POSTOPERATIVE CARDIAC ARRHYTHMIAS

Josepnt J. BuckLey, M.D., AND J. ALBERT JacksoN, M.D.

PostorenraTIVE cardiac arthythmias can be
expected to occur with increasing frequency
for several reasons.  First, the average surgical
patient tends to be older than in the past, due
to the remarkable increase in life expectancy.
In addition, the rapid advances in ancillary
surgical areas have extended the safety of sur-
gery to the point that age is no longer a deter-
rent to surgical therapy. Secondly, cardiovas-
cular surgery is now undertaken for a wide
range of congenital and acquired defects which
were previously considered inoperable.

When viewed upon this background a con-
sideration of cardiac arrhythmias occurring in
the postoperative period seems appropriate.
The reduced cardiac reserve characteristic of
aging makes rhythm disturbances more likely
and more hazardous. Prompt recognition and
skillful treatment may determine the success
of the surgical procedure.

GENERAL INCIDENCE

Information on the incidence of postopera-
tice arthythmias is limited. The first report
dealing specifically with rhythm disturbances
after operation was published by Levine 3 in
1920. He cited 7 cases observed within a
short period of time; no incidence is mentioned
however. In 1941, Taylor*' reported upon
complications following 39,000 cyclopropane
administrations ‘and described postoperative
arthythmias in about 3 per cent of the cases.
Two years later, Currens and associates '3 stud-
ied arthythmins following thoracic -surgery,
and stated that statistics were not available on
the incidence of postoperative arthythmias, but
that they probably occurred infrequently and
were usually of little consequence. Turville
and Dripps 3¢ in a discussion of postoperative
complications following anesthesia and surgery
in over 1,000 aged patients stated that disor-
ders of cardiac rhythm were common but quali-
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fied their remark by pointing out that geriatric
patients commonly exhibit rhythm disturbances
in the absence of surgical disease. Fisher and
Winsor ¥ recorded electrocardiograms on 52 pa-
tients after thoracic and abdominal operations
and found that six (115 per cent) exhibited
abnormal rhythm. This high incidence ‘must
be viewed in the light that 83 per cent of their
patients had abnormal preoperative eclectro-
cardiograms and 11 per cent had arrhythmias
before operation.  Rogers et al® studied
the incidence of supracentricular tachycardia
among 28,000 patients after operation. They
discovered 43 instances of this jrregularity, an
incidence of less than 0.2 per cent. This
figure is probably low since the authors admit
to knowledge of additional cases of postopera-
tive tachycardia (not confirmed by clectro-
cardiograms) not included in the report.
Keating #° claims that disturbances of cardiac
rhythm occur after operation in about 1 per
cent of patients; he reported no data. Re-
cently, Wheat and Burford ** surveyed 439 pa-
tients recovering from thomcic operations and
noted that 20 to 30 per cent exhibited cardine
arrhythmias.

There are less data relative to the incidence
of arthythmias in the immediate postanesthetic
period. Buckley et al't in an electrocardio-
graphic survey of 100 consecutive patients in
the recovery room observed 45 instances of
arthythmia (table 1). Sinus tachycardia was
present in 32 cases; the next most common
arrhythmia was occasional premature ventricu-
lar contractions. One case of trigeminy was
seen.

It becomes obvious that with the exception
of those figures available in patients subjected
to pulmonary operations (to be discussed be-
low) we have very little statistical informatjon
upon the incidence of cardiac irregularities as-
sociated with or incident to surgical interven-
tion. In all likelihood however, if we over-
ook the sinus tachycardias, the over-all inci-
dence of serious postoperative arrhythmia is
low; but predisposing factors such as heart

disease, age, site of operation, posture and
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TABLE 1
INcieNcs oF Canbiac Arnnyrnsias
IMsEMATELY AFTER SURGERY
1N 100 PaTiests

Patients
Type of Arshythmia I'er Cent)

Sinus arrhythmia 3
Sinus brudyeardin 2
Sinus tachyenrdin 32
Premature ventrienlar contractions

Oceasional 7

Trigeminy 1

respiratory insufficiency can be expected to
provide exceptions to the rule.

TYrEs OF POSTOPERATIVE ARRIYTHMIAS

Arrhythmias are most commonly detected as
a result of the aberrations which they produce
in the peripheral pulse. . Therefore a classifica-
tion of abnormal rhythms based upon rate and
thythmicity has been prepared (table 2) with
the hope that it may be of greater value at the
bedside than a more complex classification
based upon abnormal sites of impulse forma-
tion or pathways of conduction.

In the sections below cach arrhythmia will
be discussed with respect to incidence and
diagnostic highlights. Emphasis will be placed
upon surgical and anesthetic events known to
contribute to' the incidence of arrhythmias,
Some therapeutic iderations will be made,
especially for those arthythmias considered
serious cnough to warrant prompt treatment.
Except for special instances, arrhythmias which
produce only subtle derangements in the elec-
trocardiogram will not be discussed.

ARRHYTHMIAS CHARACTERIZED BY A Rarm,
ReGuLar Puise

Sinus Tachycardia. Sinus tachycardia is not
an arrhythmia by definition but it does repre-
sent a disturbance of the normal rhythm of
the heart. The cardiac impulses arise normally
at the sinus node and are distributed in an
orderly, normal pattern throughout the heart;
the only unusual feature of this rhythm is its
rapidity. Most authorities consider an adult
heart rate in excess of 100 beats per minute to
represent tachycardia. In children there is
less unanimity of opinion; table 3 lists the
maximum rates considered normal by Katz 3
and Kaplan,®* above which, tachycardia is said

" J. J. BUCKLEY AND J. A. JACKSON

v d
to exist.  Usually, the heart rate in sinus tachy.
cardia does not exceed 150 in adults, but 5
rate of 180 or higher may be observed, s
Sinus tachycardia is the most common ar.
rhythmia observed in the immediate postopera.
tive period. It occurred in 32 per cent of the
reviewers series.?t The diagnosis usually pre.
semts no difficulty; a rapid, regular pulse,
usually below 150, which alters in mate and
regularity with the phasic changes of respina-
tion is usually sinus tachycardia. The ar
thythmia is frequently accompanied by other
clinical signs such as fever, and pallor, which
relate to the etiology of the tachycardia and
make the diagnosis casy. - With rates above
150, sinus tachycardia can be confused with
aurienlar or nodal tachyeardia, ventricular
tachyeardia, or auricular futter with Dlock
In such «i ces, the elect liog,
will usually separate the entitics.  Other dif-
ferential diagnostic points will be -considered

TABLE 2
PosToreramive Ansiymisias

Arthythmias Characterized by n Rapid Regular
Pulse

Sinus tachyeardia
Supraventricular tachycardia

(1) atrial paroxysmal tachycardia
2) nodal paroxysmal tachyecardia

Atrial flutter

Ventricular paroxysmal tachycardia

Arrhythmias Characterized by a Slow Regular Pulse
Sinus bradycardia
Atrioventricular nodal thythm
Atrial standstill with A-V nodal escape
Incomplete heart block
Complete heart block

Arrhythmias Chamcterized by an Irregular Pulse
Sinus arrhythmin
Sino-atrial block
Premature Contractions

(1) atrial premature contractions
(2) nodal premature contractions
(3) ventricular premature contractions

Atrial fibrillation
Ventricular fibrillation

Second degree A-V block  (Wenckebach phe-
nomenon)
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TABLE 3

Maxmivst Nowsisr, Heanr Rates iy Cinnpees

Age KRata® Kaplan=
Birth 150 170-180
2 yeams 125 130
4 years 15 120
6 years 105 15

in the sections dealing with the cctopic tachy-
cardias.

Sinus tachycardia is the result of increased
sympathetic tone or deereased  vagal tone,
Perhaps the three most common ctiologic fac-
tors observed in the postoperative period are
hypoxia, pain and hypocolemia due to blood
loss. Al provoke increased sympathetic ac-
tivity.

Hypoxemia is a classical cause of sinus
tachycardia in the postanesthetic patient. The
hypoxia may be a consequence of hypoven-
tilation,”> **  pneumothorix, atelectasis,’® or
respiratory obstruction.  Hypercapnia due to
hypoventilation may produce sinus tachycar-
dia through sympathetic nerve stimulation.®
Dehydration frequently produces sinus tachy-
cardia. Recently a sinus tachycardia of 180
was observed in a 3 year old child who had
undergone a relatively bloadless tonsillectomy.
The child had received virtually no fluid for
18 hours before operation; dehydration had
produced hypovolemia sufficient to invoke the
tachycardia; infusion of fluid lowered the mte
to 113 in 2 hours,

Drugs are commonly the cause of sinus
tachycardia. Meperidine, gallamine and atro-
pine are perhaps most frequently encountered
in this relation. The reviewers attribute the
high incidence (32 per cent) of sinus tachy-
cardia in their series to the use of gallamine,
although postoperative pain may have par-
ticipated. Residual adrenergic effects of ether
may be responsible for postoperative tachy-
cardia.  Epinephrine or other  chronotropic
cardiac stimulants and antihypertensive drugs
such as dibenzyline, the nitrites and hydm-
zinophthalozine (Apresoline) produce rapid
heart action.  Occasionally digitalis intoxica-
tion produces sinus tachycardia. Hyperther-
mic states, extreme toxicity and burns are al-
most routinely panied by tachycardia.
Thyrotoxicosis, especially thyroid storm, char-
acteristically is associated with extreme tachy-
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cardia and should always be suspected when
an elevated cardiac rate is encountered.  Finally
carly congestice heart failure will sometimes
manifest itself by tachycardia.

Sinus tachycardia is a protective homeo-
static response to  other abnormal  clinical
states.  Therapy necessarily should be directed
toward the Iatter; attempts to treat the symp-
tom of rapid heart action will cither be in-
effectual or may be harmful.

Supracentricular Paroxysmal Tuchycardia.
Under this heading atrial paroxysmal tachycar-
dia and nodal paroxysmal tachycardia will be
discussed. In the strictest sense, this heading
should include atrial flutter and atrial fibrilla-
tion; however, the latter arthythmias will be
li parately 1 their incide;
is higher in postoperative patients and they
have greater thempeutic and prognostic im-
portance,

Atrial and nodal tachycardia are difficult to
distinguish from one another even clectrocar-
diographically. The clinical deseription which
follows should be considered applicable to
both of these rhythms.

These arthythmias are characterized by an
abrupt onsct, which aids in differentiating
them from sinus tachycardia. The heart rate
is usually more rapid as well, ranging between
140 and 220 beats per minute. The shythm
is almost always regular, in contrast to ven-
tricular tachycardia, which usually has a slight
but definite irregularity. . Associated with the
change in pulse rate, about 16 per cent of
patients complain of precordial anginal pain.
Occasionally cyanosis appears as a result of
pulmanary congestion; if the rate exceeds 180
to 200 per minute signs of vascular collapse
may ensuc if there is a reduction in cardiac
output.

As discussed earlier the incidence of supra-
ventricular paroxysmal tachycardia in the post-
operative period is apparently low. Atrial and
nodal paroxysmal tachycardia may be caused
by digitalis toxicity, quinidine overdosage, con-
gestive heart failure and rarely, as a result of
myocardial infarction.?® Occasionally it is a
manifestation of thyrotoxicesis; it occurred in
about 5 per cent of 9,950 cases of thyroid dis-
ease.”  Hypoxemia produced by atelectasis,
pneumothorax and sudden mediastinal shift
has been suggested as an ctiologic factor.*

1
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These arrhythmias are more likely to occur
postoperatively in patients with a history of
previous attacks.s®
Paroxysmal supraventricular tachycardia
(nodal and atrial) does not usually demand
emergency therapy unless a very rapid ven-
tricular rate is produced. Classically, this ar-
rhythmia responds to strong vagal stimulation
accomplished through the application of digital
pressure over the carotid sinus.3!+ 10, 44, 45 Qcy-
Inr pressure is also effective in stopping attacks.
Reynolds 4° suggests that augmentation of the
vagal stimulation may be obtained by “prim-
ing” the patient with 0.5 mg. of neostigmine
given subcutancously fifteen to thirty minutes
prior to carotid sinus or ocular pressure.  Metha-
choline chloride (Mecholyl) is occasionally
used to produce vagal stimulation but toxic
reactions are frequent.5- These “vagal maneu-
vers,” so effective in controlling this arthythmia
in the nonsurgical patient, often fail when it
is encountered postoperatively.$* Vasopressor
drugs such as phenylephrine or methoxamine
may be tried;$. 4 the elevation of blood pres-
sure produced by these drugs increases vagal
tone through carotid and aortic sinus reflex
stimulation. Procaine amide is said to termi-
nate 80 per cent of cases through a quinidine-
like action.® When vagal stimulation or pro-
caine amide fail to arrest the arrhythmia, digi-
talis is indicated.®»3%¢*  Quinidine *+ ¢ and
the simultaneous administration of digitalis
and quinidine 1% 3% have been recommended
for resistant cases. \When digitalis intoxica-
tion is the precipitating factor, infusion of po-
tassium solution may be effective.31:3% ¢¢  The
problem of digitalis intoxication and its asso-
ciated .arrhythmias will be discussed below.
Atrial Flutter. Atrial flutter is the result of
rapid formation of ectopic auricular stimuli at
a rate varying from 200 to 380 per minute.
In most cases, only a fraction of these auricular
impulses are transmitted to the ventricles so
that palpation of the radial pulse often yiclds
a rate of 70 to 160 beats per minute. Thus, if
atrial flutter with a 2: 1 block occurs, the atria
contract 300 times a minute while only 150
ventricular responses result; the pulse at the
wrist is 150. If the block is 4:1, then the
radial pulse is only 75. In the former instance,
the differential diagnosis must be made be-
tween flutter and sinus tachycardia, atrial or
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Setwtiou
nodal tachycardia, ventricular tachycardia an
paroxysmal auricular fibrillation. \When a g
ventricular rate is present (as in the 4.
block) the armrhythmia may not be noti
and normal sinus rhythm be thought to exig
or auricular fibrillation with a slow ventriculz
rate may be erroncously suspected. Rarely
atrial flutter without A-V block occurs; il
ventricular rate then may be 200 or above.

The application of carotid sinus pressure i
a helpful diagnostic aid in cases of flutter witt
a rapid ventricular rate; the ventricular rat
slows markedly but speeds up again when the
carotid pressure is released. In contrast, ¢a
rotid compression will usually permanenth
convert an atrial or nodal paroxysmal tachy.
cardia to sinus thythm; it will have no effet
on ventricular tachycardia or auricular fibrills
tion.

In cases with a slow ventricular rate auscults.
tion of the heart may reveal the rapid, fain
heart sounds due to auricular flutter. Th
rapid auricular rate can usually be observed
in the jugular vein pulsations. In flutter, the
ventricular rhythm is usually regular, whid
helps to differentiate the condition from auric
lar fibrillation. The electrocardiogram will al-
most always make the diagnosis clear.

Atrial flutter is encountered more frequently
in patients over 60 years of age. Pre-existing

cardi lar disease, jally arterioscl

sis, increases the likelihood of postaperative

atrial flutter.’>=® Intrathoracic surgery is as
sociated with a significantly greater incidence
of this arrhythmia; 244 carbon dioxide ac
cumulation and electrolyte imbalance, which
so frequently accompany thoracic disease and
operation, have been cited as predisposing fac-
tors.” Hypoxemia,®® 3> vagal nerve stimula-
tion,2% 3% ¢ hypotension*® and mediastinal
shift 13 2. 44 are thought to contribute to the
occurrence of this arthythmia. Patients with
mitral stenosis,** hyperthyroidism ! and dia-
betic acidosis * are subject to flutter when sub
jected to surgical procedures.

This arrhythmia may be precipitated by the
injection of epinephrine or ephedrine; digitalis
rarely produces flutter.

Atrial flutter has serious prognostic implic-
tions for two reasons: (1) it is usually super-
imposed upon a diseased heart and (2) it fre
quently causes congestive heart failure.t - The
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likelihood of this complication is heightened
when the ventricular rate produced by the flut-
ter is rapid. Thercfore, most authorities rec-
ommend termination of the arrhythmia. The
drugs most useful for this purpose are digitalis,
quinidine and procaine amide in that order.%
13,3 Digitalis usually converts the flutter to
atrial fibrillation " from whence normal sinus
thythm will usually return following with-
drawal of digitalis. Quinidine is a less desir-
able treatment because of its tendency to de-
crease the degree of A-V block (by vagolytic
action) at the same time that it is slowing the
auricular rate; the ventricular rate consequently
may rise temporarily as a 4:1 block changes
to a 2:1 block; this may worsen rather than
improve the patient’s clinieal condition. Pro-
caine amide is sometimes useful in converting
flutter to sinus rhythm but the high dosage
often required may produce serious cardiac
depression.

Obviously precipitating factors such as hy-
poxia or mediastinal- shift should be corrected
simultancously.

Ventricular Paroxysmal Tachycardia. For-
tunately, this is a rare arthythmia. When it
occurs, it has serious implications because it
is almost always superimposed upon a seri-
ously damaged heart; in addition, it may pro-
gress to ventricular fibrillation if not treated
promptly and corrcctly.

The pulse rate is usually between 140 and
180. The patient may compliin of anginal
pain; if coronary occlusion has precipitated
the arrhythmia, vascular collapse and a shock-
like state may be present. There is usually a
detectable irregularity in the rhythm but it is
slight and must be sought for carefully (usually
on ECG measurement). Of greatest help in
the diagnosis is the fact that it is unaffected by
carotid sinus pressure.

This. arthythmia may simulate supraven-
tricular tachycardia closely and proper therapy
requires accurate electrocardiographic differ-
entiation between the two disturbances. Even
then the diagnosis may be difficult.s

Data upon the incidence of this archythmia
in postoperative ‘patients are limited. Kroz-
nick 2 mentioned one case among 10 serious
arhythmias in 82 postoperative patients;
Likoff 3t refers to its frequency following aortic
valve surgery but provides no figures. Refer-
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ence is made to its occurrence in digitalis in-
toxication but no surgical relationship is
made.3¢

Ventricular tachycardia may be precipitated
by sudden reduction in coronary blood flow
in a patient suffering from myocardial ische-
mia; thus hypotensive episodes in the post-
operative period may provoke the arthythmia.
Postoperative myocardial infarction may be
heralded by ventricular tachycardia.?% #* John-
stone ** has suggested that atropine, adminis-
tered in conjunction with relaxant antagonists,
may foster ventricular tachycardia, especially
when the patient is hypercapneic because an
excessive sympathetie nervous system activity
exists under these circumstances which is fur-
ther heightened by the atropine vagolysis.
Richardson et al.¥ reported ventricular tachy-
cardia as a sequel to electroshock therapy;
usually the arrhythmia disappeared abruptly
after the convulsive response subsided but oc-
casionally it persisted for 18 minutes. Severe
digitalis intoxication may result in ventricular
tachycardia; ** 3¢ this problem will. be dis-
cussed below. Epinephrine, quinidine or pro-
caine amide, especially when ad ed in-
travenously, may precipitate ventricular tachy-
cardia,

Quinidine %1% 4. 43 and procaine amide 3+
3 40 are the drugs of choice in the therapy of
this arrhythmia. However when digitalis in-
toxication is the underlying cause potassium
therapy is indicated.®* These compounds are
relatively safe when given onilly; if the ur-
geney of the situation demands intravenous
administration, electrocardiographic monitor-
ing should be employed to facilitate recogni-
tion of toxicity and overdosage. Other ther-
apy such as magnesium sulfate, atropine,
papaverine and morphine have been suggested
but probably are of limited value. Digitalis
should be used to combat congestive failure
unless digitalis toxicity is the cause of the
tachycardia.%

ARRINTHMIAS CHARACTERIZED BY A SLOw,
ReGuLAR PuLsE

Sinus Bradycardia.  Arbitrarily, when a
sinus rhythm produces a pulse rate of 60 per
minute or less in an adult, sinus bradycardia
exists. In children, this lower limit vares in-
versely with age, being about 110 at birth and
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about 65 at the age of six.2¢ While the rhythm
may at times be regular, more often there is
an associated sinus arrhythmia. No symptoms
are produced by this slow rhythm. Sinus brady-
cardia may be confused with other slow
rhythms such as nodal rhythm, 2:1 or 3:1
incomplete A-V block, complete heart block or
auricular fibrillation with a slow ventricular
rate; in such cases observation of the jugular
vein pulsations and precordial auscultation will
usually provide additional diagnostic' informa-
tion about the activity of the auricles.!

Sinus bradycardia is a normal finding in a
few young individuals, primarily in athletes
conditioned to prolonged strenuous exercise.
In others jt is a manifestation of increased
vagal tone. Increased intracranial pressure,
jaundice and myxedema are frequently asso-
ciated with bradycardia. Mechanical vagal
stimulation, especially when carried out in the
presence of hypercapnia may result in severe
bradycardia.*. 42, 32

Drug-induced bradycardia is observed fre-
quently in postoperative patients. The injec-
tion of edrophonium and neosti; produces
bradycardia by impeding the normal hydrolysis
of acetylcholine and heightening vagal tone.
Pateints on maintenance doses of procaine
amide or quinidine may exhibit bradycardia.
Digitalis slows A-V conduction and through a
vagotonic action, tends to inhibit the rate of
impulse formation at the sinus node.’* The
Rauwolfia alkaloids (reserpine and Raudixin)
and the veratrum alkaloids (Veriloid and Pro-
toveratrine) cause marked bradyeardia through
vagal stimulation.}* Vasopressor agents such
as methoxamine and phenylephrine commonly
produce bradycardia through reflex vagal stim-
ulation.2 Levarterenol may produce a similar
response.

Spinal anesthesia of sufficient height to block
sympathetic cardioaccelerator fibers will pro-
duce bradycardia. Carotid sinus pressure pro-
duced by tight surgical dressings or plaster
casts may provoke reflex sinus bradycardia.

This arrhythmia usually does not require
treatment. However, if there is evidence that
cardiac output is decreased by the slow rate,
atropine or ephedrine will usually increase the
rate temporarily. Removal of identifiable caus-
ative factors is of course indicated,

Atrioventricular Nodal Rhythm. When the

SO
normal sinus pacemaker is sufficiently de
pressed, impulse formation shifts to the aurie.
uloventricular node. This tissue has an i
herent rate of rhythmicity of 40 to 50 pe
minute. The slow pulse may be the only
clinical sign of this disturbance. The same
differential diagnostic possibilities exist as de.
scribed above in sinus bradycardia. A pr
nounced jugular vein thrust is charcteristic
and is attributuble to the fact that a regurgitant
filling of the neck veins results when the
auricle contracts .against the closed tricuspid
valve.

Since this is usually a temporary disturbance
of cardiac rhythm caused by vagal inhibitiog
of the sinus node, it occurs with relative fre.
quency in postoperative patients but is prob
ably not recognized often because of the ap-
parent “normalcy” of the pulse. Strong vagal
stimulation such as instrumentation within the
pharynx or tracheobronchial tree can produce
it; carotid' sinus pressure, breath-holding, o
vomiting may provoke it. The initial vagotonic
action of atropine can produce nodal rhythms
Administration of neostigmine or other cholin-
ergic compounds may be followed by nodi
rhythm. Wasserman ** reported nodal rhythm
as an associated finding in postoperative myo-
cardial infarction. Vasopressor drugs occa-
sionally provoke nodal rhythm.»* Digitalis,
through its vagotonic action, may be the cause
of atrioventricular nodal rhythm.

No treatment is necessary; it is usually self-
limited and brief in duration. It produces m
symptoms.

Atrigl Standstill with Nodal Escape. Rarely,
the sinus node will cease formation of impulses
temporarily. After a short pause, the AV
node assumes the role of pacemaker, and 2
slow regular ventricular beat results. In con-
trast to auriculoventricular nodal rhythm,
auricular beats do not occur. This condition
should be considered whenever a slow pulse
is encountered. It cannot ordinarily be diag
nosed without the electrocardiogram.

Brief episodes of atrial standstill with nodal
escape may be produced by strong reflex vagal
stimulation such as carotid compression; under
this circumstance the arrhythmia is self-limited.
More prolonged episodes of atrial standstill oc-
cur as a result of digitalis and quinidine poison-
ing and in patients suffering from hyperkale
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mia; it also may be secen with auricular in-
farction.®

Treatment must be directed at the etiologic
factor; vagal stimulation should be terminated;
quinidine or digitalis should be stopped if they
are causative; high serum potassium levels
should be reduced.

Incomplete A-V Block (2:1, 3:1, 4:1
Type). Incomplete A-V block is not a com-
mon postoperative problem but organic dis-
turbances of the conduction pathway or in-
ereased vagal tone may produce this arrhyth-
mia. Fleeting types of this phenomenon oc-
cur during and after operation probably more
frequently than realized; no record of its true
incidence is available,

In this condition, the A-V node fails to re-
spond to the sinus stimuli at regular intervals;
only every second, third or fourth auricular
impulse reaches the ventricle. The pulse is
slow and regular. The neck veins show small
auricular pulsations which occur two, three,
or four times more frequently than the radial
pulse, depending upon the frequency of A-V
nodal transmission of the sinus impulse.  Aus-
cultation may reveal the disproportion between
the auricular and ventricular beats.

Direct prolonged vagal stimulation, such as
carotid sinus pressure by tight surgical dress-
ings may produce this arrthythmia. Vagovagal
reflexes from the gastrointestinal or respiratory
tract are alleged to produce this phenomenon.*
Drug cffects are probably more common, or at
least more easily recognized because they tend
to persist longer; digitalis, quinidine and mor-
phine may cffect the A-V node sufficiently to
produce incomplete A-V block.'* This ar-
rthythmia is occasionally seen in uremia.  Myo-
cardial infarction can involve the A-V node
and produce A-V block.

The treatment necessarily must be directed
at the cause. If it is reflex in origin, atropine
or similar vigolytic compounds will relieve the
block. Block induced by drugs is relieved
when the offending agent is withdrawn; block
associated with digitalis intoxication may be
relieved by potassium administration. Depres-
sant drugs such as quinidine and procaine
amide are contraindicated.

Complete Atrioventricular Block. The slow
pulse rate in this arrhythmia is the result of
complete blockage of transmission of auricular
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beats to the ventricles. Consequently a ven-
tricular pacemaker provides ventricular rhythm
at a rate usually between 30 and 60 times per
minute. The sinus node usually continues to
propagate impulses at about 70 times per min-
ute. The extremely slow, forceful regular
character of the pulse associated with this ar-
rhythmia is usually sufficient to suggest it.
Observation of the neck vein pulsations will
indicate the presence of independent auricular
activity at a faster rate. The electrocardio-
gram will confirm the diagnosis.

This arrhythmia is usually chronic and in
such cases will be recognized before operation.
Occasionally it follows open heart surgery as
a result of direct surgical trauma to the con-
duction system. Septal infarction may produce
A-V block in the postoperative period. Pro-
longed, severe hypoxia is capable of producing
complete block through profound depression of
the A-V node; block under this circumstance
soon gives way to asystole. Digitalis intoxica-
tion can result in complete heart block but
this is rare,

Treatment, if indicated at all, is largely
dictated by the cause of the block. In infare-
tion, supportive therapy of the heart and ad-
ministration of isopropylarternol to increase
contractility and rate are indicated.™  Block
which is surgically produced is usually treated
with an clectronic pacemaker.3®

ARRHYTIIMIAS CIIARACTEIII‘LEU BY AN
InrecuLar PuLse

Sinus Arrthythmia. ‘This arthythmia is com-
monly encountered in children and young
adults. It is due to a disturbance in the
rhythmic production of impulses at the sino-
auricular node; it is usually produced or ac-
centuated by alterations in vagal tone. Clas-
sically, the irregularity is associated with the
phases of respiration; inspiration, by diminish-
ing vagal tone, is usually accompanied by an
increase in heart rate, while ‘expiration results
in increased vagal tone and slowing of the
pulse. The variations in vagal tone are related
to right auricular filling (Bainbridge reflex) and
to pulmonary distention. Sinus arrhythmia is
usually evident only when the heart rate is
relatively slow. Activity, emotion or atropine
will quickly abolish it. It is a “normal” ar-
rhythmia, relatively easily recognized by its
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association with the respiratory phases and it
produces no symptoms and requires no treat-
ment.  Occasionally, it is observed in an older
patient as a result of digitalis administration;
here again, heightened vagal tonicity produces
the frregularity.

Sino-atrial Block. This arrhythmia is also
known as sinus arrest or sinus block., It is
characterized by a sudden standstill of the
entire heart for onc or more beats.  Single
beats may drop out with a regular sequence
(such as in an altemnating fashion) or runs of
two or three dropped beats may occur. If
the sinus arrest is prolonged, nodal or ven-
tricular escape occurs as described  previ-
ously.  Sino-atrial block may be suspected
when a regular pulse ‘is suddenly interrupted
by a long pause, after which the regularity of
the pulse is reestablished. It must be differen-
tiated from premature contractions which are
followed by a compensatory pause and from
the Wenckebach type of A-V block; the clec-
trocardiogram may be necessary for diagnosis.

Sino-atrial block is due to increased vagal
tone, with resultant depression of sinus node
impulse formation. Although no figures are
available on its incidence in the postoperative
period, it probably occurs more often than
realized, considering the frequency of in-
creased vagotonia during and after operation.

Suctioning of the tracheobronchial tree,
cavotid sinus pressure or the administration of
a vagotonic agent such as ncostigmine may
produce it. Sinus arrest may accompany the
state of hyperkalemia; digitalis and quinidine
have been known to produce it.

The treatment is not urgent; atropine will
reverse most instances of this -arrhythmia.
When digitalis intoxication or hyperkalemia
are responsible, withdrawal or reduction of
these agents will usually result in re-establish-
ment of normal cardiac rhythmicity.

Premature Contractions. Premature con-
tractions constitute the most common cause
of irregularity of the pulse. The arrhythmia
results when the auricles or the ventricles are
stimulated prematurely, that is, before the next
regular sinus impulse is due. The premature
contractions may have their origin in the
auricles, the A-V node or in the ventricles;
they may occur infrequently, or they may re-
cur in a regular sequence, such as every second
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or third beat, in which case bigeminy or tr.
geminy js produced. A premature -beat e
be recognized by the fact that it occurs earlier
than expected, often quickly after the previous
beat, and is usually followed by a pause, due
to the failure of the ventricle to respond to
the next normal sinus impulse. It is difficult
to distinguish clinically, the origin of the pre-
mature beat (whether it is auricular, nodal or
ventricular), but observation of the jugulyr
pulsations is helpful; the clectrocardiogram i
the only reliable means of identification of
premature beats. Clinically, premature beats
must be differentiated from sinus arrhythmi;
this can usually be done by noting the associa-
tion of the latter with the phrases of respir-
tion. When premature beats are frequent, dif-
ferentiation from atrial fibrillation may be diff.
cult; dropped beats in A-V block also resemble
premature contractions and should be consid-
ered when pauses are detected in the pule
rhythm.

The incidence of this arrhythmia was re.
ported as less than 2 per cent by Massie and
Valle 3 among 120 postoperative patients stud-
jed. This tabulation included both auriculx
and ventricular premature contractions. Rich-
ardson ¢t on the other hand reported a 20 per
cent incidence, following electro-shock ther
apy. This high occurrence was observed in
spite of atropinization. Fisher and Winsor®
observed a3 per cent rate of premature ven
tricular contractions among 52 patients studied
postoperatively.  Wasserman 3 collected 25
cases of postoperative coronary occlusion and
found that 3 exhibited premature auricula
contractions. Jacoby ?* noted that premature
contractions were the third commonest ar-
rhythmia in hypoxic patients subjected to vagal
stimulation. Among the reviewers series of
recovery room patients occasional premature
contractions were observed in 8 per cent.

The cause of premature contractions is not
completely understood. They appear to bea
manifestation of localized imitability of the
heart. Circumstances arise during and after
anesthesia which tend to foster the formation
of premature beats. Posture, especially re
cumbency, has been identified as predisposing
to prematurc contractions.® Certain “drugs,
such as ephedrine and epinephrine may pre
cipitate the arrthythmia. Bennett? reported
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frequent premature contractions after the ad-
ministration of nikethamide and caffeine for
_central nervous system stimulation; Anderson
and Scott? made similar observations after
amphetamine.  No reference to sequelae of
his type following g-ethyl-g-methyglutarimide
(Megimide) or methyl phenidate (Ritalin)
could be found, Digitalis toxicity commonly
causes ventricular premature contractions, often
with coupling.’* The onsct of postoperative
congestive heart failure may be heralded by
auricular premature beats; eventually auricular
fbrillation supervenes. Myocardial infarction
frequently “invokes premature contractions.®
Sympathetic overactivity, such as occurs with
hypercapnia may produce premature ventric-
ular contractions; #* Brown and Miller *® ob-
served premature ventrienlar contractions in
15 of 17 hypercapneic- dogs after washout of
carbon dioxide.

Premature contractions are a common find-
ing in patients over 50 years of age. When
they occur infrequently they are without clin-
ical significance and require no treatment,  If
they occur with more than oceasional frequency,
serious heart disease or toxicity (for example,
digitalis poisoning) is usually present and treat-
ment is indicated. Quinidine therapy is usu-
ally recommended; % 183345 procaine amide
has also proved useful®1*  Digitalis is the
drug of choice when congestive failure is pres-
ent. However, when digitalis intoxication
causes the premature contractions, the drug
should be stopped; the administration of po-
tassium will usually control the arrhythmia, 1. 34
Care must be exercised in the use of this ther-
apy in patients with renal disease.

Atrigl . Fibrillation.  Atrial fibrillation fre-
quently exists as a chronic arrhythmia in which
ease its presence in the postoperative period
poses no diagnostic problem. However, a par-
oxysmal form of auricular fibrillation occa-
sionally appears postoperatively; it occurs most
frequently in the aged, arteriosclerotic patient
and is especially likely to occur after thoracic
surgery. It can usually be di 1 elinically

POSTOPERATIVE CARDIAC ARRHYTHMIAS 731

with the radial pulse. Early untreated auric-
ular fibrillation is usually characterized by a
relatively rapid ventricular rate; when this is
present, the arrhythmia may be mistaken for
auricular, nodal or ventricular tachycardia, or
atrial flutter, However, the gross irregularity
of thythm and force and the lack of response
to vagal stimulation which characterize aurc-
ular fibrillation usually make the differential
diagnosis clear, Occasionally, differentiation
from frequent premature contractions may pre-
sent difficulty.  Prolonged palpation of the
pulse will usually simplify identification.

When digitalis has been given, the ven-
tricular rate may be slow and almost regular;
here nodal rhythm and sinus bradycardia must
be considered. The differentiation of these ar-
thythmias has been mentioned above but elec-
trocardiographic identification may be required.

The causes of paroxysmal auricular fbrilla-
tion are numerous. The arrhythmia is fre-
quently precipitated by the stresses of anes-
thesia and operation in elderly patients; ad-
vanced arteriosclerosis  and hypertension in-
crease the likelihood of the complication. It
is 2 common sequel to chest operation, occur-
ring in some series in 13 per cent of patients.®
It oceurs in about 7 per cent of patients who
suffer postoperative coronary occlusion.®® The
presence of rl tic valvular d predis-
peses to auricular fibrillation after operation;*t
the arthythmia is frequently precipitated by
mitral valvotomy. Hyperthyroidism, especially
the thyroid crisis following operation, may re-
sult in auricular Bbrillation. Pleural complica-
tions such as effusion,® empyema !* and shift
of the mediastinum may provoke this arrhyth-
mia. It has been described following head
trauma.t*

In its paroxysmal form, auricular fibrillation
may precipitate congestive heart failure., When
this occurs, digitalis administration is indi-
cated.13. 31,35, 40 In the absence of heart failure,
expectant treatment is warranted since sponta-
neous reversion to sinus rhythm is common.?3. 3%
Quinidine has been recommended 1% 3 to con-

by the complete irregularity of the rate, rhythm
and force of the heart beat felt in the radial
pulse, and by the pulse deficit observed by
‘simultancous auscultation of the apex beat and
palpation of the pulse. The neck veins show
imegular pulsations which are synchronous

vert postoperative atrial fibrillation not associ-
ated with failure.

Ventricular Fibrillation. This arrhythmia
has been considered elsewhere in this sym-
posium under sudden cardiac collapse.

Incomplete A-V  block—Wenckebach Phe-
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TABLE 4

Ixcipence oF Canpiac Armnyninias FouLowiNa
Tuonracic SURGERY

Number | Over-all | o
S N 750 R £
Krognick and 82 122 | PAF. 7
Wasserman® A 1
AFL 1

Bailey and Betts? 78 110 | PAF. 5
N.T. 1

AFL 2

FL-Fib, 1

Currens ef al.i® 56 210 | PAKF. 8
AL 4

Massic and 120 0.1 PAF. 5
Valle?* AFL 4
PAC 1

rve t

Fisher and 52 120 | PAF. 3
Winsor'? rve 2
N.T. 1

Wheat and 302 16.0° | PAF. 5
Burford® 139 9.4 possibly 58
FL-Fib, 1

sVT 5

* P.A.F. = paroxysmal auricular fibrillation; V.T.
=ventrienlar tachycardin; A.Fl. = auricular flutter;
N.T. = nodal tachycardia; FL-Fib. = flutter-fibril-
lation; PAC = premature atrinl contractions; PVC
= premature ventricular contractions; SVT = su-
praventricular tachycardia.

nomenon. The Wenckebach type of incom-
plete A-V block produces an irregular pulse.
This is due to the fact that each successive
stimulus armriving from the auricles finds in-
creasing difficulty in traversing the A-V node;
finally the impulse is not transmitted at all,
and ventricular contraction fails to occur. By
the time the next auricular impulse reaches the
A-V node, it has recovered and is able to con-
duct the stimulus to the ventricle as before;
the cycle thus repeats itself resulting in a series
of dropped beats, which usually occur at regu-
lar intervals; for example, every fourth or fifth
beat will be dropped. It is obvious that
superficially this arrhythmia resembles sinus
arrest and premature auricular contractions.
In sinus arrest however, cxamination of the
jugular pulse reveals the absence of auricular
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activity during -the dropped pulse beat. I
the Wenckebach block, the blocked auriculyy
beat can be seen in the veins and occasionally
heard over the precordium. In the case of
premature auricular contractions, the situation
is more difficult. Unless the auricular prema.
ture contraction is distinetly audible over the
precordium and its premature timing cleady
identifiable, it may be impossible to scparate
the two arrhythmias without an electrocardio-
gram.

Anmyminaas Forrowixe Tsioracic
OrERATION

In previous sections it has been pointed ont
that arthythmias occur frequently following
operation upon the thorax. Furthermore, dis
turbances in rhythm are less well tolerated in
these patients and are at times resistant to
treatment.  They represent an obstacle to 2
successful operative result unless they are man
aged skillfully. Incidence—Table 4 lists the
incidence of arthythmia following thoracic op-
crations at six prominent centers. The range
is 9.1 per cent to 21.0 per cent.  These values
are in sharp contrast to the relatively low in
cidence (approximately 0.5 per cent) observed
by Rogers et al.** following non-thoracic pro-
cedures.

Types of Archythmias. Paroxysmal auricula
fibrillation is the commonest arthythmia en-
countered; 83 instances occurred among the
827 patients (table 4). Auricular flutter or
flutter-fibrillation was noted 13 times. -Pre
mature contractions were not tabulated unles
they occurred frequently.

Time of Onset of Arrhythmia. Time of oo
set of the arthythmias associated with thorack
operation is variable. Krosnick and Wasser
man 2 noted that about 30 per eent occumred
on the first postoperative day. \Wheat and
Burford state that 60 per cent of their arrhyth
mias began within 72 hours of operation®
The range was from the first to the cighteenth
postoperative day. It is difficult in the light o
these data to develop a correlation with the
anesthetic procedure, since rarely did the ar
rhythmia occur immediately after operatic
However, factors related to the anesthetic ma-
agement are doubtless involved and will be
discussed.
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Predisposing  Factors.  There is general
agreement that age is an important predis-
posing factor. Krosnick =2 observed his highest
incidence (11.0 per cent) in patients over 60
years. Wheat and Burford ¢ state that 20 to
30 per cent of patients over 60 may be ex-
pected to have postoperative arrhythmias. The
presence of previously existing heart disease also
appears to be important. Arteriosclerosis and
hyp ive cardiovascular di are com-
mon findings among patients with arthythmias.
Patients with history of previous rhythm dis-

1 also are 1 t in this regard.>®
The site of the operation and its extent are
also important.3 3 > Arrhythmias are com-
mon (11 to 324 per cent) following pneumon-
ectomy whereas following lobectomy, the inci-
dence is 5.4 per cent or less.  When the tho-
racic lesion involves the mediastinal structures,
especially the vagus nerve, arthythmias occur
with increased frequency.®® Blood clectrolyte
alterations and hypercapnea, which occur com-
monly in these patients are thought to con-
tribute to the high incidence of arthythmias.®

Precipitating  Factors. Hypoxemia - occur-
ring as a result of pulmonary collapse is cited
as a precipitating factor. Massie and Valle 33
and Hood ** contend that hypoxia develops
commonly in patients after thoracic operation
in spite of the fact that most patients receive
oxygen therapy.  Vagal irritation, arising as a
result of reaction about the site of operation
or provoked by suctioning within the pharynx
or trachca has been blamed.>3*  IHypoten-
sion,® mediastinal shift 3137 and pleural cf-
fusion are thought to contribute to the onset
of the arrhythmias.

Treatment.  Prophylactic  digitalization of
all patients facing thoracic operations has been
recommended;®t other authors suggest quini-
dine or procaine amide therapy preoperatively
in patients exhibiting premature contractions.®?
Obviously, measures which forestall or prevent
hypoxia, hypercapnea and hypotension should
be employed. These include preoperative
postural drainage, breathing training, and ad-
justment of blood volunie and electrolyte bal-
ance. \When the arthythmia occurs, the im-
mediate danger is that it will precipitate con-

" gestive heart failure. If the patient appears
to be tolerating the arrhythmia well, it may be
observed expectantly; a high percentage revert
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to normal rhythm spontaneously.’> However,
if congestive heart failure threatens, digitalis is
the treatment of choice. Quinidine may be
tried if it scems desirable to control the ar-
rhythmia in the absence of congestive failure.3*

Prognosis.  Since the arthythmias - occur
against a background of advanced ‘age, pre-
existing heart discase and the pulmonary dis-
case for which the operation was undertaken,
it is not surprising that they carry a high mor-
tality. Krosnick reported 2 deaths among 10
patients who " developed arthythmias in the
postoperative peried, a mortality of 20 per
cent.®  Currens et al.'? reported an 8 per cent
mortality; Massie and Valle3* had 3 deaths
among 11 patients with arthythmias (26 per
cent).

AnnnyTinmias axn Dicrtanis

In the.foregoing sections, digitalis has been
cited ‘as a possible causative agent of many
arrhythmias, It is worth-while to examine fur-
ther the characteristics of this drug and the
circumstances under which toxicity is likely tc
be provoked.

Lown and Levine 3 state that “digitalis is a
potent myocardial irritant and depressant. The
interaction of these two effects makes possible
the gamut of electrocardiographic anomalies.”
Digitalis produces (1) an increase in myocar-
dial contractile force, (2) a slowing of the
heart rate, probably through a caroticonortic
body reflex in response to the increase in stroke
output, (3) a shortening of the refractory pe-
riod of the auricles, (4) a progressive shorten-
ing of the refractory period of the ventricles,
and (3) a slowing of A-V conduction, even to
the point of complete block. (It is this latter
action that produces ventricular slowing when
digitalis is used in atrial fbrillation.)

Actions {3), (4) and (3) give clues to the
types of arthythmia which may be precipitated
by digitalis overdosage. The change in the
refractory period of the auricle provokes par-
oxysmal atrial tachycardia in some patients.
The depressant effect of digitalis upon the A-V
node results in varying degrees of block with
the tachycardia. The progressive shortening
of the refractory period of the ventricles is as-
sociated with increased excitability and a
greater tendency to automaticity; hence, pre-
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may appear immediately before, during or after
operation.

Second, electrolyte disturbances are common
in surgical states. Digitalis provokes toxic re-

T more readily under these circum.
stances. Potassium is the most important jog
in this regard. Patients receiving the mer-
curial diuretics or 2-acetylamino-1,3,4-thiadi.
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Fic. 1. P ive bi due to digitali

intoxication, A. Before treatment with potassium.
Note multifocal premature ventricular contractions
with coupling. Arrow 1 indicates start of treat-
ment with KCI (see text), B. During treatment.
At arrow 2, 18 mEq. of KCI have been infused;
premature tractions arc now unifocal. C. At
arrow 3, arthythmia ends abruptly after 20 mEq.
of KCl have been infused. D. Two hours after
infugjion of 40 mEq. of KCl; sinus rhythm main-
tained.

mature- ventricular contractions are the most
common rhythm disturbances observed with
digitalis intoxication in man. The great haz-
ard of digitalis intoxication is that it may pre-
cipitate ventricular fibrillation; premature con-
tractions, coupling and ventricular tachycar-
dia are the forerunners of this phenomenon.
Circumstances related to the anesthetic and
surgical period may facilitate the onset of
digitalis intoxication and as a consequence
produce many of the arrhythmias described
above. First, the use of rapid digitalization
with the purified cardiac glycosides has be-
come commonplace. Surgical patients who
show evidence of cardiac incompetence fre-
quently received a “standard” dose of these
potent drugs before operation. In many in-
stances, the dose produces subdigitalization
but in the debilitated, cachectic patient, jt
often proves to be excessive. Signs of toxicity

azole-3-sulfi ide (Diamox) suffer deple.
tion of tissue stores of potassium through in-
creased renal excretion.®®  Sjzable fluid and
electrolyte losses frequently accompany bowe
obstruction. - In these instances serious digitalis
intoxication may follow in spite of a normal
serum potassium. Abrupt reduction of the
serum potassium lecel occurs when hemodialy-
sis is carried out with the artificial kidney;
digitalis toxicity is a frequent sequel and ar-
rhythmias are common.3*  Also, when hyper.
tonic glucose solution is administered to pro-
voke diuresis, serum potassi depression
occurs as glycogen deposition proceeds; ar
rhythmias are frequently observed in digital-
jzed patients under these circumstances®
Patients receiving steroid therapy have re
duced potassium stores and are thus prone
to digitalis toxicity and arrhythmias.

When such circumstances exist, premature
ventricular contractions usually are the carliest
manifestation of digitalis poisoning. Bigeminy
(coupling) is also common. Sagall 4% points
out that the ectopic beats of digitalis intoxica-
tion usually arise in the right ventricle. They
are often multifocal in origin. Figure 14 il
lustrates a postoperative multifocal bigeminy
caused by digitalis toxicity.

Treatment of arthythmias resulting from
digitalis * intoxication is fortunately simple,
though not without hazard. The drug of
choice is potassium, which is best administered
intravenously, with continuous electrocardio-
graphic control. Even if circumstances indi-
cate that a potassium deficit does not exist,
the cation will still be effective in controlling
arthythmias due to digitalis overdosage. Forty
milliequivalents of potassinm chloride dissolved
in 500 ml. of 3 per cent dextrose solution
should be administered in one hour. The elec
trocardiogram must be watched for signs o
hyperkalemia (peaking or tenting of T waves)
and the drip stopped if they appear. The
infusion may be repeated until 120 mEq. have
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been given. Figure 1 (B, C, D) illustrates the
reversion of a postoperative digitalis bigeminy
with potassium chloride. The arthythmia de-
veloped at the end of the surgical procedure.
The history and electrocardiographic findings
indicated that digitalis was the cause of the
anhythmia. At arrow 1, the infusion of 40
mEq. of potassium chloride dissolved in 500
mL of 3 per cent dextruse in water was begun;
at arrow 2, 200 ml. of solution (approximately
16 mEq. KCI) had been infused; the arrhyth-
mia terminated abruptly at arrow 3 after ap-
proximately 20 mEq. of KCI had been admin-
istered. Figure 1D, recorded two hours later,
reveals persistence of sinus thythm.

Procaine amide is useful in combating ar-
thythmias due to digitalis, principally through
jits ability to depress excitability and conduc-
tion.* Although its actions are in many ways
similar to those of quinidine, procaine amide
does not depress myocardial contractility. It
is most cffective against the ventricular ar-
rhythmias; it is variable in its effectiveness
in atrial dyshythmias, although Lown and
Levine reported . success in restoring  sinus
thythm in 5 of 7 cases of paroxysmal atrial
tachycardia with block.3® Procaine amide fre-
quently causes toxic symptoms and may even
cause death?® The most common. side-cffect
is hyy which is ially profound
in aged patients with advanced cardiac dis-
case. Although effective when given orally,
procaine amide is usually administered intra-
venously in postoperative situations. It should
be given. slowly at a rate of approximately 25
mg. per minute, while frequent blood pressure
determinations are made. The effective dose
range is 50-300 mg.

Finally, the relationship between digitalis
and calcium deserves- mention.  Injection of
calcium salts in normal man has been shown
to produce bradycardia, sinus arthythmia,
shifting pacemaker, heart block and multifocal
ventricular premature contractions.® In dig-
italized patients, ealcium appears to act syner-
gistically with the cardiac glycosides; ¢ the
likelihood of toxic reactions is thus enhanced.
Sudden deaths have been reported following
the intravenous injection of calcium.®

Information "concerning the exact mech-
anism of such reactions to calcium is lacking,
but evidence indicates that the failing, digital-
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ized heart is more sensitive to its action.. ‘This
finding has significance when massive blood
transfusions are necessary. Calcium is fre-
quently recommended to offset the effects of
citrate intoxication and hyperkalemia with
massive transfusions. Howland 22 however
has recently challenged the need for exogenous
calcium administration and reported untoward
cardiovascular reactions when the ion was in-
jected. Shock, acidosis or hypoxemia appeared
to exaggerate the response.  Thus, it would ap-
pear that caleium administration should be
undertaken with caution, if at all, in the
digitalized patient.

This work was supported in part by Research
Grant 1893 (C6) from the United States Public
Health Service.
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