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Carbon dioxide guided endovascular renal artery
intervention: initial results
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SUMMARY. We evaluated the technical and clinical efficacy of carbon dioxide (CO,) as a contrast
media for endovascular intervention in patients with symptomatic renal artery stenosis.

Data analysis for the treatment of 11 main renal artery stenosis in 10 patients utilizing 18 CO,
guided interventions {11 percutaneous transluminaj angioplasties [PTA] and seven endovascular stent
placements) were performed comparing clinical indications, previous surgical or endovascular
treatment. comorbidity, complications, creatinine level, mean arterial pressure (MAP), and number of
antihypertensive medications for the period of February 1996 to May 1997 at a tertiary care
institution. One to four month postintervention follow-up was performed.

The mean preprocedure creatinine level, MAP, and number of antihypertensive medications were
347 mg/dL +/- 1.27, 113mmHg +/-20 and 2.82 +/- 1.32, respectively. Seven (64%) of 11
percutaneous transluminal renal angioplasties (PTRA} required adjuvant endovascular stenting. Nine
(8244) of 11 procedures required iodinated contrast supplementation with a mean of 36 cc +f—_—E§:2'_ET
PereRdin, Postproceduic (24-72 h) creatinine level. MAP and number ol antihypertensive medications

“Were 330 me/dl +/-1.64 (P<0.10), 99 mmHg +/-14 (P=0.004), and 245 +/- 0.82 (P=0.043),
respectively. At 1-4 months follow-up (mean 1.6 months) the creatinine level, MAP and number
of antihypertensive medications were 3.27 mg/dL +/-2.11 (£<0.10), 100 mmHg +/-12 {P=0.01) and
236 +/— 1.03 (P=0.045), respectively. Two procedural complications occurred without long-term
sequeia.

CO, guided endovascular renal artery intervention is a technically feasible alternative for treating
paticnts with symptomatic renal artery stenosis in whom iodinated contrast must be minimized.

INTRODUCTION artery stenosis in patients with azotemia can arse
secondary to the use of iodinated contrast. These
agents are known to be nephrotfoxic in patient
with pre-existing renal insufficiency and poten-
tially fatal in individuals with a known history of
contrast-induced anaphylaxis.' Lautin shows that
the incidence of contrast-induced nephropathy in
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azotemic patients (creatinine >1.5 mg/dl) receiving

"a mean_of 77.9.cc of low osmolar contrast was

10%.! Tygicall}/,‘diagnos_tjg__r_e_nﬂl_figg_i_ography

requires 50-120 cc of iodinated contrast.”

“Endovascular intervention with percutaneous
transfuminal angioplasty (PTA) and stenting ol
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the main renal artery is known to be a safe surgi-
cal alternative for the treatment of symptomatic
renal artery stenosis.'’ However. these proce-
dures generally require the use of iodinated con-
trast which can potentially impair renal function.
Carbon dioxide (CO,) has been shown to be an
effective alternative to iodinated contrast for
imaging of the renal arteries.”’ The purpose of
this retrospective study was to evaluate the tech-
nical and clinical efficacy of CO, guided
endovascular  renal  artery intervention in
azolemic patients with sympiomatic renal artery
Stenosis.

MATERIALS AND METHODS

Eleven procedures performed on 10 patients for
treatment of symptomatic renal artery stenosis
utilizing 18 CO. guided interventions at the Johns
Hopkins Hospital were cvaluated for the time
period between February 1996 1o May 1997,
Hospital, referring physician  and outpatient
records and radiology reports were utilized. This
patient group consisted of three men with a mean
age of 70 vears (range. 61-81 years} and seven
women with a mean age of 69 vears (range, 28-86
years). CO, guided intervention was indicated for
all cases due to azotemia and the presence of sig-
nificant renal artery stenosis. Of these 10 patients.
one patient had a known contrast allergy.

Baseline patient characteristic noted included
presentation, previous intervention. pertinent past
medical history. creatinine level, mean arterial
plessure (MAP) as calculated by blood pressure
cuff measurements, and number of antihyperten-
sive medications. Angiographic intraprocedural
characteristics noted included the use of supple-
mental iodinated contrast, type and quantity of
iodinated contrast. tvpe of intervention and com-
plications. Follow-up data analysis was performed
2472 h and |4 months after intervention and
compared with preprocedural data.

- After informed consent was obtained, aortic
catheterization was performed in all patients
from a right common femoral artery approach
using standard techniques. A 5 French pigtail
catheter (Tennis Racket, Medi-Tech, Watertown,
MA USA} was placed at the level of the renal
arteries. Using a 60 cg syringe and a 3 way stop-

cock. S0ceof_medical _grade CO, was drawn

from a tank. The CO, filled syringe and stopcock
were connected to the catheter and 5 cc of CO,
were used to clear the catheter of blood and/or
saline. A digital subtraction (DSA) technique
was utilized with rapid injection of the 45 cc CO,
bolus after the mask image was obtained. The
patient was obliqued using a wedge with the side
of interest up i additional images of one or the
other renal artery was required. Three to five
minutes was allowed in between injections to
allow for CO, resorption and prevention of a
vapor lock in visceral. renal or lower extremity
vessels. If the renal vascularture was still not ade-
quately visualized, a small amount of nonionic
low osmolar iodinated contrast (Omnipaque 350,
Winthrop Pharmaceuticals, NY. NY. USA;
Optiray 350, Mallinckrodt Medical, St Paul,
MN, USA) was hand injected. Significant renal
artery stenosis (<635% diameter reduction) were
initially treated with percutaneous transluminal
renal angioplasties (PTRA) using standard tech-
niques previously described.*” Renal arteries with
unsatisfactory post-PTRA resuits (>30% resid-
ual stenosis) were adjuvantly treated with stent
placement (tvpe used at operator's discretion) as
previously described.”"" Tollowing intervention,
results were documented with a follow-up CO,
injection with DSA imaging. All patients were
admitted for overnight observation and dis-
charged the following morning. Clinical follow-
up was scheduled with the referring physician for
adjustments in antihypertensive medications.

The paired Student -test was used to compare
pre-. postprocedure and  follow-up creatinine
levels. MAP and number of antihypertensive
medications. A P value of less than 0.05 was
determined to be significant.

RESULTS

Eleven procedures performed on 10 patients for
treatment of symptomatic renal artery slenosis
utilizing 18 €O, guided interventions were
evalualed. PTRA was initially utilized in all
11 procedures. Seven procedures required post-
PTRA steni placement (Wallstent, Schreider,
Minneapolis, MN, USA n=5: Pulmaz Stent. J & J
Warren. NJ. USA n=2). A mean of 7 cc/kg of
CO, {490 cc fo 70 kg palient) was utitized per
pm‘éedurc. Of the 11 procedures. nine {§2%)
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required supplemental iodinated contrast with
an average of 36c¢cc +/-32 (Omnipaque 350
was utilized in eight procedures at a mean dose of
47 cc [range, 10-110cc] and Optiray 350 was
utilized in one procedure at 20 cc).

The mean preprocedural creatinine level was
3.47 mg/dL +/-1.27, MAP was 113 mm Hg +/-20
and number of antihypertensive medications was
2.82 +/-1.32, One patient was dialysis dependent.
Comorbidity most commonly included coronary
artery disease (CAD), tobacco abuse, previous
endovascular renal artery intervention and
peripheral vascular disease {Table 1). Post-
procedure creatinine, MAP and number of anti-
hypertensive medications were 3.50 mg/dL +/-
1.64 (P<0.10). 99 mm Hg +/-14 (P=0.004) and
245 +/- 0.82 ( P=0.085), respectively.

Clinical follow-up was obtained at a mean of
1.6 months (range, 1-4 months). Creatinine level,
MAP and number of antihvpertensive medica-
tions were 3.27 mgfdL +/-2. 11 (P<G.10). 100 mm
Heg +/— (P=0.01) and 2.36 +/- 1.03 (P=0.045),
respectively. Three patients at the time of follow-
up were on dialysis, inclusive of one patient who
was dialysis dependent prior to intervention
(Table 2). Upon chart review, dialysis depen-
dency was not secondary to complications of the
renal artery intervention or iodinated contrast-
induced nepnropathy.

There were two procedural complications, One
patient developed acute thrombosis in the distal
main renal artery during intervention which was
successfully ivsed utilizing a direct intrarenal
urokinase {Abokinase. Abbott  Laboratories,

Chicago, IL, USA) infusion at 2000 1U/min for -
15.5h. A second patient’s initial Wallstent
migrated distally into the renal vasculature. This
was resolved by placenient of a second Wallstent,
There were no long-term direct sequelae from
either of these procedural complications.

DISCUSSION

Contrast-induced renal failure and anaphylaxis
in patients with azotemia or contrast allergy,
respectively, is a weli-described phenomenon
with both ionic high osmolar and nonionic low
osmolar iodinated contrast agents. Moore shows
that in patients with a known azotemia (creati-
_mne >1.5 m_U/dL) the mc1dcncc of nephrotoxw—

recemng high osmolar and 4.2”(: of cments

‘receiving low  osmolar __lgc_im_ai_@g,,go_r_urast.”

Tautin, who utilized different parameters for

_evaiuating nephrotoxicity, showed lhdi dibtemlc
QM!‘EWUmnE >1.5 moldL) ILL@IVII‘IU tow
osmolar_and _high osmolar_iodinated contrast _
agents Cxperlemed contrast nephropathy of 10%
and g respeuweh CO,. on the other hand,
TS Been shown Lo be a safe, efficacious alterna-
tive for iodinated contrast in those patients with
known azotemia.®* Concerns arise because CO,
use can lead potentially to embolization to both
nontarget and target vessels with resultant vessel
occlusion from a ‘vapor lock’. Vapor lock can
potentially occur when there is inadequate blood
flow 1o absorb the injected carbon dioxde. This

Table 1 Patient comorhidity for CO, guided renal arters intervention

Comorbidin

No. (pereentage)

Coronary artery disease
Tobuecco abuse

Previous renal stent/intervention® on affected side

Peripheral vascular diseuse
Diubetes mellitus

Abdominal gortic aneurysm history

Cerbral vascular accident
Connective tissue disease
Dialyvsis dependent
Transplant kidney
Countrast aliergy
Fibremuscular dyvsplusia
Thrombooviesis

= o oD

{2 fwa s L O

=

* (e patient had a history of both a renat artery thrombectomy and

previous stent plucement,
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Table 2 Creatinine level. MAP and number of antihypertensive medications change pre-. post- and at follow-up for CO, guided

intervention

Creatinine (mg/dL)! SD
Preprocedure 347 1.27
Postprocedure 3.50 1.64
Follow-up (1-4 months) 3.27 2.1l

MAP (mmHg)2 sSD | MEDS3 SD
113 20 282 1.32
59 14 2.45 0.82
100 12 2.36 1.03

© p>0.10 at follow-up {paired Student f-test); *P=0.01 at lollow-up (paired Student /-test); 'P=0.045 at foliow-up

(paired Student r-test).

can be prevented by allowing adequate resorb-
tion time between injections and being particu-
lacly carcful in patients with abdominal
aneutysms because biood flow in the aneurysm s
turbulent  and  CO, washout is impaired.
However. clinically significant gas embolization
events are exiremely uncommon." Hawkins et al.
have shown that 1i-13 cc/kg of medical grade
CO, injected directly into the canine kidney does
not cause changes in renal function or histology.
This is secondary to CO,s known high plasma
solubility and low toxicity.*" In general, 7 ccelkg
(490 cc for 70 kg patient) of CO, is utilized at our
institution during CO, guided intervention.

Renal CO, anoloumph\ is an evolving imaging
modality. With proper software, fluoroscopy set-
lings and a sale gas delivery system. CO, can be
useful when there are iodinated contrast con-
traindications. In & double-blind prospective
study, Shreier demonstrmd that. for_evaluaiing..
renal artery. ckmmm\ (O, angiography has a sen-
sitivity and specificity of 83% and 99%,. respec-
meiy,T\'ﬁen compared with 10d11’1dltd contrast.,

~ Surgical revascularization_and d_endavascular
renal arter i—Tntur\;entlon have both been 5110\\ n
1o correct  renovascular hyperlemion i
Correction of azotemia has been less dt,ﬁncd for
PTRA ‘Hallet has shown _that “strgical renal
dttcry bypass has been able to stabiliz& or
improve renal tum.t;oﬁnr in 77 _?_4;hot 304 patients
as measured by serum creatinine. Pattynama
has shown in his PTRA series that there was a
mean creatinine rise of 0.3 mg/dL after interven-
‘tion.” Bonelli's PTRA series noted that there was
no change in serum creatinine after intervention.”
Taylor reports stabilization or imporvement in
renal function in 62% of patients who underwent
PTRA and slent placement.”

Reported complications associated with renal
artery bypass vs endovascular renal artery mter-
vention vary. Hallet's surgical renal artery

series_had a 30 _day _mortality rae of 3.6 6% to

15.5% df:pendlmT on comorbidity including. heart

_discase, creatinine >3 mg/dl and age >70 years.”

Morbidity associated with endovascular renal
artery intervention has ranged from 2.2% to 17%
and includes subintinal dissection. acute tubular
necrosis, hemorrhage, cerebral vascular dLudent
myocardial infarction and thrombesis,' " Of
the 389 aggregaie patients c1ted in the three
aforementioned PTRA articles,” ~ there were
eight deaths (2%) within 30 days of intervention.
Pattynama notes that the PTRA complication rate
was 15% for azotemic (creatinine >1.5 mg/dL}
patients vs 6% for nonazotemic patients with
symplomatic renal artery stenosis. The mean
p1ep10ucduru ¢crealinine for our group was

3.47 mg/dL with no significant improvement or
dLl‘nlbe noted postprocedure or at the time of
follow-up. We had two complications (18%).
neither of which resuited in long-term sequeiac:

Careful review of the sequence of radiographs
from this study indicate that although the gross
architecture of the aorta and proximal main
renal artery was adequately delineated with CO,
in most cases, 4 low volume iodinated contrast
injection was required in 32% (97113 of cases to
allow for the detailed evaluation necessary 10
properly size the angioplasty balloon or endovas-
cular stent. In addition. the secondary and ter-
tiary divisions of the renal artery were often
difficult to fully evaluate. Schreier notes similar
findings in his renal CO. vs iodinated contrast
study,” For this reason. CO may not provide for
adequate evaluation of patlentb with renal artery
disease not involving the main vessel, such as
that which can occur with fibromuscular dyspla-
sia. Supplemental hand injections of iodinated
contrast can further delineate vasculature when
CO., is inndequate.

A CO. flush aortogram can provide for identi-
feation and evaluation of visceral vessels, as well
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Fig. 1t CO ghommal aoriog
stent phieemwent or feit renal arten
intrstent intimad by porplasia wi
the oxistmyg stenand 1Oy difated

renal ariery I o ceurhy patent.

as prosimal charaeterization of the main renal
arteries. This strategy can nimimize the amount
of supplemental jodinated contrast required
thereby limiting  potential - nephrotoxicity.,
Alternativelv, patients often wrrive for their
scheduled intervention with prioy angiographic
lilnys or other radielogic imagme. Based on pre-
viows studies. selective CO - angiography can be
used tor confioming and further delincating
hoown renosascubar fosions, This algorithm can

camrin e e lvear-old Cascasian man
onosis Patient presenzed with rising oo
coat ton ovelusion af tre renal artesy cBe A PHS Padinnay stent was telescoped within

< LRO: 0 Cablk

Loreral dert Rhdnesy T months after Palmaz
ne CO arterosram cortirms significant

dogran desonstrates that the main

Further fnit or obviate the need for supplemen-
tal todinaied contrast. In general. it 1s accepted
that there s a positive correlation beiween lodi-
nated contrast volume administered and  iodi-
nated contrast induced-nephropathy. particularly
in those paticnts with predexisting azotemia and
diabetos,

When supplemental todinated  contrast was
required i our study, the mean volume infused

Wik S ae 10 0 ce). Beregt notes that
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50-120 cc of iodinated contrast is required for
diagnostic renal angiography.” Routinely, addi-
tional iodinated contrast injections may be neces-
sary. beyond the typical 50-120 cc required for
diagnostic studies, for a successf{ul renal artery
intervention. Our results are encouraging since
jodinated contrast was not required in two cases
and reduced in nine. However, these results also
show the potential limitation of carbon dioxide
guided endovascular intervention; in most cases,
supplemental iodinated contrast is required for
adequate imaging. Nevertheless, CO, as the
initial imaging modality holds promise for mini-
mizing the administration of iodinated contrast
during endovascular renal artery procedures as
DSA equipment and software continue to
improve.

Potential improvements in imaging during an
intervention include limiting gas fragmentation
and adeptly handling the inherent buoyancy of
CO.. Gas [lragmentation is thought to occur
when manual injection rates are too slow to
replace the blood volume into which the CO, was
injected and/or a nonuniform injection rate sec-
ondary to operator error. Buoyancy of CO, can
actuaily be used to the operator’s advantage. For
instance. a wedge placed under the patient’s right
side during CO, injection can better visualize the
right renal artery.

Study improvements include quantifying the
amount of CO. administered and incorporating
paired-comrols_to examine clinical outcome and
iodinated contrast volume reduction for CO,
dioxide vs iodinated contrast assisted endavascu-
tar renal artery intervention. Fortunately, there
are adequate studies delincating complications
and associated risk tactors with the use of iodi-
nated contrast.”*" Our small study population
would probably have not shown a statistically
significant ditference in clinical outcome between
CO, and iodinated contrast assisted procedures if
a paired-control study were utilized. Our purpose
was to show the feasibility of CO, guided
“endovascular renal artery intervention in mini-
mizing iodinated contrast and showing that clini-
cal outcomes were similar to  previously
published reports on iodinated contrast assisted
procedures. ©  This study achieved its stated
objectives.

fn summary. CO, guided endovascular renal
artery intervention with PTRA and stenting will

allow for a larger population of patients with
multidrug resistant hypertension and known
azotemia to be more aggressively evaluated and
treated for renovasculdr hypertension. The statis-
tically significant decline in MAP and number of
blood pressure medications we documented at
follow-up are encouraging, as it indicates that
CO, is an effective alternative for iodinated con-
trast in guiding complex endovascular proce-
dures. Because CO, is not nephrotoxic,
comparison of creatinine levels pre- and postan-
giography and intervention should be less con-
founding comparcd to current data based on
iodinated contrast procedures. This data suggests
that the role of CO, guided endovascular renal
artery intervention in azotemic patients should
be more fully explored.
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