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SAM- TR~ 7I-4l}

H iCase Report:
» Evaluation of Asymptomatic Flying
= Personnel With Intermittent Supra-
< veniriculdr Arrhythmias

Joux E. DoucLas

Internal Medicine Branch, USAF School of Aerospace Medi-
cine, Brooks Air Force Base, Texas 78235

Dovcras, J. E. Acromedical Consultation Service Case Report:
Ecaluation of>Asymntomatic Flying Personnel With Intermittent
Supraventricular - Arhijthmias,  Aerospace Med. 43(3):323-330,
1972,

Two patients with wandering cardiac pacemizkers are dis-
cussed to illustrate techniques for deciphering the pathophysiol-
ogy and clinical significance of such intermittent supraventricular
archythmias,

HIE CARDIAC RHYTIIM sampling ok‘ained dar-

ing a routine electrocardiogram represents less than
0.1% of that patient’s rhythm on that specific.day. This
sampling problem has plagued clinicians for decades,
particularly when dealing with intermittent rather than
sustained arrhythmias. This has led to the logical solu-
tion of continuous monitoring of the clectrocardiogram
with cither immediate display or delayed printout. The
availability of such technical equipment is limited.
Therefore, a physician, when confronted by a patient
with cjther an isolated rhythm disturbance during a
routine clectrocardiogram or a history which suggests a
possible rhythm disturbance, 1.ceds other diagnostic
tools. It is the purpose of this paper to.outline several
relatively simple procedures which may be conducted
in a physician’s office to reproduce and/or clucidate the
mechanis,ns of ¢ patient’s electrocardiographic dys-
rhythmis. Two case histories of patients evaluated in
the Acromedical Consultation Service of the USAT
School of Acrospace Medicine because of supraventric-
ular dysrhythmias will serve as illustrative examples.

" Further reproduction is authorlzed to satisfy the needs of the
U.S. Government,

A 45-year-old pilot was referred to the USAF School of Aero-
space Medicine for evaluation of cardiac arhythmia, Five weeks
previously he had noted the onset of “skipping heart Deats,”
These occurred one to five times a minute while he was in the
recumbent position, would persist for several hours, and were
associated with a pressure sensation in the suprasternal notch.
Jogging in place would occasionally eliminate them. Concern
about the significance of his sy.nptoms prompted medical eval-
uation. There was no history of rheumatic fever, diphtheria, para-
sitic infection, heavy metal exposure, or chest trauma, At age 30
he had had a three-day cpisode of right chest pleurisy which was
not associated with hemoptysis. He had always been physically
active and never noted>chest pain or discomfort during his ath-
letie activities. ‘Che remainder of his history was noncontributory.

Physical examination revealed the patient to be well-devel-
oped, moderately obese, and large-boned, His pulse was regular
at 70 beaty per minute, blood pressure 150/90, right arm re-
cumbent. Peripheral pulses in all extremitics were normal as
were s Allen tests. There was no clubbing, cyanosis nor edema
of the extremities, The thyroid was palpable, of normal size and
free of nodules. The diaphragms moved well bilaterally and the
lungs were clear to percussion and auscultation, there specifically
being no friction rub over the right chest, The cardiac point of
maximum impulse was 10 em. to the left of the m*dsternal line'in
the fifth intercostal space. There were no palpable thrills, The
first and sccond heart sounds were physiologically split. There
was a midsystolic sound heard best over the point of maximum
mpulse during mid.nspiration, and loudest with the patient in the
knée-chest position, There were no diastolic sounds, opening
snaps, or gallops, The remainder of his physical examination was
unremarkable,

Routine laboratory studies, Including hemoglobin and’ differen-
tl connts, fusting blood sugar, ,erum cholesterol, tal protein,
blood urea nitrogen, serum uric acid, urinalysis, pulmonary func-
tion studies and abdominal roentgenograms were all normal. Rou-
tine P-A and lateral chest roentgenograms demonstrated a left
apical and a left lnlar caleified lesion thought to rep.esent an old
Golm complex present also five years before, His westing electro-
cardiogiam (Figure 1) demonstrated an abnormal I vector of
approximately —60 degrees. Further electrocardiographic studies
were performed employing Lewis and Wilson leads to accentu.
ato P-waves, While the patfent was in the resting recumbent po-
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EVALUATION OF PERSONNEL WITH ARRHYTHMIAS-DOUGLAS

sition, his cardinc pacemaker site shifted from norma’\sinusfo-  again.at-a rate of approximately 80 pet minute, Simple excrcise
cus, at a rate of 84 per minute, to an intermittent corondr s siile  such as 3-sce, hand-squeezing promotiid the appearance of the
or low atrial rhythm; at a rate of 68 per minute. ThePRartz: more normal sinus rhythm (Figure 2) is did active Jeg-raising to
val under either case was 0:1% second. With right carctir! waas= 45 degrees for 6 see., ( Figure 3). Passive leg-raising to the same
sage the slower atrial focus, bocame thi dominant pacemialJdeat a  height and for the safme duration, however, had-no-effect on the
rate of approximately 34, Within 30 sec. of ‘discontint: & right pacemaker-focus, the slower atrial focus pessisting unmodified.
caratid massage the paticnt reverted .to-a fiormal sinusi sicemak- Following 309 ug. of stih!i.fgualnitrogly'cérin, the patient’s cardi-
-er. During phase II of a standard 10-sec. Valsalva.misouver, the  ac pacemaker focus reverted from the slower atrial rthythm to
atrialsbradycurdia reverted to a nermal sings-rhyth which was  the sinus focus at g rateof approximately 95 beats per minute.

+ - . L2 )
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Fig. 1. Bascline clectrocardiogram for Patent No. 1. Note particularly the Povector in leads 11, I, and aVF.
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This rhythm .persisted déspite alternate right or left carotid
massage,

{  ‘COMMENTS

One could postulate that the patient’s normal vagal
tonc-tended to slow his sinus node so that some imore
éxcitable atrial focus, probably in the region Gf the
coronary sinus along the right atrial’ wall, emerged as

JE O

dominart pacemaker. Inasmuch as-the aberrant pace-
‘ maker complex had a P-R interval greater than 0.12 sec.,
: a noncndocardial site would be the most likely choice.!
; “Thus, increased vagal activity to the S-A node, as with

J.C.

A -
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EVALUATION :OF PERSONNEL WITH ABRHYTHMIAS—DOUGLAS

carotid massage, produced or piomulgated the low
atrial focus. Stimuli flecreasmg vagal tone to~the sinus
node « #“promoting sinus tachycardia through peripheral
vasal dilatation, such as with sublingunl nitroglycerin,
allowed:the normal sinus pacemaker to assume a more
rapid rate and’overdrive the lower atrial focus.

There did not appear to be a pacemaker focus shift
on the basis of altered venous:return, If this had been
the case, passive leg-raising shculd have promoted the
same chiange in pacemaker fosus that active leg-raising
produced. The rate of passive leg-raising was not suffi-
cient to cause gn abnipt augmentation of venous retum

RESPONSE TO ISOMETRIC EXERC!SE

!*;!“s‘*i,

Ll

~ KEWIS EpERHEPERT

LEAD SfErErH™S

B Fig. 2. Lewis Iiead electrocardiogram of Patient No. 1 during
4-see. isometric hand-squeezing exercise and recovery. Note that
the fourth P-wave after the onsct of exercise is upright and re-

mains so for approximately 13 scc. and then retums to the pre-
exercise configuration,

A
J.C.
PASSIVE & ACTIVE LEG RAISING
DRI IS Phsswe LEG RAISING b

T I UI"'”

S A

: ?

.A!

maker, Active Jeg-raising, which is a mild form of exexcise, pro-
duces a shift in pacemaker site and an acceleration of *he heart
rate similar to that fllustrated in Figure 2.

. Fig. 3. Lewis Lead electrocardiogram of Yatient No. 1 during
' passive and active lege-raing while in the recumbent position,
Note that passive leg-raising dees not alter the pacemaker site,
alhough it dovs lead to a slight acceleration of the ectopic pace-
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g and thereby;an-acute atrial distention. Such a maneuver
might have i licited the so-called Bezold-Jarisch refléx or
) reflex brady.irdia seéondary to acute atrial distention.?

L Inasmuch as patient J.C. was able to accelerate his

EVALUATION' OF PERSONNEL WITH ARRHYTHMIAS~DOUGLAS:

lated’to doso by exercise, peripheral:vasodilatation, or
vagal inhibition, ahd becatuse his:atrial -eScape-beats ap-
peared only during a relative sinus bradyeardia, his-dys-
rhythmias were considered“to be normal variants, re-

o cardiac rate by a normal:sinus mechanism when stimu-  quiring no restriction-in/physical activity.
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Fig. 4. Bascline clectrocardiogram of Patieut No. 2, Note the
absence of P-waves In lead aVL, and the last complex In aVR.

326  Aerospace Medicine » March, 1972

5 Arx #xx 4 s
:

0 .

1 sefn sssrewmtannel

N B
b 1 : X L ,

v Q.Js HEE I s R .‘ 3 g « [
P Y 'y i . (AR . ; ;
b e mesess  § I e L IE RIS N PRR TP PR .

+ 1
bl AR S O P

In these same segments the QRS 15 deformed. Sce test for further
discussion.
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Cose No. 2:-1.E.

“This 36-Vcar-old.pilot was referred for evaluation because an
annual’ clectzocardiogram-was inlerpreted as showing.A-V disso-
ru.ann with A-V block and abnormal intra-ventricular conduction.
At tie age of eight the patient had undergone a tonsillectomy
and. adenoidectomy under-general anesthesia. At the age of 18 he
"had had' German measle and: been hospitalized at his college dis-
pensary for two mghts That same year-he had undergone a
hemiorthaphy undér spinal anesthesia without complication. At
the age of 24 years he had been hospitalized with severe fever
and malaise both of which had responded to penicillin therapy
within two or three days. Becawse of the posslbnhty of<infectious
mononucleosis, however, he had been held in the dispensary for
a total of 30 (hys and had been told to limit his activities for
approximately: four months thereafter, At no timo during- his
illness was he jaundiced. Except for these infectious illnesses and
surgical pmccdurcs, the patient recalled no history of other in-
fectious diseases or intercurrent medical problems, He specifical-
ly had no history of diphtheria, rhenmatic -fever, scarlet fever,

Rocky Mountain spotted fever, or veaereal disease. He had had

no excessive exposure to hcnvy metals, had not received multiple
transfusions or extradictary iron thcmpy, knew of wa.allergies to
food or drugs, and though stationed in South Viet Nam tor 10%
months, knew of no possible exposure to parasitic infections, Al-
though he may have béen exposed to insect bites; he did not re-
call any cutancous sores or pustules which might have been con-
strued as inscct bites,

Physicil examination revealed him-to be well-deveioped, with
anfrregular pulse of 80 beats-ner minute and a blood pressure ¢
110,/700, right arm scated. There were no xanthemis, abnormal-
ities.in.skin clisticity nor evidence of cutancous infiltrations, Head
exaniinationwvas wnremarkable, Specifically there was no Kayser-
Fleischer nng, The examination of the neck revealed-abnormal
neck vein pulsations characterized predominantly by an A-wave
superimposed on a C-wave, Occasionally a small cannon wave
was visible. The trachea was midline and thero was no thyro-
megaly, Chest examindtion was unremarkable, The cardiac point

J.E.

VALSALVA RESPONSE PHASE IH & I«V

S m—————
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of maximal itnpulse was normal in position-and configuration. The
first heart sound varied’ mmntensxty and the second hicart sound
was p')ysm!ogxc'llly split. Thefe were no pathologic estracardiac
sounds, murmurs or gallops, The rensainder of his phvsical ex-
amination was.unremarkable, All routine laboratory blood studies
and roentgenograms were normal.

His routine electrocardiogram ( Figure 4) was quite remark-
able, however, demonstrating a unique arthythmia, Cursory ex-
amination might. have failed to disclose it; The. last GRS com-
plex in aVr, and all of them in aVT are brmdcr than those com-
.plexes in the other leads and also show init!'J] notches or slurring.
"No diséernible P-waves precede these QRS complexes and their
repolarization is distorted, Excesit for this triasient abnorm~lity
the clectrocardivgram is quite nosmal. To decipher this problen®
1l'urthcrl, relatively simply electrocardiographic studies were per-

drmed

Cnce again, with Lewis and Wilson leads, the patient in the
rectmbent position’ performed a standard 10-sec. Valsalva ma-
neuver. Phases 1 and 1V (the recovery phases) from:his elee-
trocardiogram-are shewn in Figure 5, The tracing demonstrates a
His bundle or pcnphoral conduction tissue (formerly referred to
as a “low nodal”) pacemaker rhythm3 The onset of the QRS
complex is difficult to determine inasmuch as the P-wave coin-
cides with the QRS onset in several complexes, Compare beats
1, 2, and 3 wherc there is no fusion with beats 4, 7, and 12. Com-
plet 9 produces retrograde depolunzation of the -atrium mani-
fested by the iverted Pawave inthe S-T s:gment. The QRS
deration of the infra A<V nodal beats at their longest is equal to
or less than 0.12 sce., and their conﬁgurahon is quite similar to
the beats normally induced by the sinus pacemaker. The nodal
rhythm is 78 per minute while the sinus rate varies Lctwecn 72
and 90 per minute. Thus, when the sinus rate slows 'below the
nodal rate, the nodal focus supervenes as the dominant pacemak-
er. This competition for pacemaker. dominance was also brought
wat during recovery from mild exercise (Figure 6). The nodal
rate persisted at approximately 80 per minute. Exercise however,
decreased yagal tone on the S-A node with a resulting accelera-
tion of its rate. As the-paticnt recovered from the exercise, vagal

SRS R
EERNREEE R, 3
‘ L ' | P ‘I
“/L_../‘(J\m—.—p"\-_./‘-
i e PN
f‘ ,}, <y o~
MV TN

.

ey . ]

L T _.1\\,___)‘ \,,.) MLA..N&/\...A \_,-Jw /\._J\,__/lu__k,

O O

Ly

1 2 3 4 5 6

g, 5, Wandenng pacemaher demonsteated s Patient Nu. 2
mancuver. See test for discussion,
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tone slowly increased so that’ the' two- pacemaker sites wefe
synchronous~the first complex designated with-an asterisk, and

the third complex in the second portion of.the rhythm stnp—the,

infra A-V nodal focus controlled* when the sinus rate slowed-tn
about 7%, and then was deposed-when the sinus sped to 95 at tlig
cnd'of the thythm strip.

& further substantiate the physiologic explanation: proposed,
thc p.ment received 0.3 mg cdrophomum chloride mtravenoualy
during electrocardwgraphlc .monitoring. His response is illus-
trated in Figure 7. Edropkonium chloride, a cholinesterase in-
hibitor, potentiates existing or. provoked vag'll activity. Thus,
there was a slowing of both pacemaker sites with exaggeration of
the effect from carotid sinus massage. The sinoatrial rate slowed
to approximately £3 per minute, which allowed the infra A-V

J:E.
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nodal focus to iitermittently escape at a rate of approximately 65
per minute,

The physiologic -varigbles in this patient, thérefore, are similar
‘to those in Case No. 1. Inasmuch.as no cardiovascular abnormal-
ities were noted, both patients were recommended for continua-
tion ()f fiying dutles

DISCUSSION

The clinical significance of supraventricular arrhyth-
mias is variable, It is strategic that we be able to distin-
guish the pathologic arrhythmias which could jeopar-
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Fig. 6. Wandering pacemaher with fusivfi-beats (designated with aperish) wid dominant low nudal rhythm. See-*est for discussion
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dize a pilot’s life from physiologic variant -arrhythmias
with no morbid potential. Certain arrhythmias such as
atrial fibrillation, atrial flutter, atrial arrést, and third-
dégree heart block have been diagnosed arbitrarily as
pathologic, either on the basis that they result from
some underlying disease or that the arrhythmia itself
mlght compromise cardiovascular function, partlcul'lrly
in a pilot under stress. Other arrhythmias such as sinus
arrest, first-degree AV block, occasional uniform pre-
mature ventricular depolanzat:ons, and wandering’su-
praventricular pacemakers, may result from noiimal
physiologic mechanisms without ominous portent. To
misinterpret these is to risk not only the unnecessary
grounding of healthy personnel but also the prodiction
of cardiac neuroses. The two cases herein presented had
been diagnosed prior to USAFSAM evaluation as hav-
ing atrial arrest, third-degree A-V heart block, and in-
termittent bundle-branch block. In actuality, they both
represent wandering pacemakers, the first shifting from
sino-atrial node to the atrium, the second shifting from
sino-atrial node to the infra A-V nodal region. Monitor-
ing the patient during minor physical or ;! armaco]ogic
maneuvers frequently will allow more spcc:hc differen-
tiation of the rhythm’s ctiology. Table I summarizes
several such maneuvers.

A brief commentary on each of the agents may serve
to expedite their clinical application. Edrophonium
chloride (Tensilon) potentiates the effect of available
acetylcholine. Patients may manifest a variable sensitiv-

ity to this drug and for this reason a test dose 6f 9.1 mg.
administered intravenously is recommended. Tt is al-
ways. wise when manipulating vagal tone to- have a
syringe with atropine sulfate available at the time, Al
though rarely nécessary, it is of considerable benefit
should the patient prove unduly:sensitive to the anti-
cholinesterase drugs. ‘Side effects from edrophonium
chloride are abdominal cramps, increased lacrimation
and salivation, muscle tremor -and fasiculation. These
symptoms generally occur qaite m;! 'dly with an arrhyth-
mic diagnostic dose of 0.4 1ag. intravinously, They usu-
ally disappear within one 1o two minutes and the cardi-
ovascular responses rarély Jast longer than this.
Carotid sinus massage may 6ften be used in an adju-
vant capacity with Tensilon (as illustrated in Figure 7),
or may be used byxitself* Generally, it is not.recom-
mended in any patienthaving carotid bruits or-a history
suggesting carotid or vertebral insufficiency or emboli.
It is important that massage be performed in the region
of the carotid bulb, this generally being at the angle of
the jaw. Palpation and massage at a point below the car-
otid bulb may actually produce dscreased carotid bulb
distention registering as hypotension, with a resulting
decreased vagal tone and cardio-acceleration rather
than the expected cnhanced vagal tone with cardiac
slowing, After locating by palpiation.the carotid pulse at
the angle of tlie jaw. rocking massage compression
should be applied to it for a timed 10-sec. period. After
a 60-sec, recovery period, the contralateral carotid bulb

TABLE 1

<

AGENT MODE OF JCTIVITY

INTERMEDIARY

CARDIOVASCULAR RHYTHM RESPONSE

RESPONSE OR EFFECT

(1) Edrophonium
chloride

Anticholinesterase

Increased carotid sinus
nerve activity

(2) Carotid masage

(3) Phenylephine
(Neosynephrine) sistance; increased blood

pressure; with increased

carotid sinus nerve

nctivity,

{4) Amyl nitrite Decreased peripheral re-

sistance with decreased

carotid sinus nerve ace
tivity; (there may also
be an increased venous
tone and Increased
venous return).

{5) Atropine sulfate Blocks receptor cite

for acetylcholine

(6) Passive leg-ralsing

(a) Gradual Increased venous retum

filling

(b) Abrupt Rapld venous seturn

distension

{7) Exercise Many varied effects

Increased vagal effect

Increased peripheral re- "

L. Lyased vagal in-
crease-sympathetic
blood pressure; decreased  nervous system tone

Decreased vagal effect

Increased right ateial
Abrupt right ateial

Decreased vagal tone;
fnereased adrenergle tone  increased irritability

Slowing of the sinoatrial  Sinus bradycardia ateial
node; prolongation of and atrioventricular
atrial ventricular con- nodal escapes; first and
duction; slight myocardial  second-degreo heart
depression block

Increased vagal firing " "

4 ”
and sino-atrlal and
atrial ventricular
nodal arrest

and sino-atrial arrest
with nodal eszapes and
ventricylar escapes

Sinus tachycardia with
suppression of other |
pacemaker cites

Acceleration of sinos
atrial node; decreased
A-V conduction time

Acceleration of sino- Sinus tachycardia with
), 1

atrial node; ¢ ] TUY of other
A=V conduction time pacemaker sites

Bainbridge reflex {(?) Slight Increase.in

sinus rate

Bezold-Jarisch teflex Sino-atrial arrest

As with Amyl nitrite, plus Sinus tachycardia snd
oecasional presastun,
atrial and/or ventricul ¢
depalarizations

Aerospace Medicine « March, 1572 396

/07?‘; ;{y}J e g




' "EVALUATION OF PERSONNEL WITH ARRIYTHMIAS—DOUGLAS

-mzy -be similarly- manipulated. :It.is worthwhile noting.
- that right carotid stimulation usually has a dominant-ef-
fect on the sino-atrial nede, with only slight effect on-
the atrio-ventricular node, while left carotid stimulation
produces a predominant -effect on.the atrio-ventricular
node with lesser effects on the sino-atrial node. Individ-
3 ual variation in.this regard is marked-because of the du-
¥ al innervation of both the SA-and.A-V nodes. Nonethe-
F less, left carotid massuge will usually increase-atrioven-
tricular block more effectively :than right carotid mas-
sage.

! Phenylephrine (Neosynephrine), being predominant-
: ly an alpha-adrenergic catecholaimine, produces its ma-

jor cardiac cffect via baroreceptor reflexes and vagal
43 cardiac suppression. The magnitude of the response-to
- intravenouss phenylephrine is thus related: Considerable
caution shouldtbe exercised with this' drug: because of
its marked potency. Few situations justify a dose greater

3 -tnan 0.1 mg. Sufficient- drug usually is left adherirg to
the walls of a _tuberculin syringe after the syringe is
2 emptied to produce the desired physiologic effects by
E - merely flushing the emptied syringe with the patient’s
g venous blood after 2 venipuncture. The following pro-
cedure is recommended: (1)<draw 0.2 cc. of 1% phen-
ylephrine hydrochloride into a l-cc. syringe; (2) re-
move needle and syringe from the drug vial and empty
the syringe in a wast¢ receptacle; (3) using this now
emptied syringe and asnew needle, perform venipunc-
ture; (4) allow the syringe to fill with 0.8 ce. of“blood;
(5) injent the 0.8 ce. of blood back into the vein over a
5- to 10-sec. interval.

Amyl nitrite inl.alation, as a diagnostic maneuver, has
many attractive advantages. It is relatively innocuous,
its effect is transient, and it decreases cardiac work. The
patient should be cautioned, however, that he may ex-
perience a 1- to 2-min flushing headache and blurred
vision,

Atropine sulfate, 0.4 mg. intravenously, will usually

Sy gt - T

——

“$n AullE SECIION
S BURF SEOTION
“A "0uktco
SulilCaTio

LRl L PR

e L LTI

‘Y O
* SISTRBUTIONANARLZENT o
| oSt R s §8

AT
22 I

-

330  Aerospace Medicine » March, 1972

- R PR -~

provide sufficient vagal*blockede to allow decipriering
of arrhythmias resulting from neurogenic reflexes.’Qc-
-casionally, however,.a dose of 2.0 mg. is required. The
major side effects (which are usually just nuisances) are
-mydriasis, which may last for two to three hours, and
obstipation. Passive and active leg-faising, as well as ex-
ercise, are readily employed «s :the most physiologic
maneuvers available to assist airhiythmia analysis.

SUMMARY

Diagnosis and seromedical evaluation of the signifi-
cance of supraventricular arrhythmias may frequently
be assessed in the Flight Surgeon’s Office with-+ue assis-
tance of an clectrecardiographic machine, simple phys-
ical‘maicuvers, and:a few pharmacologic agents, which
aré herein tabulated andibriefly-discussed. Two cases
are presented in which the rhythm interpretation was '
facilitated by such studics;
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