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During an 18-month period 33 patients in whom there were contraindications to the use
of jodinated contrast arteriography underwent 40 carbon dioxide/digital subtraction
arteriograms for lower extremity ischemia (19), severe hypertension and renal insuffi-
ciency (12), or arterial aneurysm (2). Contraindications to iodinated contrast agents
included renal insufficiency, congestive heart failure, and contrast hypersensitivity. Six-
teen aortic, 15 iliac-femoral-popliteal-tibial, five aorta-iliac-femoral and four aorta-ifiac-
femoral-popliteal-tibial carbon dioxide/digital subtraction arteriography studies were per-
formed. In 11 studies, imaging of selected arterial segments required the addition of 10
to 60 ml of dilute nonionic contrast. Guided by carbon dioxide/digital subtraction ar-
teriography studics four fernoral-tibial bypasses, three aneurysmorrhaphies, two aorto-
renal bypasses, one aortofernoral bypass and one femoral-femoral bypass were successfully
performed in 11 patients. In addition, carbon djoxide/digital subtraction arteriography
directed angioplastiés of the common iliac (4), superficial femoral (6), popliteal (3), or
tibioperoneal trunk (1) were performed in 10 patients. Complications of carbon diox-
Ide/digital subtraction arteriography included transient deterioration in renal function
in three patients in whom 20 ml of nonionic coRtFast Was used, a nonfatal myocardial
_Infarction after a popliteal percutancous transfuminal angiopl n one patiént, and
tiansient tachvpnea and tachycardia dufisig dioxide/digital subtraction arteri-
_ography study in one patient. Diagnostic arteriograms ire obtainableusing carbon dioxide
as the contrast agent. Carbon dioxide/ digital subtraction arteriography permits patients
with symptomatic arterial disease at high risk for contrast related complications to safely
undergo arteriography and subsequent arterial reconstruction or endovascular interven-

tion. (J Vasc Surg 1991;13:266-73.)

Advances in vascular surgery have expanded the
indications for operative and endovascular interven-
tion to an elderly patient population that frequently
has coexisting renal, cardiac, or other medical ill-
nesses. Surgical morbidity has, in parallel, been dra-
matically reduced by innovations in modern anes-
thesia and critical care, thus permitting complex
interventions to be safely performed in these com-
promised patients. However, the nephrotoxicity,
high osmolality, and allergic potential of presently
available intravascular contrast agents remains sig-
nificant, and thus for many patients the performance
of preoperative arteriography now represents the
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greatest hazard of a proposed vascular reconstruc-
tion."* Carbon dioxide {CO;), 2 nontoxic, injectable,
rapidly absorbed gas is a potential alternative to stan-
dard contrast and may increase the safety of arteri-
ography in the padent at high risk.5¢

Carbon dioxide has several properties that make
it an attractive alternative to standard agents. It is
nonallergenic, eliminating the possibility of fatal hy-
persensitivity reactions. It is not nephrotoxic or hy-

- perosmolar, which eliminates the need for prearte- -

riography hydration in patients in whom cardiac and
renal dysfunction coexist. It can be used for sequen-
tial studies on consecutive days without increasing
the risk of renal failure. It is cost effective; one tank
of CO, gas costs approximately 20 dollars, whereas
nonionic contrast costs 1 dollar/ml.

Hawkins' in 1982 described the first use of CO;
as an arterial contrast agent. By use of CO, and digital
subtraction technique, high-quality arteriographic
images of the abdominal aorta, visceral arteries, renal
arteries, and lower extremity arterial tree were ob-
tained. The issue of whether such studies were of
sufficient quality and accuracy to guide the manage-
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ment of patients with arterial discase was not ad-
dressed. .
During the past 18 months CO,/digital subtrac-
sion arteriography (CO,/DSA) has been used at our
nstitution to assess the extent and pattern of arterial
disease in' a select group of patients at high risk.
Subsequent arterial reconstruction, endovascular in-
' tervention, Or ponoperative Management was based
solely on these diagnostic studies. From this expe-
rience specific information concerning the diagnostic
value, limitations, and complications of CO,/DSA
" in the patient with arterial discase has been accrued.
This report outlines this experience, details the tech-
nical aspects of CO,/DSA, and surnmarizes the clin-
jcal context in which we have found this technique
to be of value. *

PATIENTS

Berween December 1988 and May 1989, 33 pa-
tients have undergone 40 arreriograms in which CO,
gas was used as a contrast agent, Seventeen patients
were women; 16 were men. Their mean age was 61
years (range 27 to 81 years). Associared medical ill-
nesses included renal insufficiency not requiring-di-
_alysis in 22 (67%], hyvpertension in 18 (56%), dia-
betes in 16 (50%), cardiac disease in 13 (41%), ce-
“rebrovascular disease in_six {19%), and chronic
obstrictive pulmonary_disease in ﬁygu(lféf{éf Diag-

“HOStic arteriography was indicated for the evaluation
of severe lower extremity ischemia manifested by rest
pa:n, forefoot gangrene, nonhealing digital ampu-
taton, or ulceration in 19 (60%) patients; severe
hypertension and renal insufficiency in 12 (34%);
and arterial aneurysms in two (6%) patients. Relative
contraindications to iodinated contrast arteriography
included: elevated serum creatnine, =1.7 mg/dl, in
22 patients (mean serum creatinine = 2.7 mg/dl);
congestive heart failure in 12, contrast hypersensi-
tivity in two.

METHODS
All CO,/DSA procedures were performed via ei-

a femoral puncture the use of an antegrade or ret-
rograde approach was dependent on the arterial seg-
mnents of interest. Catherers, 5 to 5.5F, were used in
each patient. For abdominal and pelvic arteriography
a pigtail catheter was used. Antegrade or retrograde
studies of the femoral, popliteal, and tibial vessels
were performed with a preshaped endhole catheter
or dilator. Immediately before injection the catheter
and attached tubing were flushed with 5 to 10 cc of
CO,. Fifty ccof CO, gasin 2 plastic syringe V\{a%g_‘_tihcn

ther a femoral or axillafy artery puncture. When using -
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rapidly injected intraarterially by band before imag-
(apraly i . Y. Detore rmag

ing. Up to 15, 50 cc injections of CO,, spaced 2

“finutes apart, were used m any single study. Digital

o -

“Subtraction technology was the sole mietiod of im-
‘aging with imaging speed at 3 to 6 exposures/sec.
When arterial segments were not adequately visual-
ized by CO,/DSA a small volume of nonionic con-
trast (10 to 20 cc) mixed 1:1 with normal saline
was used to delineate the arterial anatomy. This was
necessary in 11 studies. Analgesia was administered
as necessary. Bascline and postprocedural peripheral
arterial blood gas samples were obtained in nine
studies,

In 19 patients with lower extremity ischemia the
arterial segments for CO,/DSA were selected ac-
cording to the anatomic location of the occlusive
lesion. Twenty-three studies were performed in
these 19 patients, 10 in conjunction with percuta-
neous transluminal angioplasty (PTA). Carbon diox-
ide/ digital subtraction arteriography was confined to
the iliac-femoral-popliteal-tibial segments in 15 stud-
ies, aorta-ihac-femoral segments in four, and aorta-
iliac-femoral-popliteal-tibial segments in four. The
fower extremity was clevated to enhance the quality
of the arterial image by taking advantage of the lower
density of CO, as compared to blood.

In 10 of 19 patients with limb ischemia, PTA
directed by CO, was performed. Before performing
PTA, CO, was used to image the arterial segment of
interest, and CO,/DSA roadmap images were ob-
tained. Dilute nonionic contrast was used to inflate
the angioplasty balloon. Resolution of the waist of
the balloon was observed flouroscopically. Successfal
PTA end points included flouroscopic resolution of
the balloon waist, equalization of intraarterial pres-
sures proximal and distal to the lesion, or repeat
CO,/DSA demonstrating a <50% residual stenosis.

Fifteen studies were performed in 12 patients to
investigate renovascular disease. Eleven patients had
severe hypertension pius renal insufficiency, and one

" had hypertension only. Intrazortic injection of CO,

was used in all studies. Selective renal artery injec-
tions were performed in one patient. The iliac and
fernoral arteries were studied as well by CO,/DSA
in three patients with an abdominal aortic aneurysm,
one with aortoiliac occlusive disease, and one with a
renal transplant. Renal artery imaging by CO,/DSA
was enhanced by placing the patient in a prone,
oblique, or lateral decubitus position such that the
renal artery of interest was nondependent.

The iliac and femoral arteries were studied in one
patient with 2 pulsatile inguinal mass after a cardiac
catheterization, and the abdominal aorta was studied
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Fig. 1. CO,/DSA of the infrageniculate popliteal artery.
The anterior tibial artery is occluded at its origin. The
peroneal (P) and posterior tibial (PT)} arteries are patent
proximally, bur contain extensive occlusive disease. The
inzbility of CO,/DSA ro image the dista! reconstirurion
of the infrapopliteal arteries necessitated the use of (non-
ionic) contrast.

by CO,-DSA in a single patient with a mycotic ab-
dominal 2ortic aneurysm involving the renal and vis-
ceral arteries.

RESULTS

Lhe partiat-pressure-of GO (Peoy)-in-peripheral
artezial blood-gas samples obtained after CO,/DSA

was unchanged from baseline determinations. Al-
though pain from the procedure was 1éss than thar
with ionic contrast agents, some patients did expe-

rience enough discomfort to require mild parenteral

analgesia. The CO,/DSA studies performed are Sum..
marized with respect to indication, location, COntrage
agent, and treatment in Table I. k

In patients with lower extremity ischemia, all 4.
terial segmeénts in continuity were satisfactorily i,
aged by use of only CO, as the contrast agent. Hoy,.
ever, visualization of the arterial anatomy and cg).
lateral pathways distal to an occlusion or high-grade
(>90%) stenosis was occasionally suboptimal be.
cause of fragmentation of the CO, contrast colump
by the stenosing lesion (Fig. 1). This limitation in
CO,/DSA was most pronounced when an infra.
popliteal arterial segment was involved by severe oc.
clusive disease. This necessitated the addition of 10
to 20 mi of dilute nonionic contrast in six patients.
In two other patients severe tortuosity of the com-
mon and external iliac artery resulted in poor visu-
alization because of sequestration of CO, within
these segments. Forty milliliters of dilute nonionic
contrast demonstrated tortuous iliac vessels in both
patients and a 50% common iliac stenosis in cne.

With the diagnostic information obtained en-
tirely from these CO,/DSA studies, PTA of stenotic
or occluded arterial segments was performed in 10
patients and arterial reconstruction in six. One of
these patients underwent both a PTA and arterial
reconstruction. Three of the remaining patients were
managed nonoperatively, and one patient underwent
a Symes amputation.

Percutaneous  transluminal angioplasty proce-
dures involved lesions of the common iliac (4], su-
perficial femoral (6), popliteal (3), and tibioperoneal
trunk (1). In seven patients the PTA was performed
at the time of the initial diagnostic study. Carbon
dioxide was the only contrast agent used to guide
the angioplasty in seven patients (9 lesions). In one
patient a PTA of a tibioperoneal trunk stenosis was
complicated by spasm and arterial thrombosis. Sixty
milliliters of dilute nonionic contrast, intraarcerial
urokinase, and nitroglycerin were required to restore
patency. One patient had a successful common iliac
PTA guided by CO, but required 10 ml of nonionic
contrast to guide angioplasty of 2 3 cm occlusion of
the superficial femoral artery. Ope patient had a su-
perficial femoral artery PTA guided by CO, only, but
poor visualization of a distal popliteal lesion by CO»
necessitated 10 ml of nonionic conerast for PTA.
After PTA, restoration of pulses distal to the dilation
oceurred in five patients, the ankle/brachial Doppler
index improved in four, and no observable hemo-
dynamic change was documented in one.

Reconstructive  procedures  included  four
femoral-tibial bypasses, one femoral-femoral bypass,
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Fig. 2. CO,/DSA arteriogram demonstrates the left renal artery (R), superxor mesenteric artery

(8}, and celiac axis (C).

Table 1. CO,/DSA diagnostic and therapeuric studies

Contrast Treatment
. Avterinl
Indication Location Patients Studies CO, CO, + nonionic PTA reronstruction
Limb ischernia A-T-F 4 4 3 1 2 2
[-F-P-T 11 13 8 7 7 2
A-L-E-P-T 4 4 i 3 1 2
Renovascular AR 12 15 15 4] 0 3
Aneurysm A 1 I 1 0 - 0 1
F 1 1 1 0 0 1
Total - 33 40 29 11 i0 11

A, Aorta; F, femoral; I, iliac; P, popliteal; R, renal; T, tibial.

and one aorta-femoral bypass. In all patients under-
going arterial reconstruction the CO,/DSA study
correlated well with the intraoperative findings, al-
lowing the completion of the planned operative pro-
cedure. Primary graft patency of thesé reconstruc-
tions is 100% with a mean follow-up of 7 months
(range 1 to 15 months).

Renovascular disecase was evaluated by 15
CO./DSA studiesin 12 patieuts Carbon dioxide was
the only contrast agent used in these studies. The
main renal drtery and proximal segmental branches
were reliably visualized, but imaging of the intra-
parenchymal arterial architecture was erratic. Proxi-
mal and primary branch points of the celiac and su-
perior mesenteric arteries were also well imaged
(Fig. 2). An associated infrarenal abdominal aortic
aneurysm was present in three patients. Although in

all three the proximal portion of the aneurysm was
successfully imaged, the distal aorta and iliac arteries
could not be imaged with CO,/DSA. In one patient,
associated severe aortoiliac occlusive disease was well
demonstrated by the CO,/DSA.

In eight patients, the renal arteries were imaged
bilaterally and were free of significant occlusive dis-
ease. A widely patent transplant renal artery was dem-
onstrated in another patient (Fig. 3). Occlusive bi-
Jateral main renal artery disease was demonstrated in
the remaining three patients (Fig. 4). Findings in-
cluded two renal artery occlusions, two high-grade
(>90%) stenoses, and two moderate (>50%) ste-
noses. Based on these studies, three patients have
undergone arterial reconstruction, one patient is
awaiting renal revascularization, and eight are being
managed nonoperatively. Arterial reconstructions




" 270 Weaver et al.

Fig. 3. CO,/DSA of renal transplant demosnstrates a widely
patent main renal artery (arvow) arising from the external
iliac artery with visualization of segmental and tertiary renal
branches. A proximal external ihac stenosis is also dem-
onstrated.

have included an aortofemoral-unilateral zortorenal
bypass, an aortorenal bypass, and an abdominal aortic
aneurysm resection. In all instances operative find-
ings corroborated those demenstrated by CO,/DSA.
The two patients undergoing renal revascularization
have been followed for 1 and 8 months. Hyperten-
sion and renal function have improved in both, One
patient, at 4 and 8 months after surgery, has had
follow-up CO,/DSA studies demonstrating patency
of the aortorenal graft and distal renal artery.
Common femoral and suprarenal aortic false an-
curysms have been successfully imaged in two pa-
tients by use of CO,/DSA (Fig. 5). The CO,/DSA
images provided accurate localization of the arterial
disease. Both aneurysms were successfully repaired.
Complications OW been limited to

.tg’_ttﬁmsic[-}&d@%fl@l:aﬂOH.jﬁwLﬁﬂ%l__fl—EIQtiOllA(‘ié_.c,‘ff::_asC

- _in serum creatinine=>0.5 mg/dl) in three patients in

_whom 20 ml of nonionic contrast were necessary

and a nonfatal subendocardial myocardial infarction
in”"one patient after a_popliteal PTA guided by

€O,/ DSA. Oné patient with chronic obstructive pul-

» monary disease, developed tachypnea, tachycardia,
- aﬂw ypertension after the aftcenth CO, mjection.

This rapidly resolved, Tbjﬁgi@e ordy morbidiry that
may be attributable to the use of CO, as a contrast
agent. -

Fig. 4. CO,/DSA aortogram with occlusion of left renal
artery (arrow) and contralateral severe proximal stencsis of
the right renal artery. The superimposed density overiying
the aorta represents the superior mesenteric artery. Ths
patient underwent a left aortorenal bypass followed by a
subsequent right aortorenal bypass. Significant improve-
ment in hypertension and renal function has occurred.

DISCUSSION

The 33 patients who have undergone 40
CO,/DSA studies represent only a small fraction of
the 2500 patients who have undergone diagnostic
arteriography at our institution during the period of
this study. In this highly selected group, only cight
diagnostic studies and three PTA procedures per-
formed with CO,/DSA had to be supplanted with,
{nonionic) contrast. Inadequate imaging of collateral
pathways and the arterial tree distal to an area of
severe lower extremity occlusive disease was predom- .
inant reason for the use of contrast. Nevertheless, the
volume of contrast required to complete a full di-
agnostic study was markedly reduced. TJEEW _
CO, in this group of patients at high risk 15 exem-
plified by the three paients mnmgg}}gﬂ
1OnIGAIC Cotitrast Toad-induiced 3 EFansient, biochen
ical deterioration 1n renal function. Conventional
contrast arteriograms would likely have resulted in
acute renal failure,

As a gas CO, has a lower density and layers an-
teriorly with the patient supine. This property and
the spatial relationship of various arterial segments
must be considered in maximizing CO, arterial im-
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: t S gries excessive
wﬁgg_{gﬂn 10f CO; in the nondependent segments
fimited the quality of the arterial image in three |

gients and prevented imaging altogether in

W’f&?ﬁg patient position to take advantage of
the bouyancy of CO, is thus an important clement

in CO; arterial imaging. Elevation of the lower ex-

tremities increases flow of CO, into distal segments
of the arterial tree; the prone or decubitus position
takes advantage of the posterior location and pos-
terotateral aortic origin of the renal arteries in renal
arter7 imaging. The supine position enhances the

'imag'ing of the visceral arteries.

Although the medical status of patients in this
study precluded extensive comparison of CO, images
with standard contrast studies, a few general obser-
yations concerning the quality and accuracy of
CO,/DSA can be made. First, in those few instances
- where both contrast and CO, images were available,
arterial architecture was similar, and although overall
vesse! enhancement was greater with nonionic con-
trass, this was not of practical significance. The va-
- lidity of CO, images when compared to standard
contrast arteriograms was also reported by Hawkins'?
in his original study. Second, CO,/DSA findings cor-
related very well with the findings at operation. The
patency rate of the arterial reconstructions performed
lends support to the accuracy of these images. Finally,
the positive hemodynamic benefit demonstrated in 9
of 10 patients after PTA attests to the ability of
C4.,/ DSA to accurately image critical arterial disease.

The use of CO; to successfully image the PTA of
a critical arterial lesions permits the endovascular in-
tervention when the risk standard contrast is prohib-
itive. It is of interest that the potential benefits of a
gascous contrast agent in translhuminal dilation was
first mentioned by Dotter and Judkins'? in their clas-
sic article on transluminal angioplasty. Other endo-
vascular interventions such as atherectomy may also
be possible by use of only CO; as contrast.

Severe bilateral renal artery occlusive disease or
unilateral disease in a solitary kidney can be present
in up to one third of patients with coexisting hy-
pertension and azotemia.’* The identification of
those patients who could be benefited by surgical
correction has been hampered by the inaccuracy of
available noninvasive screening tests and the neph-
rotoxicity associated with iodinated contrast arterio-
srams. We found that CO,/DSA facilitated screening
arteriography in this patient population and provided
sufficient anatomic detail on which revascularization

ing. In tortuous
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Fig., 5. Lateral CO,/DSA aortogram demonstrates a false
aneurysm (arrow) of the juxrarenal aorta. The superior mes-
enteric artery (5) is imaged anterior to the aorta (4).

could be based. Carbon dioxide/digiral subtraction
angiography was also of diagnostic value in 2 single
investigation for transplant renal artery stenosis. Its
wide application in this ever enlarging patient pop-
ulation deserves further study.

Complications were_rare. The one patient in
whom tachypnea and. tachycardia developed may

have had CO, puimonarv_emboli_or hypercarbia

caused by inefficient respiratory excretion of CO,.

Silverman et al.** have reported the occurrence of
femoral vein bubbles after the rapid insufflation of
CO, during arterial angioscopy-in-canines. Delete-

““tious consequences were not observed in these ani-
mals. Prevention of such an occurrence in man can

“Be accomplished by spacing CO, injections at least
2 minutes apart and possibly longer in those patients
with known pulmonary disease.

This study of 33 patients with diverse patterns of
arterial disease confirms the safety and clinical use-
fulness of CO,/DSA. In patents at risk for contrast
related complications, pathologic processes involving
the abdominal aorta, visceral and renal arteries, and
lower extremity arterial tree were accurately assessed
and then corrected by use of CO,/DSA images as a
guide. Even when tortuosity or severe occlusive dis-
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ease precluded effective CO,/DSA imaging, a com-
plete study was possible with minimal nonionic con-
trast. Future refinements and experience with this
technique should result in wider and more varied
applications in the areas of renal transplantation, en-
dovascular intervention, and combined diagnostic
and therapeutic vascular procedures.
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DISCUSSION

Dr. Ernest Ring (San Francisco, Calif.). Several ad-
vances over the past few years have made arteriography a
safer and much better tolerated procedure. In particular,
the introduction of low osmolar contrast media has mark-
edly reduced the severe pain that formerly accompanied
arteriographic injections and led to approximately a sixfold
reduction in the incidence of major allergic reactions. Un-
fortunately, as was pointed out, these new contrast agents
have done little to reduce renal toxicity, which is far and
away the most common serious complication of intraar-
terial contrast administration. They also cost about $1/ml
and add at feast $100 to $200 to the cost of most proce-
dures and millions of dollars to the cost of healthcare in
the United States.

For several years CO, has been enthusiasticaily advo-
cated by Hawkins as an inexpensive, nontoxic contrast
agent for arteriography. However, like other somewhat
eccenwric sounding new ideas, this recommendation has
been rather consistently ignored by most of the rest of

" established medicine, myself included. Furthermore, since

CO,; costs practially nothing, it has no champion industry
to fund the necessary supporting research or to supply a
sales force that would create a market for its use,

It is reassuring to find that even with these kinds of

obstacles, a new method that has merit wili evenrually find
its way into clinical practice.

[ do bave one technical question for Dr. Weaver. Being
a gas, CO, is compressible, and when injected by hand
through a syringe, it rcleases in a fairly uncontrolled short
burst, rather like a belch. Have you looked at any alternative
injection methods that might bester conrrol the Aow of the
gas so that it injects more like the liquid agents?

Dr. Weaver. Dr. Ring, concerning the cost of CO,,
we are still using the same CQ, tank that we started with.
It does go 2 long way and is therefore very cost effective.

From a technical standpoint, the issue that you bring

‘up is an important one. One of the iitial difficulties with

these procedures was obraining a smooth, rapid, and even
injection of CO,. We have found that if the catheter is
cleared of all blood by CO, gas just before the injection,
then the CO, injection was improved. But it is ccrtaiﬂ{)f
not an optimal system, and presently Hawkins, at the Uni-
versity of Florida, is in the process of developing an au-
romated injection device for CO, much like what is avail-
able for iodine-containing contrast agents. If in fact that
can be developed, I think that the indications for CO:
contrast in arteriography will be broadened.

Dr. James Seeger (Gainesville, Fla.). Over the past 8
years at the University of Florida, approximately 600 pa-
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dents have undergone CO, angidgraphy under the direc-
gon of Dr. Irwin Hawkins. The findings from that fairly
Jarge number of patients have indicated several things that
1 think are worth emphasizing. In addition, I have a couple
of questions for the authors.

We have found that fairly good quality images of the
renal arteries, the aorta, and the infrainguinal vessels down
to the level of the knee can routinely be obtained by use
‘of CO, angiography. The advantages of this technique are
(1) improved imaging of tumors and arteriovenous fistulas,
~(2) absence of allergic complications, (3) ease ins delivery
through very small catheters, which makes ouzpatient an-
- giography easier, {(4) minimal cost, and (5) lack of pain in
‘most patents. In addition, in very complex diagnostic pro-
cedures, large volumes of gas can be used for multiple
" injections because CO, is rapidly cleared by the lungs. Mea-
suremnent of pH and pCQ; in patients, even those with
pulmorzary disease, shows minimal problems. Finally, pre-
liminary results from our faboratory have shown that CO,
may be a good blood displacement agent for PTA.

However, there are some problems, and [ wonder if
the authors have seen any of these. To start with, delivery
can be difficult, and in some patients it seems virmally
imnossible to get an adequate study. I would like to know
what variability you have seen from patient o patient in
your ability to get adequate studies using CO, angiogra-
phy. Second, we have seen a couple of patients in whom
there was an increase in ischemia after CO, gas injection.
This appeared to be associated with leg elevation to im-
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prove distal delivery of the CO, gas; we have not seen this
problem since this practice was discontinued. I wonder if
this problem has been seen by the authors. Finally, as you
mentioned, there are problems with delivery, and explosive
delivery can occur with hand injection. The CO, injector
thar Dr. Hawkins is developing works some days and does
not work some days. So a reliable delivery system is still a
little bit away.

Dr. Weaver. Dr, Seeger, the experience at the Uni-
versity of Florida is obviously far greater than what we
have had to date.

Initially, we did have a moderate amount of variability
in the quality of our studies. In large part, this was due to
not maximizing changes in patient position to take into
account the buoyancy of CO,. With greater atrention to
this technical point, the quality of our studies has markedly
improved.

As far as the problem with the injection of CO, is
concerned, a5 I mentioned in answering Dr. Ring’s ques-
tion, we find that displacing all the blood in the catherer
by CO, before injection makes a big difference and elim-
inates the explosive effect you describe. This has also made
the resolution of our studies much better.

With regard 1o increased ischemia: no, we have not
had that occur. What we have had occur and I have no
plausible explanation for i, is marked symptomatic im-
provement in lower extremiry rest pain of two parients
after the CO, arteriogram.




