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ABSTRACT

Background Cardiogenic shock (CS) induced by severe
aortic stenosis (AS) is a life-threatening condition with
high mortality. Despite advancements in emergency
interventions, the optimal treatment approach remains
uncertain.

Aim This study aimed to systematically review and
analyse the existing evidence on outcomes of emergency
transcatheter aortic valve implantation (eTAVI) and
emergency balloon aortic valvuloplasty (eBAV) in CS
patients.

Methods A systematic literature review and meta-
analysis was performed. The primary endpoint was
mortality at 30 days. Secondary endpoints were in-hospital
mortality, 1-year mortality, bleeding, major vascular
complications, myocardial infarction, stroke, incidence of
pacemaker implantation, acute kidney injury and aortic
regurgitation.

Results Seventeen studies were included, totalling 2811
patients. The analysis revealed a 30-day mortality pooled
estimated rate for eTAVI of 19% (Cl 0.17 - 0.20) and for
eBAV 39% (Cl 0.32 - 0.46). In-hospital mortality pooled
estimated rates were 11% for eTAVI (Cl 0.06 - 0.18) and
for eBAV 40% (Cl 0.28 - 0.54). One-year mortality pooled
estimated rates for eTAVI were 29% (CI 0.20 - 0.40) and
for eBAV 67% (Cl 0.58 - 0.74). Pooled estimated rates

of any bleeding were 12% for eTAVI (Cl 0.06 - 0.20) and
15% for eBAV (C1 0.10 - 0.21). The rate of major vascular
complications for eTAVI was 8% (Cl 0.07 - 0.10) and 3%
for eBAV (CI 0.0 - 0.23).

Conclusions This meta-analysis indicates that mortality
in CS due to AS remains high despite emergency
interventional treatment. These findings offer critical
insights for clinical decision-making optimising patient
care in this critically ill population.

INTRODUCTION

Severe aortic stenosis (AS) is the most common
degenerative heart valve disease and poses
a substantial burden in the elderly.l 2 In the
management of cardiogenic shock (CS)
secondary to AS, traditional surgical aortic
valve replacement (SAVR) is encumbered

% Philip W Raake," Mauro Chiarito,? Dario Bongiovanni

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Current guidelines suggest balloon aortic valvu-
loplasty (BAV) to be considered as a bridge to sur-
gical aortic valve replacement or to transcatheter
intervention in haemodynamically unstable patients
and in those with aortic stenosis (AS) who require
urgent high-risk non-cardiac surgery. However,
clear guidance concerning the interventional treat-
ment of cardiogenic shock (CS) is still missing.

WHAT THIS STUDY ADDS

= This meta-analysis of real-world evidence suggests
that emergency transcatheter aortic valve implanta-
tion (eTAVI) is a viable option in CS (30-day mortality
19% for eTAVI vs. 39% for emergency BAV (eBAV)).
However, the general mortality in AS patients admit-
ted to the hospital in CS remains high.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Large prospective randomised trials (eBAV vs. eTA-
Vl) are needed to determine the best therapeutic
option for CS patients due to AS. Beyond selecting
the appropriate therapy, a comprehensive approach
addressing optimal timing of intervention, potential
use of mechanical circulatory support and vascular
access considerations is essential. Alternative valve
sizing methods, such as transoesophageal echocar-
diography, may be required in emergencies.

by a relevant risk of mortality. As a result, less
invasive emergency procedures have emerged
as life-saving interventions in CS, particularly
emergency balloon aortic valvuloplasty (eBAV)
and, more recently, emergency transcatheter
aortic valve implantation (eTAVI). However,
the treatment of CS due to AS still remains
related to high mortality rate and its optimal
management still needs to be determined.
After the first successful TAVI procedure
in an inoperable case performed by Cribier
et al’ the use of TAVI has been quickly
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established in high-risk cases by studies involving thou-
sands of patients. Large randomised trials have since
reported considerable improvements in procedural and
midterm results, with decreased complication rates owing
to more experience and enhanced technology and have
underscored the critical role of TAVI in treating non-
operable and high-surgical-risk patients.*® However,
studies have been heterogeneous and only a limited
number of patients in CS has been included.

CS presents a common high-risk surgical scenario, yet
large prospective randomised controlled trials (RCT) for
eTAVI in this context are lacking, due to the frequent
exclusion of CS patients in RCTs on AS and heart failure.
The current guideline considers BAV as a bridge to TAVI
or SAVR in CS for patient stabilisation.” Although eBAV
relieves the obstruction caused by AS and can improve
haemodynamics rapidly, its effects are often short-lived
and associated with a high rate of restenosis and early
mortality.” TAVI is currently recommended as a class I
indication for elective procedures in elderly symptom-
atic patients with severe, high-gradient AS. TAVI offers
a more durable solution by implantation of a new pros-
thetic valve, thereby not only improving haemodynamics
temporarily but also providing a longerterm remedy
without the need for open-heart surgery. However, TAVI
outcomes benefit from meticulous procedural planning
including Angio/Heart-CT, which might be unfeasible
in case of emergency procedures. While TAVI has been
extensively studied in elective scenarios for high-risk,
intermediate-risk and low-risk patients,” its role in the
emergency setting, particularly for those in CS, is an area
of growing interest and debate.

Our study aims to comprehensively review and analyse
the totality of existing literature on eBAV and eTAVI in
patients with AS in CS.

METHODS

Literature search strategy

A systematic literature search was conducted across
multiple electronic databases, including PubMed,
EMBASE and the Cochrane Library, to identify studies
evaluating eBAV, eTAVI or both in the context of emer-
gency treatment for CS. The search strategy was designed
to capture all potentially relevant articles without any
language or publication date restrictions. Keywords
and MeSH terms related to “cardiogenic shock,” “aortic
stenosis,” “balloon aortic valvuloplasty,” “transcatheter
aortic valve implantation” “transcatheter aortic valve
replacement” and “emergency treatment” were used for
the literature search. This systematic analysis was regis-
tered on PROSPERO (CRD42024583044).

Study identification and selection

The process of study identification and selection was
conducted by two independent reviewers (SGK and
DB). Initially, titles and abstracts published up to
May 2024 were screened to assess their relevance to

the analysis. Then, data extraction was performed to
collect information on study design, patient character-
istics, interventional details and outcomes of interest.
The whole process was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist.

Inclusion criteria

1. Clinical studies reporting outcomes of AS patients with
CS undergoing eBAV or eTAVI and reporting clinical
outcomes including 30-day mortality, in-hospital mor-
tality, I-year mortality and periprocedural complication
such as bleeding, vascular complications, myocardial
infarction, stroke, new pacemaker implantation, acute
kidney injury and severe aortic regurgitation.

2. CS needed to be clearly defined in the study and the
procedures needed to be performed as emergency
bailout.

Exclusion criteria

1. Studies that did not explicitly state that patients were
in CS were excluded from our analysis. We also exclud-
ed all studies including ‘urgent’ procedures without
specifying for CS patients (eg, patients presented with
acute decompensated HF secondary to severe AS, but
not clearly in CS).

2. Studies include non-CS and CS patients but lack re-
porting subgroup-specific outcomes for CS patients.

3. Studies including eTAVI procedures with transapical
access.

Study outcomes

The primary outcome was 30-day mortality. Secondary
outcomes were in-hospital death and l-year mortality,
any bleeding, major vascular complications, acute
kidney injury, stroke, myocardial infarction, new pace-
maker implantation and severe aortic regurgitation.
Bleeding outcomes display any bleeding (major and
minor bleeding events). All clinical outcomes were
defined according to the definitions reported in each
study.

Statistics

For baseline characteristics involving continuous vari-
ables, mean (SD) format was used where available. For
studies reporting median and IQR, mean estimates were
derived using Lou et als method,' while SD estimates
were calculated using Wan et al’s method.'" Subsequently,
weighted means and pooled SD were calculated for the
baseline characteristics of each procedure, accounting
for SD within and between studies. To compare contin-
uous baseline variables between the procedures, a
standard two-sample t-test was employed to evaluate the
statistical significance of the mean differences. The prev-
alence of baseline dichotomous variables was compared
using a y” test. For primary and secondary outcomes, the
event proportions for each study were calculated and
pooled event rates as well as 95% CIs were derived using
a generalised linear mixed-effects model. This approach

2

Kiihne SG, et al. Open Heart 2025;12:¢003110. doi:10.1136/openhrt-2024-003110

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z aunr T uo woofwgueayuadoy/:sdny woly papeojumoq 'Szoz Arenuer 6T U0 0TTE00-7202-Myuado/ogTT 0T Se paysignd isiiy :LeaH uado



>
o
=
o
T
e
©
o
©
c
o
=
c
()
>
S
()
]
(=

Open Heart: first published as 10.1136/openhrt-2024-003110 on 19 January 2025. Downloaded from https://openheart.bmj.com on 14 June 2025 by guest.
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

panuiuo)
L¥61
(@9¢) gLy sesedjusblows (¢ 390JS0.N3) (% onsibo))
papodal JoN *113409S0in3 ‘Il 3409S04n3 SI¥Iy LEIF9ly 8'0¢+€'9¢ * 1'02+5'6€ papodal JoN papodal JoN papodal JoN » 3409S0In3
uonuanIaul
(401) uelpaw 210J3q
(22°0~€%°0) 59°0 ¢0+L0 papodal JoN L1'0¥19°0 G1'0+.9°0 papodal JoN papodal JoN ¢0¥90 60°0+8€°0 ¥0°0+8¥°0 0L0*L7'0 M W Ul yAY
(4ol
ueIpaw (G2's¢
-00'02) 05°22 (12) s papodal JoN Li¥.2 ¥1+0€ papodal JoN papodal JoN Gl¥0v papodal JoN €¥6¢ 9%G¢ x % U 43n
9v/92 (444" ¥1/8 x yv/ee 811/99 €1/8 €e/el YL 1e/ok 0L/8 « Jopuab aep
(4ol
uelpawW (G2'¥8
-G2'¢l) 00'6. (€8) L'€8 %9/ 6+6. 8%// 8¥18 9%6. ¢1¥0L 4827 €¥v. 6+19 . (s1eak up) aby
S1IS1I8}ORIBYD BUIIASE( Juslled
Buipodas
awoano
pasipJepuels JoN ¢-JdvA pasipJepueis 10N ¢-JdvA ¢-04dvA ¢-0dvA pasipJepuels JoN JUVA  PoSIpJepuels JON  PasIpIepuels JoN - pasipJepuels JoN pasipJepuels JoN [ealuly
91e10.|-WINJas
pasealoul ‘eunbijo
uoisnpadodAy "O0US JO sned  umys Awweld ‘pjoa
uefio-pua Jo  JBIPJEI-UOU B O} {SNJe)s [eyuaw
Bumes ayy  99uaPIAS [BIIUID palaye :6uimoyo} (uoisnpiad
ul pasenbs Aue jo aouasqe 3U} JO BUO JSBY| aNnssi} pasealnap
saJjaw Jad uiw pUB J/j0Ww g< 1€ yum uoisnpiad 0 80U3PING
/1225 Xapul 1aA9] a1ejoe]  uebuo pasredwi jo *(uonsebuoo [BOIUI9 pUB Inoy
oeIpJed pue B wnuss Jo eunbijo sufis ‘sainssald freuownd Jo /BYwG0s
wwglzainssaid  ‘saiwalxa pue } JR[NOLIJUBA subis [eaufo snid ndino Areunn (6H
abpam Asejides  uiys Awwejo/pjod -149| PajeAd|d a|01sAs Bunnp 6H wuw pzz ainssaid
Areuow|nd e yym ‘snjejs [ejusw 10 uonsabuod wuw 0p< ainssald abpam Auejjidea
uonesualeyes  palaye buipnjoul Kreuow|nd ‘6H ulejurew oy panbal ‘poddns  Areuow|nd ueaw
peay ybu e Jo siajowesed wuw ez ainssald SOUIWe|0YI8}eI K101€In2.19 10} ‘wuwges
uoisnyiad uebio [BJAASS JO poo|q e ansIyoe Jo ulw og< Joy BH  sadojoul Jajsiuiwpe Xapul Je|pIed
-pud pairedwi uoleuIquwod 0} paJinbas ‘Avg wabin ‘yoddns  ww > ainssaid 0} Ayssaoau ayyJo  ‘poddns Jossald
Jo subis pue 8y} Aq paynuapl $10SS81dosen Jo UUM pajesty Kioyesdsal poojq alj0ishs  uoisnyiad [esaydiiad pue aidosjoul
BH ww 06> uoisnpadodAy ulwQg< Joj B  "SauIWE|OYIBIB BIAM S8AUII OM] 9JUBYIBW IO SE paulyep Sem  Moj Jo subis yum By ajdsap By "AdeJay [eapaw
ainssaid poojq lesayduad pue  ww > ainssaid 10 paau pue  WoJj ‘Sy 8I9AsS uole)ISnsal 9 °UONNIOS N0 WW OE> anssald  ww S aJnssald SAISUBJUI 0}
11038As Jayye :8) SoUIWe|0yd9}ed poojq 211038As :S9 uoisnyadodAy  pajesuadwiooap 9elpJed (Al YHAN) |leq [eu) se A\yga poojq a1103sAs Aq poojq 91101sAs Ki0yoe1481 89 :Se
‘Ryfepow asneo-|ie J0poau) S "Sy 2JaAas pue §9 oWa)sAs Jo Aj@Inoe 0y anp  eaoudsAp anoe fuuinbal §9  pasualoeIRYd SBM LM uojsualodAy paulap sem g9 (a4njrey peay
Kep-0g awoano yum Bunussaid yum Bunuasaid ubis |z se S9H-uou yum  a1anas ‘Adesayy abels pua yym g9 (Ajanoadsoud)  |euiale paurelsns) Ayge Bulobispun Sy oranp  aAisabuod | ssejd
Arewnd gy sjuaned Sy ul sjuafed alea pauap sem pue (S9H) 89 aujwe|oyssye pajuasald pey  Ayg Buiobiapun Sy S9 pue Sy Sy o018np sy SO yum sjuaned [euonouny pue fy RSO
8J9AaS Jo Bumes Avg anasal jo [eano ul Adetayy $9 'S UM anIsuajodAy J0 Juswalinbas  jusied yoe3 ') Jo  anewodwAs a1onss [BO11D YIM ul bunuasaid Ul juswieas)  wuwi Q> ainssaid uoisnjaul
aylurso urAvgs  Aujenow fep-og inojieq se Ayge  sjuaied ul Avge UNM Sjualed  UNM SO UIAYES  JUBWIEal} Joj Avgd UM SO Ul sjudiied  spuaned ul Ayge spuaied [EBIUI SB AYge  Poojq) SJ Ul AYEe fpms
vsn Ruewwiay [ebnyiod aouel 8ouelq Ruewisy Auewusy Aey Kuewway vsn aouel BpeUB) VSN Anunoy
(saquaa (sanuaa (sanuaa
anuad 9)buIs ENUERE I ENTEREIIY ENUERE I 2) anuaonny G) anuaonniA EDTERE I anuad 9|buIs ENUERE I anuad 9|buIs ENTEREIIY ¥2) anuaonniy Bumes
¥20¢ €202 6102 1102 810¢ 1102 ¥10¢ €102 1002 7661 2661 1661 Jesp
sansualoeIeYd ApNig
(9p=u) (ez=u) (p1=u) (21=u) (by=u) (811=u) (€1=u) (eg=u) (p1=u) (r2=u) (01=u) (6e=u) Aveae
12/ 19 JIeN ¢2/€ 19 el 22/€ 19 ej2IBA 18 gle ¥ Mgaa ale e /B 19 SS1dYL /e 19 eleg o 12 ol® ¢ /B 19 1e1quD wI9THN
39 auabng luuenoibuog plemyong 19 oualo
solIseoBIRYD Buljeseq ualied pue ubisap Apnis :sisAjeue-e1aw 8y} Ul PapNjoul SIPNIS AYER || JO MaIAIBAQ | 3]qelL

10.1136/0penhrt-2024-003110

€003110. do

12:

Kiihne SG, et al. Open Heart 2025



Open Heart

Open Heart: first published as 10.1136/openhrt-2024-003110 on 19 January 2025. Downloaded from https://openheart.bmj.com on 14 June 2025 by guest.

{UOIBID0SSY LESH MYIOA MON ‘WHAN (UOIIOJBLUI [BIP/EDOAW ‘|| ‘UONOEBI) UOIOa(e JejnoLjuaA Ya| 4IAT ‘Aiseidojnajen oipoe uoojieq Aousbiawa ‘Ayge Hooys oluaBolpied ‘SO ‘8seasip ASupiy D1U0IYD ‘MO ‘Bale SABA OILIOB ‘YAY

Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

"Juswaoe|das SA[EA OIHOE JjayIeosuEl} ‘YAYL uswaoe|dal 8AjeA OILOE [B016INS ‘UAYS

0US)S JIMO. ‘Y

‘sjuaned g9 Joy sisAjeue dnoiBgns oN,

(968-55¥
4ol ‘skep 665
dn-moj|o} uelpaw)
syuow g 0}
Jeak | sieak dn Jeak | ‘shep 1eak | ‘shep syjuow /g
‘skep 06 ‘shep 0g skep 0g sfep 0g sieaf g Jeak | sfep 0g lendsoy u) 2 ‘eof | ‘skep 0g 0€ ‘[eudsoy uj 0€ ‘lendsoy uj 03 dn ‘feudsoy uj fep-0g dn-mojjo4
(fouaioinsul (sypuow g
(shep SAISSBL) SIN0Y 9| Avge 0} shepg ‘abuel)
(skep 2p—| abues G¢ uelpauw) skep Ja)e auo Jaye shep | +09 Avd Jaye abelane
‘skep G| ueipaw) (skep 6. uelpaw) 16 4o abelane Avg Jaue awin skep gl Jaye ¢ ‘sinoy g ursyuow g CHAYL 7dAVS
papoda JoN x YAVS | 'UAVLS  HAVL6 HAVS L HAYS 2 IAVLOL 18 I\VLZE  umouyun e AYLY  [eNdSOy Ul HAVS | PUE 8 Ja}e HAYS 2 Jle HAY | Jaye YAV 9 0 0} abpug
dn-mojjoy/a1npasoid Buibpliq se Avg
9v/01 papodal JoN P/ papodal JoN 1272:4" GLL/6Y M €e/el ¥1/0 papodal JoN 0L/e «  INSnolAsld
94/v€ papodal JoN VUL JAVOIS papodal JoN papodal JoN * €e/eL papodal JoN papodal JoN papodal JoN «  Uoisuspadiy
9v/02 444 4% 14%4 L1/ ¥v/€2 papodal JoN * €2/12 papodal JoN 12/6 papodal JoN M
9v/6¢ (441" 1414 LL/O} 147044 88/¥9 x €2/L papodal JoN papodal JoN papodal JoN x
uonuanJaul
al0jaq
ov/6 pauodal J0N papodal 10N pauodal J0N papodal JoN S01/91 . €22 pauodal JoN papodal 0N pauodal 0N . Joyewaded
foueubijew
papodal JoN papodal JoN papodal JoN LIy papodal JoN 6./02 x €2/8 papodal JoN Le/e papodal JoN x ANy
aseasIp
Kreu-owind
9v/91 ce/9 144 LL/E /6 G4/6 ¥ €¢/9 papoda joN Le/e oK1 * Jluolyy
aseasip Alape
9v/L€ ¢a/8l papodal JoN L1/6 papodal JoN SLiwL x €e/el 1A% 12/8 papodal JoN * Areuoi0)
safipiglowo)
(9v=u) (ez=u) (b1=u) (21=u) (rr=u) (8L1=u) (er=u) (ez=u) (P1=u) (12=u) (or=u) (6e=u) AvVER
v2l€ 19 JIeN ¢2l€ 12 Sell) 22/€ 1° Bl9Jep 28 ol 12 Agaa s /€ 12 g/€ 19 SSIdYL /€ 19 eleg o€ 1 /€ g /€ 39 J9IquUD »I9THN
19 auabng luuenoibuog plemyong 19 ouaIo

panunuod | 9|qeL

10.1136/openhrt-2024-003110

€003110. do

12:

Kiihne SG, et al. Open Heart 2025



Interventional cardiology

was chosen due to its generally superior performance
compared with conventional two-step methods for meta-
analyses of proportions.'” Of note, CIs were calculated
using the Wilson interval, in order to limit the possible
biases related to the inclusion of studies with small sample
sizes."” The heterogeneity among the studies was assessed
using the I” statistic and LRT test of heterogeneity. To test
the consistency in the pooled estimates of the primary
endpoint, a leave-one-out analysis was performed,
sequentially excluding each study from the meta-analysis
to assess its impact on the pooled estimates.

All statistical analyses were performed by using R
version 4.3.3.

RESULTS

Study selection

We included a total of 17 studies reporting outcomes
for eBAV and eTAVI for a total of 2811 patients: 7 studies
reporting outcome data for eTAVI' *** and 12 for
eBAV.® " With the exception of two studies,'’ ** all the
investigations were single-arm studies. Studies design,
endpoints and further information of included studies
are provided in table 1 for eBAV and table 2 for eTAVI.

814-29

Baseline characteristics

A detailed analysis of comorbidities and baseline features
of eBAV and eTAVI patients is displayed in online supple-
mental table. The mean age in the eBAV population was
78.1£8.7, while in eTAVI, the mean age was 81.84+7.93
(p<0.001). Male patients were 59.36% of the patients
undergoing eBAV and 56.46% of those undergoing
eTAVI (p=0.34). BAV patients exhibited a lower aortic
valve area compared with TAVI patients (0.58+0.16 cm?
vs 0.70+£0.24 cm?, p<0.001) and also a significantly lower
mean left ventricular ejection fraction (LVEF) than
TAVI patients (31.82 +14.6% vs 47.56 +20.9%, p<0.001).
BAV patients had a higher mean aortic transvalvular
gradient than TAVI patients (42.76+15.43mm Hg vs
36.61+16.65 mm Hg, (p<0.001). The Logistic EUROscore
was similar in the two groups.

Primary outcome and mortality rate

The pooled estimated rate for mortality at 30 days was
39% (CI0.32 - 0.46, I’=40%) for eBAV and 19% (CI 0.17
-0.20, I°=45%) for e TAVI (figure 1). In-hospital mortality
was 40% (CI 0.28 - 0.54, 1=75%) for eBAV and 11% (CI
0.06-0.18,1°=90%) for e TAVI . The pooled estimated rate
for 1-year mortality was 67% (CI 0.58 - 0.74, I’=75.5%)
and 29% (CI 0.20 - 0.40, 1=50%) for eBAV and eTAVI,
respectively (figure 2). Leave-one-out sensitivity analysis
did not detect any differences from the main analysis
(online supplemental figure 1).

Secondary outcomes

Bleeding and major vascular complications

Only three studies reported bleeding after eBAV while
six studies reported these outcomes after eTAVI. In seven
studies, bleeding has been reported according to the

VARC 2 and one study according to the VARC 3 criteria.
The pooled estimated rate for any bleeding was 12% (CI
0.06-0.20, I'=60%) for eTAVI and 15% (CI 0.10-0.21, =
15%) for eBAV (figure 3). Seven studies reported major
vascular complications for eBAV while six for eTAVI;
of these, nine studies reported vascular complications
according to VARC criteria. Major vascular complica-
tions had pooled estimated rates of 8% (CI 0.07 - 0.10,
I'=40%) for eTAVI and 3% (CI 0.0 - 0.23, I'= 71%) for
eBAV (figure 4).

Other outcomes

Postprocedural pacemaker implantation rates were only
1% for eBAV (CI 0.0 - 0.38, I'= 85%), while 9% for e TAVI
(CI 0.08 - 0.11, I*>= 75%) (online supplemental figure
2). The rate of stroke was reported in 11 studies. The
pooled estimated stroke rate in eBAV patients was 1% (CI
0.00 - 0.04, T=79%) and 4% in eTAVI patients (CI 0.03
- 0.05, I=75%). For eBAV, the pooled estimated rate of
myocardial infarction was 3% (CI0.01-0.07, I'=85%) and
1% (CI 0.01 - 0.02, I=79%) for eTAVI. Postprocedural
valvular regurgitation was reported in three studies for
eBAV and in five studies for eTAVI. For eBAV, the esti-
mated rate for severe aortic regurgitation was 6% (CI
0.02 - 0.16, I'=54%) and 4% for eTAVI (CI 0.04 - 0.05,
['=79%). Postprocedural acute kidney injury rates were
reported in seven studies for eBAV and five studies for
eTAVI. The estimated pooled rate in eBAV patients was
13% (CI 0.04-0.85, I'= 79%) and 15% in eTAVI patients
(CI10.07-0.30, I=96%).

DISCUSSION

We here provide a structured review and meta-analysis on
eBAV and eTAVI in CS including the totality of existing
evidence available. The main findings of our study are
that both eBAV and eTAVI in this setting are associated
with high rates of mortality.

Clinical challenges
Treatment of CS due to AS remains a challenging
scenario and its optimal clinical management still needs
to be determined and, up to date, no randomised trial
investigated the optimal interventional therapy of this
cohort. Current guidelines suggest BAV to be considered
as a bridge to SAVR or to transcatheter intervention™ in
haemodynamically unstable patients and in those with
AS who require urgent high-risk non-cardiac surgery
(recommendation level IIb, evidence C).7 However,
clear guidance concerning the interventional treatment
of CS is still missing and its optimal timing still needs to
be determined. This comprehensive review provides the
largest analysis performed so far and valuable insights to
guide clinical decision-making in CS patients.
Additionally to the need for clear and evidence-based
guidelines, the number of patients presenting with CS
due to severe AS has been rising over the last years.?’ %’
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Mortality and complications in eBAV and eTAVI
In general, mortality rates in patients presenting in CS
due to decompensated AS are high. A study comparing
elective and urgent TAVI outcomes showed that patients
undergoing urgent TAVI experienced a 4-fold increase
in 30-day mortality rates (17.5% for urgent TAVI
compared with 4% for elective TAVI, p=0.001), along
with an increased incidence of cardiovascular mortality
within 30 days (25.3% in non-elective vs 15.1% in elec-
tive, p=0.043), life-threatening bleeding (11.5% in
non-elective vs 4.1% in elective, p=0.018) and vascular
complications (11.5% in non-elective vs 4.6% in elective,
p=0.031).”! Given the high-risk setting in decompensated
AS patients, our meta-analysis points towards a favourable
pooled estimated 30-day and l-year mortality rate in the
eTAVI group. A recent meta-analysis investigating 36 886
patients undergoing e€TAVR found that while urgent
TAVR was associated with higher mortality and readmis-
sion rates compared with elective TAVR, it demonstrated
a reduced mortality risk and comparable safety profile
relative to urgent SAVR or BAV, supporting the feasibility
of eTAVI in CS settings.”® This result s in line with the only
previous smaller meta-analysis in this field.” Wernly et al
reported a 30-day mortality rate for eBAV (total sample
size 238) of 46.2% (CI 30.3% to 62.5%; =74%) and for
€TAVR (total sample size 73) of 22.6% (95% CI 12.0%
- 85.2%; 12 =26%)™ also pointing towards eTAVI for the
preferred emergency procedure. While this prior analysis
only incorporated 8 studies including 311 patients, our
meta-analysis is now reporting outcomes for eBAV and
eTAVI for a total of 2811 patients from 17 studies.
Furthermore, a recent US study evaluated readmission
rates in patients who received TAVI or BAV as an urgent
procedure. In the urgent TAVI group, the rate of all-cause
readmissions within 30 days was notably reduced (15.4%
vs 22.5%, with an adjusted HR (aHR) of 0.92 (0.90 -
0.95), p<0.001) when contrasted with the urgent BAV
group. This trend persisted for readmissions at 90 days,
where the aHR was 0.75 (p=0.005). Readmissions at 30
days due to cardiovascular reasons and congestive heart
failure were also decreased in the urgent TAVI group
(aHR of 0.93, p<0.001 and aHR of 0.98, p=0.040, respec-
tively) compared with those in the BAV group. Moreover,
the urgent TAVI group experienced a significant reduc-
tion in 90-day readmissions for cardiovascular reasons.*
While this study has not been included in our analysis as
the urgent procedure did not meet the criteria for CS,
these findings are in line with our results regarding the
favouring trend towards eTAVI and our pooled estimated
rates for adverse events are only slightly higher. The 30-day
mortality rates observed in this study reflect the outcomes
of a critically ill population with inherently high mortality.
While these rates provide valuable real-world insights
into the outcomes of eTAVI and eBAV, they should not
be interpreted as evidence of causality, as the lack of a
non-interventional arm precludes definitive conclusions
about the direct impact of these procedures on survival.

Kiihne SG, et al. Open Heart 2025;12:2003110. doi:10.1136/0penhrt-2024-003110
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Open Heart 8

A mortality 30 days after BAV in CS patients

Study Events Total Proportion 95%-Cl
NHLBI (1991) 18 37 ——— 0.49 [0.33; 0.64]
Cribier (1992) 2 10 ——F 0.20 [0.06; 0.51]
Buchwald (2001) 9 14 —— 0.64 [0.39; 0.84]
Theiss (2014) 5 13 —— 0.38 [0.18; 0.64]
Bongiovanni (2017) 37 112 —-- 0.33 [0.25; 0.42]
Debry (2018) 21 44 ——— 0.48 [0.34; 0.62]
Eugene (2017) 8 17 —— 0.47 [0.26; 0.69]
Varela (2019) 3 14 —B— 0.21 [0.08; 0.48]
Kilias (2023) 10 22 —— 0.45 [0.27; 0.65]
Nair (2024) 12 46 —— 0.26 [0.16; 0.40]
Pooled estimated rate
Random effects model 329 = 0.39 [0.32; 0.46]
Heterogeneity: 2= 40%, p = 0.07 ! ' ' '
0 02 04 06 08 1
B mortality 30 days after TAVI in CS patients
Study Events Total Proportion 95%-Cl
Frerker (2016) 9 27 —a— 0.33 [0.19; 0.52]
Bongiovanni (2017) 5 21 —— 0.24 [0.11; 0.45]
Fraccaro (2020) 6 51 -+ 0.12 [0.06; 0.23]
Masha (2020) 425 2220 0.19 [0.18; 0.21]
Steffen (2022) 9 47 —— 0.19 [0.10; 0.33]
Piriou (2022) 3 33 0.08 [0.03; 0.21]
Nair (2024) 1 24 B— 0.04 [0.01; 0.20]
Pooled estimated rate
Random effects model 2428 4 0.19 [0.17; 0.20]
Heterogeneity: P?= 45%, p =0.03 ' ' ' '
0 02 04 06 08 1

Figure 1

30-day mortality. Pooled estimated rates for 30-day mortality after eBAV (A) and after eTAVI (B) in CS patients. CS,

cardiogenic shock; eBAV, emergency balloon aortic valvuloplasty; eTAVI, emergency transcatheter aortic valve implantation.

Investigating outcomes in a non-interventional cohort
would be both ethically and practically challenging, as
withholding potentially life-saving interventions in this
setting is not feasible.

Even when evaluating long-term outcomes at 5 and at
7 years after TAVI, as reported by Ichibori et al, patients
identified with high or prohibitive surgical risk exhib-
ited encouraging long-term survival outcomes post-TAVI
procedure, with rates of 58.8% at 5 years and 45.3% at
7 years.™ Also interestingly, mortality rates in early BAV
studies from 1991'* remain consistent decades after,20
indicating that mortality is rather phenotype-associated
and procedure-associated than related to gained exper-
tise or improved technique of the method over the years.
Nevertheless, none of the studies included in the analysis
and cited so far were randomised. Therefore, a selection
bias definitely needs to be acknowledged, particularly
in those countries and healthcare systems with limited
quotas of TAVI available.

In addition, eBAV can cause severe acute regurgitation,
which can worsen the already compromised haemody-
namics of CS. Nevertheless, our results show a rather low
pooled estimated rate of severe aortic regurgitation for
eBAV (6%) but a relatively high rate for eTAVI (4%).

Of note, in the largest prospective non-randomised
trial on eTAVI in CS patients,”” authors emphasised that

despite the expected higher mortality rate in CS patients
compared with non-CS patients, mortality rate was associ-
ated with the degree of CS.”” It seems that mortality in the
CS group was not predominantly influenced by compli-
cations arising from the procedure but is instead deter-
mined by the severity of CS.?” Given the critical nature of
CS, the timing of intervention is particularly important,
as any delay could lead to irreversible organ damage.
Further research should focus on defining the optimal
time point for intervention, as well as exploring patient
selection criteria and long-term outcomes. While there
are no longitudinal studies investigating the optimal
time point for interventional treatment in CS, one study
showed that within an acute heart failure cohort, a trend
for reduced all-cause mortality at 2 years was noted for
patients undergoing TAVI within 60 hours of admission
in comparison to those treated later.® However, the
30-day all-cause mortality rates were similar between both
groups.” Further studies should focus on the right time
point of intervention in CS patients with structural inves-
tigation of CS severity with right heart catheterisation.”’
Patientselection for eTAVI and eBAV might additionally
impact patient outcomes. eTAVI is generally performed
on patients who are less critically ill, with better preserved
left ventricular function and lower rates of coronary artery
disease. In contrast, eBAV is often chosen for patients
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Interventional cardiology

A mortality 1 year after BAV in CS patients

Study Events Total Proportion 95%-Cl
Moreno (1994) 14 21 —i— 0.67 [0.45; 0.83]
Buchwald (2001) 10 14 —— 0.71 [0.45; 0.88]
Saia (2013) 17 23 —— 0.74 [0.54; 0.87]
Theiss (2014) 5 13 —— 0.38 [0.18; 0.64]
Debry (2018) 31 44 —i— 0.70 [0.56; 0.82]
Varela (2019) 7 1 i 0.64 [0.35; 0.85]

Pooled estimated rate
Random effects model 126 - 0.67 [0.58; 0.74]
Heterogeneity: P?= 75%, p = 0.37 ' ' [ J '

0 02 04 06 08 1

B mortality 1 year after TAVI in CS patients

Study Events Total Proportion 95%-Cl
Frerker (2016) 11 25 - 0.44 [0.27; 0.63]
Fraccaro (2020) 9 35 —. 0.26 [0.14; 0.42]
Piriou (2022) 8 38 —W— 0.21 [0.11; 0.36]

Pooled estimated rate
Random effects model 98 i 0.29 [0.20; 0.40]
Heterogeneity: /2 = 50%, p = 0.14 ' : ' '

0 02 04 06 038 1

Figure 2 One-year mortality. Pooled estimated rates for 1-year mortality after eBAV (A) and after eTAV (B) in CS patients. CS,
cardiogenic shock; eBAV, emergency balloon aortic valvuloplasty; eTAVI, emergency transcatheter aortic valve implantation.

with more severe left ventricular dysfunction and a higher
prevalence of coronary artery disease, conditions that are
associated with increased mortality.” Although e TAVI has
shown favourable outcomes, these differences in patient
selection suggest that eBAV may still be the preferred
intervention for patients with higher risk profiles or those
in environments where TAVR is not available.”
Moreover, previous studies often employed older-
generation devices that had larger delivery profiles and
a higher risk of paravalvular leak. The use of newer-
generation devices, which have smaller delivery systems
and improved sealing mechanisms, may reduce these
risks and improve outcomes in this patient population.

Ethical and practical considerations for treatment decision-
making

Notably, studies in the meta-analysis that reported a cause-
specific mortality stated that mortality was mostly not due
to complications such as bleeding, stroke or myocardial
infarction but due to multiorgan failure or septic condi-
tions,” resulting in pooled estimated rates for procedural
complications being considerably lower than pooled esti-
mated mortality rates in-hospital and after 30 days. The
findings suggest that concurrent conditions, including
chronic renal failure, severe three-vessel disease and
frailty, could significantly influence the rate of early
mortality following procedures such as €TAVI or eBAV. In

order to take these considerations into account as well as
patient will and ethical aspects, a brief emergency heart
team meeting might be beneficial to improve outcomes
and avoid futility.” Such a team discussion should also
include consideration of precipitating factors or triggers
(eg, acute coronary syndrome, atrial fibrillation, infec-
tions) that should be addressed before proceeding with
eTAVL”

Limitations

Despite two studies, all other studies included in the
meta-analysis were single-arm studies, making a direct
group comparison unfeasible. This reliance on single-arm
studies limits our ability to draw definitive conclusions,
as it restricts the analysis to a pooled estimated rate for
each endpoint. Thus, our findings should be considered
hypothesis-generating only. Furthermore, secondary
endpoint data were not available in all studies and, most
importantly, were not assessed at the same time and using
the same standards in all studies. Some studies assessed
secondary endpoint data at 30 days while others reported
those data in hospital. In addition, we noted a relevant
heterogeneity of the reported secondary endpoints,
which did not always comply with the VARC-2/3 criteria
(predominantly in the older studies, table 2).*" This
heterogeneity, combined with the lack of standardisa-
tion, particularly for the secondary endpoints, introduces

19 24
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Open Heart 8

A bleeding after BAV in CS patients

Study Events Total Proportion 95%-Cl
Cribier (1992) 1 10 i 0.10 [0.02; 0.40]
Saia (2013) 1 23 ——F— 0.04 [0.01; 0.21]
Bongiovanni (2017) 20 116 —— 0.17 [0.11; 0.25]

Pooled estimated rate
Random effects model 149 ———— 0.15 [0.10; 0.21]
Heterogeneity: P= 15%, p = 0.19 ' I : ! '

0 0.1 0.2 0.3 0.4
B bleeding after TAVI in CS patients

Study Events Total Proportion 95%-ClI
Frerker (2016) 1 27 ——F— 0.04 [0.01; 0.18]
Bongiovanni (2017) 4 23 O 0.17 [0.07; 0.37]
Fraccaro (2020) 7 50 —— 0.14 [0.07; 0.26]
Masha (2020) 459 2220 3 0.21 [0.19; 0.22]
Steffen (2022) 5 47 —— 0.11 [0.05; 0.23]
Piriou (2022) 1 38 l——— 0.03 [0.00; 0.13]

Pooled estimated rate
Random effects model 2405 ~eatifimne— 0.12 [0.06; 0.20]
Heterogeneity: = 60%, p < 0.01 ! I ! I '

0 0.1 0:2 0.3 0.4

Figure 3 Bleeding complications. Pooled estimated rates for bleeding after eBAV (A) and after eTAVI (B) in CS patients. CS,
cardiogenic shock; eBAV, emergency balloon aortic valvuloplasty; eTAVI, emergency transcatheter aortic valve implantation.

variability that can obscure the true effects and reduce the
reliability of our findings. Therefore, these data should be
interpreted with caution, and the generalisability of the
results may be limited. In addition, in 23% of the eBAV
patients, the procedure was used as a bridging procedure
for a valve replacement with either TAVI or SAVR, adding
a further bias in our analysis (table 1). However, a clear
indication of the time point of the second intervention
is not available, as only median and ranges are provided.

Moreover, the studies included in our meta-analysis
were conducted over a wide time range, contributing to
heterogeneity and potentially impacting the reliability of
pooled estimates.

The studies incorporated into our analysis cover an
extensive historical period, reflecting the comprehensive
nature of our research. However, our three oldest studies
from the 1990s had a limited weight in our pooled rates,
mainly due to their small sample sizes. Despite this, the
evolution in clinical practice and patient management
over time introduces another layer of variability, which
may impact the study’s conclusions. Of note, our leave-
one-out sensitivity analyses did not detect any differences
(online supplemental figure 1).

In addition, CS is a condition with a wide range of
severity, which is not easy to harmonise and compare. The
studies included in our meta-analysis are characterised

by relevant heterogeneity and did not report outcomes
according to the SCAI classification. A further relevant
limitation is the lack of information concerning the
strategy used to achieve valve sizing in eTAVI. In elective
cases, CT scan is the gold standard to evaluate access site
and annulus size. However, anecdotal cases of urgent
TAVI with sizing using transoesophageal echocardi-
ography or BAV have been reported.”’ The absence of
high-resolution anatomical data from CT scans could
have influenced acute outcomes and prognosis, further
complicating the interpretation of our results.

CONCLUSION

This meta-analysis is the first study analysing the totality
of existing literature on emergency interventions in CS
patients due to decompensated AS. Despite its limitations,
our meta-analysis of real-world evidence suggests that
eTAVI is a viable option in this complex clinical scenario.
However, the overall mortality in AS patients presenting
with CS remains high. Further larger comparative studies
with a prospective randomised design with standardised
outcome reporting are needed to substantiate evidence
and guide clinical decision-making.

X Dario Bongiovanni @dariobongio
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A major vascular complications after BAV in CS patients

Study Events Total

Cribier (1992) 0 10M-
Moreno (1994) 5 21

Buchwald (2001) 3 14
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B major vascular complications after TAVI in CS patients

Study Events Total Proportion 95%-ClI
Frerker (2016) 1 27 —— 0.04 [0.01; 0.18]
Bongiovanni (2017) 5 23 L] 0.22 [0.10; 0.42]
Fraccaro (2020) 2 50 W——— 0.04 [0.01; 0.13]
Masha (2020) 190 2220 = 0.09 [0.07; 0.10]
Steffen (2022) 5 47 —— 0.11 [0.05; 0.23]
Piriou (2022) 1 38 —— 0.03 [0.00; 0.13]

Pooled estimated rate
Random effects model 2405 4 0.08 [0.07; 0.10]
Heterogeneity: I2 =40%, p =0.11 : ' ' ' ! '

0 01 02 03 04 05

Figure 4 Vascular complications. Pooled estimated rates for major vascular complications after eBAV (A) and after eTAVI (B) in
CS patients. CS, cardiogenic shock; eBAV, emergency balloon aortic valvuloplasty; eTAVI, emergency transcatheter aortic valve

implantation.
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