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ABSTRACT

Background: Peripheral arterial disease (PAD) is a common health problem and its risk is higher among
patients with chronic kidney disease. The use of conventional iodinated contrast media (ICM) in
angioplasty is associated with many hazards like contrast induced nephropathy and iodinated contrast
allergy. The morbidity of contrast media is 5% and the mortality is 0.006%. CO, has emerged as an
alternative or adjuvant to ICM in vascular imaging, as it has many advantages. It is non-allergic, lacks
renal toxicity and is a highly soluble gas. When injected into the arteries, CO, acts as a negative contrast
agent displacing the blood in the arteries and imaging devices identify the density difference between the
gas and the surrounding soft tissues. The homemade plastic bag delivery system was introduced as a cheap
and effective method for CO, delivery. Aim of the work: assessment of the procedural success and
complications associated with the use of CO, angiography in endovascular treatment of chronic lower limb
ischemia in patients with renal impairment or ICM allergy. Patients and methods: Thirty patients
complaining of chronic lower limb ischemia, with lesions amenable for endovascular dilatation and have
renal impairment or ICM allergy were treated by angioplasty using CO, as a main contrast agent,
complemented by iodinated contrast when needed. CO, angiography was done using he homemade plastic
bag delivery system. Patient demographics, clinical details, preoperative and postoperative renal function
were recorded. After the procedure the patients were observed for 24 hours for any clinical incidents or
endovascular complications. ABI was measured 24 hours following the endovascular procedure. All
patients had regular follow up visits at one week and one month for evaluation of the procedure according
to Rutherford guidelines. Results: The clinical presentation of the studied cases varied between intermittent
claudication in 10 patients and critical limb ischemia in the remaining 20 patients (either as rest pain in 9
patients or trophic changes and minor tissue loss in 11 patients). The angiographic images obtained by
CO, were of accepted quality to guide the decision in angioplasty procedures in all cases. Hemodynamic
success was achieved in all cases with increase of mean ABI from 0.54 + 0.25 SD before the procedure to
0.91 £ 0.12 SD after it. The mean amount of ICM used was about 13.75 ml + 5.58 SD and the median was
10.5 ml. Three cases, had ICM allergy, were performed exclusively by CO, without the use of ICM. In the
30 angioplasty procedures performed, we encountered 41 arterial lesions, which were classified into iliac,
femoral, popliteal or tibial regions by a percentage of 4.9%, 36.6%, 9.8% and 48.7% respectively. We
succeeded to dilate 39 of those lesions, so technical and anatomical success was achieved in 95% of
lesions. We had no complications related to air embolism in the studied 30 cases. As regard renal function,
there was significant decrease in the mean serum creatinine value from 3.35 mg/dl £+ 1.36 SD pre-
procedural to 3.07 mg/dl + 1.35 SD post-procedural. Intraoperative nausea and vomiting occurred in two
patients which were simply managed by antiemetic drugs with no sequel post-operatively. Conclusion:
CO, can be used as an alternative to or adjuvant to ICM in patients with renal impairment to decrease the
risk of CIN associated with the use of large amounts of ICM and to prevent anaphylactic reactions that may
be fatal in patients with ICM allergy.
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INTRODUCTION Nutrition Examination Survey (NHANES), the

overall prevalence of PAD “defined as an Ankle

Peripheral arterial occlusive disease is a Brachial Index (ABI) < 0.9” was 4.3% . Most of
common problem affecting large sector of the those  patients are  asymptomatic, ~ while

population. According to the National Health and symptomatic patients may present by intermittent
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claudication or critical limb ischemia (CLI) in the
form of rest pain or tissue loss and gangrene. The
risk of PAD is higher among patients with chronic
kidney disease (CKD), as patients with CKD are
at increased risk for atherosclerosis and
cardiovascular diseases. In a study of "The
Prevalence and Correlated Factors of Peripheral
Artery Disease in Patients with Chronic Kidney
Disease"®, it was found that the prevalence rate
of PAD in CKD patients is about (17.7%).

Management of CLI involves surgical
procedures, endovascular interventions or both
(hybrid procedures). The role and the indications
of endovascular interventions is increasing every
day, as less invasive techniques with less hospital
stay and less morbidity and mortality. The use of
conventional ICM in angioplasty is associated
with many hazards like contrast induced
nephropathy (CIN) and dye allergies. The
morbidity of contrast media is 5% and the
mortality is 0.006%, with no significant
difference between ionic and nonionic dyes.
Although, CIN is a reversible cause of acute renal
failure, it should not be considered as a benign
disorder, because in 30% of patients, renal
function would not be fully recovered. ® Toprak
et al. “ reported that 13-50% of CIN patients who
needed renal replacement therapy, may remain on
dialysis for the rest of life. Even in cases of CIN
with complete recovery of renal function, it will
cause more morbidities including: prolonged
hospital stay, increased resource utilization,
increased risk of CKD and increased in-hospital
and long term mortality rate. © ® In patients with
renal impairment and diabetes mellitus (DM), the
nephrotoxicity of conventional contrast medium is
increased, and the recommended maximum dose
of iodine should not exceed 80 g. ' The risk of
CIN increases by increasing serum creatinine. With
serum creatinine more than 1.3 mg/dl and more
than 1 mg/dl in men and women respectively the
risk of CIN will significantly increase. It has been
shown that by increasing serum creatinine from 1.2
to 2.9mg/dI the risk of CIN increases from 4% to
20%. @V

Gadolinium was previously suggested as an
alternative to ICM in patients with CKD, but after
its association with the disease nephrogenic
systemic fibrosis (NSF) in 2006, its use as a
contrast agent in patients with CKD has
significantly declined. *?

Carbon Dioxide (CO,) has emerged as an
alternative to ICM in vascular imaging and in
angioplasty, as it has many advantages. It is non-
allergic, lacks renal toxicity and is a highly
soluble gas. When injected into the arteries, CO,
displaces blood and imaging devices identifies the
density difference between the gas and the
surrounding soft tissues. ** ¥ The use of CO, in
radiology has a long history in the evaluation of
peritoneal and retroperitoneal organs. Its first use
intravascularly was by coincidence when Hawkins
unintentionally injected 70 cc of room air into a
patient instead of iodinated contrast during a
routine celiac axis imaging. ® The celiac axis and
its branches were visualized as a negative image
with no adverse effects to the patient. Due to his
previous knowledge of CO, in venous imaging,
Hawkins tried intra-arterial injection of CO, in
animals and then humans. CO, is a nontoxic,
nonflammable, buoyant (floating), compressible
gas that has low viscosity and is produced
endogenously. In comparison to O, and N,, CO,
has the highest molecular weight and is the most
soluble gas (20 times more soluble than oxygen).
As an endogenously produced gas, it doesn’t cause
allergy or renal impairment. When injected
intravascularly, CO, tends to dissolve and is
removed by the lung in one pass within about 30 to
60 seconds. Due to this property, there is no limit
for the maximum amount of CO, that can be used
in any angioplasty procedure; making it a very
good alternative to ICM in patients with renal
impairment or ICM allergy and also in
endovascular procedures with high contrast loads
in which the use of iodinated contrast has many
limitations.

AIM OF THE WORK

The aim of the work was to study the use of
CO, angiography in endovascular treatment of
chronic lower limb ischemia in patients with renal
impairment or ICM allergy as regards: success of
the procedure and complications.

PATIENTS AND METHODS

This study was conducted at Alexandria Main
University Hospital on 30 patients complaining of
chronic lower limb ischemia, amenable for
endovascular treatment and indicated for
intervention (in whom ABI is lower than 0.9), with
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associated renal impairment or ICM allergy.
Patients were treated by angioplasty using CO, as a
main contrast agent, complemented by iodinated
contrast when needed. Preoperatively, all patients
were evaluated by Duplex Ultrasonography of the
arterial system. Patients were prepared by loading
dose of clopidogrel 600 mg, if not already on
clopidogrel.
e Procedure

Endovascular procedures were performed
under local, regional or general anesthesia
according to the patient general condition. The
access used in all patients was transfemoral using
the standard Seldinger technique. Patients were
given 5000 IU heparin intravenous after securing
the access before the start of the procedure.
Imaging of the arterial tree was done using CO, as
the main contrast agent complemented by small
amounts of dilute ICM when needed; at the sites
of lesions or when CO, angiograms were not clear
enough to guide the decision. Traditional cast iron
cylinder filled with medical grade CO, was used
as source for CO, gas connected to a CO,
regulator (used to control the exit of the gas from
the cylinder) with its tap connected to a blood
transfusion bag or transfer bag. The outlet port of
the bag was then connected to the transfusion set
consisting of the tubing and filter which allows

passage of particles 0.2 u or smaller. This tubing
was then attached to an angiographic catheter
through a single three-way tap assembly. The
whole system was purged a couple of times with
the delivery syringe before the final intravascular
injection to be given by hand. ®® Figure 1 shows a
diagram for the homemade delivery system used
for CO, delivery.

All CO, injections were made by hand. We
tried to have fixed rate of delivery about 25
ml/sec in each CO, injection by using 50 ml
syringe, luer lock, and injecting 50 ml over 2
seconds in each injection. The angiographic table
was put in Trendelenburg position and the limbs
were elevated by 15-20 degrees above the
horizontal to allow adequate filling and hence
better visualization of the target vessels, due to
buoyancy of CO,. Injections were spaced
approximately 2 min apart to improve clearing of
the gas and avoid vapor lock. lodinated contrast,
when needed, was diluted by normal saline in a
ratio 1:2.

Heart rate, electrocardiogram, pulse oximetry
and blood pressure monitoring were performed
for all patients during the procedure. Any specific
complaints from the patient during the procedure
were noted.

. Blood bag
Cylinder

Catheter

Syringe

Figure (1): Diagram for home-made delivery
system of CO,. ™"

e Follow up

After the procedure the patients were observed
for 24 hours and any clinical incidents were
recorded.  Patients were examined  for
endovascular complications as: puncture site
hematoma,  contrast  extravasation,  renal
impairment and distal embolization and ischemia

due to gas embolism following the procedure.
ABI was measured 24 hours following the
endovascular procedure. All patients had regular
follow up visits at one week and one month.
Evaluation of the procedure followed Rutherford
guidelines as following:
- Technical success: defined as the presence
of antegrade flow through the treated
lesion at the termination of the procedure.
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- Anatomical success: defined as the
presence of less than 25% to 30% residual
stenosis by angiography at the termination
of the procedure.

- Clinical success: defined by an
improvement by at least one category - if
the patient is claudicant - or two categories
- if there is any tissue loss- according to
the Rutherford classification.

- Hemodynamic success: defined as an
increase in ABI by 0.10 or greater.

RESULTS

The study was conducted on 30 patients; 19
males (63%) and 11 females (37%). Patients' age
ranged from 49 to 70 years with a mean age 60.70
year. 18 patients (60%) were smokers, 26 (86%)
were diabetic, 21 (70%) were hypertensive. The
indication of CO, angiography was renal
impairment in 27 patients (90%) and history of
ICM allergy in 3 patients (10%). Risk factors in
the study population are summarized in table 1.

Table (1): History of risk factors in the study
group (n=30).

Risk factor N (%)

Smoking 18 (60%)
Diabetes mellitus 26 (86%)
Hypertension 21 (70%)
Coronary artery disease 10 (33%)

10 patients presented by intermittent
claudication (Rutherford category 3), while the
other 20 patients had CLI “9 patients had rest pain
(Rutherford category 4) and 11 patients had
trophic changes and minor tissue loss (Rutherford
category 5)”. Of those eleven patients; five
patients had gangrenous toe/toes and the other six
patients had ischemic ulcers. Also, the mean pre-
procedural ABI was 0.54 + 0.25 SD.

We performed 30 lower limb angioplasty
procedures in 30 patients. Those patients had 41
arterial lesions, as some patients had a lesion at a
single level, others had lesions in two or three
levels. These lesions were classified into iliac,
femoral, popliteal or tibial regions. Lesions
included 2 iliac stenotic lesions. Also, we had 15
lesions of the superficial femoral artery (SFA), 10
of them were SFA stenosis and the other 5 were
short segment of chronic total occlusion (CTO) <
5 c¢cm in length. Only 4 lesions of the popliteal
artery were identified, 3 of them were popliteal
stenosis, while the other lesion was short segment
of CTO < 3 cm. Lastly, 20 lesions of the tibial
arteries, 13 of them were stenosis and the other 7
lesions were long CTO >4 cm. Table 2 shows the
sites of lesions according to the arterial segment
involved.

Table (2): Distribution of the studied cases
according to the site of lesion.

Site and type of lesion N (%)
lliac 2 (4.9%)
SFA 15 (36.6%)
Popliteal 4 (9.8%)
Tibials 20 (48.7%)

The angiographic images obtained by using
CO, as a contrast agent were of very good quality
in most of the regions mainly at the sites without
arterial lesions. The image quality was better in
the iliac and femoral segments and the quality
decreased as going distally in the popliteal and
tibial segments. The images obtained in one of the
studied cases for a patient who had total occlusion
in the popliteal artery are reviewed in (figures 2-
8) showing that CO, can be used as an alternative
to ICM in areas without lesions. Also, the
segments at which we obtained angiograms by
both contrasts showed that CO, angiograms are
comparable to ICM angiograms.
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Figure (2): CO,digital subtraction angiography of (a) the upper thigh, (b) the middle thigh, (c) the lower
thigh; after injection through a sheath in the ipsilateral common femoral artery showing the superficial
femoral artery and profunda femoris artery. The arterial tree was well delineated with no lesions, so we

didn’t take an image with ICM.

y

Figure (3): CO, digital subtraction angiography of the Figure (4): passage of the wire in the popliteal
popliteal artery showing total occlusion of the infra- artery through the lesion to the anterior tibial
genicular popliteal artery down to the bifurcation, with artery.

good delineation of the distal runoff.

b
Figure (5): images obtained during inflation of the balloon showing waist of the balloon at the site of total
occlusion of the popliteal artery in CO, angiogram
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i O AR R | bl
Figure (6): digital subtraction angiography of the popliteal artery bifurcation after balloon dilatation
of the occluded segment (a) using ICM angiography (b) using CO, angiography

&

Figure (7): digital subtraction angiography of the middle third of the leg by selective injection in the
anterior tibial artery (a) using ICM angiography showing the ATA only (b) using CO, angiography
showing ATA and peroneal arteries due to central reflux of CO,.

The mean amount of CO, used was about
386.0 ml + 180.10 SD and the median was 375
ml, while the mean amount of ICM used was
about 13.75 ml + 5.58 SD and the median was
10.5 ml. Three cases, had ICM allergy, were
performed exclusively by CO, without the use of
ICM.

The measurement of ABI 24 hours following
the endovascular procedure and its comparison
with  the  pre-procedural ABI  showed
hemodynamic success in all cases. The mean pre-

- +
Figure (8): CO, digital subtraction angiography grg;eggraalngng gploit g'rlozc esdgrfgsai:i\\//g?f Igusr‘:né

at the Ievsl of the.fOOt.Ey Iselectlve ;]njegtlon ;’f the follow up visits, we have found that Clinical
CO, In the anterior tibial artery showing the success was achieved in all cases as rest pain

opacification of the dorsalis pedis artery. disappeared in those who had rest pain, while
patients who had debridement of gangrenous
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ulcers or amputation of gangrenous toes showed
healed or healing wounds. Of the 10 claudicant
patients, 7 patients reported disappearance of their
claudication and the other 3 patients showed
significant increase in the pain free walking
distance, as well as, maximum walking distance.
Of the 41 arterial lesions presented, we succeeded
to achieve technical and anatomical success in
39 lesions by a percentage of 95 %. One patient
had total occlusion in the anterior tibial artery that
could not be dilated and perforation occurred, but
this patient had also SFA stenosis which was
successfully dilated and well opacified posterior
tibial artery. So, failure to dilate the anterior tibial
artery didn’t affect the hemodynamic and clinical
success in this patient. Another patient had single
vessel runoff in the peroneal artery with multiple
stenotic segments that were dilated and total
occlusion of the posterior tibial artery at its
middle third in which passage of wire failed.

We had no complications related to air
embolism in the studied 30 cases. Also, the other
usual complications of percutaneous angiography
were assessed, such as: puncture site hematoma
either minor or major hematoma, pseudo-
aneurysm, distal embolization and A-V fistula.
Only three patients had minor hematoma at the
puncture site, managed by local heparinoid
creams. One patient had vessel perforation in the
tibial vessels. As regard renal function, not only
none of our patients had developed CIN, but also
measurement of pre-procedural and post-
procedural serum creatinine showed significant
decrease in the mean serum creatinine value
which changed from 3.35 mg/dl + 1.36 SD pre-
procedural to 3.07 mg/dl £ 1.35 SD post-
procedural. Intraoperative nausea and vomiting
occurred in two patients which were simply
managed by antiemetic drugs with no sequel post-
operatively. Summary of the complications is
shown in table 3.

Table (4):Complications during and after the
procedures in the studied cases (n=30).

Site and type of lesion N (%)
Minor bleeding or hematoma 3 (10%)
Major bleeding or hematoma 0 (0%)
Pseudo-aneurysm 0 (0%)
Distal embolization 0 (0%)
A-V fistula 0 (0%)
Vessel perforation 1 (3.3%)
Renal impairment 0 (0%)
Intraoperative nausea and vomiting 2 (6.6%)

DISCUSSION

This study was conducted to test the application
of CO, angiography for guiding endovascular
intervention for treatment of patients with chronic
lower limb ischemia with concomitant chronic
kidney disease or iodinated contrast allergy. We
focused mainly on the feasibility of the technique
and its safety.

The use of iodinated contrast media in
endovascular interventions carry the risk of
contrast induced nephropathy, the third leading
cause of acute kidney injury in hospitalized
patients behind decreased renal perfusion and
nephrotoxic medications.

In the last two decades, different criteria for
defining renal function deterioration were
identified in clinical trials. The two most popular
were: 25% relative increase of serum creatinine
from baseline or an absolute increase of 0.5 mg/dl
of serum creatinine from the base. ® Not only
none of our studied cases experienced any
deterioration in renal function but also the follow
up of the mean serum creatinine of the studied
cases postoperatively showed that the mean serum
creatinine decreased from 3.35 mg/dl =+ 1.36 SD
pre-procedural to 3.07 mg/dl + 1.35 SD post-
procedural. We suggest that this decrease in
serum creatinine is mostly due to the preparation
accompanying the angiographic  procedure
including good hydration of the patient. Early
animal studies by Hawkins and others also
showed that CO, as an intravascular contrast
agent did not affect renal function. Hawkins ©”
injected CO; into the renal arteries of dogs at a
dose of 7 ml/kg to 54 ml/kg. The CO, injection
decreased the renal blood flow by 11.86% but the
renal blood flow returned to the baseline level
after 24 hours, while the renal function remained
unchanged. Hawkins later went on to demonstrate
this in humans as well. Comparing iodinated
contrast, gadolinium, and CO, in renal
insufficient patients, CO, was the only agent not
demonstrating an elevation in creatinine. <V

Previous CKD is the most important risk
factor for CIN, being the most important cause of
delaying or cancelling angiographic procedures.
Also, the risk of CIN correlates with the amount
of ICM used during the procedure being the most
important determinant of it. With the use of CO,
angiography, there will be no need to postpone
any angiographic intervention to improve the
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renal functions and limiting the amount of
contrast used in diagnostic and interventional
vascular procedures will play a very important
role in decreasing the risk of contrast induced
nephropathy. CO2 angiography, due to its safety
on the kidney, can play this role as an alternative
to or an adjuvant to iodinated contrast
angiography.

The safety of CO, angiography has been
proven in several studies with more than 30-year
history of use in the vascular system. Although
the main fear from CO, injection intravascularly
is air embolization, we had no complications in
the current study related to air embolism in the
studied 30 cases. Caridi and Hawkins ©? studied
CO; in diagnostic and therapeutic imaging in more
than 1200 patients and they had wvery rare
complications. Only 4 cases had complications due
to trapping of CO, and subsequent vapor lock. One
patient with a large infrarenal abdominal aortic
aneurysm, required large volumes of CO,,
developed transient diarrhea (less than 24 hours)
mostly due to vapor lock within a patent inferior
mesenteric  artery. Immediate  sigmoidoscopy
suggested ischemic changes, but mucosal biopsy
was normal. After 3 weeks the patient had an
aortobifemoral bypass surgery, during which no
gross colonic abnormalities were noted. Another two
patients had vapor lock in the right ventricular
outflow  tract during TIPS  procedures.
Malpositioning of stopcocks caused delivery of large
volumes of CO, in one patient and room air
embolization in another. Hemodynamic
compromise, ECG changes and symptoms resolved
within 1 minute after lateral decubitus position in
each patient. This gives us a lesson that the CO,
source should not be connected directly to the
patient at any time during the procedure. One patient
had transient neurologic changes during evaluation
of axillo-femoral bypass graft when he raised his
head during CO, injection, possibly due to cerebral
embolization of CO,. This situation can occur in any
vascular bed in case of rapidly repeated injection of
large volumes of CO, without repositioning and
allowing sufficient time for dissolution of CO,, thus
preventing CO, from dissolving into adjacent blood.
Spinosa et al ® also reported a case of transient
mesenteric ischemia in a female patient after CO,
angiography of the abdominal aorta and iliac
arteries. We also had one patient in our study who
experienced intraoperative nausea and vomiting,
which was simply managed by antiemetic drugs

and had no sequel. We have no explanation for
this and whether it is related to CO, injection or
not. More severe complications of CO,
angiography were reported by Rundback et al ¥
who described the development of livedo
reticularis, rhabdomyolysis, massive intestinal
infarction and death after CO, angiography in a
patient with congestive heart failure.

Besides its role to prevent or decrease the risk
of CIN and ICM allergy, the angiographic images
obtained by using CO, as a contrast agent were of
accepted quality for our operators in most of the
regions mainly at the sites without arterial lesions.
We didn’t make a special assessment for image
quality in the present study, as we concentrated
mainly on feasibility of the technique and its
safety as mentioned before. Also, our studied
patients had renal impairment or ICM allergy
which didn’t allow us to take angiographic images
using ICM just for comparison of images obtained
by both contrasts. The image quality of CO,
angiograms in the present study was better in the
iliac and femoral segments and the quality
decreased as going distally in the popliteal and
tibial segments. This could be improved by
selective injection of CO, through a catheter or a
balloon, by introducing the tip of the catheter as
near as possible to the target area for imaging, by
magnification of images and injection of
vasodilators prior to injection of CO,. This
finding was similar to other studies in which
image quality of CO, angiography was assessed.
Vincent et al. ® compared the diagnostic value
of CO, to that of ICM for digital subtraction
angiography of the abdominal aorta and lower
extremities in a series of 35 patients and he found
that CO, adequately opacified 89% and iodinated
contrast 99% of vessels respectively. ICM images
were more superior to that with CO, in both
aorto-iliac and tibial arteries. Rolland et al. ®
studied the use of CO, angiography in a group of
30 patients in which he compared CO, with ICM
angiography at five levels (Pelvis, thigh, knee, leg
and ankle). The overall analysis of image quality
showed that iodinated contrast images were
superior in 35% of analyzed images, the image
quality was equal in 61% of images and CO,
angiography was superior in 4% of images. When
they compared images by anatomic levels, it was
found that image quality of CO, angiograms was
comparable to ICM angiograms for the pelvis
(93% of images) and it decreased distally scoring
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74%, 43%, 53% and 53% at the levels of the
thigh, the knees, the legs and the ankles
respectively.

CONCLUSION

CO, angiography using homemade plastic bag
delivery system is an effective, safe and cheap
method which can be used in angiography of the
aorta and lower limbs for evaluation of peripheral
arterial disease; especially in patients with
concomitant renal impairment or iodinated
contrast allergy. CO, can be used as an alternative
to or adjuvant to ICM in those patients to decrease
the risk of CIN associated with the use of large
amounts of ICM in patients with renal impairment
and prevent anaphylactic reactions that may be
fatal in patients with ICM allergy.
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