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Abstract: Intracardiac echocardiography (ICE) has emerged as an alternative to transesophageal echocardiography
(TEE) to guide implantation of percutaneous left atrial appendage closure (LAAC) devices in patients with atrial
fibrillation (AF) and a high bleeding risk. We reviewed the efficacy and safety of ICE compared to TEE in LAAC in this
updated meta-analysis. Medline, CINAHL, EMBASE and Scopus were systematically searched for studies comparing
ICE and TEE in percutaneous LAAC. Our primary outcomes of interest were procedural success and study reported
periprocedural complications. Secondary outcomes included various procedural characteristics. Risk ratios (RR),
standardized mean differences (SMD) and their corresponding 95% confidence intervals (Cl) were calculated. The
analysis was performed using a random-effect model. Nine observational studies met our inclusion criteria with a
total of 2620 patients (ICE: 679 and TEE: 1941). Mean CHA DS -Vasc (4.4 + 0.3 for ICE vs 4.5 + 0.3 for TEE, P =
0.60) and HAS-BLED (3.2 + 0.4 vs 3.1 + 0.6, P = 0.78) scores were comparable between the two groups. There
was no significant difference in procedure success rate (RR: 1.01, 95% Cl: 0.99-1.02, P= 0.31) and periprocedural
complications (RR: 0.85, 95% Cl: 0.59-1.23, P = 0.39). No significant difference was observed in procedure dura-
tion, fluoroscopy time and contrast volume used while a trend towards decreased hospital length of stay was seen
with the use of ICE. Thus, our updated meta-analysis shows ICE is as effective and safe as TEE for implantation of
LAAC devices.

Keywords: Intracardiac echocardiography, transesophageal echocardiography, left atrial appendage closure,
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Introduction

Nearly 90% of strokes in non-valvular atrial
fibrillation (AF) originate from thrombus forma-
tion in the left atrial appendage (LAA) [1]. Oral
anticoagulants (OAC) are the gold standard for
prophylaxis against systemic thromboembo-
lism. Based on results of two randomized clini-
cal trials and multiple registries, percutaneous
left atrial appendage closure (LAAC) devices
such as Watchman and amplatzer cardiac plug

(ACP) have emerged as a feasible alternative for
stroke prevention in AF [2-5]. Although, early
Watchman experience was plagued with seri-
ous complications [6], registries and real-word
data have demonstrated a lower rate of compli-
cations with increasing operator experience [7].

Successful deployment of LAAC devices involve
pre-procedural planning utilizing imaging tech-
niques such as cardiac computed tomography
angiography (CCTA) or transesophageal echo-
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Table 1. Newcastle Ottawa Scale for quality assessment of

Search strategy

studies _ o _
Study Selection Comparability Outcome Total A varied combination O_f the following
Frangieh 2016 rrn -~ rx 9 keywords were u_sed in the search
strategy: “left atrial appendage clo-
Korsholm 2017 kAN *x R K 9 » o« o -
sure”, “LAAC”, “Watchman”, “Ampla-
Berti 2018 R o o 9 tzer cardiac plug”, “Amulet”, “atrial
Hemam 2018 e * e 8 fibrillation”, “transesophageal echo-
Kim 2018 e * i 9 cardiography”, “TEE”, “intracardiac ec-
Reis 2018 FHFx ok 7 hocardiography” and “ICE”.
Nielsen-Kudsk 2019 wkk K ok ok x 9
Streb 2019 *kkk * *kk 8 Study selection
Alkhouli 2020 ok o ok 9

Each (*) is equivalent to one point. The maximum score is 9 (**** for

selection, ** for comparability, *** for outcome).

cardiography (TEE) [8]. These modalities allow
the operator to not only rule out left atrial
appendage (LAA) thrombus but also to identify
appropriate size of LAAC device. Intraprocedural
imaging with TEE remains the standard in guid-
ing LAAC device across the interatrial septum
into the left atrium (LA) and ensuring accurate
deployment into LAA. TEE, however, requires
endotracheal intubation and general anesthe-
sia (GA) which may potentially increase the risk
of complications and thus adversely impact
patient satisfaction and outcomes. Intracardiac
echocardiography (ICE) has evolved as a pow-
erful imaging modality in structural heart inter-
ventions that eliminates the need for GA and
can be performed under local anesthesia or
moderate sedation. Various observational stud-
ies have explored the role of ICE in percutane-
ous LAAC but it appears to be underutilized [9].
We performed this updated meta-analysis to
investigate whether ICE can be performed safe-
ly and effectively compared to TEE in percuta-
neous LAAC.

Materials and methods
Data source

A systematic search was performed without
any language restriction in Pubmed, Cumulative
Index to Nursing and Allied Health Literature
(CINAHL), Excerpta Medica database (EMBASE)
and Scopus from inception to June 25", 2020
for studies comparing the use of ICE and TEE in
LAAC. This systematic review and meta-analy-
sis were performed in accordance with PRISMA
(Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) guidelines [10].
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Following inclusion criteria were us-
ed for selecting relevant studies: 1)
patients > 18 years of age who
received percutaneous LAAC using
either Watchman, Amplatzer Cardiac Plug (ACP)
or Amulet device. 2) studies compared the use
of TEE vs ICE to guide deployment of LAAC
device. 3) procedural success and complica-
tions were compared between TEE and ICE for
LAAC. 4) full text publications were available.
Studies were excluded if: 1) only abstracts were
available without full text publications, and 2)
data comparing outcomes between ICE and
TEE were unavailable.

Data extraction

Literature search was performed independent-
ly by two investigators (AJ and AT), followed by
screening of studies for eligibility. Each investi-
gator extracted data from eligible studies using
a standardized data collection form. Any differ-
ences in the included studies and collected
data were resolved through consensus after
discussion with the senior author (PV). Data on
study characteristics, baseline characteristics
of included patients, procedural characteristics
and complications were collected.

Quality assessment of studies

Quality assessment of studies was performed
using the Newcastle-Ottawa scale for observa-
tional studies (Table 1).

Outcomes

Our co-primary outcomes of interest were pro-
cedural success which was defined as success-
ful deployment of LAAC device with a peri-
device leak of £ 5 mm and study reported
periprocedural complications (including peri-
cardial effusion/tamponade, stroke, death,
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Figure 1. Flow diagram of the search strategy. CINAHL = Cumulative Index to Nursing and Allied Health Literature,

EMBASE = Excerpta Medica database.

vascular complications, and device emboliza-
tion). Secondary outcomes included procedural
characteristics such as procedure duration,
fluoroscopy time, contrast volume and length of
hospital stay.

Statistical analysis

Pooled analysis was presented as risk ratios
(RR) and 95% confidence intervals (Cl), which
was calculated using Mantel-Haenszel meth-
od for dichotomous variables. Standardized
mean differences (SMD) along with 95% CI
were calculated for continuous variables using
an inverse variance method. Higgins’ and Th-
ompson’s I? statistics were used for assessing
heterogeneity among different studies, with
I? values of < 25%, 25-75% and > 75% corre-
sponding to low, moderate and high levels
of heterogeneity, respectively [11]. Publication
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bias was estimated by visual inspection of fun-
nel plots. A continuity correction of 0.5 was
used for the zero events on ICE and TEE for
periprocedural complications. The meta-analy-
sis was performed using Review Manager
(RevMan), version 5.3. (Copenhagen: The No-
rdic Cochrane Center, The Cochrane Collabo-
ration).

Results
Search results

A total of 567 records were initially identified
following a thorough literature search. After
removing duplicates, editorials, case reports
and studies that did not meet our inclusion
criteria, 9 observational studies were included
in the final quantitative analysis (Figure 1)
[12-20].
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Table 2. Characteristics of included studies

Single vs Type of . ) Preprocedural ICE catheter
Study N Country g yp Study period LAAC device ‘p . Type of ICE catheter used i,
Multicenter study imaging position

Frangieh 2016 76 Switzerland Single Retrospective  November 2013-June 2016 Watchman TEE AcuNav (Siemens Healthcare, Germany) 8F LA

Korsholm 2017 216 Denmark Single Retrospective March 2010-November 2016 ACP and Amulet Cardiac CT ViewFlex Xtra (St. Jude, USA) 9F LA

Berti 2018 604 Italy Multi Retrospective  December 2008-April 2015 ACP and Amulet  TEE and Cardiac AcuNav (Siemens Healthcare, Germany) 8F RA or LA

Hemam 2018 104 USA Multi Retrospective April 2015-January 2018 Watchman N/A AcuNav (Siemens Healthcare, Germany) LA

and ViewFlex Xtra (St. Jude, USA)

Kim 2018 144 Korea Multi Retrospective March 2013-April 2017 Watchman, ACP TEE AcuNav (Biosense Webster, USA) 8F LSPV
and Amultet

Reis 2018 82 Portugal Single Retrospective May 2010-January 2017 Watchman, ACP, TEE N/A LA
and Amulet

Nielsen-Kudsk 2019 1088 Global Multi Retrospective June 2015-September 2016 Amulet TEE or Cardiac CT ViewFlex Xtra (Abbott Vascular, USA) LSPV

Streb 2019 23 Poland Single Prospective N/A Amulet TEE AcuNav (Siemens Healthcare, USA) 8F LA

Alkhouli 2020 286 USA Single Retrospective June 2016-April 2019 Watchman TEE or cardiac CT AcuNav (Siemens Healthcare, USA) and LA

ViewFlex Xtra (Abbott Vascular, USA) 10F

ACP = Amplatzer cardiac plug, CT = Computed tomography, F = French gauge, ICE = Intracardiac echocardiography, LA = Left atrium, LAAC = Left atrial appendage closure, LSPV = Left superior pulmonary vein, Ml = Myocardial infarction, RA =
Right atrium, TEE = Transesophageal echocardiography, TIA = Transient ischemic attack, USA = United States of America.

Table 3. Baseline characteristics of the patient population in the included studies

Study Age Female  Hypertension Diabetes Mellitus History of Stroke/TIA Prior Bleeding ~ CHA,DS -Vasc score  HAS-BLED Score
Frangieh 2016 ICE (n=32) 76 [68-80] 6 (19%) 27 (84%) 14 (44%) 9 (28%) 19 (59%) 4[3-5.8] 3[3-4]
TEE (n = 44) 81[75-85] 19 (43%) 38 (86%) 16 (36%) 9 (21%) 14 (32%) 4 [3-5] 3[3-4.8]
Korsholm 2017 ICE(n=109) 73.0+£78 41(38%) 91 (83%) 23 (21%) 50 (46%) 94 (86%) 41+1.6 4.1+0.9
TEE(n=107) 73.0+9.7 28(26%) 86 (80%) 23 (22%) 59 (55%) 86 (80%) 44+16 41+11
Berti 2018 ICE (n =187) 76 +8 64 (34%) N/A N/A N/A N/A 43+14 32+14
TEE (n= 417) a4 +7 146 (35%) N/A N/A N/A N/A 42+1.4 31+11
Hemam 2018 ICE (n =53) 77 £ 10 20 (38%) 43 (81%) 18 (34%) 22 (42%) N/A 45+1.8 N/A
TEE (n =51) 67 20 (39%) 46 (90%) 15 (29%) 17 (33%) N/A 45+16 N/A
Kim 2018 ICE (n = 41) 71.4+9.3 17 (41%) 37 (90%) 11 (27%) 20 (49%) 20 (49%) 43+14 3.0+15
TEE (n=103) 72.3+9.2 52 (50) 86 (83%) 26 (25%) 44 (43%) 45 (44%) 43+14 31+14
Reis 2018 ICE (n = 26) N/A N/A N/A N/A N/A N/A N/A N/A
TEE (n = 56) N/A N/A N/A N/A N/A N/A N/A N/A
Nielsen-Kudsk 2019 ICE (n = 130) 75+8 52 (40%) N/A N/A 70 (54) 94 (72) 41+16 32409
TEE (n = 955) 75+9 334 (35%) N/A N/A 334 (35) 688 (72) 42+16 33+11
Streb et al. ICE (n = 11) 77 (7] 6(54.5%) 9 (81.8%) 3 (27.2%) 5 (45.4%) 9 (81.8%) 5.00 [2] 3.0[2]
TEE (n=12) 73 [15] 8(66.6%) 11 (91.7%) 3 (25%) 3 (25%) 10 (83.3%) 5.00 [1.50] 2.00 [0.50]
Alkhouli 2020 ICE (n =90) 75.7+£8.0 34 (38%) 83 (92%) 30 (33%) 33 (36%) N/A 47+1.4 28+1.2
TEE(n=196) 75.2+78 87 (44%) 171 (87%) 86 (44%) 84 (43%) N/A 48+ 1.6 29+11

ICE = Intracardiac echocardiography, TEE = Transesophageal echocardiography, TIA = Transient ischemic attack. Continuous variables are reported as mean + standard deviation or median [range or inter-
quartile range], dichotomous variables are reported as number (percentage).
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Procedural Success

Experimental Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Frangieh 2016 32 32 44 44  53% 1.00 [0.95,1.05] 2016 .
Karsholm 2017 103 109 101 107 3.5% 1.00[0.94,1.07] 2017 m——
Kim 2018 41 Ehl 100 103 6.0% 1.02[0.97,1.07] 2018 =
Reis 2018 26 26 53 56 2.0% 1.05(0.96,1.14) 2018 ]
Beri 2018 179 187 390 417 8.3% 1.02[0.98,1.06] 2018 o e
Hemam 2018 53 53 51 51 105% 1.00 [0.96,1.04] 2018 ——
Streb 2019 1 1 12 12 06% 1.00[0.85,1.17) 2018 =
Nielsen-Kudsk 2019 129 130 945 955 53.2% 1.00[0.99,1.02] 2019

Alkhouli 2020 88 90 191 196 9.7% 1.00[0.97,1.04] 2020

Total (95% CI) 679 1941 100.0% 1.01[0.99, 1.02]

Total events 662 1887

Heterogeneity: Tau®= 0.00, Chi*= 2.88, df= 8 (P=0.94), F= 0%
Test for overall effect Z=1.02 (P=0.31)

Periprocedural Complications

07 085 12 15
Favours ICE Favours TEE

ICE TEE Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Frangieh 2016 1 32 2 44  2.4% 0.69[0.07,7.26] 2016
Korsholm 2017 6 109 6 107 11.1% 0.98[0.33,295] 2017 =
Kim 2018 1 41 7 103 31% 0.36 [0.05, 2.83] 2018 T
Berti 2018 8 187 27 417 226% 0.66 [0.31,1.43] 2018 —T
Hemam 2018 0 53 1} 51 Not estimable 2018
Reis 2018 3 26 9 56  9.0% 0.72[0.21,2.43] 2018 —1
Nielsen-Kudsk 2019 13 130 91 955 440% 1.05[0.60,1.82] 2019 ——
Streb 2019 0 1" 0 12 Not estimable 2019
Alkhouli 2020 3 90 8 196 7.9% 0.82[0.22,3.01] 2020 ——
Total (95% CI) 679 1941 100.0% 0.85[0.59, 1.23] ko
Total events 35 150
Heterogeneity: Tau®= 0.00; Chi*=1.83,df=6 (P=093), F=0% 001 o n 00

Test for overall effect Z= 0.86 (P = 0.39)

Favours ICE Favours TEE

Figure 2. Forest plots showing co-primary outcomes of procedural success and periprocedural complications in left
atrial appendage closure using intracardiac echocardiography (ICE) compared to transesophageal echocardiogra-
phy (TEE). ICE = Intracardiac echocardiography, TEE = Transesophageal echocardiography.

Study characteristics

The meta-analysis included 2620 patients:
679 underwent LAAC using ICE and 1941 using
TEE guidance. Five studies were single-center
studies while four were multicenter. Only one
of the nine studies was a prospective study
including 23 patients [19]. Two studies were
conducted in USA, one was conducted in Korea
and all others were European studies.

Watchman device was the only device used for
LAAC in three studies, Amulet was the only
device used in 2 studies, Amulet or ACP was
used in 2 studies and all three devices were
used in 2 studies (Table 2). The mean age of
the study population ranged from 71.2 years to
81 years, and 37% were females (Table 3).
About 39% of included patients in our analysis
had a prior history of stroke or TIA and 70% had
a history of prior bleeding. Mean CHA,DS -Vasc
scores (4.4 + 0.3 for ICEvs 4.5 + 0.3 for TEE, P
=0.60) and HAS-BLED scores (3.2 + 0.4 for ICE
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vs 3.1 £ 0.6 for TEE, P = 0.78) were comparable
between the two groups.

Primary outcomes

There was no difference in procedural success
rate between ICE and TEE groups (97.5% vs
97.2%, RR = 1.01, 95% Cl: 0.99-1.02, P = 0.31)
(Figure 2). Test of heterogeneity was low (12 =
0%). There was a trend towards lower peripro-
cedural complications with ICE compared to
TEE (5.2% vs 7.7%, RR = 0.85, 95% CI: 0.59-
1.23, P = 0.39) and heterogeneity was low (I =
0%). Table 4 summarizes various periprocedur-
al complications as reported in the included
studies.

Secondary outcomes

There was no significant difference in proce-
dure duration (SMD = -0.29, 95% CI: -1.01-
0.43, P=0.43), fluoroscopy time (SMD =-0.03,
95% ClI: -0.30-0.23, P = 0.80), or contrast vol-
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Table 4. Periprocedural complications as reported in the included studies

Periprocedural complications reported

Study Pericardial effusion/  Major
tamponade bleeding

Death

Vascular Device Stroke/  Renal M

complications  embolization TIA failure

Frangieh 2016 + +
Korsholm 2017
Berti 2018

Hemam 2018

Kim 2018

Reis 2018
Nielsen-Kudsk 2019
Streb 2019

Alkhouli 2020 + +

+ o+ + o+ o+ 4+ o+

+ + + +

+

+ o+ o+ o+ o+ o+
+ o+ + o+ + o+ o+
+

+ o+ o+ o+

+ + +

MI = Myocardial infarction, TIA = Transient ischemic attack. “+” indicates that the complication was reported in the individual study whereas “-“

indicates that the complication was not reported.

ume (SMD = -0.08, 95% CI: -0.83-0.67, P =
0.84) between ICE and TEE groups (Figure
3A-C). A non-significant trend towards de-
creased length of hospital stay was seen in
ICE compared with TEE (SMD = -0.24, 95% ClI:
-0.50-0.02, P = 0.07) (Figure 3D).

Publication bias

The meta-analysis included a small number of
studies, and visual inspection of the funnel
plots did not suggest publication bias for the
primary outcomes (Figure 4).

Discussion

The main findings in this meta-analysis are
that percutaneous LAAC using ICE was associ-
ated with similar procedure success, and com-
plication rates when compared with TEE with
no significant difference in procedure or, fluo-
roscopy time. Our extensive literature search
identified 2 other systematic reviews and me-
ta-analyses that also demonstrated similar
acute procedural success rates without an
increase in risk of complications [21, 22].
Compared with these two prior analyses, our
analysis included one additional study whi-
ch increased the power to estimate an actual
difference between the two imaging moda-
lities.

TEE is currently the standard imaging modali-
ty and is the most frequently employed modali-
ty during percutaneous LAAC across centers
worldwide. Nonetheless, several logistical and
procedural challenges of TEE merit consider-
ation. These include not only the availability
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of echocardiography and anesthesia staff but
more importantly, the effects of GA on the
old and frail population that is typically ref-
erred for LAAC. Increasingly, structural heart
interventions are being performed using a
‘minimalistic’ approach. For example, among
120,080 patients who underwent transcathe-
ter aortic valve replacement between January
2016 and March 2019, the use of conscious
sedation for the procedure increased from
33% to 64% [23]. During that time period con-
scious sedation was associated with a decrea-
se in hospital length of stay, in-hospital mortal-
ity and 30-day mortality as compared to GA.
Moreover, TEE itself is associated with risks. In
a prospective study involving 50 patients,
including 24 who underwent LAAC, Freitaz-
Ferraz et al. found that 86% of the patients
had a new injury on post-procedure esoph-
agogastroduodenoscopy, with 40% having a
complex lesion such as intramural hematoma
or mucosal laceration [24]. Thus, avoidance of
GA and TEE in high-risk individuals appear
logical.

ICE on the other hand, eliminates the need for
GA and can be performed utilizing local anes-
thesia or moderate sedation. However, ICE
requires a separate venous access which may
increase the risk of vascular complications and
may lead to an increase in hospital stay and
costs. LAA image quality and reproducibility
with ICE imaging from the right atrium (RA)
remains an area of concern during LAAC deploy-
ment. This can be improved by obtaining imag-
es from the left atrium (LA) [25]. The ICE cath-
eter can be advanced from the RA into LA utiliz-
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ICE TEE Std. Mean Difference Std, Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Frangieh 2016 49 58 32 35 49 44 107% 262(1.99,3.24 2016 e
Korsholm 2017 893 84 109 1173 142 107 11.3% -2.40[-2.75,-2.05) 2017 -
Reis 2018 658 152 26 699 136 56 11.1% -0.29[-0.75,0.18) 2018 -
Berti 2018 108 33 187 92 34 417 116% 0.47 [0.30,0.65] 2018 e
Kim 2018 58 1.7 41 783 107 103 11.1% -2.22[-2.66,-1.77) 2018 -
Hemam 2018 46 24 53 46 30 51 11.3% 0.00[-0.38,0.38] 2018 2
Streb 2019 46.25 113 11 57.75 107 12 99% -1.01[-1.89,-0.13] 2019 —
Nielsen-Kudsk 2019 40 31 130 33 21 955 115% 0.31[0.13,0.50] 2019 o
Alkhouli 2020 352 113 90 366 156 196 11.5% -0.10[0.35,0.15) 2020 -
Total (95% CI) 679 1941 100.0% -0.29[-1.01, 0.43]

Heterogeneity. Tau®=1.17, Chi*= 387.88, df= 8 (P < 0.00001), F= 98% k

Test for overall eflect Z=0.73 (P = 0.43) e F:vours ICE 1JFawours TESE 10

Procedure duration

B ICE TEE Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% Cl_Year IV, Rand 95% CI
Frangieh 2016 995 18 32 943 26 44 101% 0.22-0.23,0.68] 2016 o
Korsholm 2017 15 23 109 15 35 107 125% 0.00[-0.27,0.27] 2017 T
Reis 2018 304 17 26 351 165 56 100% -0.28-0.75,0.19] 2018 -*T
Berti 2018 25 12 187 20 11 417 135% 0.44(0.27,0.62] 2018 -

Hemam 2018 48 27 53 73 47 51 10.9% -0.651.05,-0.26] 2018 ——

Kim 2018 838 15 41 112 42 103 11.2% -0.77 1.14,-0.40] 2018 -

Nielsen-Kudsk 2019 20 12 130 15 66 955 134% 0.08[-0.10,0.26] 2019 T

Streb 2019 10 46 1" 7 09 12 57% 0.89[0.03,1.76] 2019 [

Alkhouli 2020 142 36 90 138 89 196 12.7% 0.05[-0.20,0.30] 2020 by

Total (95% CI) 679 1941 100.0% -0.03 [-0.30, 0.23] ?

Heterogeneity. Tau*= 0.13; Chi*= 55.99, df= 8 (P < 0.00001); F= 86% :Q -2 ) ‘.'2 é

Testfor overall effect Z= 0.25 (P = 0.80) ) Favours ICE Favours TEE
Fluoroscopy time

C ICE TEE Std. Mean Difference Std, Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Frangieh 2016 a0 87 32 935 248 44  20.0% -0.18[-0.63,0.28] 2016
Korsholm 2017 595 69 109 692 78 107 209% -1.31[1.61,-1.02) 2017 -
Nielsen-Kudsk 2019 145 157 130 98 76 955 21.3% 0.52(0.34,0.71) 2019 -

Streb 2019 304 144 1 20 26 12 16.7% 0.99(0.11,1.87] 2019

Alkhouli 2020 478 193 90 528 249 196 21.1% -0.21 [-0.46,0.04] 2020

Total (95% CI) 372 1314 100.0% -0.08 [-0.83, 0.67]

Heterogeneity: Tau®= 0.68; Chi*= 115.22, df= 4 (P < 0.00001); F= 97% Ho % 5 3 o

Test for overall effect Z= 0.20 (P = 0.84) Favours ICE Favours TEE
Contrast volume used

D ICE TEE Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, R 95% CI
Frangieh 2016 2 15 32 23 05 44 161% -0.28 [-0.74,0.17] 2016 =y i
Korsholm 2017 2 15 109 2 15 107 24.0% 0.00[0.27,0.27] 2017 -+
Nielsen-Kudsk 2019 19 1.7 130 25 42 955 27.7% -0.150.33,0.03] 2019 -

Streb 2019 3 075 1 3 075 12 7.7% 0.00[-0.82,082] 2019 —

Alkhouli 2020 1.25 09 a0 25 23 196 245% -0.63[-0.89,-0.38] 2020 -

Total (95% CI) 372 1314 100.0% -0.24 [-0.50, 0.02] L

Heterogeneity: Tau®*= 0.06; Chi*=13.49, df= 4 (P = 0.009), F= 70% 54 ;2 i i

Testfor overall effect Z=1.83 (P =0.07) Favours ICE Favours TEE

Length of hospital stay

Figure 3. Forest plots showing secondary outcomes of procedure duration, fluoroscopy time, contrast volume used
and hospital length of stay in left atrial appendage closure using intracardiac echocardiography (ICE) compared to
transesophageal echocardiography (TEE). ICE = Intracardiac echocardiography, TEE = Transesophageal echocar-
diography.

ing the same transseptal puncture for the LAAC
device sheath or with a separate transseptal
puncture. All studies in this analysis except one
(Kim et al.) used a single transseptal puncture
technique without any increase in complication
rates. LA was the sole position for ICE cathet-
er in guiding LAAC device deployment in 8
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studies in this analysis. High procedural suc-
cess rate further supports the fact that ICE in
LA position can be utilized in deploying LAAC
devices with similar efficacy as TEE. However,
operators must use caution while advancing
ICE catheter into LA since additional manipula-
tion can be a cause of atrial wall injury.
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catheter is positioned in the
right ventricle across the tri-
cuspid valve.

Another concern with ICE is
the high cost associated with
the equipment. However as
shown by Hemam et al. and
Alkhouli et al., the increased
hospitalization charges asso-
ciated with ICE were offset by
decreased professional ch-
arges due to a reduction in
the number of personnel in-
RR, volved with the procedure

UF? U.:SS
Procedural success
B 0__SE(I-:nglFlR’])

0.5+

1.2

15 [15, 20]. Thus, global charges
for LAAC were comparable
whether the procedure was
performed using ICE or TEE
guidance. Finally, there may
be a significant learning cu-
rve associated with ICE.
However, this did not trans-
late into an increased proce-
dural duration as shown by
our analysis.

Limitations

Though the findings of our
analysis are intriguing, they
RR must be interpreted with cau-

ok

01 0.1 1

Periprocedural complications

Figure 4. Funnel plots showing no evidence of publication bias on visual in-
spection for co-primary outcomes of procedural success and periprocedural

complications.

Other aspects of routine TEE imaging, critical
for a successful procedure, can similarly be
performed with ICE guidance. ICE imaging from
a right ventricular outflow tract or pulmonary
artery position can rule out a thrombus in LAA
prior to transseptal puncture. Accurate mea-
surements of LAA can be made thus assisting
the operator in choosing the appropriately sized
device. ICE has previously been shown to
strongly correlate with TEE for length, width,
and area of LAA [26]. After deployment of the
device, assessment of peri-device leak can be
made by use of color doppler flow imaging [27].
However, a lower Nyquist limit between 20-30
cm/s is recommended. Also, assessment of
pericardial effusion can be done while the ICE

545

10

100 tion and several limitations
are worth noting. First, all stu-
dies except one were retro-
spective observational stud-
ies which introduced the
potential for selection bias.
Second, reported periproce-
dural complications varied from one study to
another and the definitions of these complica-
tions were not readily available. Third, the con-
founding effect of pre-procedural imaging
modalities (TEE or CCTA) in optimal size selec-
tion of LAAC device and thus subsequent suc-
cessful deployment cannot be fully eliminated.
Fourth, the impact of type of LAAC device on
primary outcomes could not be determined
from available data. Presently, Watchman
device is the only Food and Drug Administration
approved device for use in USA while ACP,
Amulet and Watchman devices are all available
for commercial use in Europe. Fifth, it is unclear
if utilization of ICE had any impact on patient
satisfaction since this variable may be difficult
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to measure and was not reported in any of the
studies. Finally, all meta-analyses are limited by
the inherent issue of publication bias.

Conclusion

Our analysis suggests that LAAC can be per-
formed under ICE guidance with equal efficacy
and safety compared to TEE.
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