SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED)
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GENERAL INFORMATION

Device Generic Name: Agent, Injectable, Embolic

Device Trade Name: Lava™ Liquid Embolic System (Lava LES)

Device Procode: QVG

Applicant’s Name and Address:  BlackSwan Vascular, Inc.
709 Sandoval Way
Hayward, CA 94544

Date(s) of Panel Recommendation: None

Premarket Approval Application (PMA) Number: P220020

Date of FDA Notice of Approval: April 4, 2023

INDICATIONS FOR USE

The Lava LES is indicated for embolization of arterial hemorrhage in the peripheral
vasculature.

CONTRAINDICATIONS

Lava LES is not indicated for use in pregnant women, neonates or individuals with
significant liver or kidney function impairment. Safety for these patient groups has not
been evaluated.

WARNINGS AND PRECAUTIONS

The warnings and precautions can be found in the Lava LES labeling.

DEVICE DESCRIPTION

The Lava Liquid Embolic System (Lava LES) consists of the Lava LES Kit and the Lava
Mixing Kit.

The Lava liquid embolic (Lava) is an injectable, non-adhesive liquid embolic agent
comprised of ethylene vinyl alcohol (EVOH) copolymer dissolved in dimethyl sulfoxide
(DMSO) and suspended micronized tantalum powder to provide contrast for visualization
under fluoroscopy. Lava liquid embolic agent (LES) is first mixed using the Lava Mixing
Kit and then delivered to the target anatomy via a DMSO compatible microcatheter, as

1



identified in the instructions for use. Upon exposure to blood at the targeted location, Lava
precipitates into a spongy, coherent mass or cast.

The Lava LES Kit comprises a sterile, sealed, serum vial containing the Lava liquid
embolic agent (Lava), a sterile, sealed, serum vial containing DMSO, and a sterile, sealed
pouch containing DMSO compatible syringes.

The Lava Mixing Kit comprises a sterile, sealed pouch containing a mixing manifold and
two sterile, sealed pouches, each containing a single DMSO compatible mixing syringe.

The Lava LES Kit is available in two product formulations, Lava-18 (nominal viscosity of
20 centistokes), and Lava-34 (nominal viscosity of 33 centistokes). Due to its lower
viscosity, Lava-18 will travel more distally and penetrate deeper into the vasculature
compared to the Lava-34. Each product formulation of the Lava LES Kit is available in
two volumes, 2mL and 6mL.

Lava LES is available in four product configurations (representing various permutations
of viscosity and volume). The Lava Mixing Kit is available in two product configurations
with the Lava Mixing Kit — 2 mL designed for use with the 2 mL Lava LES Kit
configurations and the Lava Mixing Kit — 6 mL designed for use with the 6 mL Lava LES
Kit configurations.

The details of each of the Lava LES Kit product configurations and the Lava Mixing Kit,

and their associated Stock Keeping Units (SKUs), are provided in Table 1 and Table 2
and Figure 1 and Figure 2 below.

Table 1. Summary of Lava LES Kit Configurations

C];i};aglflflfiflfso(glll(cltj) Components Quantity, Size
Lava vial 1 each, 2 mL.

Lava-18,2 mL DMSO vial 1 each, 2 mL
(FG-00559-02) DMSO syringe 1 each, 1 mL
Delivery syringe 2 each, | mL

Lava vial 1 each, 6 mL

Lava-18, 6 mL DMSO vial 1 each, 2 mL
(FG-00559-03) DMSO syringe 1 each, 1 mL
Delivery syringe 6 each, 1 mL

Lava vial 1 each, 2 mL

Lava-34,2 mL DMSO vial 1 each, 2 mL
(FG-00559-04) DMSO syringe 1 each, 1 mL
Delivery syringe 2 each, | mL

Lava vial 1 each, 6 mL

Lava-34, 6 mL DMSO vial 1 each, 2 mL
(FG-00559-05) DMSO syringe 1 each, 1 mL
Delivery syringe 6 each, 1 mL




Table 2. Summary of Lava Mixing Kit Configurations

Lava Mixing Kit Product . c
Configurations (SKU) Components Quantity, Size
Lava Mixing Kit — 2 mL . . .
(FG-00563-02) DMSO compatible mixing syringes 2 each, 3 mL
Used with 2 mL Lava LES Kit . .
configurations Mixing manifold 1 each
Lava Mixing Kit — 6 mL DMSO compatible mixing syringes 2 each, 6 mL
(FG-00563-01)
Used with 6 mL Lava LES Kit o )
configurations Mixing manifold 1 each

Lava™ LES Kit - 6 mL (available with Lava™-18 or Lava™-34)

| DMSO vial
1 mL i § i Ll
pMso |l & = =
syringe g = — = 'a
(1 saet) é A Lava™ vial
1 6 mL)
2/ =4

1 mL Delivery syringes
(6 each)

Lava™ Mixing Kit - 6 mL

o =

6 mL Mixing syringes (2 each) Mixing manifold (1 each)
Figure 1. Lava™ LES — 6 mL Kit and Lava Mixing Kit — 6 mL




VI.

VIIL

VIII.

Lava™ LES Kit - 2 mL (available with Lava™-18 or Lava™-34)

1mL
DMSO
syringe
(1 each)

1 mL Delivery syringes
(2 each)

Lava™ Mixing Kit - 2 mL

o s

3 mL Mixing syringes (2 each)

DMSO vial

(2 mL)

Lava™ vial

@mL)

Mixing manifold (1 each)

Figure 2. Lava™ LES - 2 mL Kit and Lava Mixing Kit — 2 mL

ALTERNATIVE PRACTICES AND PROCEDURES

There are several other alternatives for the embolization of arterial hemorrhage in the
peripheral vasculature. These include gelatin-based cubes, tris-acryl gelatin microspheres,
and microcoil devices. Each alternative has its own advantages and disadvantages. A
patient should fully discuss these alternatives with his/her physician to select the method

that best meets expectations and lifestyle.

MARKETING HISTORY

The Lava LES has not been marketed in the United States or any foreign country.

POTENTIAL ADVERSE EFFECTS OF THE DEVICE ON HEALTH

Potential adverse effects (e.g., complications) associated with the use of the device include:

o Non-target embolization

o Ischemia or infarction of the target territory

o Allergic reactions to device components

. Catheter breakage

o Catheter entrapment

o Inadvertent embolization of a non-target vessel or territory



. Embolization of device components

J Access site hematoma or ecchymosis
o Access site false aneurysm
J Pain at access site

o Arterial dissection

o Mural thrombus formation
. Vessel perforation

° Hemorrhage

o Recanalization

. Vessel perforation

o Arteriovenous fistula

o Distal atheroembolism

J Infection

J Sepsis

o Serous drainage

. Lymphorrhea

J Leg edema

o Leg pain

. Back pain

For the specific adverse events that occurred in the clinical study, please see Section X
below.

SUMMARY OF NONCLINICAL STUDIES

Physico-chemical, engineering, biocompatibility, animal studies, and sterilization testing
were conducted on the Lava LES, as described below.

A. Physico-Chemical and Bench Testing

The tests described below in Table 3 assessed the characterization and performance of
Lava LES at baseline and the shelf life of 1 year.



“BLIOJLID 9our)doooe
o} JoW {¢-BABT PUE §-BAEBT JO uoisuadsns
Jo uoryemnp pue uorsuadsns wnjejue) Y],

‘uonejde XLo0A Jo

sonuIw ()7 Jo wnwirurw e ursn pasedoxd
uayM JI0 Iy SUIXIA BART o1 Suisn
paredaid uoym orjoquio prnbry pajosjrew €
Jo 18} 03 9[qeredwod oq snw suorsuadsns
€-BART pPUB §[-BABT 9} JO UoIsuadsns

JO uoneInp pue Arouagowoy Ay,

Joyeredwod orjoquid pinbif pajosrew

B Jsurege paurwexs A[jeordoosoronyy
a1om (A1) 9sn 10} suoIONISUI AY)

10d paredaid eae jo sojdweg ‘poyjowr
159} prepue)s o[qeorjdde Apoaip oN

uorsuadsng
Jo uonreng
/ uorsuadsng
wnjejue],

“e110)110 doueldoooe oY) jJow
y¢-eART pue g[-eAeT Jo Aufiqers OSINA QYL

oouewojrod eae|
1oedwr A[oAne3au 03 pajoadxd oq pnom
JBY} SpPUSI} MOYS JOU [[BYS S}NSAI Y],

sonLmduwi 10§ sisA[eue SN-DD

Aniqeis OSINA

"BLI9ILIO Qouk)doooe

*3unsa) oY) JO 9SIN0D oY) JOAO A[[erIue)Sqns

"sKep £ 0} N0 S[eAIdIUI

P9[[013U00 J& paInseaw o1om sojdwes
o1} JO 3SUQ[ pue ISOWRIP A ], "dUI[ES
ur pajendioard sem eae poyiow

oy} 19W {,¢-BART PUB Q-BART JO SUI[[dMS OU ], | JNULIYS JO [[oMS jou [[eys sdjdwes eaeT oy 159) prepuelg oqedrjdde Appoaxrp oN Suromg
-orduwes o
woly Aeme Jurnjo poAIasqo 9q pnoo
ouIes 0} 9I[0qUId Y} JO dInsodxa OSIAI OU UdyM PIGIPI[OS PAISPISUOD
JIojJe soJnuIW § > 9q Isnuw d1joquio pinbiy sem odwes y ‘uonne OSNJ Jo
oy Jo uonedlyIpIjos 93o1dwod 10J owy Y], 00UIPIAD 10J palojruow o1om sojdwres
"ouIes 0} 91[0qUId 9} JO 2INS0dX? 19} o} ‘S[BAIIUI PI[[OJUO0D J “dUIBS
"BLI0)1IO 9oue)doooe Jy) Jowr sojnuIw ¢ = 9q isnuw orjoquio pinbiy oy ur pyjendioard sem eae] ‘poylow owr],
{€-eAR] pUR §[-BAR JO QW) UOIBOIJIPI[OS Y, JO UOIIBOIJIPI[OS JO JASUO A} JO dWI) Y ], 159) prepuelg o[qedrjdde Apoosrp oN UONBIYIPI[OS
O)0ISIUID ¢¢ JO AJISOISIA [RUILOU
"BLILIO Qoue)dadoe B 0ABY [[BYS £-BART "O)OISHUD ()7
oy} 19W {¢-BART PUB Q[-BART JO ANISOISIA QU | JO AJISOOSIA [RUILUOU B JARY [[BYS §[-BART] StPd WISV K)ISOOSIA
SUOISN[OUO)) PUE SINSIY BLIIJLID due)daddy poyaur 3saJ, Apmgs

3uUnsI I, Youdg pue [BIIWIY)-0dISAYJ € dqeL




'L Ke pue

Ke woiy sordwes 9ayeyrdioard orjoquud pmbiy ¢
-BABRT 1O §]-BART U} JO YISUQI)S J[ISUD) UIIMIOq
PAAIISQO QJUAIILIP JUBIYIUSIS A[[O1ISIIE)S ON

BLIOILIO
dour)doode ou — J$9) UOT)RZLISIORIRY))

‘SKep UOA9S / 01 JNO S[eAIOIUL
P[[0J)U0d JB paInseow a1om sojdwes
oy Jo 33uams OIS} AU [, “duIeS

ut pajejdioard sem eaeT “poyjowr
159) prepuels o[qedrjdde Appoaxrp oN

Sunsa] oqisua]

"uonedyIpIos
10} 9)eISIW Jou SP0p ssew drjoquid pajeirdioard
o} 1By} PAIBNSUOWOP PUL [OPOW MO[J

‘Hd pue ‘mop “ainssaid ‘ormerodwoy
JO suonIpuod jueAdjal A[jesrdojorsAyd
Iopun [3SSAA I9)QUWIBIP [[BWUS PAje[NUIS

[9SSOA paye[nIs € Ul UONBOO[ 39518} 9} PIPN[I00 BLIOJLIO ® 0JUI SI0)AYIEO0IoIW d[qredwoo
A[[1JSS000NS {,¢-BART OU} pUB §]-BART AU} Y30og ooueydoooe ou — 1S9} UONBZLIJOBIRY)) OSIAQ YSnoy pekojdop sem eae os() pare[nwig
1-$SSOT OS] UI S103oY3ed “paInseall sem Ssew
10J 9010§ 9[1su0)} yead wnwiIuIw Ay} ULy BART POIJIPI[OS B WOJJ SIAJOUBI0IOIW
SSO[ 9q SN JSEd JIJOqUId pInbI| paIJIpI[0s o[quedwos OSNJ SnoLea
“BLIOLIO A[[nJ & UI pOPPOqUID JJOUBIOIOIW 10e1)X0 0} pa1rnbar 9010 Ay, ‘poyIoWw uoIsaypy
ooueydoooe oy JouWl {,¢-BART PUR §[-BART YlOog © JOB1JO1 0} paJInbar 9210) 9[ISUd} Ay [, 159) prepue)s o[qedrjdde Apooxrp oN [eLIOJeIN

“BLINIO 90UR)do0oE QU) JoW SIOAUIBO0IOII
Jrquedwos OSINA ysnoay paroafur
uaym SH AR 9y Jo 2Inssaid uorsnjur oy,

s19301jeo0IoTW 9[qrieduIod

OSIAQ Y3 Jo ainssaxd 3sInq paisy|
oy} mo[oq 9q snuu dnssaxd sjead oy

UOISNJUT OB SULINp papIooal

sem a1nssaxd yead -oynuruy/ Tu ¢°(

JO 9jeI ® JE SI9)eyjed0IoTW o[queduwod
OSIA{ Ol pasnjul Sem eAe]

2INSSaId uoIsnjuy

‘so[dwes [[& SS0I0. SSew JUQIOY0d
9[3urs e se pareadde orjoquio pinbr payeydioaid
oY1, Juow3os 1893 oy} PApN[000 A[[NJ PUL ‘UO0IIIIS

"[9SSOA 1S9} Y} JO UOISN]OJ0 PUE 10[0D
‘oouereadde 10] pojen[eAd A[[ensIA o1om
sordwes (paygrprjos o°1) payendioard

SS0I0 UO JO[0D oB[q PAINQLYSIP AJWIOJIUN BLIOJLIO o} JO SUOI}OAS SSOIO PUE [dpOW A3o1oydiol
e Ke[dsip sojdwes {,¢-eAe] pue g-eAeT [V doue)doode ou — }$9) UOT)BZLIdIORIBY)) asn paje[nuurs € ur pako[dap sem eae] drendroarg
«Vad
pue Ansnpuj 10} 99UEPINL) S[0U0))
[e102dg [ sse[) - s13eype) (VO.Ld)
Kysejdoruy Areuo1o)) feurunjsuer],
‘SN AT 2andadsar moy) Jod SNOJUEBINIIOJ UIBLR)),, JO €] UONOIS
paredard uaym orjoquud pmbi| pajosew € pue _ ‘SWoISAS AIOAT[O(] POIRIDOSSY
Aq parerouad ojenonaed Jo SONSLINOBIBYD pue sju9§ Ie[noseAenu] 1oj Surjoqe|
A 03 9[qeredwod 9q ISNU OI[OQUID PIPUAUIIOINY PUE SIS [, FurIdouIuyg
pinbi eaeT Jo Juswkordop ayy Surinp [eoruI[D-UON],, ‘@ouepms yqq
paresouad arernonted jo (A3ojoydiow | oyp Jo 71 g Al UONOAS PIM JudWUTIe
"BLID)LIO 20ue)da00R QY] JoW {,¢-BART PUR §[-BAR] ‘uonnquusip dzis aonted “3-9) Ul pojonpuod sem Sunsad ] “poyiow UON)BIOUD)
JO SONSLIAIORIRYD UONRIAUSS dje[nonded oy, | [eLRIEW 2je[nonted JO SONISLIAORIBYD QY 159) prepue)§ d[qedrdde A3oa1rp oN enonIed

SUOISN[OUO0)) PUE S)NSAY

BLIIILID due)daddy

poyjou s,

Apms




"SHT BA®T )} 10J 1] J[oYS
IeoA-1 ®y10ddns Sunso) uoneprjea Juidesoed

oA0qe pa3sy] Surise} ourfeseq 10

“JedA Juo 10J Suide owny
[ea1 13)Je 9A0qe PAISI] Funsay oy Jod

pue Aeuonouny jonpoid Jo $)NSAI YL, | Pasn BLILIO 20ueldador JANIS[[0J AY) 9S | PIjeN[eAd d1oMm s1onpoid SHT BART YL JIT JI9YS

asn (projruey

“BLIO)LID 9oue)doooe oy Jow plojiuew | Sulmp o) pajoalqns s 31 sarnssaid [eurojur 1-SSSOT OSI PIm Surxin)

Surxiw eAe 9y Jo souewtofiod e pinbiy oy o) PuBISYIIM IS P[OJIUB FUIXIW Y ], JudWUSIe Ul PAJONpuod sem Jurso |, oInssaId yea]
"BLI9ILID (projrue iy

oouejdadoe oy Jow plojIuewl SUIXIW BAR] asn SurLmp 03 pajoalqns SI I SPLOJ A[ISU) [-SSSOT OST Ym | Surxipy) ypSuang

oy Jo eouewrojrod yySuans aisud) yutol oy,

o) PuBISYIIM SN P[OJIUB SUTXIW Y ],

juowuSI[e Ul PAONPuUod sem 3unso],

JISUD L, Jurof

‘sojdures sseur o1[0quUI9/[109 PAUIQUIOD

Aue 10/pue S[109 Aue JO UONRISIW JO SUOIJBAIISQO
OU 0I9M 91U} ‘IouLIoyMN "SHT BART]

PUE [109 J1[OqUId dAIRIUSAIAI AU} USIM)Qq

‘Hd pue ‘moyj ‘einssaid

‘arnjerodwd) JO SUOHIPUOD JUBA[I
Aqreat3ojorsAyd 1opun [opowr mo[J

Ul UOISN[J00 [ISSOA PIB[NUWIS B }oNPUOI
0] Pasn 2JoMm S[10J PAIaqI) dWES Y [,

suonoeBIUI pajoadxoun ou pajensuowop Junss) "S[100 A} WOIJ [BOIWAYD AUe uonen[eAqg
osn paje[nIS "S[100 PAIdqLY oY} 0} pasodxad [OB9] P[NOD JUSA[OS J} JI SUIULIOIP Aquedwo)
OSINd Pue OSIAJ 189U U09M)Oq SOOUIILJIP BLIOJLIO 0} OSINC Y3M pajeqnoul a1om | [100) uonezijoquig
[enueisqns ou pa[eaAdl uonenead DIdH ooueydoooe ou — 1S9} UONBZLIJORIRYD) | JOqIJ OIJOUIUAS YIIM POOB[UD S[10J [BIOJN / SH7 eae]
SUOISN[IUO0)) PUE S)NSIY BLIIILID due)daddy poyyou Jsa Apms




B. Biocompatibility Testing

Lava LES is a permanent (>30 days) blood-contact (circulating blood) implant device. The
following tests and assessments were conducted in support of the biocompatibility of Lava
LES:

e Bench and small animal biocompatibility testing per ISO 10993-1

e Systemic toxicity, implantation, and thrombogenicity assessments conducted in a
chronic GLP swine model

e Chemical characterization and toxicological risk assessments

Biocompatibility testing per ISO 10993-1 is summarized in Table 4. The following tests
were evaluated with a marketed control: complement activation (ISO-10993-4) and
cytotoxicity (ISO-10993-5).
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Cytotoxicity. Cytotoxicity testing showed that the Lava LES is more cytotoxic than the
marketed comparator device at a 1:4 dilution after 72 hours of exposure to cells. However,
testing of the precipitated Lava LES, showed no evidence of cytotoxicity with a
cytotoxicity grade of 0 after 72 hours of exposure to cells.

Hemolysis. Both direct and indirect in vitro hemolysis tests were conducted per ASTM
F756. Direct hemolysis testing showed that the Lava LES is hemolytic. Some hemolysis
may be expected due to the presence of DMSO, which has been shown to induce
hemolytic effects (X Yi et al, FEBS open bio 7(4): 485-495. 2017). However, indirect
hemolysis testing showed that the Lava LES is non-hemolytic, and no significant concerns
for hemocompatibility were noted in the chronic GLP animal studies. Finally, additional
direct hemolysis evaluation using precipitated Lava as the test article reported the
precipitated Lava to be non-hemolytic. These results indicate that the clinical risk of local
hemolysis during the brief period between the introduction of the liquid embolic into the
target vasculature and the precipitation of Lava is acceptable.

Complement activation. While SC5b-9 complement protein concentration was greater in
the Lava LES than in the negative material control and comparator device control, it was
much lower than in the positive control. In addition, no anaphylactic events were observed
in the LAVA clinical study. These findings suggest that the clinical risk of the Lava LES
acting as a major activator of the complement system and leading to anaphylactic events is
low.

Systemic toxicity, implantation, and thrombogenicity observations that were included in
the chronic swine (large animal) studies of the Lava LES following good laboratory
practice (GLP). Lava LES implantation in relevant anatomical environments provided the
following findings:

1. Systemic toxicity was not observed in the examined organs or tissue lesions
observed during necropsy (heart, kidneys, liver, lungs, brain, spleen, downstream
distal tibial and gastrocnemius muscles or coronary bands). No adverse effects or
clinical signs pointing to systemic toxicity were elicited for the treatments with
Lava-18 and Lava-34 in this swine model at 3, 28, 90, and 180 days.

2. After implantation of Lava LES, histological changes seen in the embolized target
arteries and surrounding tissues were expected changes secondary to artery
embolization with chronic occlusion of the target arteries, minimal to mild
inflammation, and tissue remodeling at 3, 28, and 90 days. At 180 days, chronic
thrombus resulting from target vessel embolization consisted of Lava LES embolic
material surrounded by generally minimal-to-moderate granulomatous (foreign
body reaction) inflammation and fibroplasia/fibrosis, with attenuation of typical
vascular mural architecture due to incorporation into the vascular wall with
chronic intravascular thrombus remodeling. The intravascular remodeling of the
thrombus material was considered typical and appropriate (i.e., the presence of
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Lava LES embolic material did not appear to affect typical intravascular
healing/remodeling responses expected at 180 days). The mature appearance of
the microscopic findings (mature tissue morphologic features and modest to
negligible inflammation and absence of acute inflammatory features) reflected a
stabilized/quiescent tissue response at this late time point.

3. No evidence of thrombogenicity (as assessed by lack of observed non-target
embolization) for all Lava-18 and Lava-34 cases during post-embolization
angiography.  Histopathological evidence of thromboembolism  or
thromboembolic events was not seen in the brain, heart, kidneys, lungs, spleen,
downstream distal tibial and gastrocnemius muscles or coronary bands.

Exhaustive chemical extraction of the Lava LES per ISO10993-18:2020 and a
toxicological risk assessment per I1SO10993-17:2002 were conducted. The
toxicological risk assessment concluded that the current risk assessment supports that
there is negligible genotoxicity risk, and thus negligible carcinogenicity risk.
Moreover, all MOS values for identified polar and non-polar extractables were
determined to be acceptable, so there is also no concern for systemic toxicity.

C. Animal Studies

Two GLP chronic studies were conducted in support of the safety and effectiveness of the
Lava LES. The first study was a GLP study of the performance, efficacy, chronic safety,
thrombogenicity and systemic toxicity of the Lava LES in the vascular anatomy of a swine
model at 3 days, 28 days, and 90 days. The second study was a GLP study of the
performance, efficacy, chronic safety, thrombogenicity and systemic toxicity of the
Lava™ LES in the vascular anatomy of a Swine Model at 180 days. The studies utilized
vessels of the hepatic, lower limb and pelvis, and the rete mirabile vascular systems of the
domestic pig. The studies investigated and reported results for both low and high viscosity
Lava LES (Lava-18 LES and Lava-34 LES, respectively).

Overall, Lava-18 and Lava-34 are well tolerated in all vascular beds. The time course of
radiographic, clinical, clinical-pathologic, and pathologic findings mirrored the knowledge
about other similar products. Consistent with the clinical and non-clinical findings of liquid
embolic polymers, the administration of Lava-18 or Lava-34 in the rete mirabile and
peripheral vessels of animal subjects is associated with a pathophysiologic response
characterized by non-serious transient acute mild/moderate regional inflammation with
occasional transient clinical manifestations of procedural discomfort. Except for one pig
with extreme rete mirabile embolization, all remaining animals rapidly recovered from the
procedure, gained weight, and had normal clinical chemistry values.

Specifically, the terminal angiographic findings demonstrated acceptable clinical
outcomes for vascular embolization. Macroscopic findings of perivascular bruising early
in the time course in peripheral vessels of the lower limb is consistent with the mechanism
of action of necrosing embolized vessels. Microscopic findings at later timepoints indicate
acceptable regional and downstream tolerability. Inflammatory scoring at all time points
was non-reactive low. Rare instances of microscopic embolized particles were expected
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findings indicating normal early necrosis and healing of the embolized vessels and were
not associated with granulomatous or other adverse microscopic, clinical, or angiographic
findings.

The cumulative Lava LES GLP Chronic animal study outcomes demonstrated the
progression of vascular healing. At 180 days in this study, the mature appearance of the
microscopic findings (mature tissue morphologic features and modest to negligible
inflammation and absence of acute inflammatory features) reflected a stabilized/ quiescent
tissue response to both Lava-18 and Lava-34 and are supportive of chronic safety of both
formulations of the device.

D. Sterilization

All components of the Lava LES product are sterilized using conventional terminal
sterilization processes at approved contract sterilization facilities as follows: Dry Heat
process (for liquid embolic and DMSO serum vials), Ethylene Oxide process (for pouched
syringe trays), or Electron Beam irradiation process (for Lava mixing manifolds), each of
which has been validated per applicable Standards to achieve a Probability of a Non-Sterile
Unit (PNSU) or Sterility Assurance Level (SAL) of 10 or better.

SUMMARY OF PRIMARY CLINICAL STUDY

The applicant performed a clinical study to establish a reasonable assurance of safety and
effectiveness of the Lava LES for embolization of arterial hemorrhage in the peripheral
vasculature in the US under IDE #G190291. Data from this clinical study were the basis
for the PMA approval decision. A summary of the clinical study is presented below.

A. Study Design

The first subject was treated on April 14, 2021, and the database for this PMA reflected
data collected through the last patient visit on August 17, 2022. The study included 113
patients at 19 investigational sites.

The Liquid Embolization of Arterial Hemorrhages in the Peripheral Vasculature Study or
LAVA Study was a multicenter, prospective, single-arm trial of the Lava LES in patients
with peripheral arterial bleeding in need of treatment. Subjects were followed for 30 days
post procedure.

The objective of this study was to evaluate the safety and effectiveness of Lava LES
embolotherapy for the treatment of hemorrhage from peripheral arteries.

Safety was evaluated by assessing freedom from 30-day Major Adverse Events (MAE), a
composite endpoint that includes those complications that occur at the site of catheter
insertion, along the pathway for access to the target arteries, and at the site of administration
in the target territory or those non-target arterial beds where embolic agent was
inadvertently administered. The MAE rate is compared to the rates reported in the literature
after treatment with other modalities currently used to treat peripheral artery hemorrhage.
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The study was powered for the primary effectiveness endpoint of Clinical Success, as
defined by assessing the absence of bleeding in the treated target lesion after embolization
with the Lava LES, without the need for reintervention through 30 days after the index
procedure. Based upon a one sided 97.5% exact binominal test using a significance level
of 0.025, the literature-derived performance goal of 72%, and an anticipated observed
success rate of 84%, the required sample size to achieve a level of 80% power was 101
Target Lesions. Assuming a 10% attrition rate through 30 days, a total of 113 subjects were
needed to be enrolled. For the primary safety endpoint, success was determined if the lower
limit of one-sided 97.5% confidence interval was greater than 82%.

A core laboratory was used for independent central assessment of angiographic endpoints.
The study also utilized a Data Safety Monitoring Board (DSMB) and an independent
Clinical Events Committee (CEC) for adjudication of clinical events and clinical endpoints
in the study.

1. Clinical Inclusion and Exclusion Criteria

Enrollment in the LAVA Study was limited to patients who met the following inclusion
criteria.

e Age >18 years;

e Active arterial bleeding in the peripheral vasculature, documented on a suitable
imaging study;

e Subject or subject’s legally authorized representative is able and authorized to
provide written informed consent for the procedure and the study;

e Subject is willing and able to comply with the specified follow-up evaluation
schedule;

e Life expectancy >30 days;

e No prior embolization in the target territory.

Patients were not permitted to enroll in the LAV A Study if they met any of the following
exclusion criteria:

e Pregnancy or breast feeding. A woman who, in the Investigator’s opinion, is of
child-bearing potential must have a negative pregnancy test within 7 days
before the index procedure;

e (Coexisting signs of peritonitis or other active infection;

e Participation in an investigational study of a new drug, biologic or device that
has not reached its primary endpoint at the time of study screening;

e Uncorrectable coagulopathies such as thrombocytopenia <40,000/uL,
international normalization ratio (INR) >2.0;

e Contraindication to angiography or catheterization, including untreatable
allergy to iodinated contrast media;

e Anatomic arterial unsuitability such that, in the Investigator’s opinion, the
delivery catheter cannot gain access to the selected position for safe and
intended embolization;
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e Known allergy or other contraindication to any components of Lava LES
including dimethyl sulfoxide (DMSO ;

e More than 4 Target Lesions will require embolization, in the Investigator’s
opinion after performance of diagnostic angiography or another suitable
imaging study.

2. Follow-up Schedule

All enrolled subjects were evaluated at hospital discharge and followed to 30 days
after the index procedure. A schedule of assessments is provided in Table 5 below:

Table 5. Schedule of Assessments

|Assessment Screening/ Baseline Index Hospital 30 days Unscl.ne.duled
Procedure | Discharge | +7 days* Visits
Informed consent <24 hours before the IP
Medical history <24 hours before the IP
Verification eligibility criteria <24 hours before the [P [X
Pregnancy testing <7 days before the IP
Physical Examinationf <24 hours before the [P [X X X
Diagnostic Angiography X X+ X+
Embolic Therapy with Lava LES X
Adverse event assessment X X X X
Concomitant medications X X X X
Laboratory testing® <24 hours before the IP X X

[P- Index procedure

* This assessment could have been performed via telephone with a member of the investigational site’s research staff
or with an in-person visit with the Investigator.

T Physical examination included vital signs and an examination of the target territory (as appropriate, e.g. the

ubject’s limb) pre-procedure. Physical examination also included an examination of the access site and target
territory at the conclusion of the index procedure and at in-person scheduled or unscheduled follow-up visits.
\dbnormalities of the vascular system prompted a duplex ultrasound or another appropriate imaging study to
exclude false aneurysm, hematoma, arteriovenous fistula, dissection, or deep venous thrombosis.

i Diagnostic angiography was repeated after the index procedure for continued bleeding or rebleeding, at the
\Investigator’s discretion.

§ The following laboratory tests were required to be reported: the lowest hemoglobin reported during the current
bleeding episode, the last hemoglobin, platelet count, and international normalized ratio (INR) prior to the index
procedure, and the hemoglobin, platelet count and INR at discharge and at any unscheduled visits.

3. Clinical Endpoints

With regards to safety, the primary safety endpoint was freedom from 30-day Major
Adverse Events (MAEs) after enrollment, which include the following events as
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adjudicated by an independent CEC:

1. Ischemia or infarction of the target territory.

Non-target embolization: The target territory or territories were specified by the

Investigator at the time of enrollment; embolization to a non-target territory

was defined as unintentional administration of Lava to a vascular bed outside

of a target territory.

Allergic reactions to Lava.

4. Catheter breakage: refers to defects in the luminal continuity of the
microcatheter used to deliver Lava, but not to other catheters that may be used
in other aspects of the procedure separate from the administration of Lava.
Catheter kinks without defects in luminal continuity did not trigger the
endpoint.

5. Catheter entrapment defined as the inability to withdraw the catheter refers to
the catheter with which Lava is administered and is defined by the need for
endovascular or open surgical procedures to remove the catheter or portions
thereof. Retained portions of the catheter trigger the endpoint, irrespective of
whether additional endovascular or open surgical procedures were performed.

(98]

With regards to effectiveness, the primary effectiveness endpoint was clinical success
and is defined as absence of bleeding from a target lesion after embolization with the
Lava LES, without the need for emergency surgery, re-embolization, or other target
lesion reinterventions within 30 days of the index procedure. Absence of bleeding is
defined as no BARC (Bleeding Academic Research Consortium) Type 3 or greater
bleeding occurring after the index procedure, either persistent or recurrent. The
ascertainment of persistent or recurrent BARC Type 3 or greater bleeding does not
include bleeding that occurred prior to the conclusion of the index procedure.

Regarding the study success/failure criteria, the study was considered a success if both
the primary effectiveness and primary safety hypotheses were met.

B. Accountability of PMA Cohort

In total, 113 subjects were enrolled (successful arterial access established to the Target
Lesion) at 19 sites. Table 6 presents subject follow-up compliance. A total of 103 subjects
were eligible at the 30-day follow-up visit and 10 were not eligible due to 9 who died prior
to the 30-day visit and 1 who withdrew consent on post-procedure day 32.

Table 6. Subject Follow-up Compliance

Lava LES

Subject Compliance Characteristics (N=113 Subjects)
Subjects at 30-Days
Eligible Subjects® 103
Not Eligible Subjects 10
Reason not Eligible

Not Past Due

Withdrew Consent

—_ o
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Lava LES

Subject Compliance Characteristics (N=113 Subjects)
Investigator Withdrew Subject 0
Lost to Follow-up 0
Death 9
Other 0
Follow-up Not Done in Eligible Subjects 0
Follow-up visit within window” 86
Follow-up visit out of window” 17
Follow-up Compliance (%)° 84

@ Eligible subjects are all subjects who are enrolled by snapshot date and
either complete the study, have a follow-up visit form or are past due for
their follow-up (beyond upper limit of window on study and did not exit
the study before the upper limit of the window)

b Within window visits are defined as: 30 days £ 7 days;

¢ Percentage based on number of subjects who had follow-up visit within
window divided by total number of eligible subjects

Site reported data.

All 113 patients were considered as part of the Intention-to-Treat (ITT) and Completed
Cases (CC) Populations. The ITT population includes all consented subjects in whom the
Lava LES study device entered the vasculature, irrespective of adherence with the entry
criteria, treatment received, subsequent withdrawal, or deviation from the Protocol. The
CC population includes all ITT subjects who completed 30-day follow-up. The CC
population also includes ITT subjects who experienced failure of the primary effectiveness
endpoint prior to the beginning of the 30-day follow-up timepoint, irrespective of their
length of follow-up.

C. Study Population Demographics and Baseline Parameters

The demographics of the study population are typical for an embolization study for
peripheral bleeding performed in the US. Table 7 presents baseline demographics and
medical history of the study population. Subjects were more frequently male (72; 63.7%),
with a mean age of 57.4 years (range 18-93), average BMI of 28.9 + 6.88 kg/m? and had
comorbidities including hypertension (66; 58.4%), hyperlipidemia (36; 31.9%), renal
insufficiency (32; 28.3%) and diabetes 28; 24.8%). Sixteen subjects (14.2%) had prior
surgery at the target lesion.

Table 7. Baseline Demographic and Medical History

Lava LES

Subject Characteristics (N=113 Subjects)

Age (years)

N 113

Mean + SD 57.4 £ 18.00
Sex

Female 36.3% (41/113)

Male 63.7% (72/113)
Ethnicity Hispanic or Latino 19.2% (20/104)
Race

Asian 9.3% (10/108)
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Subject Characteristics

Lava LES

(N=113 Subjects)

Black or African-American
Native Hawaiian or other Pacific Islander
White
Other
BMI (kg/m?)
N
Mean + SD
History of Diabetes
Prior Myocardial Infarction
Cardiac Valve Disorder
Hypertension
Coronary Artery Disease
Congestive Heart Failure
Chronic Obstructive Pulmonary Disease
Atrial Arrythmia
Ventricular Arrythmia
Collagen Vascular Disease
Aortic Aneurysm
Hyperlipidemia
Deep Venous Thrombosis
Pulmonary Embolism
Neurological Disorder
Cerebrovascular Disease
Stroke or Transient Ischemic Attack (TIA)
Renal Insufficiency
Prior Surgery at Target Lesion
Bleeding Disorder
Peripheral vascular disease
Current Smoker

14.8% (16/108)
0.9% (1/108)

58.3% (63/108)
16.7% (18/108)

113
28.9+6.88
24.8% (28/113)
7.1% (8/113)
8.0% (9/113)
58.4% (66/113)
18.6% (21/113)
12.4% (14/113)
8.0% (9/113)
15.9% (18/113)
2.7% (3/113)
0.9% (1/113)
1.8% (2/113)
31.9% (36/113)
8.0% (9/113)
6.2% (7/113)
15.9% (18/113)
2.7% (3/113)
6.2% (7/113)
28.3% (32/113)
14.2% (16/113)
5.3% (6/113)
7.1% (8/113)
19.5% (22/113)

Numbers are % (counts/sample size) unless
otherwise stated.

Table 8 summarizes baseline clinical characteristics. The most frequently encountered
bleeding territories in the 113 subjects were gastrointestinal in 21 subjects (18.6%) and
visceral (non-intestinal) in 41 subjects (36.3%). Among the subjects with visceral bleeding,
the most common organs were the spleen 14, 34.1%) and the liver (12; 29.3%). The two
most common etiologies were traumatic, non-iatrogenic (32; 28.3%) and iatrogenic 29;

25.7%).

Table 8. Baseline Clinical Characteristics

Subject Bleed Characteristics

Lava LES
(N=113 Subjects)

Target Bleed Territory
Upper GI
Lower GI
Non-GI Visceral
Extremity
Pulmonary
Other

Upper GI Subset (N=11)
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Subject Bleed Characteristics

Lava LES

(N=113 Subjects)

Esophageal 0.0% (0/11)
Gastric 54.5% (6/11)
Duodenal 45.5% (5/11)
Lower GI Subset (N=10)
Small Intestine 30.0% (3/10)
Colon 70.0% (7/10)
Rectal 0.0% (0/10)
Non-GI Subset (N=41)
Splenic 34.1% (14/41)
Hepatic 29.3% (12/41)
Adrenal 2.4% (1/41)
Pancreas 7.3% (3/41)
Prostate 0.0% (0/41)
Bladder 0.0% (0/41)
Uterus 2.4% (1/41)
Other 24.4% (10/41)
Extremity Territory
Right Arm 0.0% (0/8)
Left Arm 12.5% (1/8)
Right Leg 12.5% (1/8)
Left Leg 75.0% (6/8)
Etiology of Bleeding
Traumatic, non-iatrogenic 28.3% (32/113)
latrogenic 25.7% (29/113)
Ulcer 4.4% (5/113)
Benign Neoplasm 0.9% (1/113)
Malignant Neoplasm 4.4% (5/113)
Mallory Weiss Tear 0.0% (0/113)
Congenital Vascular Lesion 0.0% (0/113)
Unknown 5.3% (6/113)
Other 31.0% (35/113)
Currently Taking Antiplatelet Agents 9.4% (9/96)
Currently Taking Anticoagulant Agents 8.9% (8/90)

Numbers are % (counts/sample size) unless
otherwise stated.

D. Safety and Effectiveness Results
1. Safety Results

The analysis of the primary safety endpoint was based on the 101 subjects available for
the 30-day follow-up period. Of the 113 subjects, 12 subjects exited the study prior to
the 30-day follow-up window (23 days post-procedure) and did not have a reported
event prior to exit (8 subjects died and 4 exited early), leaving 101 evaluable subjects.
All evaluable subjects 100%; 101/101) had Freedom from MAE at 30 Days. The
primary safety endpoint was met with the lower limit of the one-sided 97.5%
confidence interval being 96.4%, which was greater than the 82% performance goal.
As shown in Table 9 below, no subjects experienced major adverse events through 30
days based on data adjudicated by an independent CEC. The details of the Secondary
Safety Endpoints at 30 Days are as follows:
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e No subjects presented with symptomatic ischemia in the target territory that did
not require intervention.

e All-cause mortality rate was 8.3% (9/109) through the 30-day follow-up
timepoint. The denominator for the all-cause mortality rate excluded 4 subjects
that exited the study before the 30-day follow-up visit without death. Of the 9
deaths, 8 were CEC adjudicated as being related to the procedure since they
occurred within 30 days of the index procedure (cardiac arrest, end stage liver
disease, septic shock (2), complications following nephrectomy, respiratory
failure, pancytopenia, metastatic renal cancer). Of these, 2 subject deaths were
also CEC adjudicated as related to the device (end stage liver disease
complicated by spontaneous hemorrhagic rupture of the gall bladder, cardiac
arrest following complications from a Whipple procedure for advanced
pancreatic carcinoma).

e Bleeding-related mortality that was attributable to the target territory was 1.9%
(2/103).

e No subjects 0%; 0/101) required open surgical conversion for persistent or
recurrent bleeding.

e Device-related Serious Adverse Events occurred in 4.9% (5/103) of subjects

e Procedure-related Serious Adverse Event occurred in 23.1% (25/108) of
subjects

e No subjects (0%; 0/101) had access site hematoma >5cm in longest axis based
on core-laboratory determined assessment of bleeding.

e No subjects (0%; 0/101) developed access site false aneurysms.

Table 9. Major Adverse Events and Secondary Safety Endpoints at 30 Days

Complications Lava LES
(N=113 Subjects)
Major Adverse Events Composite 0.0% (0/101)
Non-target Embolization 0.0% (0/101)
Ischemia or Infarction of the Target Territory 0.0% (0/101)
Allergic Reactions to Lava 0.0% (0/101)
Catheter Breakage 0.0% (0/101)
Catheter Entrapment 0.0% (0/101)
Secondary Safety Endpoints at 30 Days
Symptomat'ic Ischemia in the Target Territory not Requiring 0.0% (0/101)
Intervention
All-cause Mortality 8.3% (9/109)
Bleeding-related Mortality 1.9% (2/103)
Open Surgical Conversion® 0.0% (0/101)
Device-related Serious Adverse Events 4.9% (5/103)
Procedure-related Serious Adverse Events 23.1% (25/108)
Access Site Hematoma (>5cm in longest axis)® 0.0% (0/101)
Access Site False Aneurysm® 0.0% (0/101)
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Lava LES

Complications (N=113 Subjects)

Endpoint Definitions.

The Major Adverse Event (MAE) endpoint is defined as a composite safety
endpoint, triggered by any of the following through 30 days following the index
procedure:

* Ischemia or Infarction of the Target Territory

* Non-target Embolization defined as unintentional administration of Lava to a
vascular bed outside of a target territory

* Allergic Reactions to Lava

* Catheter Breakage defined as defects in the luminal continuity of the
microcatheter used to deliver Lava

* Catheter Entrapment defined as the inability to withdraw the Lava
administration catheter requiring the need for endovascular or open surgical
procedures to remove the catheter or portions thereof.

Denominators are number of subjects who had the event before 23 days or had
last contact date after 23 days.

aSite reported data.

bCore Lab reported data.

Other endpoints were CEC adjudicated.

Serious adverse events (SAE) by System-Organ Class (SOC) are summarized in Table
10. A total of 50 SAEs occurred in 35.4% (40/113) of subjects with 4.9% (5/103) that
were device-related and 23.1% (25/108) that were procedure-related. The most
frequent SAEs were vascular disorders (9.7%; 11/113), gastrointestinal disorders
(5.3%; 6/113), blood and lymphatic system disorders (4.4%; 5/113) and general
disorders and administration site conditions 4.4%; 5/113 .

Table 10. Number of Subjects with One or More Serious Adverse Events by MedDRA
System-Organ Class and Preferred Term

Lava LES
Adverse Event (N=113 Subjects)
Subjects with one or more SAE 35.4% (40/113)
Blood and lymphatic system disorders* 4.4% (5/113)
Anaemia 2.7% (3/113)
Chronic myeloid leukaemia 0.9% (1/113)
Thrombocytopenia 0.9% (1/113)

Cardiac disorders?®

Atrial fibrillation

Cardiac arrest

Chest pain
Gastrointestinal disorders®

Abdominal pain

Haematochezia

Ileus

Melaena

Small intestinal perforation
General disorders and administration site
conditions?®

Death

Flank pain
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0.9% (1/113)
0.9% (1/113)
5.3% (6/113)
1.8% (2/113)
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Adverse Event

Lava LES

(N=113 Subjects)

Hepatobiliary disorders?

1.8% (2/113)

Cholangitis infective 0.9% (1/113)

Gallbladder rupture 0.9% (1/113)
Infections and infestations® 3.5% (4/113)

Sepsis 3.5% (4/113)
Injury., po.isoning and procedural 1.8% (2/113)
complications®

Vascular pseudoaneurysm
Metabolism and nutrition disorders®

1.8% (2/113)
1.8% (2/113)

Acute respiratory failure 0.9% (1/113)
Respiratory failure 0.9% (1/113)
Neoplasms benign, malignant and
unspecified (incl cysts and polyps)* 1.8% (2/113)
Adenocarcinoma 0.9% (1/113)
Endometrial cancer 0.9% (1/113)
Renal and urinary disorders* 1.8% (2/113)
Acute kidney injury 0.9% (1/113)
Nephrolithiasis 0.9% (1/113)
R‘espiratory, thoracic and mediastinal 1.8% (2/113)
disorders?®
COVID-19 0.9% (1/113)
Pleural effusion 0.9% (1/113)
Surgical and medical procedures® 0.9% (1/113)
Colectomy 0.9% (1/113)
Vascular disorders* 9.7% (11/113)
Cardiogenic shock 0.9% (1/113)
Epistaxis 0.9% (1/113)
Extravasation blood 2.7% (3/113)
Haematoma infection 0.9% (1/113)
Hepatic haemorrhage 0.9% (1/113)
Hypotension 0.9% (1/113)
Pulmonary embolism 0.9% (1/113)
Retroperitoneal haecmatoma 0.9% (1/113)
Septic shock 0.9% (1/113)
Shock haemorrhagic 0.9% (1/113)

“Event verbatim terms are reported by sites. The events listed in
this table are then coded using MedDRA version 24 and then
stratified by System-Organ Class (SOC) and Preferred Term.
Patients may be counted in this table more than once by
Preferred Term but are only counted once in each SOC

summary line.

Numbers are % (counts/sample size) unless otherwise stated.

Site reported and MedDRA coded data.

2. Effectiveness Results

The analysis of effectiveness was based on 113 evaluable patients and 148 lesions at 30
days. Of the 148 lesions treated with Lava LES, 141 of these lesions were evaluable.
A total of six subjects with these seven lesions were not included in the effectiveness
analysis because they died prior to 23 days post-procedure and did not have an event
to be considered as a failure prior to the death. The primary effectiveness endpoint
(Clinical Success at 30 Days) was achieved in 94.3% (133/141) of lesions (Table 11).
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The primary effectiveness endpoint was met with the lower limit of the one-sided
97.5% confidence interval bound of 89.1%, which was greater than the 72%
performance goal. There were 8 lesions that had a bleed from the Target Lesion within
30 days. No subjects required emergency surgery or re-embolization. There were 2
lesions that required target lesion reintervention through 30-day follow-up.

Table 11. Clinical Success at 30 Days

Lava LES
Parameter (N=113 Subjects,
n=148 Lesions)
Clinical Success at 30 Days 94.3% (133/141)
Absence of Bleeding from Target Lesion 94.3% (133/141)
No Emergency Surgery 100% (141/141)
No Re-embolization 100% (141/141)
No Target Lesion Reintervention 98.6% (139/141)

Endpoint Definitions:

Clinical Success is defined as:

* Absence of bleeding from the target lesion defined as no BARC Type 3 or
greater bleeding, either persistent or recurrent after embolization with the
Lava LES.

* Without the need for emergency surgery, re-embolization, or other target
lesion reinterventions within 30 days of the index procedure.

Numbers are % (counts/sample size) unless otherwise stated.

Site/Core Laboratory reported and Clinical Events Committee adjudicated
data.

The secondary effectiveness endpoints of: (1) technical success, defined as absence of
angiographic evidence of bleeding from target lesion at the conclusion of the index
procedure was 97.3% (144/148) of lesions and (2) successful delivery of Lava and
intact retrieval of the microcatheter was achieved in all 141 (100%) evaluable lesions.

3. Subgroup Analyses

A subgroup analyses was conducted based on gender (Table 12.). Males accounted for
72 subjects and 95 lesions compared to 41 female subjects and 53 lesions. Clinical
Success at 30 Days was significant between the genders with greater clinical success
in the male population. Freedom from MAE at 30 Days was the same at 100% in both
populations. Other notable differences were all-cause mortality rate being higher in
females (M: 5.8%; 4, F: 12.5%; 5) and both Device and Procedure related SAEs being
higher in the female population (Device — M: 3.1%, F: 7.9%, Procedure — M: 17.4%,
F: 33.3%). All other characteristics were similar including Technical Success and
Successful Delivery of Lava. Univariate analyses were done between the male and
female subjects to evaluate any baseline differences that might explain the different
results by sex. There were no significant differences in the age, race, BMI of the
subjects, or etiology of the lesions. There were more males with hypertension, coronary
artery disease and history of atrial arrythmias. The only baseline differences found
were a higher frequency of non-GI visceral target lesions (35.8% vs. 28.4%) and upper
GI target lesions (20.8% vs. 6.3%) in females. Whether the lesion location was causally

23



associated with the sex differences remains undetermined.

Parameter

Male
(N=72 Subjects,
n=95 Lesions)

Female
(N=41 Subjects,
n=53 Lesions)

Primary Effectiveness Endpoint

Clinical Success at 30 Days

P-value*

Primary Safety Endpoint

Freedom from MAE at 30 Days

Secondary Effectiveness Endpoints

Technical Success

Successful Delivery of Lava and Intact Retrieval
of the Microcatheter

Secondary Safety Endpoints

Major Adverse Events Composite at 30 Days
Non-target Embolization

Ischemia or Infarction of the Target Territory
Allergic Reactions to Lava

Catheter Breakage

Catheter Entrapment

Symptomatic Ischemia in the Target Territory not
Requiring Intervention at 30 Days

All-cause Mortality at 30 Days

Bleeding-related Mortality at 30 Days

Open Surgical Conversion at 30 Days
Device-related Serious Adverse Events at 30
Days

Procedure-related Serious Adverse Events at 30
Days

Access Site Hematoma (>5cm in longest axis) at
30 Days

Access Site False Aneurysm at 30 Days

98.9% (89/90)
0.003

100% (65/65)

96.8% (92/95)
100% (92/92)

0.0% (0/65)
0.0% (0/65)
0.0% (0/65)
0.0% (0/65)
0.0% (0/65)
0.0% (0/65)

0.0% (0/65)

5.8% (4/69)
0.0% (0/65)
0.0% (0/65)

3.1% (2/65)
17.4% (12/69)

0.0% (0/65)
0.0% (0/65)

86.3% (44/51)

100% (36/36)

98.1% (52/53)
100% (49/49)

0.0% (0/36)
0.0% (0/36)
0.0% (0/36)
0.0% (0/36)
0.0% (0/36)
0.0% (0/36)

0.0% (0/36)

12.5% (5/40)
5.3% (2/38)
0.0% (0/36)

7.9% (3/38)
33.3% (13/39)

0.0% (0/36)
0.0% (0/36)

*Statistical hypothesis testing will be conducted to assess the similarity of the primary
effectiveness endpoint across each sub-group using a Fisher’s exact test and a

significance level of 0.15.

4. Pediatric Extrapolation

In this premarket application, existing clinical data was not leveraged to support approval

of a pediatric patient population.

E. Financial Disclosure

The Financial Disclosure by Clinical Investigators regulation (21 CFR 54) requires
applicants who submit a marketing application to include certain information concerning
the compensation to, and financial interests and arrangement of, any clinical investigator
conducting clinical studies covered by the regulation. The pivotal clinical study included
twenty (20) principal investigators of which none were full-time or part-time employees
of the sponsor and four (4) had disclosable financial interests/arrangements as defined in

21 CFR 54.2(a), (b), (c) and (f) and described below:
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XII.

e Compensation to the investigator for conducting the study where the value could
be influenced by the outcome of the study: Four (4)

e Significant payment of other sorts: None

e Proprietary interest in the product tested held by the investigator: None

e Significant equity interest held by investigator in sponsor of covered study: None

The applicant has adequately disclosed the financial interest/arrangements with clinical
investigators. Statistical analyses were conducted to determine whether the financial
interests/arrangements had any impact on the clinical study outcome. The information
provided does not raise any questions about the reliability of the data.

PANEL MEETING RECOMMENDATION AND FDA’S POST-PANEL ACTION

In accordance with the provisions of section 515(¢c)(3) of the act as amended by the Safe
Medical Devices Act of 1990, this PMA was not referred to the Circulatory System
Devices Panel, an FDA advisory committee, for review and recommendation because the
information in the PMA substantially duplicates information previously reviewed by this
panel.

CONCLUSIONS DRAWN FROM PRECLINICAL AND CLINICAL STUDIES

A. Effectiveness Conclusions

Effectiveness of the device was demonstrated in terms of clinical success, technical
success, and successful device delivery. The primary effectiveness endpoint of clinical
success at 30 Days, as defined as the absence of bleeding from a target lesion after
embolization with the Lava LES, without the need for emergency surgery, re-embolization,
or other target lesion reinterventions within 30 days of the index procedure, was achieved
in 94.3% (133/141) of lesions. Therefore, the primary effectiveness endpoint was met with
the lower limit of the one-sided 97.5% confidence interval bound of 89.1%, which was
greater than the 72% performance goal. Technical Success, defined as absence of
angiographic evidence of bleeding from target lesion at the conclusion of the index
procedure, was achieved in 97.3% (144/148) of lesions and successful delivery of Lava
and Intact Retrieval of the Microcatheter was 100% (141/141).

B. Safety Conclusions

The risks of the device are based on the results of the non-clinical and pre-clinical animal
study as wells as data collected in the clinical study conducted to support PMA approval
as described above. With respect to clinical evaluation, the primary safety endpoint of
freedom from MAE at 30 Days was achieved in all evaluable subjects (100%; 101/101).
Therefore, the primary safety endpoint was met with the lower limit of the one-sided 97.5%
confidence interval bound of 96.4%, which was greater than the 82% performance goal.
No subjects experienced an MAE through 30-day follow-up and there were also no cases
of symptomatic ischemia in the target territory not requiring intervention, access site
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hematomas nor access site false aneurysms through 30-days. There were 9 deaths resulting
in a 30-day all-cause mortality rate of 8.3% (9/109) and bleeding related mortality of 1.9%
(2/103). Two deaths were adjudicated as being related to the device and 8 of the 9 deaths
were adjudicated as procedure related. The deaths are not unexpected given the underlying
medical conditions and do not raise device safety concerns. There were no unanticipated
adverse device effects.

C. Benefit-Risk Determination

The probable benefits of the device are also based on data collected in a clinical study
conducted to support PMA approval as described above. Arterial hemorrhage is life-
threatening and requires emergency care to control. The data presented in this study of the
Lava LES demonstrates the device is of clinical benefit in arresting hemorrhage,
minimizing associated ischemic complications, and preventing the recurrence of bleeding
through 30 days.

The probable risks of the device are also based on data collected in the clinical study to
support PMA approval as described above. The use of the Lava LES did not present any
unknown risks that have not been previously described, including death and bleeding. The
other adverse events reported in the first 30 days of follow-up were not unexpected, neither
in rate nor occurrence.

1. Patient Perspective

This submission either did not include specific information on patient perspectives
or the information did not serve as part of the basis of the decision to approve or
deny the PMA for this device.

In conclusion, given the available information above, the data support that for embolization
of arterial hemorrhage in the peripheral vasculature, the probable benefits outweigh the
probable risks when used according to its labeling.

D. Overall Conclusions

The data in this application support the reasonable assurance of safety and effectiveness of
this device when used in accordance with the indications for use. The results from the
clinical study support the conclusion that the Lava LES is safe and effective for
embolization of arterial hemorrhage in the peripheral vasculature when used in accordance
with device labeling and the instructions for use (IFU).

CDRH DECISION

CDRH issued an approval order on April 4, 2023. The applicant’s manufacturing facilities
have been inspected and found to be in compliance with the device Quality System (QS)
regulation (21 CFR 820).
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XIV. APPROVAL SPECIFICATIONS

Directions for use: See device labeling.

Hazards to Health from Use of the Device: See Indications, Contraindications, Warnings,
Precautions, and Adverse Events in the device labeling.

Post-approval Requirements and Restrictions: See approval order.
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	SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED) 
	SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED) 
	I. 
	GENERAL INFORMATION 

	Device Generic Name:  Agent, Injectable, Embolic 
	Device Trade Name:  Lava™ Liquid Embolic System (Lava LES) 
	Device Procode: QVG 
	Applicant’s Name and Address:   BlackSwan Vascular, Inc. 709 Sandoval Way Hayward, CA 94544 
	Date(s) of Panel Recommendation: None 
	Premarket Approval Application (PMA) Number: P220020 
	Date of FDA Notice of Approval: April 4, 2023 
	II. 
	INDICATIONS FOR USE 

	The Lava LES is indicated for embolization of arterial hemorrhage in the peripheral vasculature. 
	III. 
	CONTRAINDICATIONS 

	Lava LES is not indicated for use in pregnant women, neonates or individuals with significant liver or kidney function impairment. Safety for these patient groups has not been evaluated. 
	IV. 
	WARNINGS AND PRECAUTIONS 

	The warnings and precautions can be found in the Lava LES labeling. 
	V. 
	DEVICE DESCRIPTION 

	The Lava Liquid Embolic System (Lava LES) consists of the Lava LES Kit and the Lava Mixing Kit. 
	The Lava liquid embolic (Lava) is an injectable, non-adhesive liquid embolic agent comprised of ethylene vinyl alcohol (EVOH) copolymer dissolved in dimethyl sulfoxide (DMSO) and suspended micronized tantalum powder to provide contrast for visualization under fluoroscopy. Lava liquid embolic agent (LES) is first mixed using the Lava Mixing Kit and then delivered to the target anatomy via a DMSO compatible microcatheter, as 
	identified in the instructions for use. Upon exposure to blood at the targeted location, Lava precipitates into a spongy, coherent mass or cast.  
	The Lava LES Kit comprises a sterile, sealed, serum vial containing the Lava liquid embolic agent (Lava), a sterile, sealed, serum vial containing DMSO, and a sterile, sealed pouch containing DMSO compatible syringes. 
	The Lava Mixing Kit comprises a sterile, sealed pouch containing a mixing manifold and two sterile, sealed pouches, each containing a single DMSO compatible mixing syringe. 
	The Lava LES Kit is available in two product formulations, Lava-18 (nominal viscosity of 20 centistokes), and Lava-34 (nominal viscosity of 33 centistokes). Due to its lower viscosity, Lava-18 will travel more distally and penetrate deeper into the vasculature compared to the Lava-34. Each product formulation of the Lava LES Kit is available in two volumes, 2mL and 6mL. 
	Lava LES is available in four product configurations (representing various permutations of viscosity and volume). The Lava Mixing Kit is available in two product configurations with the Lava Mixing Kit – 2 mL designed for use with the 2 mL Lava LES Kit configurations and the Lava Mixing Kit – 6 mL designed for use with the 6 mL Lava LES Kit configurations. 
	The details of each of the Lava LES Kit product configurations and the Lava Mixing Kit, and their associated Stock Keeping Units (SKUs), are provided in Table 1 and Table 2 and Figure 1 and Figure 2 below. 
	Table 1. Summary of Lava LES Kit Configurations 
	Lava LES Product Configurations(SKU) 
	Lava LES Product Configurations(SKU) 
	Lava LES Product Configurations(SKU) 
	Components 
	Quantity, Size 

	Lava-18, 2 mL (FG-00559-02) 
	Lava-18, 2 mL (FG-00559-02) 
	Lava vial 
	1 each, 2 mL 

	DMSO vial 
	DMSO vial 
	1 each, 2 mL 

	DMSO syringe 
	DMSO syringe 
	1 each, 1 mL 

	Delivery syringe 
	Delivery syringe 
	2 each, 1 mL 

	Lava-18, 6 mL (FG-00559-03) 
	Lava-18, 6 mL (FG-00559-03) 
	Lava vial 
	1 each, 6 mL 

	DMSO vial 
	DMSO vial 
	1 each, 2 mL 

	DMSO syringe 
	DMSO syringe 
	1 each, 1 mL 

	Delivery syringe 
	Delivery syringe 
	6 each, 1 mL 

	Lava-34, 2 mL (FG-00559-04) 
	Lava-34, 2 mL (FG-00559-04) 
	Lava vial 
	1 each, 2 mL 

	DMSO vial 
	DMSO vial 
	1 each, 2 mL 

	DMSO syringe 
	DMSO syringe 
	1 each, 1 mL 

	Delivery syringe 
	Delivery syringe 
	2 each, 1 mL 

	Lava-34, 6 mL (FG-00559-05) 
	Lava-34, 6 mL (FG-00559-05) 
	Lava vial 
	1 each, 6 mL 

	DMSO vial 
	DMSO vial 
	1 each, 2 mL 

	DMSO syringe 
	DMSO syringe 
	1 each, 1 mL 

	Delivery syringe 
	Delivery syringe 
	6 each, 1 mL 


	Table 2. Summary of Lava Mixing Kit Configurations 
	Lava Mixing Kit Product Configurations (SKU) 
	Lava Mixing Kit Product Configurations (SKU) 
	Lava Mixing Kit Product Configurations (SKU) 
	Components 
	Quantity, Size 

	Lava Mixing Kit – 2 mL (FG-00563-02) Used with 2 mL Lava LES Kit configurations 
	Lava Mixing Kit – 2 mL (FG-00563-02) Used with 2 mL Lava LES Kit configurations 
	DMSO compatible mixing syringes 
	2 each, 3 mL 

	Mixing manifold 
	Mixing manifold 
	1 each 

	Lava Mixing Kit – 6 mL (FG-00563-01) Used with 6 mL Lava LES Kit configurations 
	Lava Mixing Kit – 6 mL (FG-00563-01) Used with 6 mL Lava LES Kit configurations 
	DMSO compatible mixing syringes 
	2 each, 6 mL 

	Mixing manifold 
	Mixing manifold 
	1 each 


	Figure
	Figure 1. Lava™ LES – 6 mL Kit and Lava Mixing Kit – 6 mL 
	Figure
	Figure 2. Lava™ LES – 2 mL Kit and Lava Mixing Kit – 2 mL 
	VI. 
	ALTERNATIVE PRACTICES AND PROCEDURES 

	There are several other alternatives for the embolization of arterial hemorrhage in the peripheral vasculature. These include gelatin-based cubes, tris-acryl gelatin microspheres, and microcoil devices. Each alternative has its own advantages and disadvantages. A patient should fully discuss these alternatives with his/her physician to select the method that best meets expectations and lifestyle. 
	VII. 
	MARKETING HISTORY 

	The Lava LES has not been marketed in the United States or any foreign country. 
	VIII. 
	POTENTIAL ADVERSE EFFECTS OF THE DEVICE ON HEALTH 

	Potential adverse effects (e.g., complications) associated with the use of the device include: 
	 
	Non-target embolization 
	 
	Ischemia or infarction of the target territory 
	 
	Allergic reactions to device components 
	 
	Catheter breakage 
	 
	Catheter entrapment 
	 
	Inadvertent embolization of a non-target vessel or territory 
	 
	Embolization of device components 
	 
	Access site hematoma or ecchymosis   
	 
	Access site false aneurysm 
	 
	Pain at access site 
	 
	Arterial dissection 
	 
	Mural thrombus formation 
	 
	Vessel perforation 
	 
	Hemorrhage  Recanalization  Vessel perforation  Arteriovenous fistula  Distal atheroembolism  Infection  Sepsis  Serous drainage  Lymphorrhea  Leg edema  Leg pain  Back pain 
	For the specific adverse events that occurred in the clinical study, please see Section X below. 
	IX. 
	SUMMARY OF NONCLINICAL STUDIES 

	Physico-chemical, engineering, biocompatibility, animal studies, and sterilization testing were conducted on the Lava LES, as described below. 
	A. Physico-Chemical and Bench Testing 
	The tests described below in Table 3 assessed the characterization and performance of Lava LES at baseline and the shelf life of 1 year. 
	Table 3. Physico-Chemical and Bench Testing 
	Study 
	Study 
	Study 
	Test method 
	Acceptance criteria 
	Results and Conclusions 

	Viscosity 
	Viscosity 
	ASTM D445 
	Lava-18 shall have a nominal viscosity of 20 centistoke. Lava-34 shall have a nominal viscosity of 33 centistoke 
	The viscosity of Lava-18 and Lava-34 met the acceptance criteria. 

	Solidification Time 
	Solidification Time 
	No directly applicable Standard test method. Lava was precipitated in saline. At controlled intervals, the samples were monitored for evidence of DMSO elution. A sample was considered solidified when no DMSO could be observed eluting away from the sample. 
	The time of the onset of solidification of  after exposure of the embolic to saline. The time for complete solidification of the  exposure of the embolic to saline 
	The solidification time of Lava-18 and Lava-34 met the acceptance criteria. 

	Swelling 
	Swelling 
	No directly applicable Standard test method. Lava was precipitated in saline. The diameter and length of the samples were measured at controlled intervals out to 7 days. 
	The Lava samples shall not swell or shrink substantially over the course of the testing. 
	The swelling of Lava-18 and Lava-34 met the acceptance criteria. 

	DMSO Stability 
	DMSO Stability 
	GC-MS analysis for impurities 
	The results shall not show trends that would be expected to negatively impact Lava performance 
	The DMSO stability of Lava-18 and Lava-34 met the acceptance criteria. 

	Tantalum Suspension / Duration of Suspension 
	Tantalum Suspension / Duration of Suspension 
	No directly applicable Standard test method. Samples of Lava prepared per the instructions for use (IFU) were fluoroscopically examined against a marketed liquid embolic comparator 
	The homogeneity and duration of suspension of the Lava-18 and Lava-34 suspensions must be comparable to that of a marketed liquid embolic when prepared using the Lava Mixing Kit or when prepared using a minimum of 20 minutes of vortex agitation. 
	The tantalum suspension and duration of suspension of Lava-18 and Lava-34 met the acceptance criteria. 
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	Study 
	Study 
	Study 
	Test method 
	Acceptance criteria 
	Results and Conclusions 

	Particulate Generation 
	Particulate Generation 
	No directly applicable Standard test method. Testing was conducted in alignment with Section IV.B.12 of the FDA guidance, “Non-Clinical Engineering Tests and Recommended Labeling for Intravascular Stents and Associated Delivery Systems,” and Section 13 of “Certain Percutaneous Transluminal Coronary Angioplasty (PTCA) Catheters - Class II Special Controls Guidance for Industry and FDA.” 
	The characteristics of particulate material (e.g., particle size distribution, morphology) of particulate generated during the deployment of Lava liquid embolic must be comparable to the characteristics of particulate generated by a marketed liquid embolic when prepared per their respective IFUs. 
	The particulate generation characteristics of Lava-18 and Lava-34 met the acceptance criteria. 

	Precipitate Morphology 
	Precipitate Morphology 
	Lava was deployed in a simulated use model and cross sections of the precipitated (i.e. solidified) samples were visually evaluated for appearance, color, and occlusion of the test vessel. 
	Characterization test – no acceptance criteria 
	All Lava-18 and Lava-34 samples display a uniformly distributed black color on cross section, and fully occluded the test segment. The precipitated liquid embolic appeared as a single coherent mass across all samples. 

	Infusion Pressure 
	Infusion Pressure 
	Lava was infused into DMSO compatible microcatheters at a rate of 0.3 mL/minute. Peak pressure was recorded during each infusion 
	The peak pressure must be below the listed burst pressure of the DMSO compatible microcatheters 
	The infusion pressure of the Lava LES when injected through DMSO compatible microcatheters met the acceptance criteria. 

	Material Adhesion 
	Material Adhesion 
	No directly applicable Standard test method. The force required to extract various DMSO compatible microcatheters from a solidified Lava mass was measured. 
	The tensile force required to retract a microcatheter embedded in a fully solidified liquid embolic cast must be less than the minimum peak tensile force for catheters in ISO 10555-1 
	Both Lava-18 and Lava-34 met the acceptance criteria. 

	Simulated Use 
	Simulated Use 
	Lava was deployed through DMSO compatible microcatheters into a simulated small diameter vessel under physiologically relevant conditions of temperature, pressure, flow, and pH.  
	Characterization test – no acceptance criteria 
	Both the Lava-18 and the Lava-34 successfully occluded the target location in a simulated vessel flow model and demonstrated that the precipitated embolic mass does not migrate after solidification. 

	Tensile Testing 
	Tensile Testing 
	No directly applicable Standard test method. Lava was precipitated in saline. The tensile strength of the samples were measured at controlled intervals out to 7 seven days. 
	Characterization test – no acceptance criteria 
	No statistically significant difference observed between tensile strength of the Lava-18 or Lava34 liquid embolic precipitate samples from Day 0 and Day 7. 
	-



	7 
	Study 
	Study 
	Study 
	Test method 
	Acceptance criteria 
	Results and Conclusions 

	Lava LES / Embolization Coil Compatibility Evaluation 
	Lava LES / Embolization Coil Compatibility Evaluation 
	Metal coils enlaced with synthetic fiber were incubated with DMSO to determine if the solvent could leach any chemical from the coils. The same fibered coils were used to conduct a simulated vessel occlusion in a flow model under physiologically relevant conditions of temperature, pressure, flow, and pH.  
	Characterization test – no acceptance criteria 
	HPLC evaluation revealed no substantial differences between neat DMSO and DMSO exposed to the fibered coils. Simulated use testing demonstrated no unexpected interactions between the representative embolic coil and Lava LES. Furthermore, there were no observations of migration of any coils and/or any combined coil/embolic mass samples. 

	Joint Tensile Strength (Mixing Manifold) 
	Joint Tensile Strength (Mixing Manifold) 
	Testing was conducted in alignment with ISO 10555-1 
	The mixing manifold must withstand the tensile loads it is subjected to during use 
	The joint tensile strength performance of the Lava mixing manifold met the acceptance criteria. 

	Leak Pressure (Mixing Manifold) 
	Leak Pressure (Mixing Manifold) 
	Testing was conducted in alignment with ISO 10555-1 
	The mixing manifold must withstand the internal pressures it is subjected to during use 
	The liquid leak performance of the Lava mixing manifold met the acceptance criteria. 

	Shelf Life  
	Shelf Life  
	The Lava LES products were evaluated per the testing listed above after real time aging for one year.  
	See the collective acceptance criteria used for baseline testing listed above 
	The results of product functionality and packaging validation testing support a 1-year shelf life for the Lava LES. 
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	B. Biocompatibility Testing 
	Lava LES is a permanent (>30 days) blood-contact (circulating blood) implant device. The following tests and assessments were conducted in support of the biocompatibility of Lava LES: 
	 Bench and small animal biocompatibility testing per ISO 10993-1  Systemic toxicity, implantation, and thrombogenicity assessments conducted in a chronic GLP swine model  Chemical characterization and toxicological risk assessments  
	Biocompatibility testing per ISO 10993-1 is summarized in Table 4. The following tests were evaluated with a marketed control: complement activation (ISO-10993-4) and cytotoxicity (ISO-10993-5). 
	Table 4. Biocompatibility Evaluation 
	Description 
	Description 
	Description 
	Test Result 

	Cytotoxicity (ISO-10993-5) MEM Elution, 72-hour extract @ 37°C. Serial dilutions of the neat liquid embolic solution were conducted with a marketed embolic agent as a comparator. See discussion below. 
	Cytotoxicity (ISO-10993-5) MEM Elution, 72-hour extract @ 37°C. Serial dilutions of the neat liquid embolic solution were conducted with a marketed embolic agent as a comparator. See discussion below. 
	Lava LES 
	Comparator 

	Dilution Ranking Neat 4/4/4 1:2 3/3/3 1:4 2/2/2 1:8 0/0/0 
	Dilution Ranking Neat 4/4/4 1:2 3/3/3 1:4 2/2/2 1:8 0/0/0 
	Dilution Ranking Neat 4/4/4 1:2 3/3/3 1:4 1/1/1 1:8 0/0/0 

	Cytotoxicity (ISO-10993-5) MEM elution, 72-hour extract @ 37°C. Serial dilutions of a precipitated cast of the liquid embolic. See discussion below. 
	Cytotoxicity (ISO-10993-5) MEM elution, 72-hour extract @ 37°C. Serial dilutions of a precipitated cast of the liquid embolic. See discussion below. 
	Dilution Ranking Neat 0/0/0 1:2 0/0/0 1:4 0/0/0 1:8 0/0/0 

	Hemolysis (ASTM F756) ASTM Hemolysis (Direct Contact and Extract Methods), neat liquid embolic. See discussion below. 
	Hemolysis (ASTM F756) ASTM Hemolysis (Direct Contact and Extract Methods), neat liquid embolic. See discussion below. 
	Direct contact:    Hemolytic Extract: Non-hemolytic 

	Hemolysis (ASTM F756) ASTM Hemolysis (Direct Contact Methods), precipitated cast of the liquid embolic. See discussion below. 
	Hemolysis (ASTM F756) ASTM Hemolysis (Direct Contact Methods), precipitated cast of the liquid embolic. See discussion below. 
	Direct contact:    Non-hemolytic 

	Complement Activation (ISO-10993-4) Complement Activation (SC5b-9 only) of the neat liquid embolic solution with a marketed agent as a comparator. 
	Complement Activation (ISO-10993-4) Complement Activation (SC5b-9 only) of the neat liquid embolic solution with a marketed agent as a comparator. 
	 The test article and comparator induced more activation than the negative control.  The test article and comparator induced less activation than the positive control.  The test article induced more activation than  the comparator. 

	Sensitization (ISO-10993-10) Guinea pig maximization   sensitization test, extracts of neat liquid embolic in normal saline and sesame oil 
	Sensitization (ISO-10993-10) Guinea pig maximization   sensitization test, extracts of neat liquid embolic in normal saline and sesame oil 
	The normal saline extract and sesame oil extract of the test articles did not elicit a sensitization response. 

	Irritation (ISO-10993-10) Intracutaneous irritation test, extracts of neat liquid embolic in normal saline and sesame oil. 
	Irritation (ISO-10993-10) Intracutaneous irritation test, extracts of neat liquid embolic in normal saline and sesame oil. 
	The test article has met the requirements of the ISO intracutaneous reactivity test 

	Pyrogenicity (ISO-10993-11) Materials mediated rabbit  pyrogen, extracts of neat liquid embolic in normal saline 
	Pyrogenicity (ISO-10993-11) Materials mediated rabbit  pyrogen, extracts of neat liquid embolic in normal saline 
	The test article is non-pyrogenic 
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	Cytotoxicity. Cytotoxicity testing showed that the Lava LES is more cytotoxic than the marketed comparator device at a 1:4 dilution after 72 hours of exposure to cells. However, testing of the precipitated Lava LES, showed no evidence of cytotoxicity with a cytotoxicity grade of 0 after 72 hours of exposure to cells. 
	Hemolysis. Both direct and indirect in vitro hemolysis tests were conducted per ASTM F756. Direct hemolysis testing showed that the Lava LES is hemolytic. Some hemolysis may be expected due to the presence of DMSO, which has been shown to induce hemolytic effects (X Yi et al, FEBS open bio 7(4): 485-495. 2017). However, indirect hemolysis testing showed that the Lava LES is non-hemolytic, and no significant concerns for hemocompatibility were noted in the chronic GLP animal studies. Finally, additional dire
	Complement activation. While SC5b-9 complement protein concentration was greater in the Lava LES than in the negative material control and comparator device control, it was much lower than in the positive control. In addition, no anaphylactic events were observed in the LAVA clinical study. These findings suggest that the clinical risk of the Lava LES acting as a major activator of the complement system and leading to anaphylactic events is low. 
	Systemic toxicity, implantation, and thrombogenicity observations that were included in the chronic swine (large animal) studies of the Lava LES following good laboratory practice (GLP). Lava LES implantation in relevant anatomical environments provided the following findings: 
	1. 
	1. 
	1. 
	Systemic toxicity was not observed in the examined organs or tissue lesions observed during necropsy (heart, kidneys, liver, lungs, brain, spleen, downstream distal tibial and gastrocnemius muscles or coronary bands). No adverse effects or clinical signs pointing to systemic toxicity were elicited for the treatments with Lava-18 and Lava-34 in this swine model at 3, 28, 90, and 180 days. 

	2. 
	2. 
	2. 
	After implantation of Lava LES, histological changes seen in the embolized target arteries and surrounding tissues were expected changes secondary to artery embolization with chronic occlusion of the target arteries, minimal to mild inflammation, and tissue remodeling at 3, 28, and 90 days. At 180 days, chronic thrombus resulting from target vessel embolization consisted of Lava LES embolic material surrounded by generally minimal-to-moderate granulomatous (foreign body reaction) inflammation and fibroplasi

	Lava LES embolic material did not appear to affect typical intravascular healing/remodeling responses expected at 180 days). The mature appearance of the microscopic findings (mature tissue morphologic features and modest to negligible inflammation and absence of acute inflammatory features) reflected a stabilized/quiescent tissue response at this late time point. 

	3. 
	3. 
	No evidence of thrombogenicity (as assessed by lack of observed non-target embolization) for all Lava-18 and Lava-34 cases during post-embolization angiography. Histopathological evidence of thromboembolism or thromboembolic events was not seen in the brain, heart, kidneys, lungs, spleen, downstream distal tibial and gastrocnemius muscles or coronary bands.   


	Exhaustive chemical extraction of the Lava LES per ISO10993-18:2020 and a toxicological risk assessment per ISO10993-17:2002 were conducted. The toxicological risk assessment concluded that the current risk assessment supports that there is negligible genotoxicity risk, and thus negligible carcinogenicity risk. Moreover, all MOS values for identified polar and non-polar extractables were determined to be acceptable, so there is also no concern for systemic toxicity. 
	C. Animal Studies 
	Two GLP chronic studies were conducted in support of the safety and effectiveness of the Lava LES. The first study was a GLP study of the performance, efficacy, chronic safety, thrombogenicity and systemic toxicity of the Lava LES in the vascular anatomy of a swine model at 3 days, 28 days, and 90 days.  The second study was a GLP study of the performance, efficacy, chronic safety, thrombogenicity and systemic toxicity of the Lava™ LES in the vascular anatomy of a Swine Model at 180 days. The studies utiliz
	Overall, Lava-18 and Lava-34 are well tolerated in all vascular beds. The time course of radiographic, clinical, clinical-pathologic, and pathologic findings mirrored the knowledge about other similar products. Consistent with the clinical and non-clinical findings of liquid embolic polymers, the administration of Lava-18 or Lava-34 in the rete mirabile and peripheral vessels of animal subjects is associated with a pathophysiologic response characterized by non-serious transient acute mild/moderate regional
	Specifically, the terminal angiographic findings demonstrated acceptable clinical outcomes for vascular embolization. Macroscopic findings of perivascular bruising early in the time course in peripheral vessels of the lower limb is consistent with the mechanism of action of necrosing embolized vessels. Microscopic findings at later timepoints indicate acceptable regional and downstream tolerability. Inflammatory scoring at all time points was non-reactive low.  Rare instances of microscopic embolized partic
	Specifically, the terminal angiographic findings demonstrated acceptable clinical outcomes for vascular embolization. Macroscopic findings of perivascular bruising early in the time course in peripheral vessels of the lower limb is consistent with the mechanism of action of necrosing embolized vessels. Microscopic findings at later timepoints indicate acceptable regional and downstream tolerability. Inflammatory scoring at all time points was non-reactive low.  Rare instances of microscopic embolized partic
	findings indicating normal early necrosis and healing of the embolized vessels and were not associated with granulomatous or other adverse microscopic, clinical, or angiographic findings. 

	The cumulative Lava LES GLP Chronic animal study outcomes demonstrated the progression of vascular healing. At 180 days in this study, the mature appearance of the microscopic findings (mature tissue morphologic features and modest to negligible inflammation and absence of acute inflammatory features) reflected a stabilized/ quiescent tissue response to both Lava-18 and Lava-34 and are supportive of chronic safety of both formulations of the device. 
	D. Sterilization 
	All components of the Lava LES product are sterilized using conventional terminal sterilization processes at approved contract sterilization facilities as follows: Dry Heat process (for liquid embolic and DMSO serum vials), Ethylene Oxide process (for pouched syringe trays), or Electron Beam irradiation process (for Lava mixing manifolds), each of which has been validated per applicable Standards to achieve a Probability of a Non-Sterile Unit (PNSU) or Sterility Assurance Level (SAL) of 10 or better. 
	-6

	X. 
	SUMMARY OF PRIMARY CLINICAL STUDY 

	The applicant performed a clinical study to establish a reasonable assurance of safety and effectiveness of the Lava LES for embolization of arterial hemorrhage in the peripheral vasculature in the US under IDE #G190291. Data from this clinical study were the basis for the PMA approval decision. A summary of the clinical study is presented below. 
	A. Study Design 
	The first subject was treated on April 14, 2021, and the database for this PMA reflected data collected through the last patient visit on August 17, 2022.  The study included 113 patients at 19 investigational sites. 
	The iquid Embolization of rterial Hemorrhages in the Peripheral sculature Study or LAVA Study was a multicenter, prospective, single-arm trial of the Lava LES in patients with peripheral arterial bleeding in need of treatment. Subjects were followed for 30 days post procedure. 
	L
	A
	Va

	The objective of this study was to evaluate the safety and effectiveness of Lava LES embolotherapy for the treatment of hemorrhage from peripheral arteries. 
	Safety was evaluated by assessing freedom from 30-day Major Adverse Events (MAE), a composite endpoint that includes those complications that occur at the site of catheter insertion, along the pathway for access to the target arteries, and at the site of administration in the target territory or those non-target arterial beds where embolic agent was inadvertently administered. The MAE rate is compared to the rates reported in the literature after treatment with other modalities currently used to treat perip
	The study was powered for the primary effectiveness endpoint of Clinical Success, as defined by assessing the absence of bleeding in the treated target lesion after embolization with the Lava LES, without the need for reintervention through 30 days after the index procedure. Based upon a one sided 97.5% exact binominal test using a significance level of 0.025, the literature-derived performance goal of 72%, and an anticipated observed success rate of 84%, the required sample size to achieve a level of 80% p
	A core laboratory was used for independent central assessment of angiographic endpoints. The study also utilized a Data Safety Monitoring Board (DSMB) and an independent Clinical Events Committee (CEC) for adjudication of clinical events and clinical endpoints in the study. 
	1. 
	Clinical Inclusion and Exclusion Criteria 

	Enrollment in the LAVA Study was limited to patients who met the following inclusion criteria. 
	   Active arterial bleeding in the peripheral vasculature, documented on a suitable 
	 
	 Subject or subject’s legally authorized representative is able and authorized to provide written informed consent for the procedure and   Subject is willing and able to comply with the specified follow-up evaluation 
	    No prior embolization in the target territory. 
	Patients were permitted to enroll in the LAVA Study if they met any of the following exclusion criteria: 
	not

	 Pregnancy or breast feeding. A woman who, in the Investigator’s opinion, is of child-bearing potential must have a negative pregnancy test within 7 days 
	  Coexisting signs of peritonitis or other acti  Participation in an investigational study of a new drug, biologic or device that 
	        international normalizatio 
	 
	Contraindication to angiography or catheterization, including untreatable 
	 
	 
	Anatomic arterial unsuitability such that, in the Investigator’s opinion, the delivery catheter cannot gain access to the selected position for safe and 
	 
	 
	Known allergy or other contraindication to any components of Lava LES 
	  
	 
	More than 4 Target Lesions will require embolization, in the Investigator’s opinion after performance of diagnostic angiography or another suitable imaging study. 
	2. 
	Follow-up Schedule 

	All enrolled subjects were evaluated at hospital discharge and followed to 30 days after the index procedure. A schedule of assessments is provided in Table 5 below: 
	Table 5. Schedule of Assessments 
	Assessment 
	Assessment 
	Assessment 
	Screening/ Baseline 
	Index Procedure 
	Hospital Discharge 
	30 days ± 7 days* 
	Unscheduled Visits 

	Informed consent 
	Informed consent 
	<24 hours before the IP 

	Medical history 
	Medical history 
	<24 hours before the IP 

	Verification eligibility criteria 
	Verification eligibility criteria 
	<24 hours before the IP 
	X 

	Pregnancy testing 
	Pregnancy testing 
	<7 days before the IP 

	Physical Examination† 
	Physical Examination† 
	<24 hours before the IP 
	X 
	X 
	X 

	Diagnostic Angiography 
	Diagnostic Angiography 
	X 
	X‡ 
	X‡ 

	Embolic Therapy with Lava LES 
	Embolic Therapy with Lava LES 
	X 

	Adverse event assessment 
	Adverse event assessment 
	X 
	X 
	X 
	X 

	Concomitant medications 
	Concomitant medications 
	X 
	X 
	X 
	X 

	Laboratory testing§ 
	Laboratory testing§ 
	<24 hours before the IP
	 X 
	X 

	IP- Index procedure * This assessment could have been performed via telephone with a member of the investigational site’s research staff or with an in-person visit with the Investigator. † Physical examination included vital signs and an examination of the target territory (as appropriate, e.g. the subject’s limb) pre-procedure. Physical examination also included an examination of the access site and target territory at the conclusion of the index procedure and at in-person scheduled or unscheduled follow-u
	IP- Index procedure * This assessment could have been performed via telephone with a member of the investigational site’s research staff or with an in-person visit with the Investigator. † Physical examination included vital signs and an examination of the target territory (as appropriate, e.g. the subject’s limb) pre-procedure. Physical examination also included an examination of the access site and target territory at the conclusion of the index procedure and at in-person scheduled or unscheduled follow-u


	3. 
	Clinical Endpoints 

	With regards to safety, the primary safety endpoint was freedom from 30-day Major Adverse Events (MAEs) after enrollment, which include the following events as 
	With regards to safety, the primary safety endpoint was freedom from 30-day Major Adverse Events (MAEs) after enrollment, which include the following events as 
	adjudicated by an independent CEC: 

	1. 
	1. 
	1. 
	Ischemia or infarction of the target territory. 

	2. 
	2. 
	Non-target embolization: The target territory or territories were specified by the -target territory was defined as unintentional administration of Lava to a vascular bed outside of a target territory. 

	3. 
	3. 
	Allergic reactions to Lava. 

	4. 
	4. 
	Catheter breakage: refers to defects in the luminal continuity of the microcatheter used to deliver Lava, but not to other catheters that may be used in other aspects of the procedure separate from the administration of Lava. Catheter kinks without defects in luminal continuity did not trigger the endpoint. 

	5. 
	5. 
	Catheter entrapment defined as the inability to withdraw the catheter refers to the catheter with which Lava is administered and is defined by the need for endovascular or open surgical procedures to remove the catheter or portions thereof. Retained portions of the catheter trigger the endpoint, irrespective of whether additional endovascular or open surgical procedures were performed. 


	With regards to effectiveness, the primary effectiveness endpoint was clinical success and is defined as absence of bleeding from a target lesion after embolization with the Lava LES, without the need for emergency surgery, re-embolization, or other target lesion reinterventions within 30 days of the index procedure. Absence of bleeding is defined as no BARC (Bleeding Academic Research Consortium) Type 3 or greater bleeding occurring after the index procedure, either persistent or recurrent. The ascertainme
	Regarding the study success/failure criteria, the study was considered a success if both the primary effectiveness and primary safety hypotheses were met. 
	B. Accountability of PMA Cohort 
	In total, 113 subjects were enrolled (successful arterial access established to the Target Lesion) at 19 sites. Table 6 presents subject follow-up compliance. A total of 103 subjects were eligible at the 30-day follow-up visit and 10 were not eligible due to 9 who died prior to the 30-day visit and 1 who withdrew consent on post-procedure day 32.  
	Table 6. Subject Follow-up Compliance 
	Lava LES 
	Lava LES 
	Lava LES 

	Subject Compliance Characteristics 
	Subject Compliance Characteristics 
	(N=113 Subjects) 

	Subjects at 30-Days 
	Subjects at 30-Days 

	Eligible Subjectsa 
	Eligible Subjectsa 
	103 

	Not Eligible Subjects 
	Not Eligible Subjects 
	10 

	Reason not Eligible 
	Reason not Eligible 

	Not Past Due 
	Not Past Due 
	0 

	Withdrew Consent 
	Withdrew Consent 
	1 


	Lava LES Subject Compliance Characteristics (N=113 Subjects) 
	Investigator Withdrew Subject 0 Lost to Follow-up 0 Death 9 Other 0 
	Follow-up Not Done in Eligible Subjects 0 Follow-up visit within window86 Follow-up visit out of window17 Follow-up Compliance (%)84 
	b 
	b 
	c 

	 Eligible subjects are all subjects who are enrolled by snapshot date and either complete the study, have a follow-up visit form or are past due for their follow-up (beyond upper limit of window on study and did not exit the study before the upper limit of the window) Within window visits are defined as: 30 days ± 7 days;  Percentage based on number of subjects who had follow-up visit within window divided by total number of eligible subjects Site reported data. 
	a
	b 
	c

	All 113 patients were considered as part of the Intention-to-Treat (ITT) and Completed Cases (CC) Populations. The ITT population includes all consented subjects in whom the Lava LES study device entered the vasculature, irrespective of adherence with the entry criteria, treatment received, subsequent withdrawal, or deviation from the Protocol. The CC population includes all ITT subjects who completed 30-day follow-up. The CC population also includes ITT subjects who experienced failure of the primary effec
	C. Study Population Demographics and Baseline Parameters 
	The demographics of the study population are typical for an embolization study for peripheral bleeding performed in the US. Table 7 presents baseline demographics and 
	 
	with a mean age of 57.4 years (range 18-93), average BMI of 28.9 ± 6.88 kg/m and had 
	2

	             
	surgery at the target lesion. 
	Table 7. Baseline Demographic and Medical History 
	Lava LES
	Lava LES
	Subject Characteristics 
	(N=113 Subjects) 

	Age (years) 
	N 113 
	Mean ± SD 57.4 ± 18.00 Sex 
	Female 36.3% (41/113) 
	Male 63.7% (72/113) Ethnicity Hispanic or Latino 19.2% (20/104) Race 
	Asian 9.3% (10/108) 
	Lava LES
	Lava LES
	Subject Characteristics 
	(N=113 Subjects) 

	Black or African-American 14.8% (16/108) Native Hawaiian or other Pacific Islander 0.9% (1/108) White 58.3% (63/108) Other 16.7% (18/108) 
	BMI (kg/m) N 113 Mean ± SD 28.9 ± 6.88 
	2

	History of Diabetes 24.8% (28/113) Prior Myocardial Infarction 7.1% (8/113) Cardiac Valve Disorder 8.0% (9/113) Hypertension 58.4% (66/113) Coronary Artery Disease 18.6% (21/113) Congestive Heart Failure 12.4% (14/113) Chronic Obstructive Pulmonary Disease 8.0% (9/113) Atrial Arrythmia 15.9% (18/113) Ventricular Arrythmia 2.7% (3/113) Collagen Vascular Disease 0.9% (1/113) Aortic Aneurysm 1.8% (2/113) Hyperlipidemia 31.9% (36/113) Deep Venous Thrombosis 8.0% (9/113) Pulmonary Embolism 6.2% (7/113) Neurologi
	Numbers are % (counts/sample size) unless 
	otherwise stated. 
	Table 8 summarizes baseline clinical characteristics. The most frequently encountered bleeding territories in the 113 subjects were gastrointestinal in 21 subjects (18.6%) and visceral (non-intestinal) in 41 subjects (36.3%). Among the subjects with visceral bleeding,    The two most common etiologies were traumatic, non-   25.7%). 
	Table 8. Baseline Clinical Characteristics 
	Lava LES
	Lava LES
	Subject Bleed Characteristics 
	(N=113 Subjects) 

	Target Bleed Territory Upper GI 9.7% (11/113) Lower GI 8.8% (10/113) Non-GI Visceral 36.3% (41/113) Extremity 7.1% (8/113) Pulmonary 0.0% (0/113) Other 38.1% (43/113) 
	Upper GI Subset (N=11) 
	Lava LES
	Lava LES
	Subject Bleed Characteristics 
	(N=113 Subjects) 

	Esophageal 0.0% (0/11) Gastric 54.5% (6/11) Duodenal 45.5% (5/11) 
	Lower GI Subset (N=10) Small Intestine 30.0% (3/10) Colon 70.0% (7/10) Rectal 0.0% (0/10) 
	Non-GI Subset (N=41) Splenic 34.1% (14/41) Hepatic 29.3% (12/41) Adrenal 2.4% (1/41) Pancreas 7.3% (3/41) Prostate 0.0% (0/41) Bladder 0.0% (0/41) Uterus 2.4% (1/41) Other 24.4% (10/41) 
	Extremity Territory Right Arm 0.0% (0/8) Left Arm 12.5% (1/8) Right Leg 12.5% (1/8) Left Leg 75.0% (6/8) 
	Etiology of Bleeding Traumatic, non-iatrogenic 28.3% (32/113) Iatrogenic 25.7% (29/113) Ulcer 4.4% (5/113) Benign Neoplasm 0.9% (1/113) Malignant Neoplasm 4.4% (5/113) Mallory Weiss Tear 0.0% (0/113) Congenital Vascular Lesion 0.0% (0/113) Unknown 5.3% (6/113) Other 31.0% (35/113) 
	Currently Taking Antiplatelet Agents 9.4% (9/96) Currently Taking Anticoagulant Agents 8.9% (8/90) 
	Numbers are % (counts/sample size) unless 
	otherwise stated. 
	D. Safety and Effectiveness Results 
	1. 
	Safety Results 

	The analysis of the primary safety endpoint was based on the 101 subjects available for the 30-day follow-up period. Of the 113 subjects, 12 subjects exited the study prior to the 30-day follow-up window (23 days post-procedure) and did not have a reported event prior to exit (8 subjects died and 4 exited early), leaving 101 evaluable subjects. All evaluable     dom from MAE at 30 Days. The primary safety endpoint was met with the lower limit of the one-sided 97.5% confidence interval being 96.4%, which was
	 
	No subjects presented with symptomatic ischemia in the target territory that did 
	not require intervention. 
	 
	All-cause mortality rate was 8.3% (9/109) through the 30-day follow-up timepoint. The denominator for the all-cause mortality rate excluded 4 subjects that exited the study before the 30-day follow-up visit without death. Of the 9 deaths, 8 were CEC adjudicated as being related to the procedure since they occurred within 30 days of the index procedure (cardiac arrest, end stage liver disease, septic shock (2), complications following nephrectomy, respiratory failure, pancytopenia, metastatic renal cancer). 
	 Bleeding-related mortality that was attributable to the target territory was 1.9% (2/103). 
	 No subjec  
	recurrent bleeding. 
	 Device-related Serious Adverse Events occurred in 4.9% (5/103) of subjects 
	 Procedure-related Serious Adverse Event occurred in 23.1% (25/108) of 
	subjects 
	 No subjects (0 on core-laboratory determined assessment of bleeding.  
	  ms. 
	Table 9. Major Adverse Events and Secondary Safety Endpoints at 30 Days 
	Lava LES
	Lava LES
	Complications 
	(N=113 Subjects) 

	Major Adverse Events Composite 0.0% (0/101) Non-target Embolization 0.0% (0/101) Ischemia or Infarction of the Target Territory 0.0% (0/101) Allergic Reactions to Lava 0.0% (0/101) Catheter Breakage 0.0% (0/101) Catheter Entrapment 0.0% (0/101) 
	Symptomatic Ischemia in the Target Territory not Requiring 
	Symptomatic Ischemia in the Target Territory not Requiring 
	Secondary Safety Endpoints at 30 Days 

	0.0% (0/101) 

	Intervention All-cause Mortality 8.3% (9/109) Bleeding-related Mortality 1.9% (2/103) Open Surgical Conversion0.0% (0/101) Device-related Serious Adverse Events 4.9% (5/103) Procedure-related Serious Adverse Events 23.1% (25/108) Access Site Hematoma (>5cm in longest axis)0.0% (0/101) Access Site False Aneurysm0.0% (0/101) 
	a 
	b 
	b 

	Lava LES
	Lava LES
	Complications 
	(N=113 Subjects) 

	Endpoint Definitions: The Major Adverse Event (MAE) endpoint is defined as a composite safety endpoint, triggered by any of the following through 30 days following the index procedure: 
	•
	•
	•
	Ischemia or Infarction of the Target Territory 

	• 
	• 
	Non-target Embolization defined as unintentional administration of Lava to a vascular bed outside of a target territory 

	•
	•
	 Allergic Reactions to Lava 

	•
	•
	 Catheter Breakage defined as defects in the luminal continuity of the microcatheter used to deliver Lava 

	•
	•
	 Catheter Entrapment defined as the inability to withdraw the Lava administration catheter requiring the need for endovascular or open surgical procedures to remove the catheter or portions thereof. Denominators are number of subjects who had the event before 23 days or had last contact date after 23 days. Site reported data. Core Lab reported data. Other endpoints were CEC adjudicated. 
	a
	b



	Serious adverse events (SAE) by System-Organ Class (SOC) are summarized in Table 
	10. A total of 50 SAEs occurred in 35.4% (40/113) of subjects with 4.9% (5/103) that were device-related and 23.1% (25/108) that were procedure-related. The most frequent SAEs were vascular      
	              
	Table 10. Number of Subjects with One or More Serious Adverse Events by MedDRA System-Organ Class and Preferred Term 
	Lava LES
	Lava LES
	Adverse Event 
	(N=113 Subjects) 

	Subjects with one or more SAE 35.4% (40/113) 
	Blood and lymphatic system disorders4.4% (5/113) Anaemia 2.7% (3/113) Chronic myeloid leukaemia 0.9% (1/113) Thrombocytopenia 0.9% (1/113) 
	a 

	Cardiac disorders3.5% (44/113) Atrial fibrillation 1.8% (2/113) Cardiac arrest 0.9% (1/113) Chest pain 0.9% (1/113) 
	a 

	Gastrointestinal disorders5.3% (6/113) Abdominal pain 1.8% (2/113) Haematochezia 0.9% (1/113) Ileus 0.9% (1/113) Melaena 1.8% (2/113) Small intestinal perforation 0.9% (1/113) 
	a 

	General disorders and administration site 
	4.4% (5/113) 
	conditions
	a 

	Death 2.7% (3/113) 
	Flank pain 1.8% (2/113) 
	Lava LES
	Lava LES
	Adverse Event 
	(N=113 Subjects) 

	Hepatobiliary disorders1.8% (2/113) Cholangitis infective 0.9% (1/113) Gallbladder rupture 0.9% (1/113) 
	a 

	Infections and infestations3.5% (4/113) Sepsis 3.5% (4/113) 
	a 

	Injury, poisoning and procedural 
	1.8% (2/113) 
	complications
	a 

	Vascular pseudoaneurysm 1.8% (2/113) 
	Metabolism and nutrition disorders1.8% (2/113) Acute respiratory failure 0.9% (1/113) Respiratory failure 0.9% (1/113) 
	a 

	Neoplasms benign, malignant and 
	1.8% (2/113) 
	unspecified (incl cysts and polyps)
	a 

	Adenocarcinoma 0.9% (1/113) Endometrial cancer 0.9% (1/113) 
	Renal and urinary disorders1.8% (2/113) Acute kidney injury 0.9% (1/113) Nephrolithiasis 0.9% (1/113) 
	a 

	Respiratory, thoracic and mediastinal 
	1.8% (2/113) 
	disorders
	a 

	COVID-19 0.9% (1/113) Pleural effusion 0.9% (1/113) 
	Surgical and medical procedures0.9% (1/113) Colectomy 0.9% (1/113) 
	a 

	Vascular disorders9.7% (11/113) Cardiogenic shock 0.9% (1/113) Epistaxis 0.9% (1/113) Extravasation blood 2.7% (3/113) Haematoma infection 0.9% (1/113) Hepatic haemorrhage 0.9% (1/113) Hypotension 0.9% (1/113) Pulmonary embolism 0.9% (1/113) Retroperitoneal haematoma 0.9% (1/113) Septic shock 0.9% (1/113) Shock haemorrhagic 0.9% (1/113) 
	a 

	Event verbatim terms are reported by sites. The events listed in this table are then coded using MedDRA version 24 and then stratified by System-Organ Class (SOC) and Preferred Term. Patients may be counted in this table more than once by Preferred Term but are only counted once in each SOC summary line. Numbers are % (counts/sample size) unless otherwise stated. Site reported and MedDRA coded data. 
	a

	2. 
	Effectiveness Results 

	The analysis of effectiveness was based on 113 evaluable patients and 148 lesions at 30 days. Of the 148 lesions treated with Lava LES, 141 of these lesions were evaluable. A total of six subjects with these seven lesions were not included in the effectiveness analysis because they died prior to 23 days post-procedure and did not have an event to be considered as a failure prior to the death. The primary effectiveness endpoint (Clinical Success at 30 Days) was achieved in 94.3% (133/141) of lesions (Table 1
	The primary effectiveness endpoint was met with the lower limit of the one-sided 97.5% confidence interval bound of 89.1%, which was greater than the 72% performance goal. There were 8 lesions that had a bleed from the Target Lesion within 30 days. No subjects required emergency surgery or re-embolization. There were 2 lesions that required target lesion reintervention through 30-day follow-up.  
	Table 11. Clinical Success at 30 Days 
	Lava LES Parameter (N=113 Subjects, n=148 Lesions) 
	Clinical Success at 30 Days 94.3% (133/141) Absence of Bleeding from Target Lesion 94.3% (133/141) No Emergency Surgery 100% (141/141) No Re-embolization 100% (141/141) No Target Lesion Reintervention 98.6% (139/141) 
	Endpoint Definitions: Clinical Success is defined as: 
	•
	•
	•
	 Absence of bleeding from the target lesion defined as no BARC Type 3 or greater bleeding, either persistent or recurrent after embolization with the Lava LES. 

	•
	•
	Without the need for emergency surgery, re-embolization, or other target lesion reinterventions within 30 days of the index procedure. Numbers are % (counts/sample size) unless otherwise stated. Site/Core Laboratory reported and Clinical Events Committee adjudicated data. 


	The secondary effectiveness endpoints of: (1) technical success, defined as absence of angiographic evidence of bleeding from target lesion at the conclusion of the index procedure was 97.3% (144/148) of lesions and (2) successful delivery of Lava and intact retrieval of the microcatheter was achieved in all 141 (100%) evaluable lesions. 
	3. 
	Subgroup Analyses 

	A subgroup analyses was conducted based on gender (Table 12.). Males accounted for 72 subjects and 95 lesions compared to 41 female subjects and 53 lesions. Clinical Success at 30 Days was significant between the genders with greater clinical success in the male population. Freedom from MAE at 30 Days was the same at 100% in both populations. Other notable differences were all-cause mortality rate being higher in 
	 
	higher in the female population (Device – M: 3.1%, F: 7.9%, Procedure – M: 17.4%, 
	F: 33.3%). All other characteristics were similar including Technical Success and Successful Delivery of Lava. Univariate analyses were done between the male and female subjects to evaluate any baseline differences that might explain the different results by sex. There were no significant differences in the age, race, BMI of the subjects, or etiology of the lesions. There were more males with hypertension, coronary artery disease and history of atrial arrythmias. The only baseline differences found were a h
	associated with the sex differences remains undetermined. 
	Male 
	Male 
	Male 
	Female 

	Parameter 
	Parameter 
	(N=72 Subjects, n=95 Lesions) 
	(N=41 Subjects, n=53 Lesions) 


	Primary Effectiveness Endpoint 
	Clinical Success at 30 Days 98.9% (89/90) 86.3% (44/51) P-value* 0.003 
	Primary Safety Endpoint 
	Freedom from MAE at 30 Days 100% (65/65) 100% (36/36) 
	Secondary Effectiveness Endpoints 
	Technical Success 96.8% (92/95) 98.1% (52/53) Successful Delivery of Lava and Intact Retrieval 
	100% (92/92) 100% (49/49) 
	100% (92/92) 100% (49/49) 
	of the Microcatheter 

	Secondary Safety Endpoints 
	Major Adverse Events Composite at 30 Days 0.0% (0/65) 0.0% (0/36) Non-target Embolization 0.0% (0/65) 0.0% (0/36) Ischemia or Infarction of the Target Territory 0.0% (0/65) 0.0% (0/36) Allergic Reactions to Lava 0.0% (0/65) 0.0% (0/36) Catheter Breakage 0.0% (0/65) 0.0% (0/36) Catheter Entrapment 0.0% (0/65) 0.0% (0/36) Symptomatic Ischemia in the Target Territory not 
	0.0% (0/65) 0.0% (0/36) 
	Requiring Intervention at 30 Days All-cause Mortality at 30 Days 5.8% (4/69) 12.5% (5/40) Bleeding-related Mortality at 30 Days 0.0% (0/65) 5.3% (2/38) Open Surgical Conversion at 30 Days 0.0% (0/65) 0.0% (0/36) Device-related Serious Adverse Events at 30 
	3.1% (2/65) 7.9% (3/38) 
	Days Procedure-related Serious Adverse Events at 30 
	17.4% (12/69) 33.3% (13/39) 
	Days Access Site Hematoma (>5cm in longest axis) at 
	0.0% (0/65) 0.0% (0/36) 
	30 Days Access Site False Aneurysm at 30 Days 0.0% (0/65) 0.0% (0/36) 
	*Statistical hypothesis testing will be conducted to assess the similarity of the primary effectiveness endpoint across each sub-group using a Fisher’s exact test and a significance level of 0.15. 
	4. Pediatric Extrapolation 
	In this premarket application, existing clinical data was not leveraged to support approval of a pediatric patient population. 
	E. Financial Disclosure 
	The Financial Disclosure by Clinical Investigators regulation (21 CFR 54) requires applicants who submit a marketing application to include certain information concerning the compensation to, and financial interests and arrangement of, any clinical investigator conducting clinical studies covered by the regulation. The pivotal clinical study included twenty (20) principal investigators of which none were full-time or part-time employees of the sponsor and four (4) had disclosable financial interests/arrange
	 
	Compensation to the investigator for conducting the study where the value could 
	be influenced by the outcome of the study: Four (4) 
	 
	Significant payment of other sorts: None  
	 
	Proprietary interest in the product tested held by the investigator: None  
	 
	Significant equity interest held by investigator in sponsor of covered study: None  
	The applicant has adequately disclosed the financial interest/arrangements with clinical investigators. Statistical analyses were conducted to determine whether the financial interests/arrangements had any impact on the clinical study outcome. The information provided does not raise any questions about the reliability of the data. 
	XI. 
	PANEL MEETING RECOMMENDATION AND FDA’S POST-PANEL ACTION 

	In accordance with the provisions of section 515(c)(3) of the act as amended by the Safe Medical Devices Act of 1990, this PMA was not referred to the Circulatory System Devices Panel, an FDA advisory committee, for review and recommendation because the information in the PMA substantially duplicates information previously reviewed by this panel. 
	XII. 
	CONCLUSIONS DRAWN FROM PRECLINICAL AND CLINICAL STUDIES 

	A. Effectiveness Conclusions 
	Effectiveness of the device was demonstrated in terms of clinical success, technical success, and successful device delivery. The primary effectiveness endpoint of clinical success at 30 Days, as defined as the absence of bleeding from a target lesion after embolization with the Lava LES, without the need for emergency surgery, re-embolization, or other target lesion reinterventions within 30 days of the index procedure, was achieved in 94.3% (133/141) of lesions. Therefore, the primary effectiveness endpoi
	B. Safety Conclusions 
	The risks of the device are based on the results of the non-clinical and pre-clinical animal study as wells as data collected in the clinical study conducted to support PMA approval as described above. With respect to clinical evaluation, the primary safety endpoint of freedom from MAE at 30 Days was achieved in all evaluable   Therefore, the primary safety endpoint was met with the lower limit of the one-sided 97.5% confidence interval bound of 96.4%, which was greater than the 82% performance goal. No sub
	The risks of the device are based on the results of the non-clinical and pre-clinical animal study as wells as data collected in the clinical study conducted to support PMA approval as described above. With respect to clinical evaluation, the primary safety endpoint of freedom from MAE at 30 Days was achieved in all evaluable   Therefore, the primary safety endpoint was met with the lower limit of the one-sided 97.5% confidence interval bound of 96.4%, which was greater than the 82% performance goal. No sub
	hematomas nor access site false aneurysms through 30-days. There were 9 deaths resulting in a 30-day all-cause mortality rate of 8.3% (9/109) and bleeding related mortality of 1.9% (2/103). Two deaths were adjudicated as being related to the device and 8 of the 9 deaths were adjudicated as procedure related. The deaths are not unexpected given the underlying medical conditions and do not raise device safety concerns. There were no unanticipated adverse device effects.  

	C. Benefit-Risk Determination 
	The probable benefits of the device are also based on data collected in a clinical study conducted to support PMA approval as described above. Arterial hemorrhage is life-threatening and requires emergency care to control. The data presented in this study of the Lava LES demonstrates the device is of clinical benefit in arresting hemorrhage, minimizing associated ischemic complications, and preventing the recurrence of bleeding through 30 days. 
	The probable risks of the device are also based on data collected in the clinical study to support PMA approval as described above. The use of the Lava LES did not present any unknown risks that have not been previously described, including death and bleeding. The other adverse events reported in the first 30 days of follow-up were not unexpected, neither in rate nor occurrence.  
	1. 
	Patient Perspective 

	This submission either did not include specific information on patient perspectives or the information did not serve as part of the basis of the decision to approve or deny the PMA for this device. 
	In conclusion, given the available information above, the data support that for embolization of arterial hemorrhage in the peripheral vasculature, the probable benefits outweigh the probable risks when used according to its labeling. 
	D. Overall Conclusions 
	The data in this application support the reasonable assurance of safety and effectiveness of this device when used in accordance with the indications for use. The results from the clinical study support the conclusion that the Lava LES is safe and effective for embolization of arterial hemorrhage in the peripheral vasculature when used in accordance with device labeling and the instructions for use (IFU).  
	XIII. 
	CDRH DECISION 

	CDRH issued an approval order on April 4, 2023. The applicant’s manufacturing facilities have been inspected and found to be in compliance with the device Quality System (QS) regulation (21 CFR 820). 
	XIV. 
	APPROVAL SPECIFICATIONS 

	Directions for use: See device labeling. 
	Hazards to Health from Use of the Device: See Indications, Contraindications, Warnings, Precautions, and Adverse Events in the device labeling. Post-approval Requirements and Restrictions: See approval order. 



