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Diaphragm ultrasound to predict weaning outcome:
systematic review and meta-analysis
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Proper timing for discontinuation of mechanical ventilation is of great importance,
especially in patients with previous weaning failures. Different indices obtained by
ultrasonographic evaluation of the diaphragm muscle have improved determination
of weaning success. The aim of the present systematic review was to evaluate and com-
pare the accuracy of the diagnostic indices obtained by ultrasonographic examination,
including diaphragm thickening fraction (DTF), diaphragmatic excursion (DE) and the
rapid shallow breathing index (RSBI). A systematic literature search (Web of Science,
MEDLINE, Embase and Google Scholar) was performed to identify original articles as-
sessing diaphragm muscle features including excursion and thickening fraction. A total
of 2738 citations were retrieved initially; available data of 19 cohort studies (1114 pa-
tients overall) were included in the meta-analysis, subdivided into groups based on the
ultrasonographic examination type. Our results showed the superiority of the diagnostic
accuracy of the DTF in comparison to the DE and the RSBI. Data on the combination
of the different indices are limited. Diaphragmatic ultrasound is a cheap and feasible
tool for diaphragm function evaluation. Moreover, DTF in the assessment of weaning
outcome provides more promising outcomes, which should be evaluated more meti-
culously in future randomised trials.
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Determination of the correct timing for extuba-
tion in patients receiving mechanical ventilation
(MV) is crucial, and predictors of the success are
a topic of debate among specialists since extuba-
tion failure contributes to mortality and a variety of
life-threatening complications [1-4]. The physician’s
subjective ability to predict successful weaning has
low accuracy [5, 6]; therefore, objective clinical
manifestation and conditions have been evaluated
as playing a role in prediction of weaning failure [7].
Although traditional objective indices and the rapid
shallow breathing index (RSBI) may present a sum-
mary of the patient’s overall conditions, they may
not clarify the underlying reason for the weaning
trial failure [6-10]. However, of these, the RSBI has
been shown to determine the extubation outcomes
more accurately with specific cut-off values [11].
Recent findings suggest that diaphragm dysfunc-
tion (DD) is frequently involved during weaning
failure and that it is associated with poor progno-

sis at the time of liberation from MV. Recently, ultra-
sonographic evaluation of the diaphragm muscle
has shown promising improvement in the predic-
tion of successful weaning, since DD accounts for
a large number of extubation failures [12, 13].
Studies not only have confirmed correlation of the
ultrasonographically measured diaphragm muscle
thickness with lung volumes during inspiration, but
also accurately diagnosed diaphragm atrophy and
paralysis [14-16]. Two principal diaphragm evalua-
tions via ultrasonography (US) are the measurement
of the diaphragmatic excursion (DE) and calculation
of the diaphragm muscle thickness during inspira-
tion and expiration [17, 18]. According to the litera-
ture, these imaging techniques are non-invasive and
seem to provide high and acceptable diagnostic
accuracy in evaluation of the diaphragm function
when compared to the reference method of dia-
phragm assessment which is phrenic nerve stimu-
lation, especially in critically ill patients admitted
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to intensive care units (ICUs) [17-19]. Although
recent studies have contributed to promoting our
knowledge of US examination advantages in dia-
phragm muscle function evaluation, it has not been
considered as a conventional approach to monitor
diaphragm function and predict the optimal extu-
bation time. Thus, there remains a need for a reli-
able, accurate and applicable method for prediction
of the weaning outcomes. The present study aims to
evaluate the accuracy and applicability of the bed-
side US examination of the diaphragm muscle in the
prediction of ventilator weaning success.

METHODS

A systematic review was carried out on the
published articles reporting the accuracy of dia-
phragm US in prediction of weaning success in
critically ill patients undergoing MV. The study was
conducted in a PICOS format (i.e. population, inter-
vention, comparisons, outcome and study type), as
follows:

Population: Critically ill patients receiving MV
admitted to the ICU and candidates for ventilator
weaning.

Intervention: Bed-side diaphragm muscle ultra-
sonographic examination in order to evaluate dia-
phragm muscle thickness or excursion.

TABLE 1. Included studies’ quality assessed by the QUADAS Il tool

Study Risk of bias Concerns regarding applicability

Patient Reference Flow and Patient
selection standard timing selection

Jiang et al. (2004)

Comparisons: 1) diaphragmatic excursion; 2) dia-
phragmatic dysfunction (analysis subdivided based
on the pressure support during the weaning trial);
3) RSBI.

Outcome: Data relevant to diaphragm muscle
characteristics including end-inspiratory and end-
expiratory thickness and muscle excursion, as well
as data regarding ventilator weaning success rate.
Additionally, prediction of successful weaning [sen-
sitivity (SE), specificity (SP), positive predictive value
(PPV), negative predictive value (NPV), true negative
(TN), true positive (TP), false negative (FN), and false
positive (FP)] was taken into consideration.

Study type: Reviews, protocols, experimen-
tal studies, letters, comments, editorials and case
reports were excluded. The reference lists of the
retrieved articles were screened for additional rel-
evant studies. The study is in accordance with the
Quality Assessment of Diagnostic Test Accuracy
Studies (QUASDAS lI) statement guidelines (Table 1,
Figure 1) [20].

Search strategy and selection criteria

A systematic literature search was conduct-
ed by combination of the following search term
groups according to the PubMed algorithm:
“Ultrasonography” AND “Diaphragm” AND “Ventila-

Reference
standard

Kim et al. (2011)

DiNino et al. (2014)

Ferrari et al. (2014)

Baess et al. (2015)

Fayed et al. (2016)

Spadaro et al. (2016)

Farghaly et al. (2016)

Alietal. (2016)

Saeed et al. (2016)

Blumhof et al. (2016)

Osman et al. (2017)

Carrieetal. (2017)

Luo et al. (2017)

Dube et al. (2017)

Dresetal. (2018)

Pirompanich et al. (2018)

Marchioni et al. (2018)

Theerawit et al. (2018)
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FIGURE 1. Overall methodological quality of included studies based on QUADAS-II

tor weaning” OR “Discontinuation of the mechani-
cal ventilation” in the Medline (PubMed), the Web of
Science (ISI), Embase and Google Scholar databases.
The search covered all of the relevant articles pub-
lished until August 2020.

Inclusion and exclusion

The inclusion criteria were as follows: (1) type
of study: prospective or retrospective study in-
volving human participants published in a peer-
reviewed journal; (2) population: subjected to
invasive MV for at least 24 hours; (3) intervention:
thickness and excursion of the diaphragm mea-
sured by ultrasound during the weaning process
or at a spontaneous breathing trial (SBT) and
(4) predefined outcomes: the primary outcome
was the accuracy of diaphragm ultrasound for pre-
dicting weaning outcomes in critically ill adults.
Weaning failure was defined broadly as SBT fail-
ure or the need for re-intubation, or non-invasive
MV or death within 48 hours. Weaning success
was defined as the absence of criteria for failure.

Records identified through
database searching (n = 2738)

v

Records after duplicates removed
(n=1856)

!

B

Records screened (n = 1856)

Records excluded based on title
and abstract (n = 1813)

v

Full-text articles assessed
for eligibility (n = 43)

Full-text articles excluded, with reasons
(n=24)

—not primary studies: 11

v

Studies included in qualitative
synthesis (n=19)

— evaluating diaphragm muscle atrophy: 6
— using phrenic nerve stimulation: 2
— reporting only US reproducibility: 2

| Included || Eligibility || Screening |

— conducted on children or

non-mechanically ventilated patients: 3

FIGURE 2. PRISMA flow diagram
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The secondary outcome was the influence of DD on
the weaning outcome. The exclusion criteria were as
follows: (1) abstracts, letters, editorials, expert opin-
ions, reviews and case reports; (2) articles without
sufficient data for the calculation of ORs or relative
risk with 95% Cls; (3) studies performed in settings
other than critical care (i.e., patients ventilated for
elective surgery) and (4) maximal not mean DE as
the ultrasound measurement.

Study selection and data extraction.

The titles and abstracts of the retrieved articles
were independently screened by two authors (A.R.
and S.F.). The full articles of interest were then re-
viewed by the same authors to select the articles
and extract the data (Figure 2). In case of disagree-
ment, a third author (A.M.) decided about the inclu-
sion or exclusion of the studies. The following vari-
ables were extracted from included studies: first
author, total sample size, country, study design,
baseline characteristics of patients, data regarding
reason for ventilation, severity scales for ICU admit-
ted patients, mean ventilation time, US assessment
technique, diaphragm muscle thickness or excur-
sion, weaning success rate, mean admission length,
and complications such as reintubation and mortali-
ty. The authors achieved an agreement rate of 100%
on inclusion of studies. The assessment of quality
of enrolled studies was performed using the QUA-
DAS-II tool [20]. On this basis, each item is scored
“low risk” if reported, “high risk” if not reported, or
“(unclear)"”.

Statistical analysis

There was extensive heterogeneity between
cut-off points of the studies during DTF and DE eval-
uations, which prevented us from performing a uni-
form meta-analysis. Thus, the analysis was obliged
to consider different DTF cut-off values in three
distinguished groups. On this basis, the pooled di-
agnostic evaluation characteristics analysis was car-
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ried on in different subdivisions, as follows: a) sub-
analysis of the DTF measurement accuracy during
pressure support and self-breathing weaning trials,
b) subanalysis of the US diagnostic accuracy in pre-
diction of the successful weaning trial based on DTF
thresholds, c) examination of the accuracy of DE for
prediction of a successful weaning trial, d) assess-
ment of the accuracy of RSBI for prediction of the
weaning trial tolerance. All statistics were reported
as point values with the 95% confidence interval
(Cl). Data extraction was performed to construct
2 x 2 tables. Subsequently, in comparison with ref-
erence standard results, the index test results were
categorised as TP, FP, FN, or TN. There were no in-
determinate results through the data extraction
among the studies. The diagnostic odds ratio (DOR)
was calculated as (TP x TN)/(FP x FN) and consid-
ered as the overall indicator of diagnostic perfor-
mance and demonstrated the extent to which the
odds of weaning trial failure is greater for patients
with decreased DTF or increased RSBl compared to
patients with increased DTF or a lower RSBI value.
Summary receiver operator characteristics (SROC)
curves were constructed to examine the interaction
between sensitivity and specificity. Sensitivity analy-
sis was carried out using STATA statistical software
version 14, (StataCorp, College Station, TX, USA) by
excluding each article separately. In addition, Meta-
Disc 1.4 was used for further analysis, including het-
erogeneity calculation and judgement.

RESULTS

Characteristics of the studies

After the initial search in PubMed, ISI Web of
Sciences, Embase and Google Scholar, 2738 articles
were yielded. Studies that enrolled patients with-
out MV, patients suffering neuromuscular disease,
or evaluated diaphragm muscle atrophy, dysfunc-
tion or thickness changes regardless of the wean-
ing outcomes, were excluded. After the screening of
titles and abstracts, and the removal of duplicates,
43 articles with full texts were evaluated for inclu-
sion in the study. Of these, 24 articles were exclud-
ed for the following reasons: ten studies were not
primary studies, five studies evaluated diaphragm
muscle atrophy, two studies used phrenic nerve
stimulation rather than ultrasonography, two stud-
ies only reported ultrasonography examination re-
producibility, one study evaluated patients under
MYV, one evaluated only patients with high risk of
reintubation and three studies were conducted on
children or non-mechanically ventilated patients.
Therefore, 19 studies were evaluated in the final
analysis [15, 21-38]. Included studies’ quality as-
sessed by the QUADAS Il tool are shown in Table 1.
QUADAS evaluated studies’ bias via 11 questions

considering risk of bias (patient selection, index test,
reference standard, flow, and timing) and applica-
bility concerns (patient selection, index test, refer-
ence standard). Ventilation type during US exami-
nations and its technique are reported in Table 2,
as well as RSBI calculations and cut-off values. DTF
was obtained at tidal inspiration using the following
formula: (diaphragm thickness at end inspiration —
diaphragm thickness at end expiration/diaphragm
thickness at end expiration).

Diaphragm thickness fraction

Of the twelve studies, the pooled sensitivity
and specificity were 89% (F? = 72.9%) and 81% (F =
66.5%), respectively, with DOR of 36.2 (I = 46.7%),
while the area under the ROC curve (AUC) was 0.93
(Figures 3 and 4).

In patients who underwent the PS weaning trial,
the pooled sensitivity, specificity, and DOR of DTF
measurement in prediction of weaning success
were 84%, 77%, and 22.4, respectively. However,
DTF measurement performed during SBT using US
showed the pooled sensitivity of 92%, specificity of
78%, and DOR of 48.1. Furthermore, studies were
categorised with due attention to the DTF thresh-
old value reported to determine DD, as follows: DTF
< 25%, DTF: 25-30%, and DTF > 30% (Table 3).

For respective DTF thresholds, the pooled sensi-
tivity, specificity, and DOR were:

« < 25%: 96% (> = 85.2%), 86% (I* = 90.2%), and
239.3 (*=85.3%),

« 25-30%: 91% (I’ = 77.3%), 80% (I* = 79.5%), and
43.2 (> =56.2%),

« > 30%: 87% (P = 0%), 77% (I = 66.8%), and 22.6
(? = 0%).

Diaphragmatic excursion (DE)

DE was assessed in 701 patients enrolled in elev-
en studies [15, 25, 26, 30-34, 36-38] during sponta-
neous breathing. The pooled sensitivity and speci-
ficity were 79.9% (” = 65.3%) and 69% (F* = 75.1%),
respectively, with DOR of 9.1 (P = 59.1%).

Rapid shallow breathing index

Nine studies calculated RSBI during SBT to over-
view its value as a guide for a successful weaning tri-
al, using the following formula: breathing frequen-
cy/tidal volume [15, 21, 26, 28, 29, 31-33, 37, 38].
The analysis demonstrated the sensitivity of 74%
(” =91.3%) and specificity of 73% (F* = 83.4%), as
well as DOR of 9.94 (F? = 46.7%) for RSBI in weaning
trial outcome prognosis.

DISCUSSION

Our study demonstrated that US imaging of the
diaphragm muscle has a potential role in predicting
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Ultrasonographic prediction of weaning outcomes

ventilator weaning outcome. The non-invasiveness
and accessibility of US-derived measures provide
an advantage over the transdiaphragmatic pressure
calculation (P ), which is considered to be the gold
standard in diagnosis of diaphragmatic function.
P is a subjective measure that requires coaching of
the patient and, even though different techniques
have been introduced to enhance its applicability
and decrease the costs [18, 39], it does not offer an
easy bedside technique for evaluation of the dia-
phragm strength and ventilator weaning tolerance.

In several studies, DTF measured via US turned
out to be a practical tool in the assessment of the
muscle function and breathing workload [40, 41].
Despite the report by Cartwright et al. [42] that
reported no statistically significant change in dia-
phragm muscle thickness during ICU admission,
some studies showed that initiation of the MV leads
to acute thinning and atrophy of the diaphragm
muscle which, in turn, increases the duration of MV
and lowers the probability of MV liberation [43-46].
Although they stated that the association of dia-
phragm thinning with DD is unclear, further stud-
ies evaluating diaphragm thickness and excursion
proved that DD is followed by a reduction in muscle
thickness which predisposes individuals to weaning
trial failure. Similarly, in another study, Goligher et al.
[45] used a different US measurement index defined
as the thickness of the diaphragm (TDI); although it
indicated diaphragm thinning in patients with MV,
no significant correlation was detected between
TDI and weaning outcomes. Afterwards, Mistri et al.
[47] showed that diaphragm atrophy during MV is
associated with a decrease in DTF value in patients
admitted to a paediatric ICU. Additionally, increased
DTF was suggested as a potential predictor of suc-
cessful extubation. Concerning the studies men-
tioned above, Vallette et al. [48] reported their expe-
rience of DD diagnosis using DUS upon admission
to the ICU in patients with acute respiratory failure
and suggested that ultrasonography of diaphragm
may be useful in identifying patients at high risk of
difficult weaning.

Our results showed that US examination of the DTF
can be better to administer during SBT rather than PS,
which was consistent with the literature [49]. However,
although the current study tried to obtain more ac-
curate outcomes by comparing the diagnostic accu-
racy among different thresholds, the low number of
the studies in each group prohibited the study from
obtaining an exact comparison and providing better
outcomes. However, a lower DTF threshold seems to
increase the diagnostic accuracy of the US measure-
ment in differentiation of successful weaning, which
was not in accordance with previous reports [50].
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FIGURE 4. PSROC of the included studies to obtain overall diagnostic accuracy of the
diaphragm thickness fraction (DTF), diaphragmatic excursion (DE), and rapid shallow
breathing index (RSBI)
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TABLE 3. Diagnostic accuracy of DE, DTF, and RSBI in diagnosis of weaning success

Sensitivity (95% Cl) | Specificity (95% Cl) PLR (95% CI) NLR (95% CI)

DOR (95% CI)

DTF 89.3% (86.3-91.9) 81.3% (76.1-85.7) 3.97 (2.75-5.74) 15.8(10.1-24.6) 36.22 (17.53-74.83)
DTF | PS 84% (77.2-89.9) 81% (73.3-87.8) 4.1(2.4-7) 0.2(0.1-0.3) 22.4(9.49-52.9)
SBT 92% (87.6—94.5) 78% (69.4-85.1) 3.7(2.2-6.1) 0.1(0.06-0.2) 48.1(21.6-106.6)
<25% 96% (89-99.2) 86% (73.3-94.2) 10.9 (0.2-543.6) 0.04 (0.002-1) 239.3 (1-57113)
25-30% 91% (86.1-93.9) 80% (72-85.7) 3.7 (2-6.7) 0.1(0.06—0.2) 43.2(13.2-141.26)
> 30% 87% (76.7-93.9) 77% (58.9-90.4) 3.6 (1.3-10.1) 0.1(0.09-0.3) 22.6(7.2-71.2)
DE 79.2% (75.3-82.8) 69.4% (63—75.30) 2.40(1.56-3.70) 28.7 (19.9-41.3) 9.14 (4.74-17.64)
RSBI 74.3% (69.4-78.8) 73.3% (65.9-79.9) 2.27 (1.41-3.66) 0.31(0.18-0.53) 9.94 (4.53-21.80)

DE — diaphragmatic excursion, DTF — diaphragm thickness fraction, DOR — diagnostic odds ratio, NLR — negative likelihood ratio, PLR — positive likelihood ratio, PS — pressure support, RSBI — rapid shallow breathing

index, SBT — spontaneous breathing trial

TABLE 4. Diagnostic accuracy of DE, DTF, and RSBI after running sensitivity analysis on enrolled studies

(95% CI) (95% CI) (95% ) (95% CI) (95% a)
DiNino et al. (2014)* 91% (84.8-95.0) | 81%(72.6-88.3) 5(3.2-7.7) 0.1(0.05-0.1) 46.8 (20.2—-108.5)
DiNino et al. (2014) 91% (83.7-95.0) | 81%(71.6-87.9) 4.8(3.1-7.4) 1(0.06-0.2) 42.6(17.6-103.0)
Ferrari et al. (2014) 91% (84.1-95.1) | 81%(71.0-87.8) 47 (3.0-7.4) 1(0.06—0.2) 42.6 (17.4-104.4)
Baess et al. (2015) 91% (85.4-95.0) | 82% (72.8-88.6) 5.1(3.2-7.9) 1(0.06—-0.2) 48.4(21.6-108.5)
Fayed et al. (2016) 88% (82.1-92.4) | 83% (74.8-88.9) 5.1(3.3-8.0) 1(0.08-0.2) 36.7 (15.6—86.2)
Farghaly et al. (2016) 91% (83.2-94.8) | 83%(73.5-89.1) 5.2(3.3-8.2) 1(0.06—0.2) 45.7 (19.0-110.0)
Alietal. (2016) 90% (82.7-93.9) | 81%(71.2-88.2) 4.7 (3.0-7.5) 0.1(0.07-0.2) 37.2(16.2-85.3)
Blumhof et al. (2016) 91% (83.5-94.8) | 82% (72.7-89.1) 5.1(3.2-8.2) 0.1(0.06—0.2) 45.3(18.6-110.4)
Osman et al. (2017) 91% (83.5-95.0) | 80% (70.0-86.7) 4.5(2.9-6.8) 1(0.06—0.2) 39.1(16.3-93.8)
Dube et al. (2017) 91% (83.6-95.0) | 80% (70.0-87.5) 45(2.9-7.2) 1(0.06—0.2) 40.2 (16.2-99.6)
Dres et al. (2018) 91% (84.6-95.1) | 83%(73.1-89.2) 5.2(3.3-8.3) 1(0.05-0.1) 49.5(21.3-114.9)
Pirompanich et al. (2018) 90% (82.9-94.2) | 82%(72.8-88.9) 5(3.1-8.0) 1(0.07-0.2) 41.2(17.4-97.7)
Marchioni et al. (2018) 89% (82.5-92.7) | 80% (71.8—85.5) 3(3.1-5.9) 1(0.09-0.2) 30.22 (17.3-52.6)
DE | Jiang et al. (2004) 84% (68.8-92.6) | 72% (46.9-87.9) 9(1.4-5.9) 0.2(0.1-0.4) 13.3(5.1-34.7)
Kim et al. (2011) 85% (74.7-91.9) | 71% (46.3-87.1) 9(1.4-5.7) 2(0.1-0.3) 14(5.9-33.2)
DiNino et al. (2014) 81% (64.1-91.4) | 75% (52.7-89.0) 2(1.6-6.3) 2(0.1-0.4) 13.1(5.3-32.2)
Ferrari et al. (2014) 80% (63.1-90.5) | 69% (46.1-85.6) 6 (1.4-4.6) 0.2(0.1-0.4) 9.1(4.3-19.5)
Baess et al. (2015) 81% (64.3-91.3) | 69% (46.8—85.3) 6(1.5-4.6) 0.2(0.1-0.4) 9.9 (4.5-21.7)
Spadaro et al. (2016) 84% (69.2-92.6) | 67% (46.0—-82.9) 5(1.5-4.3) 2(0.1-0.4) 10.7 (4.5-25.6)
Farghaly et al. (2016)* 82% (64.2-91.5) | 76% (54.4—89.4) 3.4(1.7-6.6) 2(0.1-0.4) 14.1(5.7-34.6)
Farghaly et al. (2016) 81% (63.7-91.2) | 77% (58.0—-89.1) 5(1.9-6.5) 0.2(0.1-0.4) 14.4 (6.1-33.7)
Saeed et al. (2016) 83% (66.5-92.2) | 71% (46.9—86.6) 8(1.4-5.2) 0.2(0.1-0.4) 11.6 (4.7-28.8)
Pirompanich et al. (2018) 80% (63.2—-89.9) | 75% (52.3-89.4) 2(1.6-6.4) 0.2(0.1-0.4) 11.9 (4.7-30.0)
Theerawit et al. (2019) 79% (62.7-89.6) | 75% (52.0-89.4) 1(1.5-6.4) 2(0.1-0.4) 11.5(4.5-29.4)
RSBI | Jiang et al. (2004) 80% (73.1-85.4) | 70% (55.3—-81.9) 6(1.6-4.3) 2(0.1-0.4) 9.4 (4.2-21.0)
Kimetal. (2011)* 82% (76.4-86.4) | 71% (55.7-82.9) 8(1.7-4.6) 0.2(0.1-0.3) 11.2(4.9-25.5)
Kim et al. (2011) 80% (72.9-85.6) | 74% (61.9-83.7) 1(1.9-4.8) 2(0.1-0.3) 11.6 (5.4-24.9)
Baess et al. (2015) 81% (74.4-86.3) | 74% (63.2-82.8) 1(2.1-4.6) 2(0.1-0.3) 12.3(6.4-23.7)
Fayed et al. (2016)
Spadaro et al. (2016) 80% (72.7-85.0) | 72%(57.1-83.7) 2.8(1.7-4.7) 2(0.1-0.4) 10.2 (4.4-23.4)
Farghaly et al. (2016)* 80% (72.7-85.0) | 72% (57.2-83.6) 2.8(1.7-4.7) 2(0.1-0.4) 10.2 (4.4-23.3)
Alietal. (2016) 80% (72.8-85.0) | 70% (55.2-81.3) 2.6 (1.6—-4.1) 2(0.2-0.4) 9(4.2-19.3)
Saeed et al. (2016) 80% (73.1-85.3) | 70% (55.8-81.1) 2.6 (1.7-4.1) 2(0.1-0.4) 9.3(4.3-19.8)
Osman et al. (2017) 80% (73.0-85.5) | 68% (56.5-77.3) 24(1.7-3.5) 0.2(0.2-0.4) 8.4 (4.4-16.0)
Carrie et al. (2017) 82% (76.0—-86.5) | 72% (56.0-83.2) 2.8(1.7-4.7) 2(0.1-0.3) 11.3(5.0-25.7)
Luo et al. (2017) 81% (73.4-85.8) | 72% (56.5-83.6) 2.8(1.7-4.7) 2(0.1-0.4) 10.5 (4.5-24.4)
Theerawit et al. (2019) 80% (72.8-85.5) | 73% (58.4-83.8) 2.9(1.8-4.8) 2(0.1-0.4) 10.7 (4.7-24.4)
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Ultrasonographic prediction of weaning outcomes

Regarding the studies evaluating the DE via the
US, we were able to run a meta-analysis and calcu-
late the pooled sensitivity and specificity for predic-
tion of the weaning prognosis. Nevertheless, many
of the performed studies considered different cut-
off values to discriminate DD and this heterogeneity
prevented us reaching a better conclusion. Thus, the
meta-analysis suffered from a high rate of hetero-
geneity that resulted in low quality of the obtained
results. However, DE provided lower diagnostic
accuracy in comparison to the DTF measurement.
The majority of the studies in this review, which con-
sidered US examination of the diaphragm muscle,
evaluated repeatability and reproducibility of the
US between different measurement sessions and
different operators, suggesting high reproducibility
and feasibility in mechanically ventilated patients.
Additionally, further studies revealed that the US
examination of the diaphragm provides acceptable
interclass correlation both in children and adult pa-
tients. The overall sensitivity and specificity of the
RSBI regardless of the threshold value were 74% and
73%, which were comparable to outcomes of the
DE measurement analysis. However, for DE and RSBI
diagnostic accuracies were noticeably lower com-
pared to that of the DTF obtained by diaphragm
US. Besides, a single study evaluated combined
RSBI and DTF in prediction of successful weaning,
which led to decreased sensitivity and specificity
compared to single RSBl and DTF. Thus, we suppose
US derived indices for diagnosis of DD are able to
provide higher sensitivity and specificity for diag-
nosis of diaphragmatic dysfunction compared to
conventional parameters, but lack of a unique and
exact cut-off value for differentiation of diaphrag-
matic dysfunction prevents us obtaining more reli-
able results. However, this review underlines some
methodological strengths and weaknesses encoun-
tered in the reviewed studies. None of the enrolled
studies used cross-sectional or case-control designs
that notably decreased risk of bias. Although the
reference standard (ventilator weaning tolerance
for 48 hours) was identical in all of the studies, rep-
resenting high quality, some studies calculated di-
agnostic cut-off points based on the acquired data,
which made the pooled performance data less
meaningful. A recently performed meta-analysis
showed that lung and diaphragm US can help pre-
dict weaning outcome, but its accuracy may vary
depending on the patient subpopulation. However,
sensitivity was low because weaning is also affected
by non-diaphragm-related factors. Further research
in subgroups of critically ill patients applying a ho-
mogeneous definition of weaning and uniformly
conducted measure is needed to assess the accu-
racy of diaphragm US [51-53].

Our review has some potential limitations. First-
ly, the most critical limitation of this review is the
significant heterogeneity of the included studies
(i.e., different cut-off values in US measurements).
Secondly, a limited number of randomised con-
trolled trials was available for inclusion. Further-
more, only two studies evaluated the diagnostic
accuracy of the DE in mechanically ventilated pa-
tients, leading to limited generalizability of the re-
view outcomes.

CONCLUSIONS

Among the different ultrasonographic methods
for prediction of weaning outcome, DTF seems to
be most accurate. Further studies, particularly ran-
domised controlled trials, are needed to provide
deeper insight into their applicability and clinical
utility.

ACKNOWLEDGMENTS

1. We appreciate the cooperation of the Clinical Re-
search Development Unit, Imam Reza General Hos-
pital, Tabriz, Iran in conducting this research.

2. Financial support and sponsorship: none.

3. Conflicts of interest: none.

REFERENCES

1. Vassilakopoulos T. Ventilator-induced diaphragm dysfunction: the
clinical relevance of animal models. Applied Physiology in Intensive
Care Medicine: Springer; 2009. p. 327-336.

2. Funk GC, Anders S, Breyer MK, et al. Incidence and outcome of
weaning from mechanical ventilation according to new categories.
Eur Respir ] 2010; 35: 88-94. doi: 10.1183/09031936.00056909.

3. Esteban A, Anzueto A, Frutos F, et al. Characteristics and outcomes
in adult patients receiving mechanical ventilation: a 28-day interna-
tional study. JAMA 2002; 287: 345-355. doi: 10.1001/jama.287.3.345.

4. Epstein SK, Ciubotaru RL. Independent effects of etiology of failure
and time to reintubation on outcome for patients failing extuba-
tion. Am J Respir Crit Care Med 1998; 158: 489-493. doi: 10.1164/
ajrccm.158.2.9711045.

5. Ely E, Baker A, Evans G, Haponik E. The prognostic significance of
passing a daily screen of weaning parameters. Intensive Care Med
1999; 25: 581-587. doi: 10.1007/s001340050906.

6. Stroetz RW, Hubmayr RD. Tidal volume maintenance during wean-
ing with pressure support. Am J Respir Crit Care Med 1995; 152:
1034-1040. doi: 10.1164/ajrccm.152.3.7663780.

7. Krieger BP, Ershowsky PE, Becker DA, Gazeroglu HB. Evaluation
of conventional criteria for predicting successful weaning from me-
chanical ventilatory support in elderly patients. Crit Care Med 1989;
17: 858-861. doi: 10.1097/00003246-198909000-00002.

8. Nemer SN, Barbas CS, Caldeira JB, et al. Evaluation of maximal inspi-
ratory pressure, tracheal airway occlusion pressure, and its ratio in the
weaning outcome. ] Crit Care 2009; 24: 441-446. doi: 10.1016/j.jcrc.
2009.01.007.

9. Conti G, Montini L, Pennisi MA, et al. A prospective, blinded evalu-
ation of indexes proposed to predict weaning from mechanical ven-
tilation. Intensive Care Med 2004; 30: 830-836. doi: 10.1007/s00134-
004-2230-8.

10. Meade M, Guyatt G, Cook D, et al. Predicting success in weaning from
mechanical ventilation. Chest 2001; 120: 400S-424S. doi: 10.1378/
chest.120.6_suppl.400s.

11. Yang KL, Tobin MJ. A prospective study of indexes predicting the
outcome of trials of weaning from mechanical ventilation. N Engl
J Med 1991; 324: 1445-1450. doi: 10.1056/NEJM199105233242101.

12. Laghi F, Cattapan SE, Jubran A, et al. Is weaning failure caused by
low-frequency fatigue of the diaphragm? Am J Respir Crit Care Med
2003; 167: 120-127. doi: 10.1164/rccm.200210-12460C.

173



Ata Mahmoodpoor, Shahnaz Fouladi, Ali Ramouz, Kamran Shadvar, Zohreh Ostadi, Hassan Soleimanpour

174

14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

. Hooijman PE, Beishuizen A, Witt CC, et al. Diaphragm muscle fiber

weakness and ubiquitin-proteasome activation in critically Il pa-
tients. Am J Respir Crit Care Med 2015; 191: 1126-1138. doi: 10.1164/
rccm.201412-22140C.

Levine S, Nguyen T, Taylor N, et al. Rapid disuse atrophy of dia-
phragm fibers in mechanically ventilated humans. N Engl ] Med
2008; 358: 1327-1335. doi: 10.1056/NEJMoa070447.

. Jiang JR, Tsai TH, Jerng JS, Yu CJ, Wu HD, Yang PC. Ultrasonogra-

phic evaluation of liver/spleen movements and extubation outcome.
Chest 2004; 126: 179-185. doi: 10.1378/chest.126.1.179.

. Antenora F, Fantini R, Iattoni A, et al. Prevalence and outcomes of

diaphragmatic dysfunction assessed by ultrasound technology dur-
ing acute exacerbation of COPD: a pilot study. Respirology 2017; 22:
338-344. doi: 10.1111/resp.12916.

. Vassilakopoulos T, Petrof BJ. A stimulating approach to ventilator-

induced diaphragmatic dysfunction. Am J Respir Crit Care Med
2017; 195: 281-282. doi: 10.1164/rccm.201608-1619ED.

. American Thoracic Society/European Respiratory Society. ATS/ERS

statement on respiratory muscle testing. Am J Respir Crit Care Med
2002; 166: 518-624. doi: 10.1164/rccm.166.4.518.

. Pinto S, Alves P, Swash M, de Carvalho M. Phrenic nerve stimulation

is more sensitive than ultrasound measurement of diaphragm thick-
ness in assessing early ALS progression. Neurophysiol Clin 2017; 47:
69-73. doi: 10.1016/j.neucli.2016.08.001.

Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised
tool for the quality assessment of diagnostic accuracy studies. Ann
Intern Med 2011; 155: 529-536. doi: 10.7326/0003-4819-155-8-
201110180-00009.

DiNino E, Gartman EJ, Sethi JM, McCool FD. Diaphragm ultrasound
as a predictor of successful extubation from mechanical ventilation.
Thorax 2014; 69: 423-427. doi: 10.1136/thoraxjnl-2013-204111.
Dres M, Goligher EC, Dubé BP, et al. Diaphragm function and
weaning from mechanical ventilation: an ultrasound and phrenic
nerve stimulation clinical study. Ann Intensive Care 2018; 8: 53. doi:
10.1186/513613-018-0401-y.

Dubé BP, Dres M, Mayaux ], Demiri S, Similowski T, Demoule A.
Ultrasound evaluation of diaphragm function in mechanically ven-
tilated patients: comparison to phrenic stimulation and prognostic
implications. Thorax 2017; 72: 811-818. doi: 10.1136/thoraxjnl-
2016-209459.

Marchioni A, Castaniere I, Tonelli R, et al. Ultrasound-assessed dia-
phragmatic impairment is a predictor of outcomes in patients with
acute exacerbation of chronic obstructive pulmonary disease under-
going noninvasive ventilation. Crit Care 2018; 22: 109. doi: 10.1186/
513054-018-2033-x.

Luo L, Li Y, Chen X, et al. Different effects of cardiac and diaphragm
function assessed by ultrasound on extubation outcomes in difficult-
to-wean patients: a cohort study. BMC Pulm Med 2017; 17: 161. doi:
10.1186/s12890-017-0501-8.

Kim WY, Suh HJ, Hong SB, Koh Y, Lim CM. Diaphragm dysfunction
assessed by ultrasonography: influence on weaning from mechani-
cal ventilation. Crit Care Med 2011; 39: 2627-2630. doi: 10.1097/
CCM.0b013e3182266408.

Blumhof S, Wheeler D, Thomas K, McCool FD, Mora J. Change in
diaphragmatic thickness during the respiratory cycle predicts extu-
bation success at various levels of pressure support ventilation. Lung
2016; 194: 519-525. doi: 10.1007/s00408-016-9911-2.

Ferrari G, De Filippi G, Elia E, Panero F, Volpicelli G, Apra E Dia-
phragm ultrasound as a new index of discontinuation from mechanical
ventilation. Crit Ultrasound J 2014; 6: 8. doi: 10.1186/2036-7902-6-8.
Pirompanich P, Romsaiyut S. Use of diaphragm thickening fraction
combined with rapid shallow breathing index for predicting success
of weaning from mechanical ventilator in medical patients. ] Inten-
sive Care 2018; 6: 6. doi: 10.1186/s40560-018-0277-9.

Ali ER, Mohamad AM. Diaphragm ultrasound as a new functional
and morphological index of outcome, prognosis and discontinuation
from mechanical ventilation in critically ill patients and evaluating
the possible protective indices against VIDD. Egyptian Journal of
Chest Diseases and Tuberculosis 2017; 66: 339-351. doi: https://doi.
org/10.1016/j.ejcdt.2016.10.006.

. Farghaly S, Hasan AA. Diaphragm ultrasound as a new method to

predict extubation outcome in mechanically ventilated patients. Aust
Crit Care 2017; 30: 37-43. doi: 10.1016/j.aucc.2016.03.004.

Saeed AM, El Assal GI, Ali TM, Hendawy MM. Role of ultrasound
in assessment of diaphragmatic function in chronic obstructive pul-
monary disease patients during weaning from mechanical ventilation.
Egyptian Journal of Bronchology 2016; 10: 167-172.

33

34.

3

a

3

(=2}

37.

3

®

39.

40.

4

just

4

S

4

@

44.

4

[

46.

4

~

4

3

49.

5

(=

5

—

52.

5

S

. Baess AI, Abdallah TH, Emara DM, Hassan M. Diaphragmatic
ultrasound as a predictor of successful extubation from mechanical

ventilation: thickness, displacement, or both? Egyptian Journal of

Bronchology 2016; 10: 1002162.

Carrie C, Gisbert-Mora C, Bonnardel E, et al. Ultrasonographic dia-
phragmatic excursion is inaccurate and not better than the MRC score
for predicting weaning-failure in mechanically ventilated patients.

Anaesth Crit Care Pain Med 2017; 36: 9-14. doi: 10.1016/j.accpm.
2016.05.009.

. Fayed A, Abd El Hady M, Shaaban M, Fikry D. Use of ultrasound to
assess diaphragmatic thickness as a weaning parameter in invasively
ventilated chronic obstructive pulmonary disease patients. ] Am Sci
2016; 12: 96-105.

. Osman AM, Hashim RM. Diaphragmatic and lung ultrasound ap-

plication as new predictive indices for the weaning process in ICU

patients. The Egyptian Journal of Radiology and Nuclear Medicine

2017; 48: 61-66.

Spadaro S, Grasso S, Mauri T, et al. Can diaphragmatic ultrasonog-
raphy performed during the T-tube trial predict weaning failure?
The role of diaphragmatic rapid shallow breathing index. Crit Care
2016; 20: 305. doi: 10.1186/s13054-016-1479-y.

. Theerawit P, Eksombatchai D, Sutherasan Y, Suwatanapongched T,

Kiatboonsri C, Kiatboonsri S. Diaphragmatic parameters by ultraso-

nography for predicting weaning outcomes. BMC Pulm Med 2018;
18: 175. doi: 10.1186/s12890-018-0739-9.

Hermans G, Agten A, Testelmans D, Decramer M, Gayan-Ramirez G.

Increased duration of mechanical ventilation is associated with de-

creased diaphragmatic force: a prospective observational study. Crit

Care 2010; 14: R127. doi: 10.1186/cc9094.

Vivier E, Dessap AM, Dimassi S, et al. Diaphragm ultrasonography

to estimate the work of breathing during non-invasive ventilation. In-

tensive Care Med 2012; 38: 796-803. doi: 10.1007/s00134-012-2547-7.

. Fantini R, Mandrioli J, Zona S, et al. Ultrasound assessment of dia-
phragmatic function in patients with amyotrophic lateral sclerosis.
Respirology 2016; 21: 932-938. doi: 10.1111/resp.12759.

. Cartwright MS, Kwayisi G, Griffin LP, et al. Quantitative neuromus-
cular ultrasound in the intensive care unit. Muscle Nerve 2013; 47:
255-259. doi: 10.1002/mus.23525.

. Grosu HB, Im Lee Y, Lee ], Eden E, Eikermann M, Rose KM. Dia-

phragm muscle thinning in patients who are mechanically ventilated.

Chest 2012; 142: 1455-1460. doi: 10.1378/chest.11-1638.

Goligher EC, Dres M, Fan E, et al. Mechanical ventilation-induced

diaphragm atrophy strongly impacts clinical outcomes. Am J Respir

Crit Care Med 2018; 197: 204-213. doi: 10.1164/rccm.201703-

05360C.

. Goligher EC, Laghi E, Detsky ME, et al. Measuring diaphragm thick-

ness with ultrasound in mechanically ventilated patients: feasibility,

reproducibility and validity. Intensive Care Med 2015; 41: 642-649.

doi: 10.1007/s00134-015-3687-3.

Levine S, Nguyen T, Taylor N, et al. Rapid disuse atrophy of dia-

phragm fibers in mechanically ventilated humans. N Engl ] Med

2008; 358: 1327-1335. doi: 10.1056/NEJMoa070447.

. Mistri S, Dhochak N, Jana M, et al. Diaphragmatic atrophy and dys-
function in critically ill mechanically ventilated children. Pediatr
Pulmonol 2020; 55: 3457-3464. doi: 10.1002/ppul.25076.

. Valette X, Seguin A, Daubin C, et al. Diaphragmatic dysfunction at

admission in intensive care unit: the value of diaphragmatic ultra-

sonography. Intensive Care Med 2015; 41: 557-559. doi: 10.1007/

s00134-014-3636-6.

Haji K, Royse A, Green C, Botha J, Canty D, Royse C. Interpreting

diaphragmatic movement with bedside imaging, review article. J Crit

Care 2016; 34: 56-65. doi: 10.1016/j.jcrc.2016.03.006.

. Doorduin J, van Hees HW, van der Hoeven ]G, Heunks LM. Moni-
toring of the respiratory muscles in the critically ill. Am ] Respir Crit
Care Med 2013; 187: 20-27. doi: 10.1164/rccm.201206-1117CP.

. Le Neinder A, Philippart F, Luperto M, et al. Diagnostic accuracy

of diaphragm ultrasound to predict weaning outcome: a systematic

review and meta-analysis. Int ] Nurs Stud 2021; 117: 103890. doi:
10.1016/j.ijnurstu.2021.103890.

Llamas-Alvarez A, Tenza-Lozano EJ. Diaphragm and lung ultrasound
to predict weaning outcome: systematic review and meta-analysis.
Chest 2017; 152: 1140-1150. doi: 10.1016/j.chest.2017.08.028.

Qian Z, Yang M, Li L, Chen Y. Ultrasound assessment of diaphragmat-
ic dysfunction as a predictor of weaning outcome from mechanical
ventilation: a systematic review and meta-analysis. BMJ Open 2018;
8:€021189. doi: 10.1136/bmjopen-2017-021189.


https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Llamas-%C3%81lvarez+AM&cauthor_id=28864053
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Tenza-Lozano+EM&cauthor_id=28864053

