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THE use of intraarterial carbon diox-
ide for diagnostic angiography was
pioneered by Hawkins in the 1970s
and 1980s (1). Recent improvements
in digital subtraction angiography,
postprocessing computer software,
and CO, delivery systems have re-
sulted in an increased interest in the
use of CO,, as an alternative intravas-
cular contrast agent in patients with
life-threatening reactions to iodinated
contrast material or a history of renal
insufficiency. CQ, is appealing be-
cause it is a natural product of me-
tabolism, is highly soluble in aqueous
solution, has no known nephrotoxic-
ity, and has been documented to be
safe when used intravascularly (2-4).

From the SCVIR 1997 Morbidity and Mortality Conference

Transient Mesenteric Ischemia:
A Complication of Carbon
Dioxide Angiography'

left common femoral artery approach,
a CO, angiogram was obtained with
use of a plastic bag delivery system
(Angiodynamics, Glen Falls, NY) de-
scribed by Hawkins (8) (Fig 1). The
reservoir bag, tubing, and syringes
were set up and carefully purged with
CO, to eliminate any chance of con-
tamination of the system with room
air (8). Care was taken to flush the
catheter with saline to prevent throm-
bus formation. There was no evidence
of a leak in the CO, system during
the course of the procedure.

The abdominal aortogram was ob-
tained with use of a 5-F Sos Omni
selective (2} catheter with side holes
(Angiodynamics) positioned at the

JHowever, serious side effects related  level of the renal arteries. Three sepa-

have been described  rate manual injections of 40—60 mL
(6=7). We report a ¢ase in which a pa-

o . v
tient developed transient mesenteric

ischemia after intraarterial use of
CO,.

CASE REPORT

A 62-year-old woman with a his-
tory of insulin-dependent diabetes,
hypertension, chronic renal insuffi-
ciency, and a long history of cigarette
use presented with a nonhealing uleer
involving the right lower extremity.
Physical examination revealed a non-
healing ulcer over the anterior sur-
face of the right lower leg. The right
femoral and popliteal pulses were di-
minished and the right pedal pulses
were only detectable with Doppler.
Laboratory tests revealed a preproce-
dure blood urea nitrogen level of 68
mg/dL {23.6 mmol/L of urea) and a
creatinine level of 6.5 mg/dL (575
wmol/L.). Because of the marked renal
insufficiency, a CO, angiogram was
requested.

Consent was obtained from the pa-
tient regarding the use of CQO, as an
intravascular contrast agent. From a

- of CO, were made into the abdominal
aorta at 2-3-minute intervals to de-
fine the abdominal aorta, renal artery
origins, aortic bifurcation, and iliac
arteries. After the first injection of
COy, into the abdominal aorta, the pa-
tient immediately reported abdominal
pain and nausea. The patient was
given antiemetics {4 mg of ondanse-
tron hydrochloride; GlaxoWellcome,
Research Triangle Park, NC) intrave-
nously. Several minutes later, the
study was resumed. In addition, dur-
ing the course of the remainder of the
examination, the patient was rotated
from side to side to promote dissipa-
tion of the CO, from the visceral ves-
sels. The patient report ne further
episodes of abdominal pain or nausea
during the procedure,

The Sos Omni selective (2) catheter
was advanced around the aertie bifur-
cation into the right commen iliac ar-
tery, and a right lower extremity arte-
riogram was obtained with use of sev-
eral 30-cm® manual injections of CO,,.
Approximately 2 minutes separated
each CGO, injection.

The stady revesled extensive ath-
erosclerotic disease of the abdominal
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aorta. The celiac and superior mesen-
teric arteries were widely patent, but
the inferior mesenteric artery was oe-
cluded (Fig 2). A high-grade (80%_
90%) stenosis was present in the right
external iliac artery,

After consultation with the vascy.
lar surgeon, balloon angioplasty of the
high-grade right external iliac lesion
was successfully performed. The en-
tire diagnostic study and intervention
were performed without the use of
any iodinated contrast material. The
patient received approximately 800 -
1,000 cm® of €O, during the examina-
tion. At the conclusion of the Dbroce-
dure, the patient reported the urge to
defecate, followed shortly by a single
episode of diarrhea. This episode was
not associated with any abdominal
pain. The patient was closely monj-
tored overnight, but reported no ab-
dominal pain, hausea, or urge to defe-
cate,

The next morning (postprocedure
day 1), the Patient reported the on-
set of vague abdomina] pain accom-
panied by diarrhea. The patient had
several loose bowel mevements,
which eventually became bloody.
The abdominal examination re-
vealed a nontender, soft abdomen,
Blood urea nitrogen level had in-
creased to 83 mg/dl, (29.6 mmol/, of
urea) and the treatinine level had
increased to 7.8 mg/dL (689.5 umol/
L). The white blood cell count had
increased from 14.0 K/uL t0 96.9
K/ul, and the hematocrit had in.
creased from 349 to 52.6%. The se-
rum glucose rose from 154 to 321

Figure 1.

mg/dL (8.5-17.8 mmol/L), No ke-
tones were present in the urine. The
blood eosinophil count was 0.1%.
Stool cultures were also obtained
and were found to he negative. The
Patient was afebrile with a blood
pressure of 112/80 mm Hg and a
heart rate of 105, The patient re-
ported no nausea and there was no
vomiting. There were no skin
changes to suggest cholesterol em-
boli.

Our assessment was that the pa-
tient was dehydrated and hypovole-
mie. Intravenous hydration wag initi-
ated, and the general surgery and
gastrointestinal medicine services
were consulted for further evaluation
of the bloody diarrhea. On the second
bostprocedure day, lower gastrointes-
tinal endoscopy was performed and
revealed pale colonic mucosa with
scattered areas of hyperemia and
punctate hemorrhages in the nonde.
pendent portions of the calon, specifi-
cally the hepatic flexure, splenic flex.-
ure, and sigmoid colon, The mucosa
appeared viable throughout the eolon
(Fig 38).

The patient wag managed conser-
vatively with hydration and bowe]
rest. The patient’s rena function ang
hematocrit returned to baseline dyp-
ing the next 5 days with gentle hy-
dration. The patient wag discharged
home on the 7th postprocedural day

without diarrhea, abdomina]l pain, oy

normal diet. The presumed diagnasig
was transient mesenterie ischemia
secondary to CQ, administration,

€rvoir bag (solid st
ringe (open arrow)

CO, plastic bag delivery system consists of g reg.
raight arrow), a 60-cmy? CO, delivery sy.
» and a 3-ml, purge syringe (curved arrow),

| DISCUSSION

Interest in CO, as an intravascular
contrast agent for patients with renal
insufficiency or a history of a severe
contrast material Teaction is inereas-
ing because of improvements in digi-
tal imaging technology and CO, deliv-
ery system. Because CO,is a gas, it
does not mix with blood, but rather
“floats” above it. T accurately agsesgg
the luminal characteristicg of a vessel,
the blood within the vessel must be
transiently replaced by CO, There-
fore, enough CO, must be adminig-
tered to fil} the entire vessel to avoid
underestimating the diameter of the
vessel. An inadequate volume of CO,
results in the gas floating to the ante-
rior surface, incompletely delineating
the posterior wall of the vessel, For
larger vessels, such as the aorta, a
rapid manual injection of 4080 ¢m®
of CO, is typically used to deliver an
adequate volume of CO,. In addition,
with the bag delivery system used in
our patient, 3 cm® of CO; is delivered
via a separate 3-ml, syringe to purge
the catheter of blood or saline imme-
diately prior to each digital acquisi-
tion. By eliminating the fluid from
the catheter prior to the 40-60.cm3
bolus injection, the explosive delivery
associated with compression of the
CO, behind the fluid in the catheter

1s minimized (8)_In our experience,
%‘Of less than 40) e’ of CO,, in the

se
abdomifial aorta results | -underfill-
ing ozfmmaﬁmm"; and the
potential for overestimation of diseage
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5 2, (a) Anteroposterior and (b)
obligue CO, digital subtraction abdomi-
nal aortograms. These studies demon-
strate a diseased abdominal aorta and
patent celiac and superior mesenteric
arteries (arrows}. The inferior mesen-
teric artery was never visualized and
was believed to be occluded.

witiin he abdominal aorta and proxi-
mal renal arteries.

The bag delivery system (Angiody-
namics} contains a series of one-way
valves within glued three-way stop-
cocks and ports for attaching the res-
ervoir, 60-ml delivery syringe, and
3-mL “purge” syringe. When assem-
bled. the hag delivery system mini-
ML <. chance for inadvertent de-
ivery of yoom air into the patient.

00m air could be delivered to the
Patient if the syringes attached to the

Figure 3.

Schematic diagram of the
findings at endoscopy. Abniormal find-
ings were limited to the hepatic and
splenic flexures, as well as the sigmoid
colon.

bag delivery system are loose or the
tubing from the CO, reservoir is loose
or detached. Prior to each injection in
our patient, these three potential
sources of air contamination were
checked to ensure that there was no
leakage,

In the supine patient, the anterior
position of the celiac, superior mesen-
teric, and inferior mesenteric arteries
leads to preferential filling of these
vessels with CO, during CO, injec-
tions into the abdominal aorta. In ad-
dition, during selective injection of
the iliac vessels, reflux of CO, may
lead to filling of the inferior mesen-
teric artery. This phenomenon has
been previously described (6).

Accumulation of CO, in these non-
dependent vessels can subsequently
result in trapping of the CO,, causing
a “vapor lock” in the vessel. When a
large interface is present between the
blood and CO,, the CO, normally dis-
solves very quickly and is eliminated
ultimately by the lungs (6). Occasion-
ally, a bolus of CO, can become
“trapped” within a vessel, especially a
nondependent vessel, and cause a va-
por lock obstructing the normal flow
of blood. In addition, the pressure of
the gas may prevent collateral flow
from entering the affected vascular
distribution (9), thereby compromising
tissue perfusion.

Caridi and Hawkins have de-
scribed two patients with abdominal
aortic aneurysms in whom abdominal
pain, cramping, and diarrhea devel-
oped after CO, angiography (6). It
was postulated that vapor lock con-
tributed substantially to the symp-
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toms. Clinically, these patients were
believed to manifest transient mesen-
teric ischemia without infarction (6).
Our patient initially developed ab-
dominal pain and nausea. Because of
concern about a vapor lock phenom-
ena, the amount of CO, injected was
reduced, the time interval between
CO, injections was increased, and the
patient was intermittently rolled into
different positions to make the vis-
ceral vessels more dependent and to
facilitate blood flow and CO, dissipa-
tion. The subsequent clinical findings
of bloody diarrhea, vague abdominal
pain, abdominal distension, dehydra-
tion with increased fluid require-
ments, and the laboratory findings of
leukocytosis and hemoconcentration,
were suggestive of mesenteric isch-
emia. The endoscopic findings were
also consistent with mesenteric isch-
emia.

It is unlikely that an embolus or in
situ thrombosis of the superior mes-
enteric artery or its branches would
be the cause for the clinical and endo-
scopic findings because the entire co-
lon was affected in a segmental distri-
bution (hepatic and splenic flexures
and sigmoid area). Likewise, venous
thrombosis would also be an unlikely
cause of transient mesenteric isch-
emia in this patient. A low-flow state
could cause transient mesenteric isch-
emia, but there was no episode of hy-
potension or cardiac instability during
or immediately after the arteriogram.
An air embolus due to contamination
of our bag delivery system with reom
air could also cause transient mesen-
teric ischemia. However, this is un-
likely because every effort was made
to prevent accidental injection of room
air and no problems with the plastic
bag delivery system occurred. Infec-
tious colitis could present with a simi-
lar clinical picture, however, negative
stool cultures, negative stool smear
for leukocytes, and typical endoscopic
findings for infectious colitis make
this etiology unlikely.

The diagnosis of cholestercl emboli-
zation syndrome was also considered
in this patient. The lack of the typical
skin changes associated with choles-
terol emboli in cholesterol emboliza-
tion syndrome, the rapid improve-
ment in the renal function after hy-
dration, the unusual endoscopic find-
ings localized to the nondependent
portions of the bowel, and the lack of
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eosinophilia make it unlikely that
cholesterol embolization syndrome
was the cause of mesenteric ischemia
in this patient {10--18),
erefore, we postulate that CO,

gas caused a vapor lock and resulted
in decreased perfusion to the colon.
Because of the buoyaney of CO,, the
ischemic changes were localized to the
less dependent portions of the colon
(in the supine position), such as the
hepatic flexure, splenic flexure, and
sigmoid colon. The bloedy diarrhea
and associated dehydration suggest
that the small bowel may also have
been transiently effected (g),

In addition, with use of a gelatin

nausea, vomiting, or diarrhea during
CO, angiography may herald the on-
set of CO, trapping in the masenteric
distribution. A decrease in the volume
of CO, injections and an increased in
time intervals between CQ, injec-
tions, and positional maneuvers do
not guarantee that the development
of mesenteric ischemia will be ohvi-
ated, but such precautions may mini-
mize the degree of jschemia that may.
elapse before Symptoms and signs of
mesenteric ischemia-appear. There.
Or®, patients in whom abdorrat——-

U INE TTEET0 defecate

iography

vascular model, Hawkins found that  “should be ollowe losely with serial
CO, injected at 200 ml/sec through a mmﬁa’mi:tions during the

multiple side hole catheter was less
traumatic than jodinated contrast ma-
terial injected at 12 ml/sec.

Defining what is an excess dose of
CO; is quite difficult because it is pa-
tient specific and probably dependent
on the patient’s underlying anatomy.
In our patient, the inferior mesenteric
artery was occluded. CO, injections
were limited to volumes of 60 cm? or
less, the time intervals between CO,
injections were at least 2 minutes,
CO;, injections were made in 4 nonex-
plosive manner with use of the bag
delivery system {specifically designed
for CO,), and positional maneuvers
were performed to minimize gas air
trapping.

Despite these precautions, CQ,
was apparently trapped within the
mesenteric distribution and, most
likely, resulted in this patient’s tran-
sient mesenteric ischemia. The ad-
ministration of pain medications and
antiemetics may also have obscured
the symptoms in the immediate post-
procedure period, Ultimately, the be-
nign abdominal examination and the
viable appearance of the colon at en-
doscopy allowed us to manage the pa-
tient conservatively.

Development of abdominal pain,

next 24 hours and observed for signs
and symptorns of mesenteric isch-
emia.

In conclusion, we present a case in
which CO, was the most likely cause
for the development of transient mes-
enteric ischemia in a batient undergo-
ing CO, angiography. The harbinger
of this complication was the develop-
ment of abdominal pain, nausea, and
the urge to defecate during the proce-
dure,
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