 
itself, such as palpitations, skipped heart beats, etc. and 
even sudden death. 

Since DC cardiverters and artificial pacemakers have 
become readily available, the therapeutic results in the 
management of arrhythmias have improved markedly in 
the past decade. Thus, the use of large amounts of anti - 
arrhythmic drugs can often be avoided, especially in light 
of current knowledge. Nonetheless, various pharmacological 
agents are still indispensable in the prevention, as well as 
the treatment of various arrhythmias, in conjuction with 
the use of DC cardioverters and artificial pacemakers. 

The best therapeutic results can be obtained when the 
precise diagnosis of the arrhythmia is known, because cer- 
tain drugs are more effective or even almost specific for 
particular arrhythmias. For instance, digita,is is usually the 
drug of choice in the treatment of various supraventricular 
tachyarrhythmias, especially atrial fibrillation with rapid 
ventricular response. Conversely, digitalis is ineffective or 
even contraindicated in the treatment of ventricular tachy- 
arrhythmias. 

In addition to the correct diagnosis of the arrhythmia, 
the underlying etiological factors also significantly influence 
the therapeutic result. For example, ventricular tachycardia 
associated with acute myocardial infarction is best treated 
with lidocaine, whereas digitalis -induced ventricular tachy- 
cardia responds best to diphenylhydantoin or potassium. 

Prevention of the recurrence of tachyarrhythmias is 
another important aspect of management. For this reason, 
maintenance therapy with digitalis and many other anti - 
arrhythmic drugs is often necessary for long periods of 
time or even indefinitely. Quinidine is known to be the best 
agent to prevent recurrence of atrial fibrillation or flutter, 
whereas procainamide is known to be the best agent for 
the prevention of ventricular tachyarrhythmias for long- 
term therapy. Propranolol has been shown to be the most 
effective agent in the treatment of arrhythmias precipitated 
by exercise, emotional stress, or excessive sympathetic 
stimulation, and in arrhythmias related to the Wolff -Par- 
kinson -White syndrome. Bretylium tosylate is still an inves- 
tigative agent which has been reported to be very effective 
in the treatment of refractory ventricular tachyarrhythmias. 

Anti-bradyarrhythmic agents are much less frequently 
used at present, because of the ready availability of artificial 
pacemakers. Commonly used anti-bradyarrhythmic agents 
include atropine and isoproterenol, especially during acute 
myocardial infarction. 

Anti-Tachyarrhythmic Agents 

As emphasized previously, the best therapeutic results 
can be obtained when the precise diagnosis of the arrhy- 
thmia is known since some drugs are more effective or even 
almost specific for certain arrhythmias. In addition, indica- 
tions of various antitachyarrhythmic agents vary markedly 
depending upon the underlying cause for the tachycardia. 
The most commonly used tachyarrhythmic agents include 
cardiac glycosides, quinidine, lidocaine (Xylocaine), pro- 
caine amide (Pronestyl), diphenylhydantoin (Dilantin) and 
propranolol (Inderal). 
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Cardiac Glycoside) -3 

Cardiac glycoside has probably been the most valuable 
drug available in our medical practice since the time digitalis 
was introduced by a British physician, William Withering 
in 1785.1 It is well documented that cardiac glycoside is an 
essential drug in the management of congestive heart failure 
regardless of the underlying heart disease. It is also essential 
in various supraventricular tachyarrhythmias, particularly 
atrial fibrillation with rapid ventricular response. 

Cardiac glycoside has various actions on various organs 
including the heart, kidney, and peripheral vessels. The 
most important effects of digitalis, however, are the inotropic 
action and the electrophysiologic effects on the heart. Car- 
diac glycoside primarily increases the strength and efficiency 
of myocardial contractility. This action is particularly 
remarkable when congestive heart failure is present. The 
electrophysiologic effects, both direct and indirect (vagal 
stimulating action), are very important when one considers 
the therapeutic effects upon various supraventricular tachy- 
arrhythmias, and the development of various digitalis - 
induced cardiac arrhythmias. These electrophysiologic effects 
are considerably different in various parts of the heart, and 
these effects differ according to the amounts of glycoside 
given (Table 1). 

The choice of the proper digitalis preparation and me- 
thod of administration directly influences the therapeutic 
effect of digitalis and the incidence of digitalis intoxication. 
By and large, there are 4 ways to digitalize in most clinical 
situations: Namely, very rapid parenteral digitalization 
(within 12 hours), rapid oral digitalization (within 24-48 
hours), moderately rapid oral digitalization (within 2-3 
days) and slow oral digitalization (within 5-8 days). The 
choice depends upon the degree of urgency, the nature of 
the underlying heart disease and/or the presence or absence 
of cardiac arrhythmias. For urgent situations such as acute 
pulmonary edema due to left ventricular failure, or supra - 
ventricular tachyarrhythmias, very rapid parenteral digita- 
lization is indicated. Short -acting preparations such as 
digoxin, deslanoside or ouabain are commonly used. Rapid 
oral digitalization (within 24 hours) may be used when 
patients are suffering from acute congestive heart failure 
and/or supraventricular tachyarrhythmias; but where the 
clinical situation is not urgent enough to require very rapid 
parenteral digitalization. In these situations, therapeutic 
effect is reached within 24 to 48 hours. Moderately rapid 
oral digitalization (within 2-3 days) is preferred when the 
patient shows well developed, but not acute congestive heart 
failure. It is not usually recommended when congestive 
heart failure is associated with, or due to, supraventricular 
tachyarrhythmias. This method can be used either in the 
hospital or in the outpatient clinic. Slow oral digitalization 
(within 5-8 days) is very useful in patients with mild conges- 
tive heart failure without any acute symptoms or supra - 
ventricular tachyarrhythmias. This method is frequently 
used for ambulant patients in clinic or in private offices. 
This method, of course, can he used in the hospital as well. 
A detailed description regarding methods of digitalization 
is shown in Table II. In spite of the fact that there is marked 
variation in dosage in different individuals, and even varia- 
tions in the same individual, extensive clinical experience 
enables us to set guidelines concerning average doses, usual 
range of dosages for full digitalization, and maintenance 
use (Table III). Precise information regarding the time of 
action and dissipation of various digitalis preparation is 
indispensable in order to obtain the best therapeutic effect 
and to avoid digitalis toxicity. It is extremely important to 
remember that the additional dose should not be given 
before the maximum effect of the first dose of glycoside is 
reached. Otherwise, digitalis toxicity may often be unavoid- 
able. When there are various modifying factors, the time of 
action and dissipation of digitalis preparations may be 
significantly altered. This is particularly true when marked 
renal failure is associated with heart failure. Detailed des- 
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TABLE I 

ELECTROPHYSIOLOGICAL EFFECTS OF 
DIGITALIS ON THE HEART 

Dosa a Dosage Auto- 
maticity* 

Excita- 
bility** 

Condo - 
ctiviry*** 

Sinus Node Therapeutic 1 - - 
Toxic 11 - - 

S -A Junction Therapeutic - - 1 

Toxic - - 11 
Atria Therapeutic 1 1 1 

Toxic t t t A -V Node Therapeutic 1 4 1 

Toxic t t t 1 1 Purkinje fibers Therapeutic 1 4 4 

Toxic t t 14 Ventricles Therapeutic 4 4 t 
Toxic t t t 1 

*Automaticity: is defined as the ability to initia e an impulse spon- 
taneously without the benefit of an external stimulus. 

"Excitability: is the ability to respond to a stimulus. 

***Conductivity: is the ability to conduct an impulse from one area to 
other area of the heart. 

t : Increased 
t t : Markedly increased 

1 : Decreased 
1 1 : Markedly decreased 
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Fig. 1. Th se tracings A and B we e ob à ned rom a 6 -yea -old woman with his ory of anterior myocardial infa c ion 6 month previously. Lead II -a, b and c are continuous in both trac ngs A and B. In tracing A, a - rows indicate P waves. The rhythm i atrial tachy ardia (atrial rate: 150/min.) with varying degree A -V block. This rhy hm disturbance is thought to be due to digitalis toxicity. No e a marked prolongation of the Q -T interval (060 second) due to quinidne effect. Trac ng B taken several hours later shows ventricular fibrillation triggered by ventricular pre- mature contractions which are super'mpºsed during the vulnerable period ("R -on -T phenomenon"). The R -on -T phenomenon in this trac- ing is due to prolonged Q -T interval resulting from quinidine effect. The atrial mechanism is the same as that of tracing A (atrial tachycardia with varying A -V block). 

TABLE II 
METHODS OF DIGITALIZATION 

Very rapid digitalization 
(within 12 hrs.) 

Rapid digitalization 
(within 24 hrs.) 

Moderately 
rapid digitalization 
(within 2-3 days) 

Slow digitalization 
(within 5-8 days) 

Digoxin 0.5-1 mg. I -V injection I-1.5 mg. by mouth 0.5 mg. t.i.d. by mouth 0-25 mg. t.i.d. by initially, then 0.25-0.5 initially, then 0.5 mg. for 2-3 days until digi- mouth for 5-8 days mg. q 2-4 hrs. as 
needed 

q 6 hrs. until digitalized talized until digitalized 

Deslanoside 0.8-1.6 mg. I -V injec- 
tion initially, then 0.4 
mg. q 2-4 hrs. as 
needed 

- - - 
Ouabain 0.25-0.5 mg. I -V injec- 

tion initially, then 0.1 
mg. q } hr. as needed 

- - - 
Digitoxin - 0.8 mg. by mouth 02 mg. t.i.d. by mouth 0.1 mg. t.i.d. by mouth initially, then 02 mg. q for 2-3 days until digi- for 5-8 days until digi- 

6 hrs. until digitalized talized talized 
Digitalis leaf - 0.8 g. by mouth ini- 0.2 g. t.i.d. by mouth 0.1 g. t.i.d. by mouth tially, then 0.2 g. q 6 for 2-3 days until digi- for 5-8 days until digi- hrs. until digitalized talized talized 

TABLE III 
FULL DIGITALIZATION AND MAINTENANCE DOSES 

DIGOXIN 
DESLANOSIDE 
OUABAIN 
DIGITOXIN 
DIGITALIS LEAF 

Digitalizing doses within 24-48 hrs. Maintenance doses 

I -V or I -M administration 

Average Usual range 

Oral administration 

Average Usual range 

15 mg. 
1-6 mg. 
1 mg. 
1-2 mg. 

1 -2-5 mg. 
12-2 mg. 
0-5-1-2 mg. 
1 -2 mg. 

2-5 mg. 

1-5 mg. 
1-5 g. 

15-4 mg. 

12-2 mg. 
12-2 g. 

Average Usual range 

025 mg. 0125-0.75 mg. 

0.1 mg. 0.05 -02 mg. 
0.1 g. 0.05 -02 g. 
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criptions of the time of action and dissipation of various 
digitalis preparations are shown in Table IV. In general, 
serum digoxin levels of 2.0 ng,/ml. or below, and digitoxin 
levels of 20 ng./ml. or below (by radioimmunoassay method) 
are considered to be nontoxic. Digoxin levels below 0.4 
ng./ml. or digitoxin levels below 10 ng./ml. usually indicates 
underdigitalization. 

When the patient develops digitalis toxicity, the drug 
is no longer beneficial to that patient. As shown in Table V, 

the various manifestations can be arbitrarily divided into 2 

major groups, namely, common and uncommon findings. 
In addition, the various symptoms of digitalis intoxication 
may be divided into 4 major categories including gastro- 
intestinal disturbances, cardiac manifestation, visual dis- 
turbances and neurological disturbances. Non-specific signs 
or symptoms such as allergic reactions, idiosyncracy, 
thrombocytopenia and gynecomastia are not true manifest- 
ations of digitalis intoxication. 

Among various manifestations of digitalis toxicity, the 
most important and the most common finding is various 
digitalis -induced arrhythmias (Fig. 1). In particular, fre- 
quent multifocal ventricular premature contractions and 
non -paroxysmal A -V nodal (junctional) tachycardia, especi- 
ally in the presence of atrial fibrillation, are the commonest 
arrhythmias in digitalis intoxication. Another important 
sign of digitalis toxicity is the worsening of pre-existing 
congestive heart failure. 

The most important treatment of digitalis toxicity is 

the immediate discontinuation of the drug rather than re- 
ducing the dosage. Most patients with mild digitalis toxicity, 
such as first degree A -V block, sinus bradycardia and occas- 
ional ventricular premature contractions, can recover from 
digitalis toxicity by discontinuing the drug for several days. 
If digitalis toxicity is manifested by serious cardiac arrhy- 
thmias, more active therapeutic measures are required, 
although there are no drugs that have a proven antagonism 
to the action of digitalis. Among many agents, diphenyl- 
hydantoin (Dilantin) and potassium have proved to be the 
most effective in terminating various digitalis -induced tachy- 
arrhythmias. 

Quinidine4-8 

Quinidine has probably been the most valuable anti - 
arrhythmic agent available in the past 50 years. Quinidine 
has 2 major effects, namely, direct and indirect. The direct 
effect of the drug is on the cell membrane, while the indirect 
effect is anticholinergic in nature. As a result of the net 
clinical effects of the combined anticholinergic and direct 
actions, a marked prolongation of the refractory period in 

the atria and to a lesser degree in the ventricles is produced. 
In addition, a shortening of the refractory period in the A -V 

junction is induced by quinidine. The sinus rate tends to be 

slowed by the direct effect of quinidine but the indirect 
(vagolytic) effect tends to reverse this. As a result, the sinus 
rate may not be altered significantly by quinidine or it may 
even be accelerated. 

Following oral administration of quinidine, gastroin- 
testinal absorption begins within 15 minutes. Approximately 
80% of quinidine is bound to albumin in the plasma and 
within 2-4 hours, the peak concentration is reached. As far 
as the excretion of the drug is concerned, 40% disappears 
from the blood in 6 hours, 75% in 12 hours and 90% in 

24 hours following a single oral dose. The maximum serum 
concentration is observed in 48-96 hours when quinidine is 

administered every 4 hours. Practically all of the adminis- 
tered quinidine is excreted in the urine with 10-50% un- 
changed and the remainder as hydroxylated derivatives. 

Quinidine has been an indispensable drug to convert 
atrial fibrillation or flutter to sinus rhythm. Before DC 
cardioverters were available, large amounts of quinidine 
sulfate had to be used to restore sinus rhythm, but it is no 
longer necessary to do so except when a DC cardioverter 
is not available. At present, the role of quinidine is primarily 
to prevent the recurrence of atrial fibrillation or flutter 
following the restoration of sinus rhythm by either digita- 
lization or DC shock. In addition, quinidine is also useful 
in the treatment of various acute supraventricular as well as 

ventricular tachyarrhythmias. In acute tachyarrhythmias, 
quinidine is found to be more effective for the treatment of 

supraventricular than ventricular ones. Quinidine is also 
useful in the suppression of premature beats, especially 
those of supraventricular origin. 

For the treatment of acute tachyarrhythmias, quinidine 
gluconate 0.8 gm. diluted in 200 cc. of 5% dextrose in water 
may be given intravenously at a rate of about 25 mg. 
per minute, under continuous electrocardiographic moni- 
toring. Intramuscular administration of quinidine gluconate 
may be carried out by giving 0.4 to 0.6 gm. initially, follow - 
by 0.4 gm. every 2 to 4 hours as needed. Total dosage by 
the intramuscular route should not exceed 2 to 2.4 gm. 
(Table II). The usual maintenance dosage of quinidine sul- 
fate for the prevention of recurrence of various arrhythmias 
is 0.3 to 0.4 gm. every 6 hours. 

The therapeutic effects of quinidine may be observed 
at blood levels of 2-5 mg./L. although at times, concentra- 
tions of 5-8 mg./L. are needed in some patients. When the 
blood levels exceed 8 mg./L., quinidine toxicity is often 
observed. 

Mild toxic manifestations include nausea, vomiting, 
diarrhea, tinnitus, slight impairment of hearing and vision, 
and slight widening of the QRS complex. When quinidine 
toxicity is advanced, the above manifestations become more 
severe. Thus, the patient may develop blurring of vision, 
disturbed color perception, photophobia, diplopia, abdo- 
minal pain, headache, confusion, and ventricular tachy- 
arrhythmias. When the patient has an unusual sensitivity 
or idiosyncracy to quinidine, he may develop respiratory 
depression, hypotension, convulsions, urticaria, macular or 
papular rashes, fever, thrombocytopenia, hemolytic anemia 
and even sudden death. (Table VI). It should be noted that 
the patient may develop ventricular fibrillation because of 
the "R -on -T" phenomenon resulting from quinidine-in- 
duced Q -T prolongation (Fig. 1). 

Procaine Amide (Pronestyl)9-13 

Procaine amide had been the traditional drug of choice 
in the treatment of ventricular tachycardia until lidocaine 
was proven to be a safer and more effective agent. Large 
amounts of Pronestyl had often been used in the treatment 
of ventricular tachycardia, especially until DC cardioverters 
became readily available. 

Pronestyl has very similar electrophysiological effects 
to quinidine. Pronestyl slows electrical conduction, increases 
the refractory period, and depresses diastolic depolarization 
and automaticity. Pronestyl has an indirect vagolytic action, 
and A -V conduction may be facilitated when low doses 
are used. However, the direct effect of Pronestyl is to pro- 
duce depression of A -V conduction at higher doses. The 
therapeutic levels are easily achieved by oral administra- 
tion since Pronestyl is almost completely absorbed from the 
gastrointestinal tract. 

The maximal plasma level is observed within 60 
minutes following oral administration of a single dose. 
When the drug is administered intravenously, the therapeu- 
tic effects are observed at once, and intramuscular injection 
produces almost as rapid an effect. The maximum effect of 
Pronestyl is reached within a few to 30 minutes, and the 
duration of action lasts about 6 hours. Pronestyl should be 
used with particular caution in patients with renal insuffi- 
ciency since 60% of the drug is excreted by the kidneys in 
unchanged form. 

Although procaine amide has very similar electrophys- 
iological actions to quinidine, the former drug has been used 
primarily in the treatment of ventricular tachyarrhythmias. 
At present, the primary indication for Pronestyl is in the 
prevention of recurrences of ventricular tachyarrhythmias 
following their termination by DC shock and/or intravenous 
lidocaine. Pronestyl is also effective in the treatment of 
supraventricular tachyarrhythmias, although it is not the 
primary drug of choice. Pronestyl has been used in place of 
quinidine when the patient is unable to take the latter drug. 
At present, large dosages of parenteral Pronestyl are used 
only when a DC cardioverter is not available and lidocaine 
is found to be ineffective. Pronestyl is very effective in the 
suppression of ventricular premature beats. 

When intravenous Pronestyl has to be used, I to 2 

gm. of the drug diluted in 200 cc. of 5% dextrose in water 
is administered by continuous intravenous drip at a rate of 
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TABLE IV 

TIME OF ACTION AND DISSIPATION OF DIGITALIS PREPARATIONS 

Drugs/Route 
Onset of action Maximum effect 

Dissipation 
I -V or I -M Oral I -V or I -M Oral 

DIGOXIN 
DESLANOSIDE 
OUABAIN 
DIGITOXIN 
DIGITALIS LEAF 

10-30 mins. 
10-30 mins. 
3-10 rains. - - 

1-2 hrs. - - 
2-4 hrs. 
2-4 hrs. 

2-3 hrs. 
2-3 hrs. 
}-1 hr. - - 

3-6 hrs. - - 
8-10 hrs. 
8-10 hrs. 

3-6 days 
3-6 days 

12 hrs.-3 days 
2-3 weeks 
2-3 weeks 

TABLE V 

MANIFESTATIONS OF DIGITALIS TOXICITY 

Symptoms Common Uncommon 

G -I Anorexia, nausea, vomiting Abdominal pain, constipation, 
diarrhea, hemorrhage 

CARDIAC Worsening of CHF, VPC, PAT c 
block, non -paroxysmal A -V NT, 
A -V Block, SB 

AF, AFI., VT, VF, Sinus arrest, 
S -A block, APC, NPC 

VISUAL Color vision (green or yellow) 
c halos 

Blurring or shimmering vision, 
scotoma, micropsia or macropsia, 
amblyopia 

NEUROLOGICAL Fatigue, headache, insomnia, 
malaise, confusion, vertigo, 
depression 

Neuralgia, convulsions, 
paresthesia, delirium, psychosis 

NONSPECIFIC Allergic reaction, idiosyncracy, 
thrombocytopenia, gynecomastia 

CHF : Congestive heart failure 
VPC : Ventricular premature contraction 
APC : Atrial premature contraction 
NPC : Nodal premature contraction 
PAT : Paroxysmal atrial tachycardia 
NT : Nodal tachycardia 

fl r,. r _ 
, rtr i, 

am. w c. 
(( 

4 r/ 
i1M1 ÿL1arac 

Fig. 2. Lead II -a and b are continuou . Ventricular to hyc rdia (ra e: 
155/min.) is terminated by intr venous injection of Xy ocaine, 75 mg. 
(indicated by arrow). The configuration of the QRS complex of the ven- 
tricular premature contraction (marked V) and the tachycardia is identi- 
cal. This finding proves that the achycardia is ventricular in origin. Note 
two A -V nodal (junctional) premature beats (marked N) in read It -b. 
The tachycardia is associated wi h acute anterior myoc rdial infarction. 
(Reproduced from Edward K. Chung, Principles of Card ac Arrhythmias 
Baltimore, Williams & Wilkins Co., 1971). 

VT : Ventricular tachycardia 
VF : Ventricular fibrillation 
AF : Atrial fibrillation 
AFI : Atrial Flutter 
SB : Sinus bradycardia 
G -I : Gastrointestinal 

Fig. 3. Leads VI -a and b are not continuous. Supraventricular (most 
likely atrial) tachycardia (rate: 150-175/min.) is terminated by intravenous 
injection of propranolol, 1 mg. Note ventricular group beats (marked V) 
before the restoration of sinus rhythm. 



SEPTEMBER, 1973 329 

C 

1 

ú 
Ó 
'ÿ 

Q7) Q 

çó o 

C 
co, 

Om 

5v. m 
VÑ 
C..O. 

' d" 
úá 

ó0..%+y 
-.'y 
äá3 

all EEc 89. >,o E.. 'ap Fw.AL^ v0. O 
5 

.'2 ri: 8Ó 
0. 

ó,8 ó. 7 á 5 v 
dk44 úro TV,.dt! Cÿ 

its 1' 
mC^óó 

E' 

óTT W6 6CdUUtOÚ 

áE.°oáÊâ: 

ro.. 
0.1 
' 

,1Cq 
m 

`Q 
7.c O 
Ém 
Lÿ 

1 

ú7« 

C 
9 
0. 

á 
m 
w 

Q 

ó óúEE 3 ó 

° -,'2 Wei .^.°á 
e o. TodE Úi 
.Ñ.O 

ÿC 
. 

0'3. EÑ>F OwOC 
3.5.8 =,!, DrìmO o.cO.: v" 
9..°.ÚO4i >,. al; 
ailó¢ oó«TÚ .5F. 
áÿÿÓ >tCÿ 
QEOv w áÑ. 

3 5 
EAt úÁ- o°g >F1 0.4 
ÿd> Fr"Ó 

C0.a ÿ" it it úy C o 
21:2 0.ÿ5m 

iEóÑ 

A 
E 
L 

WÿmÓ 

UF 
úFY oroo 
Dg0 ÿ 

a.ÇC 
' e°o âp0 

V1>v 

.2 1 K. 
>°'7« Nm0. ..g=a 

i0 ° 
?.°cCt >CT 
cc cl... d¢9F 

p 
O 

0 

= 

F ç 
>, T sr 

í>'.Á íF.ß 
Ñ Ñ 

? °> 5N 
5" 

>:;:, > r 
ÿÑ >,áiT 
dCv 
.E °e" 

dC" 

ám á1E 

E m v ú 
ÊE ? 

F « c cm , 
' = 

T T 5 úÚ 
F F M ó0 

> y H 
Q O 

0 

> > z 
N ï. 

d ÿFÑF 
CC IO i.°. 

á h o.roy" 

"Er 

F 
T 
L- 

d 

ro 

Ó 

> 

? ú 

CI 

3 
¿ ç ,C 

F 

H 

F ¿ F F 

,ÓW .W 

W yd 
¿<ÓV 

V 
M 

É d 

w 
é 5 H 
O F L 

ä 
N 

.EmË ;; 
9 O L á 

2 Eó 
ry i 

g 
á 

ú ó 

¢ 

0 1 
é c 
o ° v 

ä ä x 

Ç C 
ú 
Ó 

ó ó ä 

8 
Ç 

ä 

ú 
ed 

m ñ 
có 
'dQ 

c^ 
c Eº Ea; 

roÿ a9` 
EE ó .L 

7 Ñ 
ób 

e 
°_ ° 

bin 
m0 EO 
a,óá 

roa" 
0FOF 

e 
c^ 
cap 
Eyv 

" OF 

e0d 

Q 

W 

oom 
aX 

3"5 '71 

?Y`>.'::.' 

-.^«c 

:? r 
0,-73'2 Z`.- 

~3E9 Ê"Oñ? °'p °O i y Oÿí -.2.2g2 
> m EESó oEtlv omá 
É rocNc oryEr1 'ó 

EroóE ---" --E r v h 

óEEE' `YómóòmóámmÖ rvg 

d 

2vaE.t 
mcR 

Lou CJ 

EEav.EúÓ 

r.r >E 
9FcoEÊáó NCm. 

^,'ó`mútE 

' 
fá 

6 ÿ 

>' .. 1 12 
roº of ° 

am °p a° á 

C C 

a 
2"x 

rÓ 

= 1 d F' -b- 

ó 
c >Q Eú m q 

.5:: E F5 Ø. 'm 
_ 

°O 01 
O` Uq"á0 

fi . 
á 

(.. 
P 
n 
ÿ 
C 
w 
d 

'w 

cäC eüCro é d,e $vm 
Tea' .50= 5 ^,° ,Êv `°`C wro án Eí«'H 

m¿>' 3.0.c Ta > Ñ C°.°c 
ro 6Ñ "ÑaS F.To. iÚ Ñí>.ÇT 

4'52.e C11. C5 w ú TOOÑC 
ECk_9 

ñpN 
g ¿> aSmW 

úÑ"T ó1L >ÿ 1á1d 
w 5 C.c q.c 1 0^ C FU p 

>.^ÿ5 c"5 C ßl? 
C a`Z w C ' C C. :22,--s 

-1-1 

¿m3_ cw° `O óÿ ó?o 
'FO Ñá' 0. 

ádT'F áM d 0. 3Y...1."3úH 
«óFc c9pO ác 

E `- o a cô º ro v p7Mj .>T E>'... rgE3mEE 

`óá> '~3> vE SEi.ºpäÁ w N r" a" 

d v 

Y 
,, 

So' 

T á 
pryÑ M 

Ó+ O 

d,ç C.>', 

NÑ y0.4 T, Q wú _G. 
x 5 á'i ^ 

p,C ra 

OÚ 19 
º« E3 1 
.+ ,Oÿ 

SE aó w x 

º 
ú 

ri 

.,"j T C, > á 

tiF ¢ . ú 
3 v ° O 1. óó 

4 P C 
F Â o.Y 

ti O g E v ? > 58 
mp 0 0 Ú a Q mF 
j. e Ú >U' ° ,d 1 1 .G? 

c 3a ú 
m ^ = £¢ 

Duum> « at fip 
É Yu 

?o¢ Ñ 
V ÊÁ 2 A 

°Fw8 Fd, u,¢ ° ° > 10 14 y 

.ch `1T Ñ 11 o0 TÑ 
rovcó ' Eá,Y,c á O c 
.Ê`ú1 CoEoo.. mú m .Êú 
R. 

dÿ >"ÖitF1m x> x 0.{2 

Ñ ? ."¢ 
úC 

w 
O E 
V d 

e .9 

! r 
Fo 

d 
E 

V°.L 
FF. 

>LEKó >fi úo 
QF ÿF 

EG ei °.j¢ 

Q 

" 
o 

I I 

b C F. Ñ T 
v .. > 

I I 

d 
e 
W 

E 

E 
X 

X 

c 

° 

á o E g 1 1 

'Ê c c 
gE o m o 

l4E ¢ .. ¢ 

1 I 

ó e 

dá o 

= V 

h 
g á I I 

_ á .. ä 
I Ió 

o 

q 

«ó 
` 

.`cm 
l!QE 

öp 
.d"á ?F>CCO Gc 

: 
coÁ0. ''''9.-..- 0.5 

v ONr3 rio ÿ >'v E T"q Ur UPE^ú ?8m3 a.d'v 048 9 NTV mc5.d99 
' ÑE. " ÓÉE 

.5ú°' Eiúc ÿ00.EC 
w N_OOi >eó . 

EE._ .`c -Aced, 
>."âcE o öe'E e o_. E v E 
w° 3UH.v.v. OÑ]\ Ñ d A 6' crot Or.aQ3 O' .¡1Ó 
eAd `á'.'wEEE'? -'ó.w 

O cÊ $E Éÿ°.y°iec ° P. ºôú 
0 0 a. v, O °e>' o-'4' ee " N W 

E,v,°- ó_m^? .oU E ó`oó 
N E 233 Ñ O V C Ñ go 0.+ O . 

: o v` " ñ m 052:222 O ' % V ' 

ò"a E ó ó..E ó .c. 

Oá Ó 
60 v 

o. 3° 

GO 

°~0 .Ó 

00 W --to ú .. 
°N O 

. v > >. .. 
N.' 

á 
ugh- \..i 
CHÂm 
° á ..+ N 

O .ñ V^c.SO 

ç 
Q 

1 
v á 

m p^ CÓE 1 
O 

0 00 .Gm 5 d 
0. O0. ú0 7 

á 1 
2 

F.".. ás.va. °. ó ä w w U 

"? 

m 

v 
' 

Ñ 
O ó 12 

O 
= 
o .c 
> U 



330 SINGAPORE MEDICAL JOURNAL 

100 mg. every 2-4 minutes under continuous ECG moni- 
toring. The total intravenous dose should not exceed 2 gm. 
When the clinical situation is not urgent, Pronestyt may be 
given orally. Initially, 1 gm. of Pronestyl may be given by 
mouth to be followed by 0.5 gm. every 2-3 hours as needed. 
The total oral dose should not exceed 35 gm. (Table VI). 
The usual maintenance dose of Pronestyl is 025 to 0.5 gm. 
every 6 hours by mouth. 

The therapeutic effect of Pronestyl is usually observed 
when the plasma level is 4-8 mg./L. The toxic manifestations 
of Pronestyl may be observed when the plasma levels exceed 
8 mg./L., but toxicity is rare with concentrations of less than 
12 mg./L. However, the toxic effects of Pronestyl almost 
always occur when the concentrations are more than 16 
mg./L. 

Toxic manifestations of Pronestyl include nausea, vomit- 
ing, fever, leukopenia, lymphadenopathy, lupus erythema- 
tosus-like syndrome, convulsions, A -V block and intraven- 
tricular block of varying degree, ventricular tachyarrhyth- 
mias, and hypotension. In some patients who are sensitive 
to Pronestyl, allergic manifestations such as eosinophilia, 
urticaria and agranulocytosis may be observed (Table VI). 

Lidocaine (X),locaine)14-i8 

The discovery of the anti -arrhythmic property of lido- 
caine is probably the mos important addition to the ther- 

Fig. 4. Lead. 11-a, b, e a id d a e continuous. Ventricular tachycardia 
(rate: 165/n, n.) induced by digi ; lis is terminated by Di an in 100 m ., 
intravenous injection (ind cased by arrow). Note areas 01 A -V nodal 
(junctional) achycardia b fore u res toral ion of sinus rhythm. (Repro- 
duced from Edward K. Chung. Digitalis Intoxication, A Lerda m, Es- 
cerpla Medi a, 1969.) 

:t! 

r74 

;f(: . 

'?. 
Fig. 5. Leads 11-a, b and c are continuous. The rhythm is ne rked vi us 
bradycardia (rate, 30-37/min.) with occasional A -V nodal {)uncrle al) 
and ventricular escape beats (marked N and X) and an atrial prensa ere 
contraction (indicated by ari ow/.1 cad 11-d is taken following i nravenous 
injection of atropine sulfate (0.4 mg.) and the sinus rate is finer used (rate: 
57/min.) considerably. (Reproduced Irom Edward K. Cluing Principles 
of Cardiac Arrhythmìas, Baltimore. Williams & Wilkins Co.. 971.) 

Tables 1-V and Fig. 4. Reproduced from Edward K. Chung. Digitalis 
Intoxication. Amsterdam. Excerpta Medica, 1969. 

Tables VI and VII and logs. 2 and 5. Reproduced from Edward K. 
Chung, Principles of Cardiac Arrhythmias. Baltimore. Williams & 
Wilkins Co., 1971. 

apeutic approach to cardiac arrhythmias. Lidocaine has a 
similar structure to quinidine or procaine amide, but its 
electrophysiological properties are quite different. Since 
lidocaine has little effect on the atria, the drug is of little 
value in the treatment of atrial tachyarrhythmias. Lidocaine 
depresses diastolic depolarization and automaticity in the 
ventricles. It is of interest that lidocaine, in standard doses, 
has no effect on conduction velocity, and generally shortens 
both the action potential and the refractory period. Appro- 
ximately 90% of an administered dose is metabolized in the 
liver, and the remaining 10% is excreted unchanged via the 
kidneys. The action of lidocaine is more transient than that 
of procaine amide and the former penetrates cardiac tissues 
more rapidly than the latter drug. The onset of action occurs 
at once following intravenous injection and, the maximum 
effect is observed shortly thereafter (Table VI),I Lidocaine 
has been widely used, primarily for the treatment of ventri- 
cular tacharrhythmias anti ventricular premature contrac- 
tions associated with acute myocardial infarction (Fig. 2), 
and in cardiac surgery or cardiac catheterization. In the past 
decade, lidocaine has gradually replaced procaine amide 
because the former is more effective and seldom produces 
hypotension when given properly. The secondary indication 
of lidocaine is in the treatment of various supraventricular 
tachyarrhythmias when other anti -arrhythmic agents are 
ineffective. However, the therapeutic result of lidocaine in 
the treatment of supraventricular tachyarrhythmias is often 
disappointing. 

For the initiation of therapy, direct intravenous in- 
jection of 75 to 100 mg. of lidocaine (I-15 mg./Kg.) is 
given slowly, and the same dose may be repeated every 10 
to 20 minutes until ventricular tachyarrhythmias are ter- 
minated. In general, the total dose should not exceed 750 
mg., and it is advisable that no more than 300 mg. should 
be administered during a I -hour period (Table VI). When 
intravenous injection is not immediately feasible, alterna- 
tively, 200 to 250 mg. of lidocaine may be given intramus- 
cularly, and the same dosage may be repeated once or twice 
every 10 to 20 minutes. It is recommended that lidocaine 
be administered trader continuous electrocardiographic 
monitoring. Following the termination of the ventricular 
tachyarrhythniia, continuous intravenous infusion at a rate 
of I to 5 mg./min. is needed for 24 to 72 hours in most cases 
in order to prevent recurrence of the arrhythmia. When 
ventricular tachyarrhythmias do not recur, lidocaine may 
be replaced gradually with oral procaine amide. The oral 
use of lidocaine in clinical practice needs further investiga- 
tion. 

The therapeutic blood levels of lidocaine arc reported 
to be 12-60 ug./ml., and blood levels beyond 6.0 ug.'ml. 
occasionally produce toxic manifestations. Significant toxi- 
city is nearly always encountered when the blood level of 
lidocaine is more than 10 ug./nil. 

Lidocaine toxicity is relatively uncommon. but the 
drug may produce dizziness. drowsiness. confusion, muscle 
twitching. disorientation, euphoria, cardiac and respiratory 
depression, convulsions, and hypotension (Fable Al j. 
Caution should be employed in the repeated use of lirloca inc 
in patients with severe liver or renal disease because accu- 
mulation may lead to toxicity. 

Propranolol (Inderal)19-28 

Propranolol is a beta-adienergic receptor blocking 
agent which lias been widely used in the management of 
various tachyarrhythmias, including those induced by digi- 
talis, and those resistant to digitalis. Anti -arrhythmic actions 
of Inderal are procured by two effects, namely, the inhibition 
of adrenergic stimulation of the heart, and by a direct action 
on the electrophysiotogic properties of cardiac tissue. Thus, 
the overall effect of Inderal is a reduction of automaticity, 
including reduction of the sinus rate. and prolongation of 
atrial and A -V conduction time. 

The onset of action occurs at once following an intra- 
venous injection, and the maximum effect can be reached 
within minutes (Table VI). Therapeutic effect usually per- 
sists for 3 to 6 hours when administered intiavcnously, as 
compared to 6-8 hours when administered by mouth ("fable 
Vl). 
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Inderal has been shown to be effective in terminating 
various tachyarrhythmias. The direct membrane actions of 
Inderal are primarily responsible for its therapeutic effect 
in the treatment of digitalis -induced tachyarrhythmias. In 
addition, Inderal is very effective in the treatment of tachy- 
arrhythmias precipitated by exercise, emotional distress 
(Fig. 3), or excessive sympathetic stimulation, and supra - 
ventricular tachyarrhythmias related to the Wolff -Parkin- 
son -White syndrome. Inderal is contraindicated in patients 
with bronchial asthma, allergic rhinitis, marked sinus 
bradycardia, second or third degree A -V block, S -A block, 
sinus arrest, cardiogenic shock and congestive heart failure. 

Inderal should be administered slowly by intravenous 
injection under ECG monitoring, and the rate of adminis- 
tration should not exceed 1 to 3 mg. per minute. A second 
dose may be repeated if needed, in 2 minutes. Additional 
medication should be withheld for at least 4 hours, and the 
total dose should not exceed 10 mg. (Table VI). In non - 
urgent situations, Inderal may be given orally in doses 
ranging between 10 and 30 mg. 3 to 4 times daily before 
meals and at bedtime. The same dosage schedule is also 
recommended for long-term use or for prophylactic purposes. 

Side effects or toxic manifestations include nausea, 
vomiting, light-headedness, diarrhea, constipation, mental 
depression, asthma, hypotension, bradycardia, precipita- 
tion of congestive heart failure and cardiogenic shock. In 
some patients, allergic manifestations such as erythematous 
rashes, paresthesias of the hands, and fever may be observed 
(Table VI). 

In addition to propranolol, there are new beta-adren- 
ergic blocking agents (Alprenolol, Oxprenolol, and Practolol) 
which have been used in the treatment of various cardiac 
arrhythmias with varying success. 

Diphenylhydantoin (Dilantin)2,24,29-32 

The discovery of the anti -arrhythmic properties of 
Dilantin is another important addition to the management 
of various cardiac arrhythmias, particularly those induced 
by digitalis (Fig. 4). Dilantin is similar in structure to the 
barbiturates, but the electrophysiological properties are 
quite different from other anti -arrhythmic agents. Conduc- 
tion velocity in the atria is accelerated by Dilantin resulting 
from a faster depolarization of the atria. The sinus rate, 
however, is usually uninfluenced by this drug. Dilantin may 
accelerate A -V conduction, although A -V conduction may 
not be influenced by this drug. Intraventricular conduction 
is not altered significantly by Dilantin as a rule. One of the 
most important actions of Dilantin is that the drug counter- 
acts the depressant effect on A -V conduction induced by 
digitalis or procaine amide. In addition, Dilantin depresses 
diastolic depolarization and automaticity, and shortens the 
duration of the action potential and the effective refractory 
period. 

The onset of action is immediate (15-45 seconds) 
following intravenous injection, and the maximum effect is 
usually reached a few minutes thereafter (Table VI). The 
duration of action varies, but, in general, it is considered to 
be between 4 and 8 hours (Table VI). Almost all of the 
Dilantin administered is hydroxylated in the liver and 
excreted in the urine. 

At present, Dilantin is considered to be the drug of 
choice in the treatment of various tachyarrhythmias in- 
duced by digitalis. This is especially true in the management 
of digitalis -induced ventricular tachycardia. The secondary 
indications of Dilantin are as a substitute for Pronestyl or 
Xylocaine when they are found to be ineffective. 

The initial dose of Dilantin is between 125 and 250 
mg. given intravenously over 1 to 3 minutes under ECG 
monitoring. Most patients respond within 3 seconds to 5 

minutes. The same dose may be repeated every 10-20 min- 
utes as needed, but the total dose should not exceed 750 
mg. per hour (Table VI). Continuous intravenous drip of 
Dilantin is not practicable because the drug easily preci- 
pitates in the various commonly used intravenous solutions. 
When the situation is not urgent, 200 mg. of Dilantin 
may be given orally as an initial dose followed by 100 mg. 
every 4 to 6 hours as needed. Following termination of the 
tachyarrhythmias, a maintenance dose of 100 mg. 3 to 4 
times daily is often needed for varying periods depending 

upon the clinical situation. Oral Dilantin is often useful in 
place of Pronestyl or quinidine in long-term therapy. The 
therapeutic effects usually occur at plasma levels between 
10-20 ug./ml. 

Toxic manifestations or side effects of Dilantin include 
respiratory and cardiac depression, skin reactions such as 
urticaria and purpura, eosinophilia, drowsiness, ataxia, 
tremor, depression, nervousness, arthralgia, gingival hyper- 
plasia, hypotension, and A -V block of varying degree (Table 
VI). Fortunately, these manifestations are usually rare. 

Bretylium Tosylate33-35 

Bretylium tosylate (Darenthin) is still a new investiga- 
tive agent which has been shown to be effective in the treat- 
ment of supraventricular as well as ventricular tachyarrhy- 
thmias, particularly ventricular fibrillation. This drug is an 
antiadrenergic agent which blocks postganglionic sym- 
pathetic nerve transmission. Bretylium tosylate possesses a 
positive inotropic action, but significant orthostatic hypo- 
tension may be produced because the drug reduces peripheral 
vascular resistance by its antiadrenergic action. 

The recommended intravenous or intramuscular dose 
of bretylium tosylate is 3-5 mg./Kg. with a maintenance 
dose of 2-5 mg./Kg. every 8-12 hours. The usual oral doses 
are 300-600 mg. every 8 to 12 hours. 

Potassium2,24 

Potassium is probably one of the most effective agents 
in abolishing various tachyarrhythmias in digitalis intoxica- 
tion. The amount of potassium administration depends upon 
the severity of the toxicity, degree of suspected potassium 
deficiency in the myocardium and the response to potassium 
therapy. Potassium is definitely contraindicated in the 
presence of renal failure and hyperkalemia. Potassium is 
also relatively contraindicated in the presence of second 
degree or complete A -V block unless the serum potassium 
is proved to be very low. 

For mild toxicity of digitalis, potassium chloride can 
be given orally in doses of 1 to 2 gm. every 4-6 hours. For 
severe toxicity, 40 to 60 mEq./L. of potassium chloride, 
diluted in 500 cc. of 5% dextrose in water, may be adminis- 
tered by slow intravenous infusion over a one to 3 hour 
period under ECG monitoring. Frequent determinations of 
serum potassium are also indicated. 

Anti-Bradyarrhythmic Agents 
Because of the ready availability of artificial pacemakers, 

various anti-bradyarrhythmic agents are now much less 
commonly used than in the past decade. Nevertheless, these 
agents are valuable for the management of milder forms of 
slow rhythms such as marked sinus bradycardia, sino -atrial 
block, etc. In addition, anti-bradyarrhythmic agents are 
extremely useful in urgent situations such as in the Adams - 
Stokes syndrome, when artificial pacemakers are not im- 
mediately available. Various anti-bradyarrhythmic agents 
are listed in Table VII, but among them, atropine sulfate 
and isoproterenol are probably most commonly used drugs. 

Atropine24,36-38 

Atropine is primarily used to accelerate the sinus rate 
by vagal inhibition. Thus, this is the drug of choice for 
marked symptomatic sinus bradycardia (Fig. 5). Atropine 
is also effective in the treatment of sinus arrest or sinoatrial 
block. A secondary indication for atropine is in the treat- 
ment of first or second degree A -V block (usually Wencke- 
bach type) especially in acute diaphragmatic myocardial 
infarction, or digitalis toxicity. Atropine is usually not 
effective in the treatment of high degree or complete A -V 
block. The onset of action occurs within 1-5 minutes after 
injection, and the maximum effects are observed within a 
few to 30 minutes thereafter. The duration of action usually 
lasts 4-6 hours. 

Atropine is best administered intravenously in a dosage 
between 0.3 and 1 mg. (up to 2.0 mg.), and a similar dosage 
may be repeated every 4 to 6 hours as needed. The total 
dosage of atropine should not exceed 4 mg. (Table VII). 
The effect of the drug is usually prompt. Atropine may be 
given subcutaneously if the intravenous route is not feasible 
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immediately. Oral administration of atropine has been used 
but its effectiveness is less predictable. 

Serious toxic effects of atropine are uncommon, but 
ventricular premature contractions or ventricular tachy- 
arrhythmias may be induced. Common side effects, or mild 
toxicity, include a dry mouth, urinary retention, exacerba- 
tion of glaucoma, halucinations, hyperpyrexia and marked 
sinus tachycardia (Table VII). 

Isoproterenol (Isuprel)24,37-41 

Before artificial pacemakers were available for clinical 
use, the treatment of choice for complete A -V block was 
the administration of Isuprel. The drug is still very useful in 
the treatment of Adams -Stokes syndrome in an emergency, 
or temporarily until an artificial pacemaker can be inserted. 
Thus, Isuprel is, at present, still the drug of choice in the 
treatment of the Adams -Stokes syndrome due to brady- 
arrhythmias, primarily complete A -V block. Isuprel is 
capable of accelerating both the supraventricular and the 
ventricular pacemakers and of improving A -V con- 
duction. The drug possesses a potent inotropic action 
leading to an increment in the stroke volume, the ampli- 
tude of myocardial contraction and the coronary blood 
flow. The onset of action is immediate following injection 
and the maximum effect is also observed almost instant- 
aneously (Table VII). Consequently, the duration of action 
only lasts a few minutes unless it is administered by contin- 
uous intravenous infusion. 

The primary indication of Isuprel is in the treatment 
of the Adams -Stokes syndrome due to complete A -V block, 
or ventricular standstill until an artificial pacemaker is 
inserted. Its secondary indication is in place of atropine, in 
the treatment of symptomatic sinus bradycardia, sinus 
arrest, and S -A block. 

Isuprel can be given by direct intracardiac (I -C), intra- 
venous (I -V), intramuscular (I -M) or subcutaneous (S -C) 
injection, or it may be given by intravenous infusion. 

In emergency situations, such as in severe Adams - 
Stokes syndrome or ventricular standstill, Isuprel can be 
given by intracardiac or intravenous injection. The usual 
dosage is between 0-02 and 0.05 mg., but up to 0.1 mg. 
may be administered. Otherwise, the drug can be given 
subcutaneously or intramuscularly in a dosage of 0.1 to 0.4 
mg. every 2-6 hours as needed. In addition, continuous 
intravenous infusion of Isuprel is indicated in severe cases 
in order to maintain the ventricular rate around 50-60 beats 
per minute until an artificial pacemaker can be inserted. 
The usual method is to dilute 0.1 mg. of Isuprel in 200 cc. 
of 5% dextrose in water, and the initial infusion rate is 1 

to 4 ug. per minute. The infusion rate may be increased to 
5 to 10 ug. per minute, and, occasionally, up to 40 ug. per 
minute may be required to maintain an acceptable ventri- 
cular rate (Table VII). 

The most popular route for this drug is sublingually, 
and the usual dosage is 10 to 30 mg. every 1 to 6 hours. 
Occasionally, the drug can be given as often as every 30 
minutes as needed. 

Side effects or mild toxicity of Isuprel include tremor, 
nervousness, sweating, nausea, weakness, headache, dizzi- 
ness, palpitation and hypotension (Table VII). A serious 
toxic effect is the production of ventricular tachyarrhythmias 
which may occur with either small or large doses. 

Epinephrine Hydrochloride (Adrenalin)24,38,42 

Adrenalin has been almost as popular as Isuprel in 
the treatment of the Adams -Stokes syndrome. However, 
Adrenalin is considered to be definitely inferior to Isuprel 
because the former drug produces significant hypertension 
and is prone to provoke ventricular irritability, particularly 
ventricular fibrillation. 

Adrenalin is capable of accelerating the atrial rate as 
well as the ventricular rate. The degree of acceleration of 
the atrial rate has no relationship to the initial atrial rate, 
whereas the degree of the acceleration of the idioventricular 
rate is closely related to the initial ventricular rate. Thus, 
the degree of acceleration of the idioventricular rate is 
greatest when the initial ventricular rate is very slow, while 
the enhancement of the ventricular rate is insignificant 
when the inital ventricular rate is relatively rapid. 

The onset of action and the maximum effect are obser- 
ved immediately after injection, and the duration of action 
is very short. 

The primary indication of Adrenalin is in the treatment 
of ventricular standstill, particularly when associated with 
acute myocardial infarction. The secondary indication for 
Adrenalin is in the treatment of the Adams -Stokes syndrome 
due to complete A -V block until an artificial pacemaker is 
inserted. In urgent situations, as in ventricular standstill, 
Adrenalin 0.3 to 0.6 cc. of 1:1000 solution may be given 
by intravenous (I -V), intramuscular (I -M), subcutaneous 
(S -C) or even intracardiac (I -C) injection. Slow injection over 
a period of several minutes is recommended under ECG 
monitoring and the rate of injection should be regulated 
according to the patient's response (Table VII). For long- 
term therapy, 0-5 to 1 mg., 1:1000 solution of Adrenalin 
diluted in 250 cc. of 5% dextrose in water can be given by 
a continuous intravenous infusion. The initial rate of the 
intravenous drip is usually 1 ro 4 ug. per minute, and the 
rate may be increased to 4 to 8 ug. per minute according to 
the patient's response (Table VII). 

Side effects or mild toxicity of epinephrine include 
nervousness, trembling, pallor and hypertension. A serious 
toxic effect is the production of ventricular tachycardia and 
fibrillation. The usefulness of epinephrine in the treatment 
of the Adams -Stokes syndrome is limited because of its 
serious toxic effects, and its ineffectiveness in some cases. 

Miscellaneous Agents 
Detailed information regarding other anti-bradyarrhy- 

thmic drugs including ephedrine, corticosteroids, molar 
sodium lactate and chlorothiazide is described in Table VII. 

SUMMARY 

The best therapeutic results only follow a correct and 
precise diagnosis of the cardiac arrhythmia. In addition, 
the proper agent should be administered according to the 
underlying etiological factor. 

Various pharmacologie agents are essential in termina- 
ting ectopic tachyarrhythmias. Furthermore, some drugs, 
particularly quinidine and Pronestyl, must be used for long- 
term therapy in preventing various arrhythmias. In refrac- 
tory arrhythmias, anti -arrhythmic agents are often used in 
conjunction with direct current shock and/or an artificial 
pacemaker. 

Serious side effects or toxicity of various anti -arrhy- 
thmic agents should not be dismissed lightly. Careful con- 
sideration of indications, contraindications, proper dosage, 
interrelationships between various drugs, in addition to the 
correct diagnosis of arrhythmias can achieve the best ther- 
apeutic result, and may minimize or even avoid serious side 
effects or toxicity. 
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PATHOGENESIS OF BRADY AND TACHYARRHYTHMIAS 

By Yoshio Watanabe 

Cardiac rhythm disturbances with either slow or 
rapid ventricular rates result from several different 
mechanisms. Clinically, bradyarrhythmias may be classi- 
fied into sinus bradycardia, sinus arrest and sick sinus 
syndrome, sinoatrial or intraatrial block, atrioventricular 
block (type A or B), exit block from an ectopic pace- 
maker, nonconducted atrial premature systoles, and 
malfunctioning of electronic pacemaker with failure of 
ventricular capture. In contrast, tachyarrhythmias are 
subdivided into sinus tachycardia, paroxysmal and non - 
paroxysmal supraventricular tachycardias (either atrial 
or A -V junctional), atrial flutter and fibrillation, paroxy- 
smal and nonparoxysmal ventricular tachycardial, ven- 

tricular fibrillation, W -P -W tachycardia and malfunc- 
tioning electronic pacemaker with competition of in- 
trinsic and electronic stimuli. 

Electrophysiologically, on the other hand, the gene- 
sis of most cardiac arrhythmias is usually explained by 
(1) either depressed or enhanced automaticity, (2) 
simple conduction block, (3) unidirectional block and 
re-entry, or (4) various combinations of these mecha- 
nisms. In this paper, an attempt will be made to cor- 
relate the clinical varieties of brady-and tachyarrhy- 
thmias with these electrophysiological derangements, and 
some of the common factors producing these electro - 
physiological alterations are also discussed. 


