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Abstract

Background: Since 1920s CO2 had been used as a contrast for visualizing retroperitoneal structures
especially in animals but at 1950s and 1960s with the development of imaging techniques and devices CO2
had been used in vascular imaging. This is particularly useful in the patient population with renal
insufficiency or known allergy to ordinary iodinated contrast.

Aim: The current study aimed to test the ability to use an alternative to iodinated contrast during peripheral
angioplasty in patient with high creatinine level and has chronic lower limb ischemia which needs
angioplasty.

Patients and methods: This study was conducted in Suez Canal University and Suez Canal Authority
Hospital. This prospective observational cohort research was performed on people have chronic lower limb
ischemia and chronic kidney disease. Single study group had been chosen according to inclusion criteria
who represented in one group underwent angioplasty using CO2 as a contrast to see its efficacy in
visualization during the procedure.

Results: It is a cohort study included patients who had chronic lower limb ischemia with renal insufficiency,
they were 24 patients with creatinine level = 1.8. Our study revealed that we had reliable imaging depending
on CO2 only in all cases till knee. It is safe and easy; we had no complications. Complete angioplasty with
COZ2 only in all affected arteries except below knee. We had ABPI improvement in 66.66% of cases (ABPI =
0.9)

Conclusion: Traditional iodinated contrast remains the gold standard for evaluation of the lower
extremities. At the present time, liquid contrast agents still demonstrate superior imaging compared to CO2,
particularly in smaller vessels below the knee. However, with technology advances, this imaging will likely
continue to improve making CO2 arteriography a valuable tool in the armamentarium of the vascular
interventionist when evaluating the lower extremities.

Key Words: Carbon Dioxide, Peripheral Angioplasty, DSA.

DOI Number: 10.48047/nq.2025.23.8.nq25031
Introduction:

NeuroQuantology 2025; 23(8): 358-364

These days, iodinated contrast media (CM) are

Carbon dioxide (CO2) was first employed as a
contrast agent in the 1920s to see retroperitoneal
structures. Intravenous CO2 was used in the
1950s and 1960s to define the right atrium and
identify pericardial effusion. This imaging method
was created based on clinical and animal research
showing that CO2 injections via venous route
were safe and well tolerated. CO2 is now a safe
and practical contrast agent for vascular imaging
because to the development of the digital
subtraction method (DSA) (1).

among the most often prescribed drugs in the world.
Peripheral angioplasty treatments and
percutaneous coronary interventions are among the
diagnostic and therapeutic techniques in which they
are used. Regretfully, there are certain issues with
their utilization. In the event of underlying chronic
kidney disease (CKD), these might include contrast-
induced nephropathy (CIN) and allergic responses
(2).

In patients with renal insufficiency and iodinated
contrast medium hypersensitivity, CO2 is the only
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safe contrast agent that has been confirmed to
work. In both the arterial and venous circulations,
CO2 is being used globally as an intravascular
contrast agent for a variety of purposes. The
cerebral circulation, coronary artery, and thoracic
aorta should not be exposed to CO2 due to the risk
of cardiac arrhythmia and neurotoxicity (3).

Before carbon dioxide (CO2), room air was
utilized as a radiography contrast. A liquid
intravascular contrast was administered to
people for the first time in 1924. CO2 was
investigated in human arteries and veins decades
later, first by needle injection and then by catheter
administration (2).

The FDA-approved CO2Z delivery systems and
digital subtraction angiography (DSA) have made
CO2 angiography a viable substitute for the more
widely used iodinated contrast, especially when
the patient has impaired renal function or is
hypersensitive to iodinated contrast agents.
Before using CO2 angiography, inexperienced
angiographers should be aware of its potential
hazards and limits (4).

According to recent study (1), CO2 is safer than
other gases because of its far greater tissue
solubility, which almost eliminates the possibility
of major problems from an unintentional gas
embolism.

The integration of CO2 angiography into the
vascular surgeon's toolkit has been sluggish,
despite its significant usefulness to interventional
radiologists and angiographers. This is probably
due to unfamiliarity, since CO2 angiography is not
a skill that is easily taught in vascular training
programs. Depending on the operator and the
application, CO2Z angiography is conducted
differently and has not been standardized as a
discipline. Additionally, there are erroneous
beliefs that it takes a lot of time and results in
lower-quality imaging, as well as an overblown
fear of problems.

Thus, this research intends to examine the ability
to use carbon dioxide in angioplasty procedures
for chronic lower limb ischemia patients.

Aim

The aim of this study was to test the ability to use
an alternative to iodinated contrast during
peripheral angioplasty in patient with high
creatinine level and has chronic lower limb
ischemia which needs angioplasty.

Patients and methods

This study was conducted in Suez Canal

University and Suez Canal Authority Hospital. This
prospective observational cohort research was
performed on people have chronic lower limb
ischemia and chronic kidney disease. Single study
group had been chosen according to inclusion
criteria who represented in one group underwent
angioplasty using CO2 as a contrast to see its efficacy
in visualization during the procedure.

Patients of both sexes, with chronic lower limb
Ischemia (Stage V & VI), aged 18-60 years old with
creatinine level 1.8 and above (5) and had
ssensitivity to iodine contrast were included in the
study. While ppatients can’t be lying flat, with
allergy to iodinated contrast, or with chronic
obstructive airway disease were excluded from the
study.

All patient were subjective to preoperative
evaluation and preparation through clinical
evaluation, detailed history taking, laboratory
investigations (CBC, Kidney Function Tests, Liver
Function Tests, P.T, P.T.T and [.N.R. Random blood
sugar) and imaging as ECG and ECHO, Arterial
duplex study and MRA (without contrast).

For preparation of operation patients were given
good hydration by giving saline infusion at a rate of
1 to 1.5 mL/kg per hour for 12 hours before and up
to 24 hours after the procedure, N-acetyl cysteine
(6). This has been done to be ready if we need
iodinated contrast media.

Operative technique

All Patientlying down on operative theater in supine
position and under spinal anesthesia or local
anesthesia combined with sedation when needed.
Sterilization of the field then ultrasound guided
needle puncture of artery. All cases were performed
in the endovascular suite; arterial access was
obtained through femoral artery or the left brachial
artery for initial diagnostic angiography Then the
lesion was approached. Unfractionated heparin
(5000 wunit) was administered routinely after
placement of a working sheath.

All procedures were done under C-arm at the
operation room. We used automated Co2 delivery
system (By Angiodroid) (fig.1) and as a standard we
used 30ml Co2 under pressure 300 mmHg at aorto-
iliac segment, while using 25ml Co2 under pressure
200mlHg at Femoral, Popliteal and tibials.

Also we were prepared to use low-osmolar-contrast
media (Omnipaque) if needed (diluted 1:1 with Nacl
0.9 %), the dose of contrast agent increases to 2-3
ml/kg body weight up to a maximum of 50 ml in
patient with chronic kidney disease (7).
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Figure 1: Angiodroid Co2 device

In most cases, a hydrophilic 0.035/0.018-inch
guide wire was used in combination with an
angled catheter such as Burn catheter 4f/5f for
negotiation of the lesion.

The catheter was used to engage and direct the
wire toward the lesion. Balloon angioplasty was
performed in all cases. The balloon diameter
differs according to the diameter of target artery
from 2.5 to 8 mm and balloon length ranged
between 60 and 300 mm. Inflation time ranged
between 60 and 120 s.

Stenting was performed when indicated
according to the guidelines. All stents were self-
expandable; stent size differs according to arterial
diameter.

All patients were discharged on 150 mg aspirin,
statin 40mg daily, revarospire 2.5mg twice daily
for 3 months.

Statistical analysis

Collected data was coded and entered into
statistical package of social sciences using SPSS
version 21 (SPSS Inc, Chicago, IL, USA).
Descriptive data was managed according to its
type; mean, standard deviation and range was
summarized continuous data, while qualitative
data was summarized by frequencies.

Results

A total of 24 patients, complaining from chronic
lower limb ischemia and also chronic kidney
disease, they underwent CO2 angioplasty to see its
efficacy in visualization during the procedure.
Baseline demographics and comorbid medical
conditions are presented in the following graphs.
The mean age of the patients was 55 * 10 years,
ranging from 45 to 65years, and the gender
distribution was higher in male with 3:1 ratio.

Medical history included Diabetes in 20 patients
(83.33%), hypertension in 18 patients (75%), [HD in
18 patients (75%), smoker in 15 patients (62.5%)

and allergy in 2 patients (8.3%).
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Figure 2: Comorbidities among the study patients.

As we mentioned before that all patients had chronic
kidney disease where creatinine level = 2 in 8
patients (33.3%), creatinine level from 2.1 to 2.5
represented in 10 patients (41.66%) and creatinine

level from 2.6-3 in 6 patients (25%).
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Figure 3: Creatinine Level among the study

patients.

Clinical presentation of the patients reveals that
unhealed ulcer had the highest representation,
accounting in 12 patients (50%),
represents in 6 patients (25%) and gangrene

represents in 3 patients (25%).

I I |
HTM

rest pain

elSSN 1303-5150

@&

www.neuroquantology.com

360


http://www.neuroquantology.com/

NeuroQuantology | August 2023 | Volume23 | Issue 8 | Page 358-364|doi: 10.48047/nq.2025.23.8.nq25031
Islam Osama Abd Al Azeem Waly et al., / Carbon Dioxide as a Contrast for Peripheral Angioplasty

14
12
10

~ O

N

0 .

Rest Pain Unhealed Ulcer

Gangrene

Figure 4: Clinical Presentation

Procedural results

Details regarding patient indications for
intervention, Duplex ultrasound reveled lesion
sites where the femoral artery was the most
affected arterial segmentin 18 patients (75%) and
followed by tibial arteries in 15 patients (62.5%)
while the iliac artery was the least affected
segment in 3 patients (12.5%) followed by the
popliteal artery in 12 patients (50%).
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Figure 5: Distribution of affected Arterial
Segment

Predominantly, Spinal anesthesia in 15 patients
(63%,) were used the most and proved to be
better as patient examined some pain with local
anesthesia and sedation in 9 patients (37%).

Concerning the procedural approach, The
Ipsilateral femoral access was the most used
access in 15 patients (62.5%) and both cross over
represented in 6 patients (25%)and trans-
brachial represented in 3 patients (12.5%).
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Figure 6: Procedural Approach
Details regarding patient procedural angiography,

we used 30ml CO2 under pressure 300 mmHg at

aorto-iliac segment, while using 25ml CO2 under
pressure 200mlHg at Femoral, Popliteal and tibials
where the interval time between each injection was
about 30 seconds.

The final CO2 total volume needed was ranging from
500ml to 850ml. However, we had needed IV
contrast media in 15 patients (62.5%) (not
exceeding 30ml omnipaque per patient) and CO2
only in 9 patients (37.5%).

Figure 7: Procedural Angiography

Also we needed only balloon dilatation in 21
patients (87.5%) except at iliac lesion where we
used primary stenting in 3 patients (12.5%). The
procedure took from 1.5 to 3 hours.
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Figure 8: Balloon & Stent distribution

Procedural Outcome

We had succeeded to obtain over all good
visualization especially at femoral and popliteal
segments while less visualization at tibial segment
where lodinated contrast was needed in 15
patients (62.5%). Also, we had succeeded to pass
lesions in 22 Patients (91.66%) while only 2
patients (8.33%) we couldn’t pass the lesions.
Clinical Outcome

We had significant improvement in post-
operative ABPI of patients in comparison to the
pre-operative values where the pre-operative
ABPI was 0.4 in 14 patients (58.33%) and 0.5 in
10 patients (41.66%), the post-operative ABPI
was 2 0.9 in 16 patients (66.6%) and from 0.6 to
0.8 in 8 patients (33.3%). Also, we have no
complication related to the procedure.

Table 1: ABPI distribution of the study
group(Pre-operative): -

ABPI Range No. %

0.4 14 58.33%

0.5 10 41.66%
Table 2: ABPI distribution of the study
group(Post-operative): -

ABPI Range No. %

From0.6t0 0.8 8 33.33%

<09 16 66.66%

Sample of cases

N

Figure 10: CFA & SFA CO2 Digital Subtraction

Discussion

The use of CO2 as a contrast for peripheral
angioplasty in patients with persistent lower limb
ischemia was evaluated in this research. It has 24
patients that were selected based on the inclusion
criteria.

In accordance with other studies that show that the
most  well-established indication of CO2
angiography as an alternative to conventional iodine
contrast agents is the high risk of post-contrast
acute kidney injury, which is the third most common
cause of hospital-acquired renal failure. This
rationale for using CO2 was to treat patients with
renal impairment and those who were allergic to
other media. A history of contrast agent allergy is
another reason to have CO2 angiography (3).

According to statistics, there are more instances in
men than in women, with men accounting for 75%
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of cases and women for 25%. This was in line with
another study that showed men to make up 63%
of cases and women 37%, which would indicate
that men are more likely than women to get CKD
(8).

Additionally, we discovered that all of the patients
in our research were older than 40. This makes
sense since CKD is a serious consequence of either
diabetes or hypertension, both of which are
prevalent in old age (after 40) (5), whereas the
threshold to utilize CO2 was 2 2 (9) and = 1.49 (2),
the patients in the current investigation were
dependent on creatinine levels beginning at 1.8,
whereas other researchers relied on glomerular
filtration rate < 60ml. This allowed all of those
researchers to employ a tiny quantity of iodinated
contrast if necessary, in accordance with the
recommendations for patients with chronic renal
disease.

While all of the patients in Athanasios et al. had
non-invasive imaging testing, such as non-
contrast magnetic resonance angiography or
Dopplex ultrasound, prior to the intervention, we
only employed duplex ultrasound as a diagnostic
examination in our investigation. Since we only
utilized duplex, it was impossible to evaluate the
difference. 48 sick arterial segments were found
in 24 individuals with chronic lower limb
ischemia in our investigation; the femoral artery
was the most often seen diseased segment,
followed by the tibials. However, study found that
out of 176 arterial segments in a sample of 100
individuals with PAD symptoms, the tibials had
the highest level of disease, followed by the
femoral arteries (9).

In both investigations, we discovered that the
tibia and femur were most impacted.
While most of the other researchers worked in the
cath lab, all operations were carried out in the
operating room utilizing a C-arm and selecting
patients with chronic lower limb ischemia who
arrived with rest discomfort, an unhealed ulcer, or
gangrene. We were unable to determine if the
Cath lab and C-arm were of different quality (10).

Although the majority of the patients in our
research had spinal anesthesia, several also
received local anesthetic and sedation. To reduce
pain during the CO2 injection, all patients in
Athanasios et al. had a mild sedative treatment
beforehand. Both forms of anesthetic, in our
opinion, are appropriate, but spinal is more
patient-friendly.

In line with other findinocs th
*1—0 & S—tf

injection does not provide for the best possible
control over the gas flow, we used an automated
CO2 delivery system in our investigation since we
believed it to be more precise, secure, and simple.
These issues have been resolved with the
development of an automated COZ2 injector (9).

In our study, we standardized the COZ2 injection
volume at 25 ml under 200 mmHg pressure, which
was enough, with the exception of aortoiliac
instances, where we had to inject 30 ml under 300
mmHg pressure. However, Pollak et al. used
different values, with 30 ml for the femoral and tibial
arteries at 200 ml of pressure and 40 ml for the iliac
area under 250 mmHg. It indicates that we had a
lower amount of CO2 with a satisfactory outcome
(11).

While Jakobi angioplasty treatment with iodinated
contrast lasted between 72 and 175 minutes (1.2
and 2.9 hours), our study's CO2 angioplasty
technique lasted between 1.5 and 3 hours. This
shows that the two processes take almost the same
amount of time (2). 37.5% of the patients in our
study were able to have their endovascular
revascularization managed with CO2 alone as a
contrast, but 62.5% required additional iodinated
contrast medium, which can be explained by the use
of iodinated contrast medium (less than 30 ml) in
addition to CO2 during tibial angioplasty. However,
other evaluated a sample of 100 patients with 176
arterial segments; 145 (82.38%) of these segments
required the use of iodinated contrast media, and 31
(17.61%) segments were intervened using CO2
alone as a contrast agent. Tim et al.'s results, which
included 102 patients in the COZ2-endovascular
revascularization group, were similar to ours in that
15.7% of patients were undergoing CO2-guided
endovascular revascularization exclusively, while
84.3% of patients also required iodinated contrast
medium. which validate our research group's
findings (1).

We were able to continue and finish the treatment in
33 (68.75%) diseased arterial segments in our
research because we were able to get high imaging
quality at the iliacs, femoral, and popliteal. However,
we had worse imaging quality after below knee
(tibial level) in 15 (31.25%) diseased arterial
segments.

However, other found that utilizing CO2
angiography, high or acceptable quality pictures
were acquired in 91.1% of cases in the iliac and
femoral segments, 100% of cases in the popliteal
segment, and 17.4% of cases in the below-knee
segments. That backs up our outcome and the
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procedure's clear imaging (12).
Of the 24 patients in our research, 91.66% of them
had a lesion passed during the angioplasty; just
two operations resulted in tibial lesions that were
unable to pass after a successful SFA angioplasty.
This is consistent with the other investigation,
which found that 43 instances (97.7%) had
technical success (3).
In our study, we assessed the ABPI after surgery,
and 16 patients (66.66%) had values > 0.9,
whereas 8 patients (33.33%) had findings
between 0.6 and 0.8. This reinforces our excellent
outcome and, of course, our excellent vision.
Conclusion

Traditional iodinated contrast remains the gold
standard for evaluation of the lower extremities.
At the present time, liquid contrast agents still
demonstrate superior imaging compared to CO2,
particularly in smaller vessels below the knee.
However, with technology advances, this imaging
will likely continue to improve making CO2
arteriography a valuable tool in the
armamentarium of the vascular interventionist
when evaluating the lower extremities.
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