Inadvertant Coronary Artery Air Embolism Compllcatmg

Selective Coronary Angiography
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Introduction

The use of coronary angiography in the
evaluation of patients with chest pain svndromes
and coronary artery disease has increased by
ceometric proportion during the last decade. In
addition to {irmly establishing the low incidence
of morbidity and mortality, .there have been
numerous published reports which have dis-
discussed the comiplications associated with this
procedurel-2-3_ In reviewing the literature, how-
ever, we were unable to find more than a casual
mention of coronary artery air embolism as a
contplication of selective coronary angiography#.
As a result, this study was undertaken to elucidate
the clinical features, hemodynamic, and electro-
cardiographic consequences of inadvertant, coro-
nary artery air embolism. In addition, the etiology
and various methods of prevention areé com-
mented upon.

Materjals and Methods

The last 1000 cardiac catheterizations at
Grady

Memorial Hos*pltal were examined

- Among .. this there

were 750 patients i whom selective coronary

retrospectively. group,

angiograms were  performed (approximately
5250 selective injections). ~Of this number, there
were six instances in which air was inadvertantly
injected directlv into a coronary arterv. Criteria
for selection "included independent verification

of an air bubble(s) outlined by contrast material

‘within the lumen of* the coronary artery by

each of the authors. Air emboli travelling through

a coronary arterv filled with contrast materal are
radiographically very distinctive, and rarely

-escape the attention of an experienced angio-

grapher. In the larger proximal segments of the

vessel the small radiolucent air bubbles form

nearly a perfect sphere. The lucent body can
be seen to break up into smaller spheroics, or
take on an oblong configuration to conform
to the dimensions of the smaller distal vessels.
(see Tigure 1). Finally, they are seen to dis-

appear into vessels so small as to be beyond the

level of resolution. In addition, in every instance
the written record was supplemented by verbal
information obtained from at least one of the
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Fvpical appearance of an air bubble as
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seen tn this proximal right coronary artery

dmgram.

e ™

phyvsicians who performed the catheterization.

Theé amount of air injected was estimated by
tracing thie outline of the “bubble’”, which

closely approximated a circle in the proximal
segment of the coronary artery, measuring the
diameter, correcting for magnification error,
and employing the standard formula for volume
of a sphere 4/3 = R3. Data from in vitro and in
vivo anima! experimental studies plus additional
case reports were collected from the literature.

Results

All six cases were studied for diagnostic
evaluation of a chest pain syndrome. One patient,
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age thirty five, had a previously documented,
inferior, transmurai myocardial infarction. Five

of the six cases had no angiographic evidence of
obstructive ccronary artery disease, even though,

the patient mentioned above had an inferior
akinetic area on ventriculogram. The sixth
patient had significant disease in both the left
and right coronary systems. Among the group
of 750 patients who had selective coronary angio-

grams for caest pain syndromes, approximately
379% had normal coronary angiograms. Thereiore,

the fact that five of the six patients with coronary
air emboli had norn:al coronary angiograms was
indeed fortuitous.

The overall occurrence rate for coronary
air emboli was 0.89%, per patient or 0.19%, per
injection. The age range was thirty five to fifty

L

five. Five of the cases were males.

Of the three patients with emboli to the
richt coronary artery, patierits number one and
two had a single bubble embolize to a posterior
Jeft ventricular branch. Patient number three had
two bubbles go down the posterior descending

branch. The remaining three patients had left
coromary -artery-embaotr —rrpatieht -rroriet tour =

a single bubble and in patient number five, two
bubbles went down an obtuse marginal branch
of the circumflex artery. In the sixth patient the
left anterier descending branch as well as a
diagonal branchk with an obstructing lesion
causing 73%, diameter reduction were embolized.

In each case, subsequent injections of
contrast material into the sanmie coronary artery
failied to demonstrate visible coronary artery
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The estimated total volume of air embolized
ranged from 0.02 to 0.05 ml. Five of six cases
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had chest pain compatible with myocardial is-
chemia, beginning between 15 and 60 seconds
after imjection of the air embolus and lasting
one to five minutes. In three instances, nitro-
glycerin was given with no difference in course
from the three instances in which it was not
given. The clinical manifestations of the air
emboli 1n the sixth natient with obstructive
coronary disease did not differ from: those of
the patients with normal coronary arteries.

=

. Electrocardiographic changes included sinus’

tachycardia in two and ST and T wave changes,
i four. In three of the four cases where ST and T
wave changes were, present, there was ST
depression and T wave inversion on a lead
IT monitor. In -the fourth case involving em-
holism to the right coronary artery, there was
transient ST elevation in lead II. There were
no other arrhythmias or conductio:i disturbances.
There was no relation between the coronary

artery embolized and the tvpe of ECG changes
observed (see Table 1).

Coronary Artery Air Embolism
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There were no long term adverse eftects in
any of the six .cases: Follow-up electrocardio-
grams were unchanged from: baseline in all cases,
and myocardial enzymes drawn post catheteriza-
tion in one patient demonstrated no abnormal
elevation. o

Discussion

Although the Iimitation of such small
series 18 recognized, in these, six patients it
appears that air emboli,. . which occasionallv
occur during hand injection of the coronary ar-
teries, arc relatively benign and result in only
transient myocardial ischemia. The manifesta-
tions include angina pectoris immediately pre-

ceeded by ST and T wave changes which are

indentical to those resulting from ischemia of
any cause5. These events were unassociated
with hemodynamic or rkythm disturbances.

The major reason for the absence of signi-

ficant morbiditv is the extremely small volume
of the air emboli when compare:1 to that employed

TABLE I: Summary Patient Data
Coronary Volume Acute ECG Changes
Patient and Artery of Chest . S
age Embolized Air (ml) Pain ST-T Sinus Tachycardia
F#1 - 55 y.o. RCA 0.03 —- - * =S
#2 - 35 y.o. RCA 0.02 — 1 -
+3 = 35 y.o. RCA 0.03 . ke -
F#4 - 52 v.o. L.CA 0.04 -+ - ' o
#5 - 35 y.o. LCA 0.05 - 4 1
#6 - 3l y.o. LCA% 0.03 4 - -

* ST elevation, transient; all others ST depression and T wave inversion.
+ 759, discrete diameter reduction of the first diagonal branch of the LAD and 759; lesion in the
right coronary artery.
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in the majority of ammal experimernts, and  to

documented human .. .case

pqthoiogicall}r
resports6-8. In his classic paper, Rukstinat in
19316, using the ' canine mnwodel, .found that
when: 13-20 ml of air was myected directlv into
the left coromary artery, acute cardiac dilatation
followed by ventricular’ fibrillation unifermly
occurred. On the other ‘hand, when 2-5-5 ml was
imjected, the only significant finding was a tran-
wnt increase in heart rate. The speed of injec-
...nn 315() appearnd to pla\f a role. When 15-20 mi
Uf air was deliv erc—:c‘ over 40 seconds * hf-* animals
demnnstr ted 110 untmmrd cﬂecfs S A

Also operatw in’ our Series 1 ; the fact that
nm ‘and not both corml'lrv arteu ies was embotized.
I«.em Jnd Biades?, " canine
model, t,mbolized ‘both coronary’ aftef'f‘s* by
11trodl.u.,mﬂ‘ 1%l of aif into 2 plumonary vein.
Tn each case, Ventricular fibrillation and' death
ﬁccurrﬂd 0.25 ml injected in’tHe same manner

amm usmﬂ the

was ahmfs“ wu‘ roferated . 1o L srtis s
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- A complete discussion fof - the variety: of
clinical siruations (such as spentaneous or 12tro-
ﬂ‘me pneumothoray, trauma, cardiac -Surdgeéry,
Jtc.,) in which fatal coronary artery air emboli
bave bmn mtwl{)w‘ah" uouumented 15 bL ond

]"f: scope. of thh plper Howcver in these
SItLlth_IIOI]S deaLh appmred to resu]t from pro-
loun'd mwcare;hl ISCHLHLIH mfh resultant ]eft
uentnculﬂr dvsﬁmctmn and fibrillation. fiﬂ'am
the volumﬁ 01 air tﬂat tramed access to' omne:or
both coronarv artenes in the above noter situa-
tmm was much ﬂ‘reate*" than that which occurred
m our series, or Whld“ conld concewqblv occar
m the ‘mnﬂs of an e&*perlenced mﬂ*loﬂ'mpﬂer
The ischemic manifestations of air emboli
are for the most part ‘secondary to mechanical
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obstruction of small vessels. There 1& seme
data, however, to. suggest that a local reactive
vasoconstriction occurs8-9. This would . help 1o
explain why the ischemic effects are -~ sometimes
areater than would be expected on the basis ol
the size of the embolus alone.  As. pointed out
bv Eiseman!?, gas bubbles that are of a size
equal to or greater than that of the blood - vessel
result in columns of ‘blood interspersed ~with
“slugs” of air. In this “slug flow system” as
lonu; as perfusmn prcsau"'e md umstan ﬂ(m

-----

ance to ﬂow However, :11*' Slll"‘b V«hn‘:h l‘ec’:ame
wedfred in sniall vesseis or at points ‘of constric-
tion Pruted & statramrjf system wherein resist-
anre was 'nc*'eased and’ ﬂow was ~ signtficantly
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| In the current series th air slum- were
seen to, move freely thmuﬂ'h the conma;’v .tree

r.‘..“_l

and disappear nto vewlsb bcwmd thc 1es.olutmn

-—*100 Ei“

of.our angiograpiic cqmp{rmt 1(:

| The*e;orc it appears. that a: emhuh of a SI1Z€

that occur « urmﬂ' Selecrm tOI‘]l.lI""' anfrmﬂ'rﬂuhv
could, 1f at 111 rebulL In 2 staric “5luﬂ l tm wstem
only 1 vessels. bevond the level of ruulutum of

I"-C’lIl“‘l()‘T‘i"ilﬁhIL equipment. Fven 1f
, the- re-mltant area

*he current ¢
1(}C11 V«l,bOLOI‘tH‘"I‘ICUuH u-:.cur

ot ischen nia would be quiie s small and as noteﬂ
hkelv to resulr in no swmhc‘artt ht,rm)dw.fnarﬁlc of

___1 t al 1n:>t:1b11 tw
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In five of the six cases:in this retrospective
series the air emboli fortuiteusly occurred. mn
patlents with hormal ocornary; arteries. Although
there was no significant difterences in the clinical
manifestations -of patierit number: six (air emvoli
to'a criticallv stenosed, large; diagonal - branch
of the ieft anterior- descending), it cannot. . be
stated that an air embolus as small as. O,._DE-. mls
(average) is necessarily benign m all patienis with
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siznificant coronary artery disease. it is plausible
that a large caliber vessel with a critical stenosis
could have pressure and flow characteristics such
‘hat an air bubble could become wedged .and
reate a total obstruction. The hemodynamic
offects ‘would then become dependent upon. 2

sumber of factors including the adequacy of

collateral flow and the state of the mvocardium

distal to the obstruction.

Tn each of the six cases, the cause of the
air embolus could- be tracc(f to a teachincal error
by the operator. There was no evidence that
cavitation at the catheter tip occurred!!, The
common denominator was a failure to aspirate
the contents of the manifold system and the
catheter . back into the syringe {foliowed by
re-filling of the system W ith contrast material)
between each injection of a coronary artery. By
pcrformmﬂ‘ this basic maneuv'er all’ air whrch
may have cained access to the manifold or
cathcrer would be eliminated. Further, car..h
time the coronary syringe 1s refilled with con-
trast, the mamield should be t.,le.arcd“ in the

same manner.

N “The prlmarv source by which air entered the
system was the rotating sw ivel attachment located
at the dlstal end of the manifold to which the
c,atheter 1S secured. The nondwposable mamfolds
can, if they become worn, allow air to enter
the svstem if any torque is appited to the swivel
during manipulation of the catheter or svringe.

Asecond. important source 1s the air which
Jlmost invariably becomes trapped 1n. the svringe
during the procedure due to leakage around
the plunger and cavitation phenomena. If the
syringé is not held m a semivertical position
of is completely emptied during an iniection,
the air will either embolize or beconie trapped
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within the catheter. Other sources by which
air may gain access to the system are at the
points of attachment of the catheter, flush solu-
tion line, contrast material line, pressure lne,
and the syringe -to the manifold. Iailure to
cecure these attachments may result .in air
embolism if the catheter and mantfold are not
“cleared” hefore each 1njection.

It is uncertain what pmcsdilrf; shoula be
followed if an air bubble becomes wedged in a
proximal vessel. Maneuvers, 10 increade ntra-
corona~y pressure and flow such as having the

" patient cough or, as quggested bv one angio-

crapher, to vigorously inject the ceronary artery
with dye; may help to dislodge the bubble or
break it up. The role of these manuevers Or the

use of nitroglycerin, however, bhas not been
established. In cases such as ours where the
embolus is seen to go down a vessel unobstr ructed
to a branch beyond angiographic resolution,
observation and withbolding further manipula-
tions until FCG changes and chest pain resolve
appears to be all that seems needed.

Summary -

Sm cases of madvertant coronary artery air
cmbohsm complicating selectwe coronary anlrm-
graphy arc reported The mc1dence of this com-
plication was 0.8% (G "50) In three cases, the
right coronary artery was embohzed and in
three, the ]eft All sm instances proved to be
relatively benign. The major result was tran-
sient myocardial ischemia manifest by angina
pectoris and ST-T changes which leasted one
to five minutes. There were no rhythm or hemo-
dynamic disturbances except for sinus tachy-
cardia, nor were there any long term sequelae

The major reason for the absence of sign:fican
&
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morbidity was” “the ‘extremely small volume-of

the air emboli (avg. 0.03 mls). The source of
the air emboli as well as techniques to avoid this

S !"‘3' ;~--'._.':_~ :{i

complicarion are discussed. -
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