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BACKGROUND: Severe primary graft dysfunction (PGD) after heart transplantation (HT) is a major
cause of death and requires veno-arterial extracorporeal membrane oxygenation (VA-ECMO).
METHODS: We conducted a systematic review and meta-analysis including studies of adult HT re-
cipients who required VA-ECMO for PGD to determine whether a peripheral or central configuration
was associated with higher mortality. The primary endpoints were short-term and one-year mortality.
Secondary endpoints were VA-ECMO-related complications.

RESULTS: Overall, we included 16 studies comprising 874 patients from 33 centers. Using a random-
effects model, peripheral cannulation was associated with a nonsignificant reduction in short-term
mortality (odds ratios [OR] = 0.73, 95% confidence interval [CI] = 0.41-1.28, 12 = 55.8%) and a
significant reduction in 1-year mortality (OR = 0.60, 95%CI = 0.37-0.97, 12 = 35.9%). Peripheral
cannulation decreased the risk of bleeding but increased the risk of limb ischemia and infection, with
similar rates of stroke and need for renal replacement therapy. Overall, certainty of evidence was low.
CONCLUSIONS: With low certainty evidence, peripheral VA-ECMO cannulation may reduce short-
term and 1-year mortality with lower bleeding rates but higher limb-related complications, supporting
peripheral configuration in HT recipients with severe PGD.
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Background 102 were screened as full texts. We included 16 non-

Severe primary graft dysfunction (PGD) affects 7.8% of heart
transplant (HT) recipients and portends a 1-year mortality
close to 25%." In non-HT postcardiotomy shock, peripheral
veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) cannulation has demonstrated higher survival than
central cannulation,” but there still exists significant between-
center variability in VA-ECMO configuration for PGD. Since
the available evidence originates from small studies’ and a
large multicentric study was recently published and not in-
cluded in existent meta-analyses,” we conducted an update of
a previous systematic review and meta-analysis to determine
complication rates according to the cannulation strategy
(peripheral vs central VA-ECMO) in PGD.

Methods

A research librarian (A.O.C.) executed the same compre-
hensive search strategy as previously reported” until July 7,
2023. We included studies published after January 1, 2009,
of adult (218 years old) HT recipients with PGD receiving
VA-ECMO that reported data for any prespecified endpoint
based on the site of cannulation. Studies with <5 patients or
multiorgan recipients were excluded.

Title, abstract, and full-text screening were completed in
duplicate (E.R.A. and A.O.S.), and in case of disagreement
a third reviewer (N.A.) intervened. If there was overlapping
data, only the most recent cohort was included. Individual
patient data (IPD) was used when available.”

Outcomes of interest were short-term mortality (in-hospital
mortality or 30-day mortality) and 1-year mortality. VA-
ECMO-related complications were stroke (hemorrhagic or
ischemic), bleeding, or infection while supported on VA-
ECMO, renal replacement therapy (RRT), and limb ischemia.

Pooled effect sizes and odds ratios (OR) were calculated
using random-effects restricted maximum likelihood
models with the Freeman-Tukey double arcsine transfor-
mation (Stata 18.0, StataCorp). We conducted subgroup
analyses according to study type (single-center vs multi-
center), use of IPD, and International Society for Heart and
Lung Transplantation (ISHLT) definition for PGD.® The
risk of bias was assessed using the ROBINS-I tool,” and
GRADE framework was used to assess the certainty of the
evidence.” Publication bias was assessed with funnel plots,
and small studies effect with Egger’s test.

Results

After removal of 117 duplicates from the updated search,
2,086 studies underwent title and abstract screening, and

randomized studies comprising 874 patients from 33 cen-
ters with recruitment timeframes ranging from 2000-2014
to 2008-2020. IPD was available for 10 studies.” Fifteen
studies were retrospective, 15 were published as full text,
and 2 studies were multicentered. The ISHLT definition for
PGD was used in 8 studies. The risk of bias was high for
most studies for mortality (Table S1) because of inadequate
control of confounding. However, most articles included
consecutive patients with little missing data. There was no
significant publication bias (Figure S1) nor small studies
effect on any outcome.

The pooled estimate for short-term mortality was 33%
(95% confidence interval [CI] = 23%-45%; 12 = 91.1%)
from 16 studies (Figure 1). Multicentered studies reported
higher short-term mortality than single-center studies (51%
vs 31%, p = 0.03). Heterogeneity was not explained by
using the ISHLT definition for PGD nor by using IPD data
(» = 047 and p = 0.29 for the respective interactions).
Peripheral cannulation was associated with a nonsignificant
reduction in short-term mortality (OR = 0.73,
95%CI = 0.41-1.28, 12 = 55.8%, Figure 2). Duration of VA-
ECMO support, reported in 11 studies, was similar between
groups (Cohen’s d standardized mean difference of
—0.14 days in peripheral cannulation, 95%CI -0.39 to
0.11 days, 12 = 33.0%). The length of stay was reported in 6
studies and was similar (0.15 days longer in peripherally
cannulated patients, 95%CI = —0.30 to 0.61, 12 = 50.5%).

The pooled estimate for 1-year mortality was 46%
95%C1=36%-571%) from 13  (81.3%) studies.
Heterogeneity was not explained by single vs multicenter
studies (p =0.10), by using the ISHLT definition for PGD
(»=0.37) nor by using IPD data (p=0.86). Peripheral
cannulation was associated with reduced 1-year mortality
compared to central cannulation (OR =0.60, 95%CI =0.37-
0.97, 12 =35.9%).

The certainty of evidence supporting peripheral over
central cannulation was low given the observational nature
of the studies, imprecision, and moderate heterogeneity.

VA-ECMO-related complications were reported in 12
studies (75%, Figure 3). The pooled estimate for bleeding
was 37% (95%CI =27%-46%, 12 =78.9%), and was lower
in patients with peripheral cannulation (OR=0.57,
95%CI1=0.34-0.97, 12=23.2%). Infections occurred in
30% (95%CI=23%-38%, 12=68.2%), more frequently
among patients supported with peripheral cannulation
(OR=1.76, 95%CI=1.02-3.03, 12 =0%). The pooled esti-
mate for limb ischemia was 8% (95% ClI 6%-11%,
12=0.0%) and was significantly higher with peripheral
cannulation (OR=2.52, 95%CI=1.10-5.80, 12=17.2%).
RRT was required in 60% of cases (95%CI=48%-71%,
12=86.0%), with no difference between cannulation
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A
Proportion Weight
Study Short-term mortality Total with 95% CI (%)
Absi 2017 8 16 ——Ml— 050[0.25, 0.75] 5.50
Connolly 2019 10 85 - 0.12[0.06, 0.20] 6.84
D'Alessandro 2011 49 91 —— 0.54[0.44, 0.64] 6.87
DeRoo 2019 2 38 i 0.05[0.00, 0.15] 6.39
Hebert 2017 27 63 +—— 0.43[0.31, 0.55] 6.71
Kawabori 2019 9 WB— 0.00(0.00, 0.18] 4.67
Lee 2021 7 100 . = 0.07[0.03, 0.13] 6.90
Lehmann 2014 14 26 —Ml——  0.54[0.34, 0.73] 6.06
Lima 2015 13 37 —— 0.35[0.20, 0.51] 6.37
Loforte 2021 17 32 —M— 0.53[0.36, 0.70] 6.25
Marasco 2010 6 40 —— 0.15[0.05, 0.28] 6.43
Mehdiani 2021 9 25 —— 0.36[0.18, 0.56] 6.02
Olivella 2023 140 242 - 0.58[0.52, 0.64] 7.11
Paulo 2022 28 60 —il— 0.47[0.34, 0.59] 6.68
Pozzi 2018 18 38 —— 0.47[0.32, 0.63] 6.39
Simonenko 2019 5 10 L] 0.50[0.19, 0.81] 4.83
Overall ~ 0.33[0.23, 0.45]
Heterogeneity: T2 = 0.19, |2 = 91.09%, H? = 11.23
Test of 8, = 6: Q(15) = 197.75, p = 0.00
Testof 8 =0:z=9.00, p=0.00
000 020 040 060 0.8
Random-effects REML model

Proportion Weight
Study One-year mortality Total with 95% CI (%)

Absi 2017 10 16 ————  062[0.37, 0.85] 6.32
Connolly 2019 31 85 — 0.36[0.27, 0.47] 8.80
D'Alessandro 2011 56 91 —- 0.62[0.51, 0.71] 8.86
DeRoo 2019 8 38 —— 0.21[0.09, 0.36] 7.90
Hebert 2017 32 63 —— 0.51[0.38, 0.63] 8.53
Kawabori 2019 3 9 —— 0.33[0.06, 0.68] 5.02
Lee 2021 16 100 - 0.16[0.09, 0.24] 8.93
Lehmann 2014 18 26 —— 0.69[0.50, 0.86] 7.28
Lima 2015 15 37 —i— 0.41[0.25, 0.57] 7.86
Marasco 2010 15 40 —— 0.38[0.23, 0.53] 7.97
Olivella 2023 140 242 . 3 0.58[0.52, 0.64] 9.38
Pozzi 2018 21 38 — 0.55[0.39, 0.71] 7.90
Simonenko 2019 8 10 ——@——0.80[0.49, 0.99] 5.27
Overall - 0.46 [ 0.36, 0.57]
Heterogeneity: 12 = 0.11, I2 = 86.48%, H? = 7.40
Test of 6, = 6: Q(12) = 95.22, p = 0.00
Test of 8 =0:z=12.56, p = 0.00

0.00 0.50 1.00

Random-effects REML model

Figure 1 Forest plot of short-term (A) and 1-year (B) mortality. CI, confidence interval.

strategies (OR=0.73, 95%CI=0.50-1.06, 12=0.0%). Discussion

Stroke was observed in 7% (95%CI=4%-10%,

12=31.1%), with no significant differences (OR =0.86, In this meta-analysis of 874 patients requiring VA-ECMO
95%CI =0.45-1.62, 12 =2.2%). for PGD, peripheral cannulation may reduce 1-year
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A
Peripheral Central Odds ratio Weight
Study Died Survived Died Survived with 95% CI (%)
Absi 2017 7 6 3 0 o 0.16[0.01, 3.82] 2.63
Connolly 2019 11 55 7 12 — 0.34[0.11, 1.07] 873
D'Alessandro 2011 14 14 13 13 —— 1.00[0.34, 2.91] 9.09
DeRoo 2019 2 30 3 3 —— 0.07[0.01, 0.57] 4.61
Hebert 2017 18 31 12 2 —— 0.10[0.02, 0.48] 6.48
Kawabori 2019 0 5 1 3 L 0.21[0.01, 6.82] 224
Lee 2021 6 59 1 34 = 3.46[0.40, 29.94] 457
Lehmann 2014 6 3 1 6 —— 1.09[0.20, 6.01] 6.08
Lima 2015 2 2 1 22 = 2.00[0.25, 16.16] 4.77
Loforte 2021 4 5 13 10 —— 0.62[0.13, 2.90] 6.71
Marasco 2010 5 8 6 21 -+ 2.19[0.52, 9.23] 7.21
Mehdiani 2021 6 9 3 7 — i 1.56[0.28, 8.53] 6.09
Olivella 2023 47 85 57 47 R 0.46[0.27, 0.77] 12.00
Paulo 2022 22 16 6 16 —l— 367[1.18, 11.44] 8.71
Pozzi 2018 14 1" 7 6 —il— 1.09[0.28, 4.19] 7.65
Simonenko 2019 4 2 4 0 = 0.20[0.01, 545] 243
Overall <> 0.73[0.41, 1.28]
Heterogeneity: 12 = 0.63, 12 = 55.74%, H? = 2.26
Test of 8, = 8: Q(15) = 31.87, p = 0.01 )
Favors peripheral Favors central
Testof 8 =0:z2=-1.10,p =0.27

1128 116 12 4
Random-effects REML model

B
Peripheral Central Odds ratio Weight
Study Died Survived Died Survived with 95% ClI (%)
Absi 2017 7 6 3 0 - 0.16[0.01, 3.82] 2.17
Connolly 2019 22 44 9 10 1 0.56[0.20, 1.57] 11.70
D'Alessandro 2011 18 15 38 20 0.63[0.26, 1.51] 13.84
DeRoo 2019 4 28 4 2 —— 0.07[0.01, 052] 4.78
Hebert 2017 20 29 12 2 —— 0.11[0.02, 057] 6.71
Kawabori 2019 2 3 1 3 ———®%—2,00[ 0.11, 35.81] 254
Lee 2021 12 52 4 31 i 1.79[0.53, 6.03] 9.73
Lehmann 2014 6 3 12 5 — 0.83[0.15, 4.72] 5.96
Lima 2015 2 2 13 20 —r T 1.54[0.19, 12.32] 4.46
Marasco 2010 6 7 9 18 +—— 1.71[0.44, 6.63] 8.50
Olivella 2023 66 66 74 30 e 3 0.41[0.24, 0.70] 19.08
Pozzi 2018 14 1" 7 6 —+ i 1.09[0.28, 4.19] 8.55
Simonenko 2019 4 2 4 0 - 0.20[0.01, 5.45] 1.98
Overall < 0.60[0.37, 0.97]
Heterogeneity: 12 = 0.24, I> = 35.85%, H? = 1.56
TRtior =S 12 =15:10, =0.08 Favors peripheral Favors central
Testof ® =0:z=-2.07, p =0.04
1128 18 2 32

Random-effects REML model

Figure 2 Forest plot of short-term (A) and 1-year (B) mortality according to the use of peripheral vs central VA-ECMO cannulation.
Right favors central cannulation; left favors peripheral cannulation. CI, confidence interval; VA-ECMO, veno-arterial extracorporeal
membrane oxygenation.
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A. Bleeding B. Infections

Periphoral Central Oddsrato  Weight Poriphorsl Contral Odds ratio Woight
Study Event No evert Event No svent with 85% CI (%) | Study Event No evert  Evert  No event with 85% Ci (%)
Absi 2017 1 12 3 § —— 002(0.00, 052) 225 Absi2017 4 9 0 E] . 332(0.44, 78.81) 294
Connolly 2018 5 a8 1 18 . 188[0.20, 17.17] 496 | Connolly 2018 13 40 4 15 - 122(034, 433) 1833
DeRoc 2019 8 24 4 2 ——t 047[0.03. 1.09) €50 | DeRoo 2019 r 25 1 5§ — 140[0.44, 1403) 558
Habert 2017 15 2] 7 ‘ - 044013, 1.48) 1285 Hebert 2017 8 4 2 12 - 135(028, 7.12) 1066
Kawabori 2019 2 3 1 3 IR 200[0.11, 3581] 308 | Kawabori 2010 3 2 0 4 e - 12680[ 045, 35637) 284
Lima 2015 0 3 3 " . 015[0.01, 325 277  LUma201s 2 1 n 16 - 291(023, 36.16) 464
Lotorte 2021 2 7 10 13 .- 037[006, 219 7323 Lolore 2021 3 ] 5 1" - 180(033, 989 1015
Marasco 2010 7 6 " 16 @~ 170045 644) 1123  Marasco 2010 9 4 10 17 - 383[093, 1572 1475
Mehaiani 2021 10 5 [ 4 - 133025, 7.01) 806 | Mehdiani 2021 3 12 [ 10 ] S08[027, 127.26) 212
Otvelia 2023 30 02 45 59 L ] 039[022, 0868 2744 | Otvella 2023 2 130 3 101 [ 052(008, 316 901
Pozzi 2018 10 15 4 9 <@ 150[036. 623) 1021 | Pozz2018 10 15 4 9 —n— 150(036, 6.23) 1453
Simonenko 2018 3 3 3 1 033[002, 533 332 Simonenko2018 2 4 1 3 —a— 150(008, 2539) 368
Qverall =3 057(034, 087) Overall - 176102, 3.03)
Hoterogonelty: 1% = 0.18, F = 23.16%, H' = 1.30 Hoterogeneity: T = 0.00, F = 0.00%, H¥ = 1,00

Tostof O, = 0:Q{1) = 15.77.p = 0.15 Testof 6 = @: Q{11) = 567, p = 089

Tostol 8=0: 2w -208,pw0.04 Favors peripheral Favors central Testof 8.5 0:2 w204, p w 0.04 Favors peripheral Favors central
1024 122 1 2 n 1 a4 L2
Random-offects REML model Random-eflects REML model
. . .
C. Limb ischemia D. Stroke
Parphecal Cantral Odds raso Waight Parphecal Cantral Oada ratic  Waight
Study Event Noevent Event No event ‘with 85% C1 %) Study Everil Noevent Evenl No event with 85% CI (%)
Absi 2017 H 1 [ 3 C 152(006, 39.78) 576 | Absi2017 1 12 [} 3 - 084003, 2550) 348
Connoly 2019 [] a7 1 18 - 230[0.26, 2044] 1124 | Connolly 2019 4 4 1 18 ~——t@———  147[0.15, 14.04] 785
DeRoo 2019 1 3 [ L - 062[002, 1695 562 DeRioo 2019 0 a2 ° & - 020000, 11.02) 25
Hobert 2017 4 a5 1 13 [ B 116[0192, 11.26] 1054 | Hebet 2017 3 46 [} 14 - 218(0.11, 44.78] 443
Kawabor! 2019 [} 5 1 3 — 021[001, 682 517 | Kawabor 2019 0 5 1 3 e e 021(001, 682 337
Lima 2015 [} 2 25 - 146[006, 37.03) 585 | Lima2015 1 2 5 =] - 220(0.17, 2031) 600
Lotore 2021 3 [} o 2 2831 [ 1.18, S8801] 638 | Lofore 2021 1 8 3 20 —— os3(008, 828 692
Marasco 2010 2 1" 1 26 e 4731039, 57.70) 9.08 Marasco 2010 2 1" 1 2% peme 473030, 57.70) 642
Mehcani 2021 4 n 1 9 . 327(031, 3472) 995 | Mehcan 2021 3 12 1 9 - 225020, 2537) 684
Olivela 2023 24 108 2 102 -’ 1.33[261, 40.18] 1952 | Olvella 2023 9 123 13 81 - 051021, 125 4458
Pozzi 2018 1 24 0 13 - 165(0.06, 4344] 574 | Poxzi2og 2 23 0 3 T 287(013, 6435 498
Simonenko 2018 © 6 1 3 . - 018[001, 568] 521 | Simonenko2018 0 6 1 3 . - 018(001, 568 340
Overall - 252(1.10, 580 Overall £ 086045, 1632
Hetorogonelty: T° = 0.37, I = 17.20%, M = 1.21 Hotorogonelty: T° = 0.03, ¥ = 2.18%, M = 1.02
Tostof 0« 0 0(11) = 11.98, p » 0.97 . iheral . tral Tostof ,=0:0Q(11) = 726.p= 0.78 F ioheral E tral
Yoot of 8 m: 2 m 218, p m 003 avors periphera avors centra Tostof 8 m (: 2 8 048, p = 0,63 avors periphera avors centra
B e e . v - v
maa [} 256 1256 118 1 18
Random-aftects REML madel | Randsm-affects REML modal
E. Renal replacement therapy
Poriphanal Cantral Odds rato Waight
Sty Event Noevent Event No event with 85% C1 (%)
Absi 2017 8 5 H 1 - 080[0.06, 11.30) 198
Connolly 2018 s 23 15 4 —e- 0411012, 1.38] 832
Dofioo 2019 10 2 0 6 - 6071031, 110.04) 150
Hobar 2017 15 34 8 6 - 033foe, 112) 934
Karwaboel 2019 2 3 2 2 e 067[005, 947] 198
Lahmana 2014 & 3 1* 1 -1t a4[001, 167) 230
Lima 2018 2 1 " 10 e 1008, 1384 219
Marasco 2010 10 3 18 " e 2291051, 1028 647
Mehdiani 2021 9 6 ] 4 - 100{020, 512] 521
Olivella 2023 55 kel 54 50 h: 088[039, 1.11] 5197
Pozzi 2018 18 7 7 8 - 220[055. 891 7.13
Simonenko 2019 & [} 4 [] toe 144002, 67.16) 083
Overall L 073[050, 1.06)
Hoterogenelty: T = 0.00, I = 0.00%, H* = 1.00
Testof 6, = 6 O(11) = 1129, p= 0.42 .
Tost of @ m 0: 2w -1.67, p w 0.08 Favors peripheral ! Favors central
184 14 4 64
Random-asects REML madel

Figure 3 Forest plot of bleeding (A), infections (B), limb ischemia (C), stroke (D), or RRT (E) mortality according to the use of peripheral
vs central VA-ECMO cannulation. RRT, renal replacement therapy; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

mortality, although less certainty exists regarding short- estimates is low given the risk of bias, imprecision, and
term mortality. Peripheral cannulation was associated with heterogeneity (Table S2).
less bleeding, similar rates of stroke and RRT, but more Our work expands to the HT population results from pre-

infections and limb ischemia. The certainty of these vious works including patients requiring VA-ECMO in non-HT
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postcardiotomy shock, which demonstrated lower mortality
rates and lower risk of bleeding with peripheral configuration.”
Central VA-ECMO is still used in 30% to 50% of cases in
postcardiotomy shock™; it uses cannulas in place for cardio-
pulmonary bypass and avoids harlequin syndrome, but it defers
extubation, requires chest re-entry and increases bleeding and
mediastinitis. Small case series in post-HT setting have yielded
conflicting results and a meta-analysis identified a trend toward
improved survival with cannulation.* However, a large, multi-
centric study of 242 demonstrated a reduction in mortality with
peripheral cannulation after adjustment for donor and recipient
variables, ischemic time, and transplant era.’

As limitations, we did not include studies with post-
cardiotomy shock that did not report separately patients with
PGD nor articles that did not report data regarding cannu-
lation site. The evidence available is exclusively observa-
tional, mostly retrospective with no randomized data, and the
decision to cannulate peripherally or centrally may be driven
by patient factors and center protocols. Rates of mediasti-
nitis, which one would expect could negatively impact out-
comes in patients with central cannulation, were lacking in
most studies, and could therefore not be compared between
groups. The timing (early vs deferred) and place of cannu-
lation (operating room vs intensive care unit), which might
have also influenced the observed outcomes, could not be
assessed as a potential factor mediating the observed results.
Also, none of the studies reported on left ventricular venting
strategies during VA-ECMO support, and its impact on
prognosis after PGD remains unexplored.

Conclusions

With low certainty evidence, peripheral VA-ECMO can-
nulation may reduce short-term and 1-year mortality, is
associated with lower bleeding, similar rates of stroke and
RRT, and more frequent limb-related complications and
infections. These results support the use of a peripheral
configuration in HT recipients with PGD.
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