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Introduction

Results: Three studies were added in this update (n = 14, sample 20-30% larger). Lower LVEF
(n = 12) was associated with weaning failure: MD: —4.71 95%Cl [-9.18, —0.23]; p = 0.04,
12 = 90%, low certainty of evidence), without subgroups difference according to SBT type or
LVEF mean values. Trial sequential analysis showed that results were not robust (information
size n = 745/1378). E/e’ ratio (MD: 1.90, 95%Cl [0.48,3.32]; p = 0.009, |2 = 84%), E velocity (MD:
8.32, 95%CI [2.59,14.05]; p = 0.004, 12 = 54%) and shorter deceleration time of the E wave (MD:
—12.01, 95%CI [—-21.13, —2.89]; p = 0.01, |2 = 0%) were associated with weaning failure, whilst
e’ velocity was not (MD: -0.59, 95%Cl [—1.51,0.32]; p = 0.20, 12 = 64%).

Conclusions: An association of weaning failure with poorer LV systolic function (LVEF), not
detected by the previous meta-analysis, was found. However, such association is highly fragile
and with a mean difference below 5%, which seems not clinically relevant. Higher E/e’ ratio
and other diastolic parameters confirmed their association with weaning failure, whilst e’ did
not.

© 2025 Published by Elsevier Espana, S.L.U.

Funcioén sistélica del ventriculo izquierdo y fracaso en el weaning de la ventilacion
mecanica: una revision sistematica actualizada y un metanalisis con analisis
secuencial de ensayos

Resumen

Objetivo: El impacto de la disfuncion sistdlica del ventriculo izquierdo (VI) en el fracaso en el
weaning de la ventilacion mecanica en el paciente critico no esta claro.

Disefio: Metanalisis actualizado que evalla la asociacion entre la fraccion de eyeccion del
ventriculo izquierdo (FEVI) y el fracaso del destete.

Ambito: Bisqueda sistematica en MEDLINE y EMBASE de estudios prospectivos que reportaran
el destete seglin datos ecocardiograficos medidos antes de iniciar una prueba de respiracion
espontanea (PRE).

Pacientes o participantes: Estudios incluidos en el metanalisis que informaron sobre el destete
y los datos ecocardiograficos.

Variables de interés principales: FEVI, relacion E/e’, velocidad de la onda E, tiempo de
desaceleracion de la onda E y velocidad e’.

Resultados: Se anadieron tres estudios en esta actualizacion (n = 14, muestra un 20-30% mayor).
Una menor FEVI (n = 12) se asoci6 con el fracaso del destete: MD: -4,71 1C95%[-9,18,-0,23];
p = 0,04, 12 = 90%, con baja certeza de la evidencia), sin diferencias entre subgrupos segun
el tipo de PRE o los valores medios de FEVI. El analisis secuencial de ensayos mostré que los
resultados no eran robustos (tamano de informacion n = 745/1378). La relacion E/e’ (MD: 1,90,
IC95% [0,48,3,32]; p = 0,009, I> = 84%), la velocidad de la onda E (MD: 8,32, 1C95% [2,59,14,05];
p = 0,004, I> = 54%) y un menor tiempo de desaceleracién de la onda E (MD: -12,01, 1C95% [-
21,13,-2,89]; p =0,01, |2 = 0%) se asociaron con el fracaso del destete, mientras que la velocidad
e’ no lo hizo (MD: -0,59, 1C95% [-1,51,0,32]; p = 0,20, I = 64%).

Conclusiones: Encontramos una asociacion entre el fracaso del destete y una peor funcion
sistolica del VI (FEVI), no detectada en el metanalisis previo. Sin embargo, dicha asociacion es
altamente fragil y con una diferencia media inferior al 5%, lo que parece no ser clinicamente
relevante. La relacion E/e’ y otros parametros diastolicos confirmaron su asociacion con el
fracaso del destete, mientras que la velocidad e’ no lo hizo.

© 2025 Publicado por Elsevier Espana, S.L.U.

rence of death during the first 48 h after extubation.’
Weaning failure is associated with significant mortality
and morbidity in patients admitted to intensive care

Weaning from mechanical ventilation (MV) is a complex step
during the recovery from critical illness, and defined as
either the failure of spontaneous breathing trial (SBT) or,
in the case of extubation, the need for reintubation, the
institution of non invasive ventilation (NIV) or the occur-

unit (ICU),"* and with substantial financial and economic
burden.”> When evaluating the readiness for extubation,
clinicians integrates several parameters; among others,
patient age and comorbidities, indices of respiratory support



+Model

MEDINE-502231; No. of Pages 14

Medicina Intensiva xxx (xxxx) 502231

and gas exchange, laboratory findings, and echocardio-
graphic parameters seems significant predictors.®"

The most common mechanisms of weaning failure are
identified in the heart and lung interaction,'? even if more
evidence is available on the contribution of diaphragmatic
dysfunction,” though it also may be worth checking for
extra-diaphragmatic respiratory muscle activation/athropy
and for abdominal causes of failure (i.e. ascites).'* Nonethe-
less, in the largest study on the topic, weaning-induced
pulmonary edema, accounted for almost 60% of failures; in
this cohort, chronic obstructive pulmonary disease, previous
‘*structural’’ cardiopathy and obesity were independent risk
factors.

Echocardiography provides a real-time assessment of car-
diac dysfunction. Its use is continuously expanding in the
ICU, and it can be a valuable assessment tool during the
process of weaning.'®"” A previous metanalysis'® showed
that parameters referring to the left ventricular (LV) dias-
tolic dysfunction (DD) were associated with a greater risk
of weaning failure. Conversely, the contribution of systolic
dysfunction evaluated by LV ejection fraction (LVEF) was
more unclear (standardized mean difference, SMD: —0.86
[-1.92;0.20]; p = 0.11, high heterogeneity). Such results
were possibly influenced by the sample size. Considering the
uncertainty of evidence, we conducted an updated system-
atic review and meta-analysis to re-evaluate the association
between LV systolic dysfunction and the risk of failing the
weaning from MV.

Methods

Our systematic review and meta-analysis was registered in
PROSPERO, the international prospective register of sys-
tematic reviews (CRD42019117832). We regularly recorded
the decision to proceed with an update. The metanalysis is
reported in accordance with the PRISMA guidelines."’

Eligibility criteria

The inclusion criteria in this metanalysis have been
reported. We included prospective observational studies
reporting echocardiographic data that were recorded before
attempting weaning from MV with a spontaneous breathing
trial (SBT) in view of extubation. Data were divided into
two groups of patients, according to the success or fail-
ure of weaning. As per the WIND study, weaning failure was
considered as: 1) failure of SBT or, 2) in case of patients
that were extubated, the need for reintubation, the institu-
tion of NIV or the occurrence of death during the first 48 h
after extubation.! The inclusion criteria according to the
PICOS framework are provided as Supplementary material
(Appendix B). Paediatric studies were excluded. Case series
were considered only if at least 10 patients were studied.

Regarding the approach for SBT, we included studies con-
ducted using either a T-tube trial or low level of pressure
support ventilation (PSV), the latter defined as the inspi-
ratory support <10 cmH,0 with a positive end-expiratory
pressure (PEEP) <5 cmH,0.

Identification of studies

The updated literature search covered the period from
the 4th of December 2019 (the last update of the pre-
vious metanalysis) to the 31st December of 2024, with
the same search strategy as previously adopted (Supple-
mentary material (Appendix B)) in MEDLINE/PubMed and
EMBASE database. Search on EMBASE allowed also to retrieve
conference abstracts of studies not published yet. Fur-
ther independent manual searches were conducted by four
authors, and language restrictions were applied (only arti-
cles in English were considered).

Analysis of outcomes

For the present update, we primarily focused on the LVEF as
the main parameter describing LV systolic dysfunction. Sub-
group analyses were performed according to the approach
of SBT (conducted in T-Tube or PSV) as in the previous anal-
ysis. We also conducted a subgroup analysis separating the
studies into two groups according to the mean overall LVEF.

We secondarily evaluated parameters describing LVDD
and right ventricular (RV) function. Regarding the Tissue
Doppler Imaging (TDI) variables, sub-group analyses were
performed using regional criteria of sampling (dividing data
in average, lateral or septal values).

Study selection and data extraction

Three investigators independently screened findings pro-
duced by the search and identified the articles of potential
interest. Full text articles of potential interest were
downloaded and assessed against the inclusion criteria.
Discrepancies were resolved by consensus and/or by involv-
ing other two senior authors. Two reviewers independently
extracted data from individual studies and entered informa-
tion into the collection form previously used; a cross-check
was performed by three authors.

Quality assessment and certainty of evidence

The methodological quality of the design in the included
studies was performed by four authors using the Newcastle-
Ottawa scale (NOS)?° with its three domains (selection,
comparability and outcome) and classified as high-risk (1-3
points), intermediate-risk (4-5 points) or low-risk of bias
(6-9 points). The grade of evidence was assessed by three
authors according to the recommendations of the Grading
of Recommendations Assessment, Development, and Evalu-
ation working group using the GRADEpro software.?'

Sensitivity analyses

As in the original metanalysis, four types of sensitivity
analyses were preventively planned: the first conducted
including also studies with criteria for reintubation extended
to a longer timeframe; the second with studies of non-
prospective methodology; the third excluding studies at high
risk of bias, and the last one performed with *‘leave-one-out
at time’’ approach.
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Statistical analysis

The mean and the standard deviation (SD) of each echocar-
diography variable were collected and in case of data
available as median and interquartile range, we followed
recommendations to approximate values of mean and
SD.?%23 Continuous variables were analysed with the inverse
variance (IV) model and a 95% Confidence Interval (95%Cl).
Differently from previous metanalysis, we decided to report
analysis with a mean difference (MD) to gather the clin-
ical difference of the variables between weaning failure
and success. The p values were evaluated as two-tailed
and statistical significance was set at <0.05. Statistical het-
erogeneity was assessed with the X2 (Cochran Q) test.
Heterogeneity was confirmed if p was <0.10 and its quan-
tification performed with I statistic (ranges of 0-24.9%,
25-49.9%, 50-74.9% and >75% considered as none, low,
moderate and high heterogeneity, respectively).?* The con-
servative random-effect model was used. Meta-analysis was
conducted using a review manager (Revman, Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

A trial sequential analysis (TSA) was conducted to evalu-
ate the robustness of the outcomes using the freely available
TSA Software (Copenhagen Trial Unit’s TSA Software; Copen-
hagen, Denmark). The estimated effect was computed using
the MD obtained in the forest plot, computing information
size and adjusted boundaries with an alpha risk of 5% and
a power of 80% (beta risk of 20%). Details on TSA and its
interpretation are available elsewhere.?

Continuous variables were analysed with the inverse vari-
ance (IV) model and a 95% Confidence Interval (95%Cl).
Differently from previous metanalysis, we decided to report
analysis with mean difference (MD) to gather the cinical
difference of the variables between weaning failure and
success. The p values were evaluated as two-tailed and
statistical significance was set at <0.05. Statistical het-
erogeneity was assessed with the X2 (Cochran Q) test.
Heterogeneity was confirmed if p was <0.10 and itsquan-
tification performed with I? statistic (Ranges of 0-24.9%,
25-49.9%, 50-74.9% and >75% considered as none, low,
moderate and high heterogeneity, respectively).?* The con-
servative random-effect model was used. Publication bias
was investigated inspecting the funnel plot. Meta-analysis
was conducted using review manager (Revman, Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). A trial sequential analysis (TSA) was
conducted to evaluate robustness of the outcomes using
the freely-available TSA Software (Copenhagen Trial Unit’s
TSA Software; Copenhagen, Denmark). Estimated effect was
computed using the MD obtained in the forest plot, comput-
ing information size and adjusted boundaries with an alpha
risk of 5% and a power of 80% (beta risk of 20%). Details on
TSA and its interpretation are available elsewhere.?

Results

The update literature search identified a further 1810 titles
between MEDLINE/PubMed and EMBASE. A modified PRISMA
flowchart and the PRISMA checklist are reported as Sup-
plementary material (Appendix B). After removing articles

deemed not pertinent, 12 full-text were assessed, with eight
excluded as not reporting data and one as the approach for
SBT was not reported. Hence, in the present metanalysis we
pooled together the previously included eleven studies?6-3
with the addition of data from three new findings.*’-*° Of
note, regarding the study by Goudelin et al., we gathered
the echocardiography data from a letter that the authors
subsequently published.”° The previous metanalysis could
not include a study from Lamia et al. as the authors did
not explicitly report echocardiographic findings according
to weaning failure or success, and it was not possible to
retrieve such data of interest.'

All studies assessed heart function with transthoracic
echocardiography, and as shown in Table 1, data extracted
from each study included: setting of critically ill patients
enrolled, number of patients examined, mode of SBT and
criteria for SBT failure, echocardiography parameters eval-
uated and severity scores. The most commonly reported
echocardiographic parameter was the E/e’ ratio (n = 13),
followed by LVEF and E/A ratio (n = 12 for both), E wave
(n = 11) and TDI e’ wave (n = 10). Regarding the LV dias-
tolic function, only two studies reported measure of left
atrial area,*** and two reported tricuspid regurgitant jet
velocity.’”* In the previous metanalysis,’® we found not
enough data to analyse the impact of RV dysfunction in the
setting of weaning from MV. In this update metanalysis, we
pooled data from three studies reporting the tricuspid annu-
lar plane systolic excursion (TAPSE),%-3%3? but not other data
on RV function were ameanable of meaningful analysis.

The methodological quality of the included studies per-
formed with the NOS showed that seven studies had the
maximum score (9 points),?6-2%:37-3% six scored 8 points*?-*
and one scored 7 points®; thus all studies were judged at
low risk of bias. Also the two studies using a longer time-
frame for reintubation and used for sensitivity analysis had
low risk of bias.">* The assessment of the risk of bias for
each study is provided separately as Supplementary mate-
rial (Appendix B). In Table 2 we provide a comparison of the
results between the previous and the updated metanalysis,
reporting also the sample size and the weaning failure rate.

Parameters describing LV systolic function

Among the included studies, we found LVEF data on
745 patients from 12 studies.?0"2%31-3739 Four studies
approached the SBT in PSV and eight in T-tube trial. The
overall weaning failure was 33.4% (n = 249/745). The wean-
ing failure rate was 36.7% (n = 194/528) with T-tube trial
and 25.3% (n = 55/217) with PSV. Weaning failure was signi-
ficantly associated with lower LVEF: MD —4.71 95%CI [-9.18,
—0.23]; p = 0.04, Fig. 1), with high heterogeneity (1> = 90%,
p < 0.0001). There were no subgroup differences according
to the type of SBT (p = 0.92, 1> = 0%). Two further sub-
group analyses were conducted (Figures in Supplementary
material (Appendix B)). When dividing the twelve studies
according to the mean LVEF in the upper and lower half, we
found no subgroup differences (p = 0.91, I = 0%); similarly,
when separating subgroups according to studies with a mean
LVEF > or <50% (n = 8 and n = 4, respectively), we found no
subgroup differences (p = 0.55, 12 = 0%).



Table 1

Summary of characteristics of included studies. Results are indicated as mean =+ standard deviation or as median, interquartile range.

First author, Year Type of patients Criteria for SBT failure Echocardiography data Severity Scores,
Total patients (success vs fail) reported overall value (or
Journal SBT method Criteria for success vs failure if
SBT duration reintubation reported)
Caille, 2010 Two General ICUs, mixed population [e]Failed SBT if agitation or depressed mental LVEF SAPS Il 53 [47-58]
state, Sp0;<90%, RR > 35/min, HR > 150/min
or arrhythmias, SAP>180 mmHg or <90 mmHg
Total 117 (94 vs 23) o Reintubated within 48 h E/A, DT, E/e’
Crit Care T-tube (semi-recumbent, 45°) The study included RV/LV-EDA

(multicenter)

Zapata, 2011

Intensive Care Med

Papanikolaou, 2011

Intensive Care Med

Gerbaud, 2012
Minerva Anestesiol
Moschietto, 2012
Crit Care

Konomi, 2016

Anaesth Intensive Care

Last 30 min

General ICU, mixed population

Total 100 (42 vs 58)

T-tube (semi-recumbent)

Last 30 min -2 h

General ICU, mixed population

Total 50 (22 vs 28)
T-tube

Last 30 min

Cardiology ICU

Total 44 (34 vs 10)

PS (7 cmH;0), no PEEP

Last 2 h

Medical ICU, mixed population
Total 68 (48 vs 20)

PS (7 cmH;0), no PEEP

Last 1 h

General ICU, mixed population
Total 42 (27 vs 15)2

T-tube

Last 2 h

patients at their first

SBT

[e]Failed SBT if RR > 35/min with signs of
increased work of breathing, PaO; <60 mmHg
with 0,>4 L/min, arterial pH < 7.30;

SAP > 180 mmHg or <90 mmHg; HR > 140/min
or AHR>25%, acute arrhythmia; agitation,
anxiety or diaphoresis

e Reintubated within 48 h

[e]Failed SBT if RR > 35/min, Sa0,<90%,

HR > 140/min, SAP>200 mmHg or <80 mmHg,
acidosis, arrhythmias, diaphoresis, agitation,
depressed mental status, distress

e Reintubated within 48 h

[e]Failed SBT if diaphoresis, respiratory
distress, discomfort, RR > 35/min, Sp0,<90%,
HR > 140/min, SAP>180 mmHg or <80 mmHg
o Do not report reintubation

[e]Failed SBT if RR > 35/min, Sa0,<90%,

HR > 140/min, SAP>200 mmHg or <80 mmHg,
diaphoresis, distress

e Reintubated within 48 h

[e]Failed SBT if RR > 35/min, SpO,<85—90%,
HR > 120—140/min or AHR>20%,

SAP>200 mmHg or <90 mmHg, arrhythmias,
accessory muscles use, diaphoresis, discomfort
e Reintubated within 48 h

LVEF, LV-EDD, LV-ESD

E/A, DTE

LVEF, s’

E, A, E/A, DTE, €’,
E/e’, Vp, RVFAC,
RV/LV-EDA

LVEF, LV-EDV, LV-ESV
E/A, E/€’

LVEF

DTE, E/e’, €’

LVEF

E, A, E/A, DTE, €’,
E/e’

SAPS Il (44.2 + 13.1vs
45 + 15)

APACHE 11 (18.6 £+ 7.1
vs 19.2 £+ 9.3)
SOFA 5.5 + 0.2

APACHE 11 17.7 +£ 0.5

SAPS 11 76 + 26

SAPS Il (54 [48—72] Vs
51 [45-55])

SOFA (8.1 & 3.8 vs
13 £ 8.4)
APACHE 11 (15.6 + 6 vs
17.7 £ 6)
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Table 1 (Continued)

First author, Year

Type of patients
Total patients (success vs fail)

Criteria for SBT failure

Echocardiography data
reported

Severity Scores,
overall value (or

Journal SBT method Criteria for success vs failure if
SBT duration reintubation reported)
Luo, 2017 Four General ICU, mixed population [e]Failed extubation if onset within 48 h of at LVEF APACHE 1l (20 + 6.4 vs
least two criteria: acidosis with 23.9 +4.7)
PaC0O;>45 mmHg or APaCO;>20%; RR > 30/min
or ARR>50%; PaO;<60 mmHg or Sp0,<90% at
FiO2 > 0.5; decreased consciousness,
agitation, or diaphoresis; clinical signs
suggestive of respiratory muscle fatigue or
increased work of breathing
o Reintubated within 48 h (and also within 7
Total 60 (31 vs 29) days)
BMC Pulm Med T-tube (supine 30°-45 °) The study included only patients passing E,E/e’
Last 30 min the SBT and extubated
Haji, 2018 General ICU, mixed population [e]Failed SBT if diaphoresis, RASS > 3 or <-3, LVEF, SAPS Il (46 [36-57] vs

Crit Ultrasound J

Tongyoo, 2018

Echocardiography
Amarja, 2019

Indian J Crit Care Med

Total 53 (42 vs 11)
PS (up to 10 cmH;0), PEEP (5 cmH;0)
Last 1 h

General ICU, mixed population

Total 52 (38 vs 14)

PS 8 cmH,0, PEEP 5 cmH,0
Last 1-2 h

General ICU

Total 161 (140 vs 21)

PS with PEEP (support unclear)
Duration unclear

increasing respiratory efforts, PaO,<60 mmHg or
Sp02<90% with FiO,>0.4, PaCO,>50 mmHg or
APaC0,>8 mmHg, pH < 7.32 or ApH < 0.07,
Rapid Shallow Breathing Index>105, RR > 35/min,
HR > 140/min or AHR>20%, SAP>180 mmHg or
ASAP>20%, SAP < 90 mmHg, arrhythmias
e Re-intubation, NIV or death within 48 h after
extubation

[e]Failed SBT if RR > 35/min, HR > 150/min,

Sa0,<95%, SAP>180 mmHg or <90 mmHg,

and/or deterioration of level of consciousness

e Reintubated within 48 h for respiratory
distress

[e]Do not report SBT failure since the study
included only patients with successful SBT
(clinicians decided to extubated)

e Reintubation within 48 h

E, E/A, DTE, E/e’, €’
LA area

LVEF, LV-EDA

E, A, E/A, e, E/e’
RV-EDA, RV/LV-EDA

Eyeball systolic
function

E, A, E/A, DTE, €’,
E/e’, a’, TAPSE

42 [33-46])

APACHE 11 (20 [15-23]
vs 20 [16-23])

SOFA (3.9 £ 2.5 vs
4.7 £2.5)

APACHE 11 (18 + 6.6 vs
20.8 + 5.6)
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Table 1 (Continued)

First author, Year

Type of patients
Total patients (success vs fail)

Criteria for SBT failure

Echocardiography data
reported

Severity Scores,
overall value (or

Journal SBT method Criteria for success vs failure if
SBT duration reintubation reported)
Kaltsi, 2019 General ICU and CCU, mixed population [e]Failed SBT if RR > 35/min, SpO,<90%, LVEF Not reported

Crit Care Res Pract
Goudelin, 2020

Intensive Care Med

Zapata, 2023

Medicina Intensiva

Song, 2024

Ann Intensive Care

Total 19 (8 vs 11)

T-tube

Last 2 h

General ICU, mixed population
Total 59 (43 vs 16)

T-tube

30 min
General ICU, mixed population

Total 89 (56 vs 33)

T-tube (semi-recumbent)
Last 30 min-2 h

Two ICUs, mixed population

Total 51 (36 vs 15)
PS 8 cmH,0, no PEEP
2h

HR > 120/min or AHR>20%,

SAP>180—200 mmHg or <90 mmHg, increased
accessory muscles use, diaphoresis,
discomfort, arrhythmias

e Do not report reintubation

[e]Failed SBT was clinically diagnosed on
predefined criteria (PMID: 17470624, 20236455)
and WIPO confirmed using CXR or LUS.

[e]Failed SBT: Patients were reconnected to MV

if any of the standard criteria were met

diagnosed on predefined criteria (PMID:

9847278)

o Re-intubation, NIV or death within 48 h after
extubation

[e]Failed SBT if acute respiratory distress with

RR > 35/min, Sa0,<90% with an FiO,>50%;

HR > 140/min or AHR>20%; SAP > 180 mmHg

or ASAP>20%, change in mental status,

agitation, or anxiety.

o Weaning failure - reintubation or NIV within
48 h after extubation

E, A, E/A, e, E/e’,
DTE
LVEF

E, A, E/A, e, E/e’,
DTE, TR jet vel, LA
area
LVEF

E, A, E/A, e, E/e’,
TAPSE

MAPSE, VTI, E, E/A,
e’, E/e’, TAPSE

SAPS 38.5 [30-53]
SOFA 6 [4-9]
SAPS 11l 64 [60—68] vs

65 [58-71]

APACHE 11 (19 [16-22]
vs 21 [19-21])

SOFA (6 [5-8] vs 6
[5-7])

Echocardiography data reported refers to the data provided by authors as continuous variable. A: (delta) variation from baseline; A: late mitral inflow velocity; APACHE II: Acute Physiology
and Chronic Health Disease Classification System Il; CCU: Coronary Care Unit; DTE: deceleration time of the E wave; E: early mitral inflow velocity; e’: mitral annular early diastolic
velocity; FiO,: fraction of inspired oxygen; HR heart rate; ICU: Intensive Care Unit; LA: left atrial; LVEF: left ventricular ejection fraction; LV-EDA: left ventricular end-diastolic area;
LV-EDD: left ventricular end-diastolic diameter; LV-ESD: left ventricular end-systolic diameter; MAPSE: mitral annular plane systolic excursion; NIV: non-invasive ventilation; PaCO;: arterial
blood partial pressure of carbon dioxide; PaO;: arterial blood partial pressure of oxygen; PEEP: positive end expiratory pressure; PS: pressure support; RASS: Richmond Agitation-Sedation
Scale; RVFAC: right ventricular fractional area changes; RV/LV-EDA: right ventricular to the left ventricular end-diastolic areas ratio; RR: respiratory rate; SAP: systolic arterial blood
pressure; SBT: spontaneous breathing trial; SAPS IlI: Simplified Acute Physiology Score Il; SOFA: Sequential Organ Failure Assessment; SpO;: peripheral blood oxygen saturation; s’: mitral

annular systolic velocity; TAPSE: tricuspid annular plane systolic excursion; Vp: color M-mode Doppler velocity of propagation; VTI: Velocity time integral.
@ Echocardiographic data available for 12 failure and 22 successes.
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Table 2 Comparison of the findings of the previous metanalysis and the present update. Results of the previous work are
reported as standardized mean difference (SMD), whilst resuls of the current update are expressed in terms of Mean Difference

(MD).
Parameter Sanfilippo et al. Brit J Anaesth 2021 Updated version 2024

SMD and 95% ClI P Weaning failure MD and 95% Cl P Weaning failure
LVEF —0.86 [-1.92; 0.2] 0.11 n=200/597 (33.5%) —4.71[-9.18; —0.23] 0.04 n=249/745 (33.4%)
E/e’ ratio 1.70[0.78; 2.62] 0.0003 n =179/658 (27.2%) 1.90 [0.48, 3.32] 0.009 n =243/857 (28.4%)
e’ wave —1.22 [-2.33; —0.11] 0.03 n=117/437 (26.8%) —0.59 [—1.51, 0.32] 0.20 n=181/636 (28.5%)
E wave 0.97 [0.29; 1.65] 0.005 n=146/497 (29.4%) 8.32[2.59, 14.05] 0.004 n=210/696 (30.2%)
E/Aratio 0[-0.3;0.3] 0.99 n=172/630 (27.3%) —0.01[-0.13, 0.11] 0.85 n =236/829 (28.5%)
DTE —0.85 [-1.6; —0.1] 0.03 n=168/602 (27.9%) —12.01[-21.13; —2.89] 0.01 n=184/661 (27.8%)
TAPSE Not analysed —0.33 [-1.76, 1.10] 0.65 n=69/301 (22.9%)
RV-LVEDA  Not analysed —0.00 [-0.01, 0.01] 0.92 n=65/219 (29.7%)

Cl: Confidence Interval. DTE: deceleration time of the E wave; E: early mitral inflow velocity; e€’: mitral annular early diastolic velocity;
LVEF: left ventricular ejection fraction; TAPSE: tricuspid annular plane systolic excursion. ;), with high heterogeneity (I = 84%, p < 0.0001).

Weaning Failure Weaning Success

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight
1.1.1 T-Tube trial

Caille etal, 2010 39.58 2212 23 4953 9.03 94 7%
Goudelin etal, 2020 276 1486 16 336 107 43 7.8%
Kaltsi et al, 2019 30 4 11 38 10 8 8.0%
Konomi etal, 2016 526 156 12 58 9.7 22 B.9%
Luoetal, 2017 57 14 29 64 ] 31 8.6%
Papanikolaou etal, 2011 604 635 28 588 1876 22 7.6%
Fapata etal, 2011 863 121 42 a7 9 58 9.3%
Zapata etal, 2023 64 77 33 673 ] 56 9.8%
Subtotal (95% CI) 194 334 65.1%
Heterogeneity: Tau®=1.62; Chi®= 8.25, df=7 (P=0.31), F=15%

Testfar overall effect: 2= 3.44 (P = 0.0006)

1.1.2 Pressure Support trial

Gerbaud et al, 2012 381 47 10 #16 124 34 8.0%
Haji etal, 2018 a0 245 11 65 3 42 10.0%
Moschietto et al, 2012 582 11897 20 55 7.64 48 8.8%
Tongyoo et al, 2019 56.2 15 14 577 14.9 38 T1%
Subtotal (95% CI) 55 162  34.9%
Heterogeneity: Tau®= 95.70; Chi*= 54.79, df= 3 (P = 0.00001); F=95%

Testfor overall effect: 2= 0.88 (P = 0.38)

Total (95% CI) 249 496 100.0%

Heterogeneity: Tau?=51.18; Chi*=107.12, df=11 (P = 0.00001); I*= 90%
Testfor averall effect Z= 2.06 (P =0.04)
Testfor subaroup differences: Chi*=0.01, df=1 (P=0892), F=0%

Figure 1
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Forest plot comparing values of left ventricular ejection fraction between critically ill patients experiencing weaning

failures vs successes. Studies are analysed in sub-groups according to the modality of spontaneous breathing trial.
Cl: confidence interval; df: degrees of freedom; IV: inverse variance, SD: standard deviation.

The TSA performed to explore the robustness of the anal-
ysis regarding the impact of LVEF on the outcome of weaning
from MV and computed with a MD of —4.71% showed that
more research is needed. In fact, the Z-curve did not cross
the adjusted boundaries nor reached the information size
required (n=745/1378, Fig. 2). Grade of evidence according
to the current recommendations resulted in a low certainty
of evidence (Supplementary material (Appendix B)).

Parameters for the evaluation of LV diastolic
function

Data on E/e’ ratio were gathered from 857 patients included
in 13 studies, 26734363 sjix in the PSV and seven in the T-tube
trial subgroups. One study® reported the values of E/e’ for
both septal and lateral annulus; the analysis is presented
with data from the average of their mean and SD. As shown

in Fig. 3, weaning failure was confirmed as significantly asso-
ciated with higher E/e’ ratio: MD 1.90, 95%Cl [0.48, 3.32];
p = 0.009), with high heterogeneity (1> = 84%, p < 0.0001),
and no subgroup differences according to the type of SBT
(p =0.68, I = 0%). The subgroup analysis performed accord-
ing to the regional criteria of TDI sampling showed significant
differences between subgroups (p = 0.02, 12 = 75.3%; Supple-
mentary material (Appendix B)), with greater association for
the average E/e’ values and weaning failure. Analyses per-
formed with either the septal or the lateral E/e’ values from
Song et al.*® did not produce statistical changes.

Data on TDI e’ wave were available from 585 patients
includeed in 10 studies,?6:28-30:33,34.36-39 five in the PSV and
five in the T-tube trial subgroups. As above, Song et al.®
reported both septal and lateral e’ values; the analysis is
presented with data from average of their mean and SD.
Weaning failure was not confirmed as associated with lower
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LVEF MD 4.71 MD (RE) is a Two-sided graph

Cumulative
Z-Score

Lower LVEF in
Weaning failure
1

LVEF MD 4.71 MD (RE 1378

Weaning failure
\
o

Higher LVEF in

N e |

Number of
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(Linear scaled)

Figure 2  Trial sequential analysis on the impact of left ventricular ejection fraction (LVEF) on the outcome of weaning from
mechanical ventilation. The Z-curve describes the results after pooling data on 745 patients. The curve crosses the 1.96 x standard
deviation, suggesting a significant result; however it also lays in the area between the adjusted boundaries (curved line on the top)
and the futility (triangular) area, meaning that results are not robust.

MD, mean difference; RE, random effect.

Weaning failure Weaning success

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

2.7.1 T-Tube trial

Caille etal, 2010 707 332 23 57 083 94 96% 1.37 [0.00, 2.74] —
Goudelin etal, 2020 945 479 16 818 414 43 7% 1.27 [-1.38, 3.82] I
Kaltsietal, 2019 1081 318 " 11.2 2.32 g 8.0% -0.69[3.16,1.78] I
Konomietal, 2016 11.04 471 12 929 26 22 T.4% 1.75[1.13, 463] N
Luo etal, 2017 14.7 a6 29 1041 28 k| 8.3% 460 [2.34, 6.86] e
Papanikolaou et al, 2011 10898 439 28 618 1.3 22 9.1% 4.80[3.08 6.52] _—
Zapata etal, 2023 q 31 33 1065 533 a6 9.1% -1.65 [3.40,0.10] —

Subtotal (95% CI) 152 276 59.2% 1.65[-0.26, 3.55] e
Heterogeneity: Tau®= 5.38; Chi*= 36.79, df=6 (P = 0.00001); F= 84%

Test for overall effect: 2= 1.69 (P = 0.09)

2.7.2 Pressure Support trial

Amarja etal, 2019 821 295 21 TEE 278 140 96% 0.53 [-0.81,1.87] e

Gerbaud etal, 2012 128 119 10 108 6.7 34 26% 2.00[5.71,8.71]

Haji et al, 2018 127 7.89 11 827 322 42 48% 443 [-0.33,9.19)] I

Moschietto etal, 2012 13.4 1975 20 89 1.025 48 101% 4.50[3.69, 5.41] ==
Song et al, 2024 9.2 2.865 15 832 363 36 88%  -0.12[1.991.74) T

Tongyoo etal, 2019 19 83 14 155 6.5 38 48% 3.50[1.31,8.31] 7

Subtotal (95% CI) 91 338 40.8% 2.29 [-0.08, 4.66] | e
Heterogeneity: Tau®= 5.90; Chi*= 34.19, df=5 (P = 0.00001); = 85%

Testfor overall effect Z=1.89 (F = 0.06)

Total (95% CI) 243 614 100.0% 1.90[0.48, 3.32] i
Heterogeneity: Tau®= 4.99; Chi*= 76.17, df= 12 (P < 0.00001); F= 84% -1’0 5 : 5 1=u

Testfar averall effect: Z= 262 (F = 0.003)
Testfor subgroup differences: Chi*= 017, df=1 (P=068), F=0%

Figure 3

Higherin success Higherin failure

Forest plot comparing values of E/e’ ratio between critically ill patients experiencing weaning failures vs successes.

Studies are analysed in sub-groups according to the modality of spontaneous breathing trial.
Cl: confidence interval; df: degrees of freedom; IV: inverse variance; SD: standard deviation.

e’ wave values: MD —0.59, 95%CI [—1.51, 0.32]; p = 0.20,
Fig. 4), with moderate heterogeneity (12 = 64%, p = 0.003).
There were no subgroup differences according to the type
of SBT (p = 0.67), with no heterogeneity (1> = 0%). The sub-
group analysis performed according to the regional criteria
of TDI sampling showed significant differences between sub-
groups (p = 0.03, 12 = 72.2%), with greater association for the
average e’ wave values and weaning failure (Supplementary
material (Appendix B)). Analyses performed with the septal
or the lateral e’ values from Song et al.*® did not affect the
above-mentioned statistical findings.

The E wave data were available on 696 patients from 11
studies,?6-30:33,34.36-3% five in the PSV and six in the T-tube
trial subgroups. Weaning failure was significantly associated
with higher E wave velocity: MD 8.32, 95%ClI [2.59, 14.05];
p =0.004), with moderate heterogeneity (12 = 54%, p = 0.02).
There were no subgroup differences according to the type of
SBT (p =0.29, I = 11.5%; Supplementary material (Appendix
B)).

Data on E/A ratio were reported by 12 studies including
829 patients,2®2°-37:3 five in the PSV and seven in the T-tube
trial subgroups. Weaning failure was confirmed as not signi-
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Weaning failure Weaning success

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.8.1 T-Tube trial

Goudelin et al, 2020 11.61 585 16 974 368 43 6.0% 1.87 [-1.20, 4.94]

Kaltsi et al, 2019 8 2 11 7 1 8 13.2% 1.00 [-0.37, 2.37) —

Konomi et al, 2016 138 189 12 123 154 22 05% 1.50[1098,13.98 ¢

Papanikolaou et al, 2011 98 423 28 145 422 22 8.3% -470[7.06,-2.34 —

Zapata et al, 2023 10.64 232 33 1065 228 56 15.3%  -0.01[-1.00,0.99] S
Subtotal (95% CI) 100 151  43.4%  -0.39[-2.44, 1.66] e ——
Heterogeneity: Tau?= 3.48; Chi*= 18.75, df= 4 (P = 0.0009); = 79%

Test for overall effect: Z=0.37 (P=0.71)

2.8.2 Pressure Support trial

Amarja etal, 2019 11.43 317 21 1138 324 140 127% 0.05[-1.41,1.51) i
Haji etal, 2018 7.73 509 11 10 3.07 42 58%  -2.27[5.42,088 ¢

Moschietto et al, 2012 7 159 20 835 229 48 156% -1.35(-2.30,-0.40] —

Song etal, 2024 8.045 2.045 15 864 232 36 13.7%  -0.60[-1.88 0.69] —_—
Tongyoo etal, 2019 6.4 39 14 6.8 2.8 38 89% -040[2.631.83)

Subtotal (95% Cl) 81 304 56.6% -0.86[-1.50,-0.23] i
Heterogeneity: Tau®= 0.00; Chi*= 3.61, df= 4 (P = 0.46), F= 0%

Test for overall effect: Z= 2.66 (P = 0.008)

Total (95% CI) 181 455 100.0% -0.59[-1.51,0.32] e
Heterogeneity: Tau®= 1.16; Chi*= 24.96, df= 9 (P = 0.003); = 64% i + t

Test for overall effect: Z=1.27 (P = 0.20)
Test for subaroup differences: Chi*= 019, df=1 (P=067), F=0%

Figure 4

2 a0 1 2
Higherin success Higherin failure

Forest plot comparing values of e’ wave between critically ill patients experiencing weaning failures vs successes.

Analysis is performed in sub-groups according to the modality of spontaneous breathing trial.
Cl: confidence interval; df: degrees of freedom; IV: inverse variance; SD: standard deviation.

ficantly associated with E/A ratio: MD —0.01, 95%CI [—0.13,
0.11]; p = 0.85), with mild heterogeneity (1> = 47%, p = 0.04).
There were no subgroup differences according to the type
of SBT (p = 0.70, I> = 0%; Supplementary material (Appendix
B)).
The data on deceleration time of the E wave (DTE) were
available from 661 patients from 9 studies,?6:28-31,33,35-37
three in the PSV and six in the T-tube trial subgroups. Wean-
ing failure was confirmed as significantly associated with
lower DTE: MD —12.01, 95%CI [-21.13,—-2.89]; p = 0.01),
with no heterogeneity (1> = 0%, p = 0.46). There were no
subgroup differences according to the type of SBT (p = 0.99,
I = 0%; Supplementary material (Appendix B)).

Parameters for the evaluation of RV systolic
function

The values of TAPSE according to weaning were reported by
three studies,**3%3 with data on a total of 301 patients. One
study performed SBT with T-tube and two with PSV. The over-
all weaning failure was 22.9% (n = 69/301). TAPSE was not
different between weaning failure and success groups: MD
—0.33 95%CI [-1.76, 1.10]; p = 0.65), with no heterogeneity
(12 = 0%, p = 0.50; Supplementary material (Appendix B)). No
subgroup analysis was conducted due to paucity of data.

Three studies reported the values of the ratio between
the RV and the LV end-diastolic area (RV-LVEDA) according
to weaning,?%3"34 with data on a total of 219 patients (two
studies performed SBT with T-tube and one with PSV). The
overall weaning failure was 29.7% (n = 65/219). The RV-
LVEDA was not different between groups: MD: —0.00 95%Cl
[-0.01, 0.01]; p = 0.92), with no heterogeneity (1> = 0%,
p = 0.79; Supplementary material (Appendix B)). As for
TAPSE, no subgroup analysis was conducted.

Sensitivity analyses

Two studies used a longer timeframe for reintubation crite-
ria (one week, rather than 48 h).">* The inclusion of these
two studies to the evaluation of LVEF in predicting weaning
outcome did not affect the result (MD: —4.20 95%Cl [—8.35,
—0.05]; p = 0.049). Similarly, the inclusion of these data
on the E wave, the E/e’ and the E/A ratios did not change
the statistical meaning of the results shown in the primary
analysis (p = 0.005, p = 0.009 and p = 0.91, respectively).
When conducting 12 sensitivity analyses with ‘‘leave-
one-out at time’’ for the primary outcome (LVEF), in six
cases the association of lower LVEF with weaning failure
remained significant, whilst in the other half became not sig-
nificant (p ranging from 0.051 to 0.07). Regarding the E/e’
ratio and the e’ wave, we conducted 13 and 10 sensitivity
analyses removing one study at time, respectively. All these
analyses confirmed the significant association of higher E/e’
ratio and weaning failure and the lack of association of the
weaning outcome with e’ wave velocity. We did not identify
non-prospective studies reporting the LVEF, and none of the
studies were classified at high risk of bias. Hence, the other
two preplanned sensitivity analyses were not conducted.

Discussion

We conducted this pre-planned updated metanalysis pri-
marily to explore the association of weaning failure from
MV with LVEF, the only parameter describing LV systolic
dysfunction consistently investigated and reported in the
previous metanalysis.'® That analysis resulted in an unclear
link between LVEF and weaning failure (p = 0.11), with no
evaluation of its robustness with TSA. Moreover, the effect
was statistically described by standardized means (instead
of MD), with no signal on the clinical relevance and magni-
tude of the difference. The present update was pre-planned
(registration in PROSPERO database); despite we retrieved

10



+Model

MEDINE-502231; No. of Pages 14

Medicina Intensiva xxx (xxxx) 502231

only three further studies in the updated search (with only
two providing usable data on LVEF), it increased the sample
size of data ranging between 20% and 30%. We found that
lower LVEF was significantly associated with weaning fail-
ure; however, this result should be interpreted cautiously
for at least three reasons. First, in term of magnitude of
effect, the MD in LVEF between groups was lower than
5%, a value well-below the known intra- and inter-observer
variability.*>** The second reason is linked to the statistical
fragility of our finding as in half of the sensitivity analy-
ses conducted removing one study at time the association
with weaning failure was lost; moreover, the TSA suggested
that the result is not robust and more research would be
needed before drawing firm conclusions. A third reason for
suggesting caution is that lower LVEF could partially act as a
surrogate for altered diastolic function and increased filling
pressure. Indeed, according to the most recent guidelines,*
any patient with depressed LVEF is diagnosed by definition
with LVDD. Moreover, it is becoming increasingly apparent
the *U-shaped’’ effects of LVEF on clinical outcomes in the
ICU setting,“® with negative impact on the outcome of criti-
cally ill patients also from hyperdynamic LVEF,*“® a finding
confirmed by a recent metanalysis.”” However, whether a
hyperdynamic LVEF has negative effects at the time of wean-
ing from MV has not been adequately investigated.

Other parameters describing the LV systolic function (i.e.
the s’ TDI wave) could be valuable during the weaning pro-
cess; differently from the LVEF, s’ TDI wave has a more
linear association with outcome,“® although its predictive
value remains controversial.”® In our metanalysis the s’ TDI
wave was described by one study only.?’ The mitral annular
plane systolic excursion (MAPSE) is an interesting echocar-
diographic parameter in the critically ill patients, at least
for its simplicity and reproducibility.®” MAPSE describes lon-
gitudinal LV systolic function but it was reported only by
one study in the context of weaning*® and therefore analysis
was not feasible. Similarly, strain echocardiography, which
seems associated with prognosis in septic patients,>? has not
been yet adequately explored in the setting of weaning.

The shift to negative pressure ventilation during weaning
produces both an increase in venous return (which may cause
issues in patients with LVDD and higher LV filling pressures),>
and anincrease in LV afterload, especially if significant inspi-
ratory efforts are made.> In this update, we confirmed the
association of higher E/e’ ratio with weaning failure. Apart
from being physiologically sound, a MD between groups of
almost 2 points could be a clinically relevant difference.
Moreover, the inter- and intra-individual variability for this
parameter is relatively low.>>> Notably, E/e’ ratio is the
most used surrogate marker of increased LV filling pres-
sure. Cut-off values of E/e’ suggested by the guidelines
refer to the outpatient setting,” and much lower values
(7.5-9) are associated with increased LV filling pressures
in patients supported by MV.*®>° Conversely, we found no
association of e’ velocity values and outcome of weaning
in this updated meta-analysis, contraddicting our previ-
ous findings.'® Nonetheless, previous literature suggests the
importance of e’ velcoity on the outcome of critically ill
patients with sepsis.®® With regard to weaning, Moschietto
et al. showed that improvements in e’ during the course
of SBT were positively associated with weaning success,
suggesting the importance of a LV relaxation reserve dur-

11

ing weaning. Further, a significant association of lower e’
values and weaning failure was seen in our sub-group anal-
yses, and particularly according to sampling site (average
e’) and SBT mode (PSV). In light of these arguments and
considering the association of lower values of e’ velocity
with outcome in septic patients,®® the present metanalysis
suggests the fragility of results not only regarding LVEF but
also of e’ velocity. The link between LVDD and worse out-
comes in weaning remains highly likely, considering also the
results of E wave velocity and DTE, both pointing towards
an association of weaning failure and worse LV relaxation.>
The increase of E wave velocity during the SBT reflects
the increased venous return with the shift to negative
pressure breathing. From a clinical standpoint, the mana-
gement of these patients during weaning shuold be tailored
with particular attentions on prevention of arrhythmias and
tachycardia, reduction of afterload, avoidance of positive
fluid balance whenever possible and early initiation of fluid
removal.®’

Apart lack of enough data on s’ TDI wave and on strain
echocardiography, we found inadequate reporting in the
context of weaning of left atrial size and tricuspid regurgita-
tion jet velocity (variables currently recommended for the
evaluation of LV diastolic function®’). Regarding the influ-
ence of RV function on weaning outcome we found another
gap in the literature, though we were able to pool data from
a very limited number of studies regardig the TAPSE and the
RV-LVEDA. In both cases the results suggested not differences
between groups.

Finally, results were consistent across SBT appraoches
performed with either T-tube or PSV. Some authors sug-
gested that T-tube trial could be a more challenging test
for the cardiorespiratory function,®” but a meta-analysis
showed that both approaches are comparable in predicting
the outcomes of weaning.%® Moreover, a recent large ran-
domized controlled trial suggested that, in patients at high
risk of extubation failure, SBT performed with PSV do not
improve outcomes as compared to T-piece.®*

Our meta-analysis has several limitations. The major
one is exploring just associations between one echocar-
diographic variable and the weaning outcome, with no
adjustment for confounders by regression/multivariate
analyses. Hence, we are not able to explore the clinical
value of combining echocardiographic parameters as in the
pioneer study by Lamia et al. where the combination of E/A
and E/e’ ratio allowed an accurate noninvasive detection of
weaning-induced pulmonary oedema in patients with diffi-
cult weaning.*! Further, we could not explore the prognostic
value of a more holistic evaluation, where echocardio-
graphy is added to other ultrasound imaging (i.e. lung
and/or diaphragm) or labaraturistic findings (i.e. troponin).
In this regard, when exploring the outcome of weaning with
echocardiography only, a more adequate approach would be
probably to focus on the occurrence of weaning-induced pul-
monary oedema (as studied by Liu et al.),'? as compared to
using as outcome non-specific weaning failure, where non-
cardiac factors may act as confounders. However, in this
study the authors did not find an association between this
phenomenon and concomitant myocardial ischemia.'? Simi-
larly, Bedet et al. found no association of weaning-induced
cardiac ischemia with weaning-induced pulmonary edema
nor with weaning outcomes.'®
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From a clinical standpoint, our results suggest particular
attention to the weaning in patients with increased LV filling
pressures and possibly in those with abnormal LVEF, though
a proper interpretation could be made only with an individ-
ual pateints data metanalysis. Such issue is common to the
other meta-analyses conducted in the field of critically care
echocardiography, %> mainly due to large heterogeneity
in data reporting.®’ Second, we evaluated the association
between echocardiography data performed before the SBT
is started with the weaning outcome. However, it could
be very valuable to explore changes of echocardiography
parameter from their baseline during the course of wean-
ing attempt. In this regards, Moschietto et al. showed that
increase in e’ during SBT could be a positive predictor of
weaning success.”® Goudelin et al. showed also that an
echocardiography-guided treatment enabled to successfully
extubate all the patients that previously failed the SBT.*” A
third limitation is that the included studies enrolled criti-
cally ill patients with different pathologies with significant
clinical heterogeneity, spamming from those with heart fail-
ure and patients with normal premorbid heart performance.
Forth, the included studies did not consistently report hemo-
dynamic data at the time of echocardiography, nor described
if any patient had developed LV outflow tract obstruction
or experienced worsening of mitral regurgitation. Clearly,
patients developing any of these two, would have experi-
enced an increase in LA pressures facilitating the occurrence
of pulmonary oedema, and further reducing the cardiac out-
put. All these factors are confounders that add complexity
to the topic. Moreover, another confounding effect may be
introduced by ‘‘non-cardiac’’ causes of weaning failure (i.e.
respiratory and/or diaphragmatic), though the cardiac func-
tion is the commonest cause of weaning failure'. Finally,
statistical heterogeneity was moderate to high in most of
our analyses.

Conclusions

The association between failure to wean from MV and worse
LV systolic performance as evaluated by LVEF is possible, but
such result seems very fragile for several reasons. The differ-
ence in LVEF between failures and successes is well-below a
clinically relevant inter- and intra-observer variability, and
results are not robust. Weaning failure confirms its associa-
tion with elevated LV filling pressures, and in general with
parameters indicating worse LV diastolic function, though
the role of e’ is now questioned. There is still a gap in the
literature regarding weaning failure and other echocardio-
graphic parameters describing LV performance (i.e. s’ TDI
wave, MAPSE and longitudinal strain), as well as with those
evaluating RV function.
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