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Objectives

The objective of this study was to compare the quality of radiographic imaging
obtained intraoperatively using carbon dioxide (CO,) as a contrast medium with
iodinated contrast media in patients undergoing endovascular revascularization of
aortoiliac occlusive disease Trans-Atlantic Inter-Society Consensus A, B, and C in
patients without renal impairment.

Patients and methods

Recruitment started from July 2015 and ended July 2018. Patients with aortoiliac
occlusive disease who were eligible for endovascular treatment and lacked
contraindications to either iodine contrast or CO, were offered to participate.
After informed consent, they were randomized into the CO, arm (32) patients or
iodine contrast medium (ICM) arm (32) patients. They underwent aortoiliac
angioplasty blinded to the type of contrast type used. The primary outcome was
the quality of image using one type of contrast agent to perform the needed
interventions. The secondary outcomes were technical success rate and the
safety of procedure. Imaging from all cases were analyzed within 12 weeks of
conclusion of the study by two independent observers blinded to treatment arm.
Results

CO, angiography images were classified as very good in 27.4% (25.8 and 29%),
whereas 39% (40.6 and 37.5%) of iodine arteriograms were classified as very good
by two observers, with no statistical significance (P=0.158 and 0.176). Interoperator
agreement analysis showed substantial agreement (kappa=0.712). Technical
success was 100%, with no procedure-related deaths. The treatment time was
longer when CO, was used as contrast medium (87+22 min) versus using ICM (77
+28 min). The use of ICM was required in three (9%) CO, patients to complete the
procedure.

Conclusion

Using CO, as a contrast medium in aortoiliac arterial occlusive disease in normal
kidney function patients produces good-quality images and is practical and safe. It
is a comparable alternative to ICM with minimum risk of affecting kidney function
and complications.
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Introduction

CO, as a contrast medium in vascular intervention

In the current era of endovascular intervention with
the increasing numbers of endovascular procedures
involving iodine-based contrast; it is important to
laminate patients in consistence with risk of
developing contrast-induced nephropathy (CIN) [1].
Although the infrainguinal disease can be diagnosed
and planned with the use of duplex ultrasound
assessment [2], the aortoiliac disease will usually need
computed tomography angiography [3], followed by
intervention, which if done via an endovascular
approach will mean patients will be exposed to
iodine contrast medium (ICM) twice in a short period
of time.

© 2021 The Egyptian Journal of Surgery | Published by Wolters Kluwer - Medknow

has been used for a long time mainly for patients
with established renal impairment or hypersensitivity
[4]. A number of studies have explored CO, quality of
imaging and the possible advantages and disadvantages
of carbon dioxide (CO,) as an alternative contrast for
invasive or diagnostic interventions in the peripheral
arterial disease [5—10]. This has been done in only a few
randomized controlled trials (RCTs) [5,8,11].
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Objectives

The objective of this study was to compare the quality
of radiographic imaging obtained intraoperatively with
the use of CO, as a contrast medium with iodinated
contrast media in patients undergoing endovascular
revascularization of aortoiliac occlusive disease
Trans-Atlantic Inter-Society Consensus (TASC) A,

B, and C in patients without renal impairment.

Patients and methods

Trial design and setting

The two centers collaborating in this RCT are Vascular
Surgery Department in Zagazig University Hospitals,
Egypt and Intervention Radiology Department in
Alnoor Specialist Hospital, Makkah, Saudi Arabia.
The study protocol was approved by the local ethical
committee in accordance with the declaration of
Helsinki on medical research involving human
patients. The trial was registered in the clinical trials

database. Registration number is NCT04458714.

Participants and eligibility criteria

Inclusion criteria were patients with aortoiliac arteries
atherosclerotic disease (with arterial atherosclerotic
disease classified as TASC A, B, and C (classified
by computed tomography angiography), with good
distal runoff, and were suitable for either types of
contrast ICM or CO, (no history of allergy to
contrast and normal kidney functions), who
underwent endovascular aortoiliac revascularization.
Exclusion criteria from this RCT included patients
with TASC D aortoiliac lesions, patients requiring
temoral endarterectomy, significant multilevel distal
disease, patients younger than 18 years old, patients
with severe chronic obstructive lung disease, patients
with chronic kidney failure, patients with heart failure,

or pregnant patients.

Sampling

The sample size was calculated by the intuitional
review board statistician using open epi software
(Open Source Epidemiologic Statistics for Public
Health) [12]. It was based on the RCT done by De
Almeida Mendes ez al. [5]. Power of study as set at
80% and confidence interval set at 95%. The sample
size was calculated to be 64 cases, with 32 cases in each
arm.

Patient recruitment started in July 2015 and ended July
2018. Patients with aortoiliac arteries occlusive disease
with arterial atherosclerotic disease classified as TASC
A, B, and C with good performed distal runoff were
assessed for eligibility to participate in the trial.

Randomization

All patients who met the inclusion and exclusion
criteria were offered to participate in the trial after
detailed explanation of steps, benefits, and risks of both
contrast medium. Patients who agreed were asked to
sign an informed consent. Patient data were encrypted
for patient confidentially. After patient data input was
done, randomization was done using a computer-
generated method. Computer-generated random
numbers were created with the use of randomly
permuted blocks with two block sizes, after which
they were sealed in sequentially numbered envelopes,
and group allocation was independent of time and
person delivering the treatment. Single blinding was
used to recruit the patients. The patients were
randomized into the following two arms: a CO, arm
(treatment arm) and an ICM arm (control arm),
according to the contrast medium selected for the
intervention. Arm I included 32 patients who were
randomized for using CO, as the contrast medium.
Arm II involved 32 patients who were randomized for

using ICM.

Study interventions

All procedures were performed in an endovascular
suite. Cases in both arms were done under local
anesthetic with sedation, except nine (28.1%) cases
in the CO, arm, which were done under general
anesthetic (GA) either due to patient request or
anticipation that patient will not be able to stay still
owing to body habitus or low pain threshold. After an
ultrasound-guided arterial puncture and the insertion
of a 6-Fr sheath was done, intravenous heparinization
of 5000 IU heparin was performed followed by initial
angiography. In the CO, arm, 10 (31.2%) cases needed
bilateral retrograde access for kissing iliac stents, 13
(40.6%) cases needed ipsilateral retrograde access, and
nine (28.1%) cases needed contralateral and ipsilateral
access to cross the lesion. However, in the ICM arm,
11 (34.3%) cases needed bilateral retrograde access
for kissing iliac stents, 15 (46.8%) cases needed
ipsilateral retrograde access, and six (18.7%) cases
needed contralateral and ipsilateral access to cross the
lesion. At this stage, the sheath may be up sized
according to stent size requirement. The lesion was
crossed using hydrophilic guide wire assisted with
guiding catheter and then a stiff wire was exchanged
to support balloon dilation and stent deployment. This
was followed by predilation by a semicompliant balloon
in some cases before deployment of a self-expanding
stenting and postdilatation with an angioplasty balloon.

In the CO, arm, we used manual injection of CO,
from a medicinal CO, cylinder connected to a particle
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Table 1 Technical aspects

Table 2 Interpretation of Cohen’s kappa value

Characteristic CO, arm ICM arm Cohen’s kappa value Interpretation of Cohen’s kappa value
Anesthetics 9 (28.1%) cases GA 23 32 (100%) cases LA <0 No agreement
(71.9%) cases LA with sedation 0.1-0.20 Slight agreement
Access 10 (31.2%) bilateral 11 (34.3%) bilateral 0.21-0.40 Fair agreement
rgtrggrng access for rt'etrggra'd.e access for 0.41-0.60 Moderate agreement
kissing iliac stents 13 kissing iliac stents 15 1 Sub ial
(40.6%) ipsilateral (46.8%) ipsilateral 0.61-0.80 ubstantial agreement
retrograde access 9 retrograde access 6 0.81-0.99 Near perfect agreement
(28.1%) contralateral (18.7%) contralateral 1 Perfect agreement

access + ipsilateral to
cross the lesion

access + ipsilateral to
cross the lesion

CO,, carbon dioxide; GA, general anesthesia; ICM, iodine contrast
medium; LA, local anesthesia.

filter under water aspiration to prevent air contamination.
The appropriate amount of CO, was aspirated by a three-
way tap using a 20-ml syringe and was accompanied
by aspirating 3 ml of saline to provide a fluid barrier. In
the ICM arm, the injection of contrast was performed
using 10-ml syringes with 5ml of iodinated contrast
media and 5ml of saline solution per injection. The
ICM used in all cases was Omnipaque 300 (Iohexol),
a nonionic low osmolar contrast media commonly in use
in both hospitals. The technical aspects of procedures are
summarized in Table 1.

Primary and secondary outcomes
The primary outcome was the quality of image using
one type of contrast agent to perform the needed
The secondary

technical success rate and the safety of procedure,

interventions. outcomes  were
which was defined as the freedom from procedural
complications (procedure-related complications were
the incidence of cardiac death, myocardial infarction,
stroke, major amputation, nonocclusive mesenteric
ischemia, extended hospitalization (>24h) as a
consequence of CO,-guided treatment, hematomas,
pseudoaneurysms, perforations, CIN, target lesion
revascularization, and postoperative death within 3
months of surgery).

Postoperative assessment and follow-up

The endovascular equipment used in each intervention
and the volumes of contrast used were accurately
documented for analysis. Immediately after the
intervention, all patients in both arms received
intravenous fluids following a local guideline for
renal protection, regardless of the contrast medium
used. The protocol for renal protection included
intravenous  fluids preprocedure with N-acetyl
cysteine and intravenous fluid maintenance for 24 h.
Patients were discharged the next day, and outpatient
renal functions were repeated 3 days after procedure, as
well as at 1 week and 1 month. We analyzed creatinine
levels between the two arms during the preoperative

and postoperative periods. Any increase of serum
creatinine by more than 25% or more than or equal
to 0.5 mg/dl is described as CIN. Patients have been
followed up for 1 year. One patient from the CO, arm
decided to withdraw from the trial during the follow-
up period and was excluded from the follow-up
analysis.

Imaging ofall cases has been analyzed within 12 weeks of
conclusion of the study. The images were reviewed by
two independent observers (radiologists with >5 years of
experience in performing endovascular procedures)
blinded to treatment arm. Image quality was assessed
using Likert rating scale ranging from 1 (very poor) to 5
(very good) for each image. A score of 1 was defined as
poor quality with loss of delineation of the vessel, a score
of 2 was considered below average with poor delineation
of the vessel, a score of 3 is for average quality image and
medium delineation of the vessel, a score of 4 was
considered good quality with clear delineation of the
vessel, and a score of 5 was considered very good quality
with very clear delineation of the vessel.’

Statistical analysis

Statistical analysis was performed according to
prespecified analysis plan using SPSS (SPSS for
Windows, Version 23.0; SPSS Inc., Chicago, Illinois,
USA). Continues variables were compared using
Student’s # test and Mann-Whitney U test as
appropriate. Categorical variables were represented as
frequencies and percentages. Categorical variables were
compared between arms by Fisher’s exact tests. The
distribution of numerical variables was investigated
by histograms and normality Shapiro-Wilk tests,
analyzed separately in each arm. Numerical data were
described by means and SDs or medians and interquartile
as appropriate. The level of significance used was 5%.
Interoperator agreement was assessed using Cohen’s
kappa (k) statistics [13]. The interpretation of the
strength of agreement is presented in Table 2.

Results
The trial flow diagram is demonstrated in Fig. 1.
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Figure 1
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Trial flow diagram.
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Baseline data

Endovascular treatment was performed in 64 patients
(32 patients in the CO, arm and 32 patients in the ICM
arm) with aortoiliac occlusive disease. The demographic
and preoperative data are demonstrated in Table 3.

Outcomes and estimation

The angiographic image quality is shown in details in
Table 4. Overall, 25.8 and 29% (average of 27.4%) of
the CO, angiography images were classified as very
good by observer 1 and observer 2, respectively,

whereas 40.6 and 37.5% (average of 39.05%) of

iodine arteriograms were classified as very good by
observer 1 and observer 2, respectively. There was
no statistically significant difference in image quality
(P=0.158 observer 1 and Pvalue=0.176 observer 2). Of
the 31 cases in the CO, arm, three (9%) cases needed
supplementation with ICM to complete the procedure.
The images with ICM in these three cases were
removed from image quality analysis. Interoperator
agreement was assessed using Cohen’s kappa (k)
statistics. The interpretation of the strength of
agreement is presented in Table 4. The
interpretation of the strength of agreement was
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Table 3 Demographic and preoperative data of both arm
CO, arm

54.3+9.8

Characteristic ICM arm P value

Average age, mean (SD) 56.3+9.7 0.43

Sex [n (%)]

Male 22 (71) 15 (46.9)  0.07

Female 9 (29) 17 (53.1)
BMI (kg/m?) 30.1£5.8 29.2+5.5 0.52
Diabetes [n (%)] 17 (55) 12 (37.5) 0.2
Hypertension [n (%)] 21 (67.7) 19 (59.4) 0.6
IHD [n (%)] 19 (61.3) 17 (53.1) 0.51
Smoking [n (%)] 18 (58) 17 (53.1) 0.8
Dyslipidemia [n (%)] 15 (48.4) 17 (53.1) 0.8
TASC A [n (%)] 11 (35.5) 13 (40.6) 0.86

TASC B [n (%)] 11 (35.5) 9 (28.1)
TASC C [n (%)] 9 (29) 10 (31.3)
Preoperative ABI 0.48 0.43 0.334
Creatinine preoperative (mg/dl) 0.92+0.16  0.94+0.2 0.672

ABI, ankle-brachial index; CO,, carbon dioxide; ICM, iodine
contrast medium; IHD, ischemic heart disease; TASC, Trans-
Atlantic Inter-Society Consensus.

0.712 in both arms of the study showing substantial
agreement between the two observers.

The surgical results were satisfactory in both arms, with
100% overall technical success and no need to convert
to open surgery. Clinical findings were satisfactory,
with ischemia regression and an increase in ABI in
both arms. The median ABI rates in the CO, arm
increased from 0.48 to 0.96 and in the ICM arm from
0.43 to 0.98, without statistically significant differences
between the arms. Intraoperative and postoperative
data of both arms are demonstrated in Table 5.

No procedure-related deaths occurred. Two patients in
the CO, arm and three patients in the ICM arm
underwent major amputation during the follow-up
period. None of the patients presented with any other
major clinical or surgical complications, including
cardiac death, myocardial infarction, stroke, and/or
postoperative death within 3 months of surgery,
except a single case of pseudoaneurysm in the CO,
arm, which required surgical repair 1 week later.

There was a statistically significant difference between
the two arms in the treatment time or length of the
procedure (median period was 87+22 min for the CO,
arm and 7728 min for the ICM arm, P=0.04). This is
owing to waiting up to 2-3 min between injections in
CO, arm and the need for GA in some cases. The
median volume of contrast in the CO, arm was 171 ml
(range, 45-248 ml), and the median volume of ICM for
the ICM arm was 78 ml (range, 29-121 ml). The use of
ICM was required in three (9%) CO, patients to
complete the procedure, and the median volume of

ICM used was 10 ml (range, 7-12 ml).

Table 4 Qualitative image quality by two radiologists and
interoperator agreement using Cohen’s kappa (k) statistics

Arm Image quality 1 Image quality 2
[n (%)] [n (%))

Likert rating scale Observer 1 Observer 2
CO, arm

2 (below average) 2 (6.5) 2 (6.5)

3 (average) 7 (22.6) 8 (25.8)

4 (good) 14 (45.2) 12 (38.7)

5 (very good) 8 (25.8) 9 (29.0)

Total 31 31
ICM arm

3 (average) 6 (18.8) 5 (15.6)

4 (good) 13 (40.6) 15 (46.8)

5 (very good) 13 (40.6) 12 (37.5)

Total 32 32

P value 0.158 0.176
Interoperator agreement for both arms

Arm Value Approximate significance
Measure of agreement

Kappa 0.712 0.000

CO2, carbon dioxide; ICM, iodine contrast medium.

Table 5 Intraoperative and postoperative data of both arms

Characteristic COs; arm  ICM arm P

value
Postoperative ABI median 0.96 0.98 0.710
Complications [n (%)]

Groin hematoma 2 (6.5) 2(6.3) 0.752

Pseudoaneurysm 1(3.2) 0 (0)

Major amputation 2(6.5) 3(9.3)
Intervention time (min) (mean 87+22 77+28 0.04
+SD)

Creatinine day 3 (mg/dl) 0.93 0.98 0.410
+0.17 +0.24

Creatinine day 7 (mg/dl) 0.94 0.97 0.462
+0.18 +0.23

Creatinine 1-month (mg/dl) 0.90 0.97 0.144
+0.15 +0.21

ABI, ankle-brachial index; CO,, carbon dioxide; ICM, iodine
contrast medium.

There was no significant difference in preoperative
creatinine level, 3 days, 7 days, and 1 month
postoperatively in comparison between both arms.
Two (6.25%) patients in the ICM arm showed
elevation of serum creatinine of more than 25% in
the third day creatinine level test but both recovered in
the later tests, with no long-term affection of creatinine
level.

ICM has better image quality; however, the extent
of obstructed segment is better appreciated on
CO, image. This is because of low viscosity of
CO, allowing better filling of collaterals and
passing through very narrow channels, as seen in

Figs 2 and 3.
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CO, and ICM angiography for lower aorta and iliac arteries. ICM has better image quality; however, the extent of obstructed segment (white
arrow) is better appreciated on CO, image. This is because of low viscosity of CO,, allowing better filling of collaterals and passing through very
narrow channel. Note simultaneous filling of common femoral arteries (CFA) in the CO, images and delayed filling of the left CFA with the ICM.

CO,, carbon dioxide; ICM, iodine contrast medium.

Figure 3

Stent € mm

Bilateral common iliac stenosis. (a) Pre-intervention with CO, angiogram, and (b) postintervention with CO, angiogram. CO,, carbon dioxide.

Discussion

CO, as a contrast medium in vascular intervention
has been used for a long time, mainly for patients
with established renal impairment or hypersensitivity.
CO, was first described by Rosenstein in 1921.
CO, was evaluated in patients, first via needle
injection (Barrera, 1956) and then via catheter
delivery [14]. Despite this fact, its use remained

unpopular owing to unfamiliarity with its use and
uncommon expertise.

Evaluation of image quality has been done in a few
papers. One study concluded that CO; image quality is
equal to ICM in iliac arteries, but quality gradually
deteriorates in the distal arteries of the leg [15].
Another single-armed study with no comparator
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demonstrated good-quality images in 63% in SFA
disease but only 22.6% in the aortoiliac disease [6].
The image quality was only graded by a simple 3 grade
system. Another study involving 14 patients showed
that CO, gives less quality images in comparison with
ICM. CO, angiography image quality was better for
the thigh segment in comparison with the distal runoft

and pelvic regions [16].

Our study results showed CO, can be used with good
visualization of the vessels in comparison with ICM,
without compromising the quality or the outcome of
the procedure. The rate of below average quality image
was only 6.5% in our study. This can be explained by
using of catheters to inject as close as possible to the
lesions. Nine patients in CO, arm had GA either
owing to patient request or anticipation that patient
will not be able to stay still owing to body habitus or low
pain threshold. GA was used in a number of studies
[5,17]. Nitrous oxide must be avoided as an anesthetic
agent in these cases [8]. We agree with Sharafuddin
and Marjan [8] that motion artifact is the Achilles’ heel
of using CO,. The patient has to be cooperative as well
to cease respiratory movements while screening; using

GA may improve the quality of images.

We used manual injection in the CO, arm, which was
simple and safe to use as long as the steps are followed
punctually, and the team was well trained. This has also
be demonstrated in other studies with good results
[5,10,18]. Some studies [9,19-21] showed the safety,
efficacy, and better quality of images when using
automatic injectors that automate volume, pressure
of injection, and purity of CO, injection.

In ICM arm in our study, 6.25% of the patients had
CIN, which is similar to other studies [6,7]. They
recovered in the later tests, with no long-term affection
of kidney function. A meta-analysis demonstrated no
significant difference in acute kidney injury between
CO; and ICM angiography in patients with baseline
chronic kidney disease [22]. Although there is no clear
explanation of the cause of this finding, we agree them
that atheroembolization and vapor lock may potentially
explain this finding. We always kept time between
injections 2 min at least and used under water seal to
decrease the risk of air contamination to avoid the
vapor lock. All patients received intravenous fluids
following a fixed protocol for renal protection,
regardless of the contrast medium used.

A study published in 2020 involving 50 patients
demonstrated that the incidence of CIN was halved,
and renal function was largely maintained with the use

of CO, compared with iodinated contrast medium
[23]. Another study involving 128 patients showed
95% of patients did not have any deterioration of
the renal parameters when using CO, compared
with iodinated contrast [24]. The same authors
published another study in 2019, which showed that
in diabetic patients with peripheral arterial disease
cohort, there was a high rate of undiagnosed chronic
kidney disease, suggesting that CO, angiography
should be used as a first choice [25].The merit of
using CO, angiography in patients with normal
kidney functions can be justified in relatively young
patients with a background of hypertension and
diabetes mellitus who are at risk of developing
chronic kidney disease in the future.

The time of the procedure in CO, arm was longer in
comparison with the ICM arm in our study. It is
possible that the time was longer in the CO, arm
owing to waiting up to 2-3 min between injections and
the need for GA in some cases. Other studies did not
show significant difference in the time of intervention

[7,26].

Minor complications that could occur using CO, in
peripheral interventions involve leg pain, abdominal
pain, diarrhea, and even rare lethal complications, such
as nonobstructive mesenteric ischemia [5-10,18,26].
We did not observe CO,-related complications,
although our study size is small, but this is
consistent with other published studies [10,27].
Larger studies demonstrated complications related to

CO, varying from rare up to 17% [6,22,28].

Study limitations

We found the concept of undergoing a trial is
unfavorable  among our local  populations.
Unavailability of automated CO, injector is another
factor to consider, although we found manual injection
to be simple and safe to use as long as the steps are
followed punctually and the team is well trained. Using
GA in some cases in the CO, arm may be considered as
a confounder bias. We did explain to our patients in the
recruitment phase that the discomfort/pain while using
CO, is a known effect is some cases, hence GA was
offered as an option before randomization.

Conclusion

The use of CO, as a contrast medium in aortoiliac
arterial occlusive disease in normal kidney function
patients produces good-quality images and is
practical and safe. Moreover, the extent of
obstructed segment is better appreciated on CO,
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image. This is because of low viscosity of CO,,
allowing better filling of collaterals and passing
through very narrow channels. It is a comparable
alternative to ICM with minimum risk of affecting
kidney function and complications.
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