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http://www.youtube.com/watch?v=LlG1nrLymvw

Angiodroid: The CO? Injector
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Is a CO2 Contrast Media Injector
dedicated to
Interventional and Diagnostic
Angiographic Peripheral Procedures




Angiodroid: Main Fields of Application
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has 3 main Fields of Application
> Interventional Radiology

» Vascular Surgery

» Interventional Cardiology



Angiodroid: conclusion
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== Carbon Dioxide (CO?) is the only Safe
Contrast Agent for patient with

» Hyper sensibility to lodinated Contrast
Material

> Renal Failure

/ > Diabetic Diseases
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Angiodroid: Business Opportunities

Single-use Kit
connection line +
4 Frenchs Catheter

Angiodroid The Injector

After sale services

- Periodical maintenance
- CO2 cylinder substitution




Interventional Peripheral Angiography

- Rising life Expectancy
* Increment of vascular diseases
* Development of sophisticated radiological interventional techniques

All those Aspects have determined an increment
of Angiographic Procedures



CIN — Contrast Induced Nephropathy

Contrast-Induced Nephropathy (CIN)

Each angiographic procedure requires the injection of iodinated contrast
media that, in an increasing number of procedures, has aspects of
clear contraindications or quantitative limitation: the case of diseases associated
with impaired renal or diabetic vascular dysfunctions.

Contrast-Induced Nephropathy (CIN) is a form of Acute Renal Failure caused by
exposure to contrast media during cardiology and radiology cathetering
procedures. The lack of effective treatment to prevent CIN remains problematic
for patients with renal-insufficiency.



CIN — Contrast Induced Nephropathy

What are the potential consequences?

CIN is associated with increased:

* Major adverse in-hospital cardiac events

* In-hospital mortality rates

* Long-term mortality

* Risk of acceleration toward end-stage renal disease (dialysis)
* Longer and more frequent hospital stays

According to “Marenzi, et al”, hospitalized patients who received contrast media
and who acquired CIN had significantly higher mortality rate (31% vs. 0.6%) than
patients who did not acquire CIN.

CIN risk incidence: 30% ‘ higher health care costs



CO, as Solution to CIN Risk

An alternative to the use of iodinated contrast media is represented by Carbon
Dioxide (CO,), a gas injected into the vessels results in a clear contrast
effect and is easily removed from the circulation via the lungs.

In the '70s, Hawkins was the pioneer in the US of CO2 angiography for high risk
patients with intolerance to iodine or renal failure.

With the advent of image subtraction angiography in 1980, the use of low-
density CO2 became possible, and then, through the implementation of digital
technologies for image subtraction, angiography with CO2 became an
applicable method in the different fields of angiography.




CO2 and lodine angiography venograms
comparison
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Figure 1:  Anteroposerior venograms of the elbow region in a 27-year-old man with renal insufficiency and
a failed hemodialysis AVF in the contralateral wristand elbow. (a) CO, venogram shows the cephalic (white
arrows), basilic (arrowheads), and deep (black arrows) veins. (b) Conventional venogram depicts only the
cephalic (arrows) and basilic (arrowheads) veins




Carbon Dioxide: Gas Properties

Gas Properties:

Highly compressible

20 times more soluble than O2

Non Viscous and Buoyant

Invisible, Colourless and Odourless
Radiopacity

Rapidly dissolving in Blood

Lacks both Allergic Potential & Renal Toxicity

Next:

» CO2 doesn’t mix with Blood
> It has extreme diffusibility
» None Total Maximum dosage



CO2 angiography: critical issues

Basically there are 3 critical issues in the use of CO2 as a contrast medium:

1. to determine the amount of injected gas and to remove the air from all
over the system, in order to avoid the risk of vascular emboli

2. toinject the gas at controlled pressure in order to avoid vessel rupture in the
presence of obstructions (aneurysms)

3. to properly modulate the gas injection; in order to ensure emptying of the
catheter from the internal fluid, at an early stage, and to avoid the "jet”
while controlling the gas injection in a second stage

The technological solutions available up to today (see The Market: Overview), do not
solve these critical issues by relying on manual control of the operator
or neglecting the variability of blood pressure during the injection phase. In
fact the amount of gas injected through a syringe of known volume depends
the pressure inside the vessel which is not constant over time.



CO, Angiography Indication

Indications

* renal failure diabetes

* intolerance to iodinated contrast
screatinine greater than 1.8 mg / dl

Contraindications

* above diaphragm arterial studies

* pulmonary insufficiency, pulmonary AV malformation
* interauricolar or interventricular communication

Possible side effects
* nausea

* pain

* dizziness

* tachycardia



CO, Clinical Application

Diagnosis applications:

* pelvic arteries

* lower extremity

* renal, visceral, venous studies

Interventional applications:

* angioplasty

* stent placement

* shunt for hemodialysis

 vena cava filter placement

* ablation of renal artery

* transcatheter embolization

» endovascular treatment of abdominal
aortic aneurysm

-



How it works

Injection Technique and Imaging

Use of Closed Circuit

Pressure and Volume Control System

Selective Injection

Use of Nitro-glycerine (0,1 mg) for Blood low range Patients
Wasteless Diet to eliminate interferences

Administer Buscopan (20 mg) to reduce bowel movement
3-4 frames/sec Imaging Acquisition and 60 ms

Use Fluoroscopy mode

Wait 1-2 min between different injections

10 Use “stacking” software during Post processing

11. Trendelemburg modality while delivering (10° -15°)

OO NITNBEWNR



How it works

Combined Approach
CO2 lodinated Contrast Agent
Indication ‘ Indication ‘
v'Borderline Renal Failure xThoracic Angiography Procedures
v'Cronic Nepropathy xCoronary Angiography
v'Allergic Potential xNeorovascular Studies
v'Riduzione carico rene xNon cooperative patients
xRear vessels

Peripheral Angiography
PTCA
Endoprostesys
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OptiMed

The Market: Overview 2/3 oo

CO2 ANGIOSET

* manual injection kit

e difficulty of achieving the desired injection volume




The Market: Overview 3/3 GRIFOLS

CADDI
e automatic volume adjustment
* no control of injection pressure

e withdrawn from the market because of
its complex usability

* none technical innovations: it’s a simply
mechanical handling of a syringe

« Recalled Device



Angiodroid: The CO? Injector
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Market Overwiew Comparison

ANGIODYNAMICS'

GRIFOLS
o anoodrod

The Co,mmander®

Air Constant

Products Automatic Digital Safety User Friedly CO2Bottle Contaminati Volume Pressure Pressure

System System System System included onSafety Definition Definition Injection

System System
Angiodynamics nho no no no no nho yes no no
Optimed no no no no no no yes no no
Co2mmander no no no no partially no yes no no
Caddy partially yes no no yes yes yes no no
Angiodroid The (02 es es es es es es es es es
Injector Yy y y y y y y y y




ANGIODROID: advantages and uniqueness

Major Technical figures:
 Definition of the amount of gas to be injected into the vessel

* Definition of Pressures and Injection volumes (automation, security
and repeatability of the procedure)

 Total removal of the air contained in the catheter through the initial injection of a
small quantity of gas

* Constant injection pressure of gas during the procedure, i :
removing the risk of vessel rupture in presence of A | §
obstructive aneurysms 1 -

* Positive pressure of internal pneumatic circuit K
reducing to zero the risk of introducing air




Injection Systems Comparison

Manual Injection

“Anti-bacterial Filter
“Syringe

“\alves

“Check Valves
aSpecial Connectors

HANDICAP

x High X-ray Operator Dose Exposure
% Operator dependent

% Seroius contamination risk with
ambient air

% Difficult to accurately determine
the injected dose

% Increased risk of pain for the
patient

Digital Automatic Injection

Digital Automatic injector that accurately
determines Volume and Pressure

UNIQUENESS

v Reduced X-ray exposure

v Locked and Safe System

v Automatic cleaning of Internal circuit

v" User friendly

v None risks of Air Ambient Contamination



Manual Injection

The CO, manual Injection doesn’t allow an optimal Gas release control, it
exposes to the risk of Contamination and requires a long training period
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Pressure/time graph of two manual CO injections. Phase A corresponds to line washing; phase B
corresponds to gas injection _corazza et a|22013



Digital Automatic Injection

Angiodroid The CO, Injector has exceeded all those problems (Angiodroid®,
Angiodroid SRL, Bologna, ITALIA)
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P1 and P2 pressure recordings during automated line washout and CO2 gas injection. (Corazza et. al 2013)



Digital Automatic Injection

The amount of injected
gas should be proportional

Gas flow (ml's)

* t i2f 20ml
4 e b e L E L b bbb A to the volume of the vessel
180 g Lo ] e R L 2 4 . . .
) N N O O to have in view, while the
16011t b ] I :
1 11 11 L 40ml gas pressure, which
140 regulates the gas flow,
120 =t 50ml should be proportional to
100 blood flow in the vessel.
80
- Vessel volume
60 ‘
: - Gas volume
“) ------- f --------------------------------------------
20 - Blood flow
0 \ . , . ; —» - Gas pressure
0 100 200 300 400 S00 600 700

mmHg
Injection pressure

Corazza et al, 2013



Clinical validation and scientific resources
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Safety of carbon dioxide digital subtraction angiography.
1. Moos JM, Ham SW, Han SM, Lew WK, Hua HT, Hood DB, Rowe VL, Weaver FA.
Arch Surg. 2011 Dec;146(12):1428-32.

PMID: 22288088 [PubMed - indexed for MEDLINE]
Related citations

Rising PaCO(2) in the ICU: using a physiologic approach to avoid cognitive biases.
2. schwartzstein RM, Parker MJ.

Chest 2011 Dec; 140({6)-1638-42_No abstract available.

PMID: 22147823 [PubMed - indexed for MEDLINE]

Related citations

Mechanical aspects of CO(2) angiography.
3. Corazzal, Rossi PL, Feliciani G, Pisani L, Zannoli S, Zannoli R.
Phys Med. 2011 Dec 2. [Epub ahead of print]

PMID: 22138139 [PubMed - as supplied by publisher]
Related citations

Discontinuation of the plastic bag delivery system for carbon dioxide angiography will increase radiocontrast nephropathy and life-
4. threatening complications.

Cho KJ, Hawkins IF Jr.
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Mechanical aspects of CO; angiography
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Abstract

The aim of this paper is to clarify some physical-mechanical aspects involved in the carbon dioxide angiography procedure {COz angiography). with a particular attention to a possible damage of the

vascular wall.

CO, angiography is widely used on patients with iodine intolerance. The injection of a gaseous element. in most cases manually performed, requires a long training period. Automatic systems allow better

control of the injection and the study of the mechanical behaviour of the gas.

CO: injections have been studied by using manual and automatic systems. Pressures, flows and jet shapes have been monitored by using a cardiovascular mock. Photographic images of liquid and
gaseous jet have been recorded in different conditions, and the vascular pressure rises during injection have been monitored

The shape of the liquid jet during the catheter washing phase is straight in the cathefer direction and there is no jet during gas injection. Gas bubbles are suddenly formed at the catheter's hole and move
upwards: buoyancy is the only governing phenomenon and no bubbles fragmentation is detected. The pressure rise in the vessel depends on the injection pressure and volume and in some cases of
manual injection it may double the basal vascular pressure values

CO: angiography is a powerful and safe procedure which diffusion will certainly increase, although some aspects related to gas injection and chamber filling are not jet well known. The use of an automatic
system permits better results, shorler training period and limitation of vascular wall damage risk.

Keywords: Angiography; CO; angiography; Interventional radiology
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Carbon Dioxide Toxicity Analysis

Dogs accomplished Studies

Renal Study

7Tcc/kg of CO, were mnjected into the renal artery in lateral decubitus

* Radioisotope infusion, 7o determine renal function, was done:
1 24 hours pre-injection
1 Immediately after injection
1 24 hours after injection

* Immediate Post CO, injection - Transient change in blood flow

* 24 hours Post CO, injection - Resumed normal flow and function

* SEM showed no changes to endothelial lining, renal parenchyma
Dr. Hawkms, Univ. of Flonda

Conclusion: CO, has no renal toxicity




Carbon Dioxide Toxicity Analysis

Rubbits accomplished Studies

Hepatic Study
CO, was injected into the hepatic artery

*Blood samples to determine ALT (Alanine Transferase)
*Pre injection (Baseline — Normal)
Immediately post —injection (Transient elevation)

»7 days post-injection (Return to baseline normal)

Liver pathology study 7 day post-injection:

*No significant abnormalities in histopathology
Dr. Mladinich, Univ. of Florida

Conclusion: CO, has no long term hepatic foxicity.




Carbon Dioxide Toxicity Analysis

Pigs accomplished Studies

Venous Study

15 CO, /5 1C, (0.2cc/kg - 6.4cc/kg) IVC
CO, mjected in three different positions :

1 Supine
I Right decubitus
1 Left decubitus

Parameters obtained pre-injection and 1, 3, 5 , 10 minutes after
injection:

1 Pulmonary arterial pressure Transient increase

1 Systemic arterial pressure No change

' Dr. Cho - Univ. of Michi
1 Arterial blood gases(1.3.5.10min Postinj) No change o - Univ. of Michigan

2 Expired (1IC 3 2cc/kg, 1CO, 6.4ce/kg rd)

Conclusion: Diagnostic doses have no significant effect
on cardiopulmonary function.




Carbon Dioxide Toxicity Analysis

Dogs accomplished Studies

Coronary/Neuro Study

4-9 1njections for a total of 120-300cc per dog
* 0 - injections ascending aorta
* 3 - injections common carotid

2 - Injections both arteries

No Change in EEG, ECG, Arterial Blood Gases.




Carbon Dioxide Toxicity Analysis

Rabbits accomplished Studies

Coronary / Neuro Study

27 received 12cc/kg CO2
11 received 12cc/kg Renografin 76
11 received 12cc/kg Saline

All injections into the left ventricle
Dr. Bettmann Boston Univ

No damage to Myocardium
No damage to Blood/Brain barrier
No differences among study groups




Carbon Dioxide Toxicity Analysis

Rats accomplished Studies

Intra-carotid injection of CO2 produces:

1 Multifocal ischemic infarctions
21 Disrupted blood-brain barrier

1 Lesions of the endothelial cell membrane

1 Conclusion: CQOZ2 should not be used for angiographies
of cerebral arteries




Carbon Dioxide Toxicity Analysis

Human accomplished Studies

Retrospective Study

208 procedures /189 patients (138 males / 70 female, 9 to 86 yrs.)
*CO, injected in all 208 procedures
*CO, and 1odinated contrast 175 procedures

*CO, alone 33 procedures.

Results:
* 32 AE with CO,, 6 with iodinated contrast
* Most common CO, AE: GI related (nausea)

* Most common with 1odinated AE: Allergic reaction
University of Flonda




Carbon Dioxide Toxicity Analysis

Human accomplished Studies

Safety Study

21 Patients, ages of 50 to 90 years
10 patients CO, / 11 patients Optiray® 320.
Safety: AE’s, ABG levels of CO,, O,, pH, bicarb levels
Efficacy: paired images read by investigator

Results:

1 AE with 10dinated contrast, none with CO,
No significant changes (pH, CO2, O2, or bicarbonate)
All CO, films diagnostic, (IC Films - 45% diagnostic-55% excellent)

Boston University and Dartmouth

Conclusion: CO, is at least as Safe as lodinated Contrast Medium.




Carbon Dioxide Toxicity Analysis

Human accomplished

11997 - 2007 - 8 years
U Individual Operator

1 654 procedures
0245 angiographies
=64 CO2 alone
=181 Combined approach (CO2 e lodine)
0409 PTCA
=185 CO2 alone
=224 Combined approach (CO2 e Iodine)

Dr. Calabrese — Italy -



Carbon Dioxide Toxicity Analysis

Results Human accomplished

1 119 pain and annoyance attacks within 7290 injections
0 75 on the first 180 injections per a total of 12 procedures
0 44 on the followind 7110 injection, within 642 procedures

0 482 100% positive results (No IODINE)
0 Alone CO2 use
(Relevant Imaging

a
1 Good Imaging Quality of some Arterial Region
UCombined approch required (with IODINE)

O 15 failure results (IODINE > 50 ml)
(Non cooperative Patients
U Exagerate Interference with Bowel movement
ULow Imaging Quality

Dr. Calabrese — Italy -



Carbon Dioxide Toxicity Analysis

182 patients

URandom Prospective Study

URenal Angiographtand PTRA

L Combined Approach vs I0DIO alone

The quantity of delivered Iodinated Contrats Agent is strickly related to Creatinine
increase within 2 days post procedure. (p=0.011)

Higher is the use of Iodine, Higher is CIN Risk

Procedures Creatinine before Creatinine Creatinina
Procedures Afetr 3 days Significance

IODINE 100% failure 1,8+0,4 2,9+0,9 P <0.05
IODINE partial failure 1,9+0,6 2.0+ 0,8 ns
NO IODINE 100% success 1,7+0,8 1,8+0,4 ns

Liss, Bergvist, Olsson, Nillson: J Vasc Interv Rad;16(1): 57-65 2005



Carbon Dioxide Toxicity Analysis

1 50 cases - Retrospective Study PTA-PTRA
188% with CO2

112% combined approach with a small Iodine quantity «essei 0o et ai: cardiovasc interv Rad 25(6):476-
832002

(Renal Transplantation Analysis
(117 patients - Retrospective Study
(None false information
J100% correct diagnosys

Chao, Major, Weaver et al. :J Vascular Surgery 45(3);451-60 2007

0 100 cases . Retrospective Study EVAR
CO02 vs IODIO
(None Cretinine changement

(Most part of sucessfully procedures
Lorsch et al.: CO2 angio in transplant Rontegnpraxis 55(1) 26-32 2003



Carbon Dioxide Toxicity Analysis

Animal accomplished studies
No Renal Toxicity

No Epatic Toxicity
No significant effect on Cardiopulmonary function

% Possible neurotoxicity on rats. None evidence on dogs and rubbits

Human accomplished studies (more than 300 pubblications)
Retrospective study: 208 procedures/ 189 pat 2 32 (16%) AE (Bowel movement)

Safety evaluation: 61 pat - none changements
ph, CO2, 02, HCO3

-
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Practical applications of the advanced Angiodroikd
anallargic, nontoxic CO: contrast media system

s used in various types of poripheral vasoudar Mervantions, such as:

* Angloplasty

« Stant placement

* Transcathater embolzation

* Traatment of abdornina aortic endovascular aneurysm
* Ranal abjaton

=

CO: & also usadt a3 @ corrast media n cases of

* Cholanglography

* Nephrostomy

* Gastroslomy

* Viswalization of abscesses and Cysts

I the vascular feld CO is the ikieal contrast media in the idlowing cases

* Pedvec arieries

o Lower leg artanes

* Renal artéries

* Viscor] Artenns

« Visuaration of afedovenous fstilas for hemodalyss
* Vonous Studies

* Retrograde Porography
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Angiodroid Innovative CO2 System

Resolving the critical limitations of peripheral angiography
with clearly visible benefits for patients




Angiodroid carbon dioxide peripheral interventional angiography:
Eliminating critical issues for improved patient safety

@ Anglodroid is the new, patented system for CO2 Injection that resclves
the critical limitations associated to most devices cumrently on the market.

@ Peripheral interventional angiograpty overview. « Angiodrad = safo ang elminates the ik of CIN.

* Angiodroicl alows the imerventionalist to define and precisdly cortrol the amount of gas to

The rise i Fo expectancy, Iho increass in vastular cieaid and 1h0 dovelioprment of Pereesingly
be injecied Into the vessel,

sophisticated interventional rediclogicel technkjues is leading to a progressive Ncrease in
rvesbgative procedures n candac angiography jcoronary anglograpity and PTCA) in the brain

* Angiocrolt guaranteas complete romeoval of the ar contained In e injection calhater,
and peripherd aeas

provicing toll petent safets

Each angiographic procedure reguires the injection of lodinated contrast medium which * ANGIOOroKd 0nsures & comtant ection prossre of the gas during the procedure with
Ieatures clasr contrandications or quantitathve kmitations: espocially In the case of condiions exiremne eate and precision, dlowing the repeatability of the procedure to obtain quallty
assocaned Wity impained rensl function or ciabetic vasoular dsease, Patisnts whe presset images wike elminating tha risk of vessel upture In e presence of obstructve aneurysmes,
these chronic conditions (more than 20% of cases trealed) are particullarly susceptiole

to the taxic effects of contrast agents and 1o developing Contrast-induced Nephropathy o Argiocroid Lees & very thin catheter (CO: is about 400 times bess viscous !an odine)'
{CIN) = & form of Acute Renal Falure, alovirg morn selective cathaterization,

1 15, tnere‘ane, nacessary (o find slternative methocs that ackiress the risk of molwance for * Over 100 chnical riews. and pubibloatons demansirate the effoctveness of COx argiograpty.

the patient and raxuce the sconamic impact 1o the mecicd communiy.

@ CO:: the easier, safer and established akernative system.

An aernative, "CINFREE", mediia |s represermiod by carbon dioxicie (C0:), o gas njectiod o
tre vassels that results n & chedr contrast afipct and s easly ramovad troen e cliculation
via the brgs.
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CO2 Imaging
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CO2 and lodine angiography venograms
comparison

lodium

|

a. b.
Figure 1:  Anteroposerior venograms of the elbow region in a 27-year-old man with renal insufficiency and
a failed hemodialysis AVF in the contralateral wristand elbow. (a) CO, venogram shows the cephalic (white
arrows), basilic (arrowheads), and deep (black arrows) veins. (b) Conventional venogram depicts only the
cephalic (arrows) and basilic (arrowheads) veins




Carbon Dioxide History

CO2 has been in use in Radiology as an imaging agent since 1914 to
evaluate the retroperitoneum and to image kidneys and tumors.

CO2 was in the routinely in the early 1950s for detection of pericardial
effusion.

In the 70s Dr. Hawkins and Dr. Cho pioneered the intraarterial use of CO2 .
With the advent of Digital Substraction Angiography (DSA) in 1980, reliable
imaging of “low density” contrast material became available.

With the addition of high-resolution DSA, Stacking SW, Tilting Tables, and
reliable delivery systems, CO2 is used not only in patients with contrast
material allergies and renal failure, but also in patients undergoing routine
angiographyc studies and many interventional procedures




Angiodroid: conclusion

- Carbon Dioxide (CO?) is the only Safe Contrast
~\ L=y Agent for patient with
°
A
" —— \ » Hypersensibility to lodinated Contrast
s _/ Material

> Renal Failure
> Diabetic Diseases

, Carbon Dioxide can be injected as Contrast

> | \ Agent in any Luminal Structure (Peripheral
Regions mandatory) except for thoracic aorta

/| and its branches




Angiodroid: conclusion
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