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Holistic Ultrasound to Predict Extubation Failure in Clinical Practice
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BACKGROUND: A weaning trial can be considered a stress test of the cardiorespiratory system; it
increases oxygen demand and thus warrants a higher cardiac index and elevated breathing effort.
We hypothesized that the combination of easily performed ultrasound measurements of heart, lungs,
and diaphragm would yield good diagnostic accuracy to predict extubation failure. METHODS:
Adult subjects ventilated for > 72 h with a successful spontaneous breathing trial were included.
Ultrasound measurements of heart (left ventricular function), lungs (number of B-lines), and dia-
phragm thickening fraction were performed during a spontaneous breathing trial. The primary out-
comes were sensitivity, specificity, and area under the receiver operating characteristic curve of a
holistic ultrasound approach for extubation failure. Re-intubation within 48 h was considered extu-
bation failure. RESULTS: Eighty-three subjects were included, of whom 15 (18%) were re-intubated
within 48 h. The sensitivity and specificity of a holistic approach were 100% (78.2-100%) and 7.7 %
(2.5-17.1%), respectively, with an area under the receiver operating characteristic curve of 0.54. The
sensitivity and specificity of diaphragm thickening fraction, using a cutoff value of < 30% for extuba-
tion failure were 86.7% (59.5-98.3%) and 25.4% (15.5-37.5%), respectively, with an area under the
receiver operating characteristic curve of 0.61. CONCLUSIONS: In subjects ventilated for > 72 h
who had a successful spontaneous breathing trial, holistic ultrasound was a weak predictor
for extubation failure. (ClinicalTrials.gov registration NCT04196361). Key words: critical care;
diaphragm; extubation; holistic; lung; ultrasound. [Respir Care 0;0(0):1-e. © 0 Daedalus Enterprises]

Introduction

The decision to extubate mechanically ventilated patients
is a ubiquitous yet impactful and complex part of critical care
medicine. The underlying reason is that prolonged mechani-
cal ventilation and failure to sustain spontaneous breathing
(ie, re-intubation) are associated with adverse outcomes
including hospital mortality.' For this reason, clinicians assess
a patient’s readiness to be extubated through spontaneous
breathing trials (SBTs). However, even after a successful
SBT, approximately 13-36% of patients are re-intubated.”*
To improve the predictive accuracy of breathing trials, studies
have developed and evaluated additional tools such as
P.0, /Floz’ the Rapid Shallow Breathing Index, and dia-
phragm thickening measured with ultrasound, with different
levels of success.””’

These predictive parameters often evaluate a single
organ system and fail to encompass the complex patho-
physiology of extubation, which can be considered a stress
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test of the cardiorespiratory system because it increases ox-
ygen demand and thus warrants a higher cardiac index and
elevated breathing effort. Failure may thus result from
impaired pulmonary mechanics, cardiac dysfunction, or di-
aphragm weakness, or from any combination of these fac-
tors. Ultrasonography offers a unique possibility for rapid
bedside assessment of the aforementioned organs, with
minimal additional burden for the patient and improved ac-
curacy compared to chest radiography.®® Even though sev-
eral studies have linked their ultrasonographic evaluation
independently to extubation outcomes, studies using a
holistic approach that combines ultrasound of the heart,
lungs, and diaphragm are scarce.'®"!

Therefore, we aimed to test the hypothesis that an inte-
grated ultrasonographic assessment of the diaphragm, heart,
and lungs has good diagnostic accuracy for predicting extu-
bation failure in subjects who had a successful SBT.”'*"
Preliminary analyses of this study were presented as an
abstract at the Annual Congress of the European Society of
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Intensive Care Medicine, held October 20-24, 2018, in
Paris, France.'*

Methods

This prospective, observational cohort study was con-
ducted in a 34-bed academic ICU (Amsterdam University
Medical Centers, location VUmc, The Netherlands). The
protocol was approved by the local ethics board (Medisch
Ethische Toetsings Commissie, study number 2016.465)
and registered on ClinicalTrials.gov (NCT04196361). The
study population consisted of adult subjects (> 18 y old)
who were intubated and mechanically ventilated for > 72
h and who had a successful SBT. Sex, age, reason for ICU
admission, duration of mechanical ventilation before extu-
bation, Sequential Organ Failure Assessment score on
the day of extubation, ventilator settings, inflammatory
markers, hemoglobin, and creatinine were recorded.
These data were obtained at the bedside or from an elec-
tronic patient record upon completion of the exam. The
last data available before extubation were used. Informed
consent was obtained from subjects or their substitute de-
cision-maker. STROBE guidelines were followed.

The study protocol was the same as the hospital’s local
weaning protocol, with the addition of holistic ultrasound.
Subjects were evaluated on a daily basis for readiness to
undergo an SBT. To be deemed eligible, all the following
criteria had to be met: reason for ventilatory support reversed
or at least under control, adequate neurological status to
maintain airway patency, and adequate cough reflex and
strength. The SBT was performed under standardized venti-
lator settings, ie, both pressure support and PEEP were < 10
cm H50, with a recommended duration of 60 min. If at the
end of an SBT the treating physician deemed it successful,
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QUICK LOOK

Current knowledge

Extubation is a crucial turning point in critical care
medicine, as it requires effective adaptation of the car-
diorespiratory system. Failure of any organ involved
(ie, heart, lungs, or diaphragm) could lead to extubation
failure. Predicting this outcome is crucial, as failure is
associated with worse outcomes. Ultrasound offers
the possibility to assess the lungs non-invasively.
However, the evidence for a holistic approach is sparse
and needs further investigation.

What this paper contributes to our knowledge

In subjects with a successful spontaneous breathing
trial, holistic ultrasound of heart, lungs, and dia-
phragm was not a good predictor of extubation fail-
ure. This highlights the importance of careful patient
selection, timing with regard to spontaneous breath-
ing trial, and consideration of ultrasound parameters
used.

ultrasound measurements were obtained. An SBT was con-
sidered successful if none of the following criteria were met:
heart rate > 140 beats/min, systolic blood pressure < 80 mm
Hg or > 180 mm Hg, peripheral oxygen saturation < 90%,
breathing frequency > 35 breaths/min, serious agitation, or
excessive diaphoresis.'> The final decision regarding SBT
success and subsequent extubation was made at the discre-
tion of the treating physician, who was blinded to ultrasound
results and was not part of the study team. Subjects were
only included for the analysis if extubation occurred within
6 h of the ultrasound measurements.

Extubation failure was defined as the need for re-intuba-
tion or rescue noninvasive ventilation (NIV) within 48 h af-
ter extubation; however, no cases of rescue NIV were
encountered in the study. Neither high-flow nasal cannula
therapy nor postextubation NIV were common practice in
our ICU during the study, and thus they were not used in
any enrolled subject. Subjects were followed for 48 h after
extubation or until they died or were transferred to another
ICU within this timeframe.

Ultrasound images were acquired with a Philips CX50
ultrasound machine (Andover, Massachusetts; 100-240 V,
2.65 A, maximum frame rate 755 frames/s, dynamic range
170 dB). A total of 6 investigators (MEH, JMS, LNA,
EHTL, PRT) participated in a 2-d ultrasound course and
were thereafter supervised by a physician with extensive
ultrasound experience (> 5 y) until sufficient expertise was
reached (a minimum of 30 exams) before performing any
ultrasound for this study.'® In the first 24 subjects, the intra-
rater and inter-rater reliability for diaphragm thickness and
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left ventricular function were calculated. This was not per-
formed for the lung as these have already been calculated in
other studies.'”'® Researchers performed and analyzed all
images at the bedside, with the exception of the diaphragm
thickening fraction, which was measured directly after com-
pletion of the exam. Until completion of all measurements,
researchers were blinded to the subject’s extubation
outcome.

Diaphragm images were acquired with a 4-12 MHz
high-frequency linear probe placed on the mid-axillary line
in the zone of apposition, as previously described.'®*
Minimal depth to adequately visualize the diaphragm was
chosen to obtain the highest resolution. Only the right dia-
phragm was studied because in the absence of unilateral pa-
ralysis, which was the case in all subjects, it can be
visualized more consistently than the left side and it can be
assumed that there are no significant differences.?'** The
left side was briefly visualized to determine whether normal
functionality was present. A video of at least 3 respiratory
cycles was recorded in B-mode. Then the probe position
was marked on the skin, the transducer was lifted from the
skin and repositioned at the marked site, and a second and
third video of 3 respiratory cycles were captured for a total
of 9 respiratory cycles. Offline measurements of end-inspir-
atory and end-expiratory diaphragm thickness (Tdi) were
performed in each set, using the respiratory cycle where the
pleural and peritoneal line could be delineated most clearly.
This yielded 3 end-inspiratory and 3 end-expiratory values
for diaphragm thickness; their averaged values were used
in the calculation of diaphragm thickening fraction (TFy;):

mean Tdi at end inspiration — 1N€an Tdi at end expiration

mean Tdi at end expiration
Lung ultrasound was performed using a 1-5 MHz cardiac

or 2-5 MHz abdominal transducer. For both transducers, tis-
sue harmonic imaging was disabled in line with the manu-
facturer’s suggestion. Image depth was set at 16 cm for both
transducers on the basis of lung ultrasound acquisition as
suggested by Lichtenstein® and to ensure standardization of
imaging. The transducers were placed transversely on the
ribcage so that the image was delineated by ribs on either
side and tilted slightly outward to be perpendicular to the
lung surface. Images were acquired according to the bedside
lung ultrasound in emergency (BLUE) protocol, which
entails a 6-point examination (2 anterior points and 1 poste-
rior point per hemi-thorax) and evaluation of lung artifacts
including A-lines (horizontal reverberation artifacts gener-
ally indicating normal lungs), B-lines (vertical reverberation
artifacts indicating loss of aeration due to fluid buildup), and
the shred sign (tissue-like appearance of the lung indicating
total loss of aeration). The BLUE profile (A profile: A-line
predominance; B profile: B-line predominance; A/B profile:
even distribution of A-lines and B-lines; and C profile: tis-
sue-like pattern) was determined based on these signs, and
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the total number of B-lines was counted for each view at the
bedside. Additionally, images were made according to the
8-region protocol (ie, 4 quadrants per hemithorax).?*2

Cardiac ultrasound was performed using a 1-5 MHz car-
diac probe. Settings were freely adjustable by the researcher
to acquire best images. Left ventricular function was assessed
in the subcostal, apical, parasternal short axis, and parasternal
long axis views. Based on contractile activity, cardiac func-
tion was classified as poor, moderate, or good, as judged by
the researcher.

The primary outcome was the diagnostic accuracy of a
holistic ultrasound approach involving the heart, lungs, and
diaphragm for detecting extubation failure, expressed as sen-
sitivity, specificity, and area under the receiver operating
characteristic curve. For this holistic ultrasound approach,
TFg;, the total number of B-lines, and rapid visualization of
left ventricular function were used a reflection of diaphragm
function, pulmonary aeration status, and cardiac function.
Presence of pathological findings, such as lowered contractil-
ity (< 30%), presence of = 8 B-lines, or impaired or poor
cardiac function, were regarded as potentially predictive of
extubation failure and were evaluated as such in parallel test-
ing described by Weinstein et al.*’ Secondary outcomes
were the diagnostic accuracy of TFg with a previously
described cutoff at TFy4; < 30% and the correlation of TFg;,
total number of B-lines, BLUE profile, and left ventricular
function with extubation outcome. "

We also assessed the association between extubation out-
come and several clinical parameters: duration of mechanical
ventilation until extubation, ventilator settings, P,o,/ FIoz’
Rapid Shallow Breathing Index score, Sequential Organ
Failure Assessment score, and laboratory tests including C-re-
active protein, white blood cell count, creatinine, and hemo-
globin. Clinical parameters were obtained at the bedside or
from a chart review. The last data available before extubation
were used.

Statistical Analysis

The sample size calculation was based on an estimated
prevalence of 20% for extubation failure, a specificity of
94% for a holistic approach, with a margin of error of 0.06
and a confidence interval of 1.96, which yielded a sample
size of 75 subjects.>*** We enrolled 8 additional subjects
to allow for potential missing data or withdrawal of con-
sent. Statistical analyses were performed using SPSS 22
(IBM, Armonk, New York). Variables were tested for nor-
mality with the Shapiro-Wilk test, evaluation of histograms,
and Q-Q plots. Descriptive statistics are presented as mean
* SD, median (interquartile range), or n (%) as appropriate.
Differences in baseline characteristics between extubation
success and failure groups were tested with an independ-
ent-samples ¢ test, Mann-Whitney U test, or chi-square test
as appropriate. There were no missing data except for
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Patients ventilated

>72 h
188
Excluded
59
»-| Tracheostomy: 23
Died: 35
v Planned NIV: 1
Passed SBT
and extubated
129
Excluded
46

»| Ultrasound not
performed: 39
‘Other: 7

\

Subjects analyzed
83

I
' '

Extubation failure Extubation success
(re-intubated within 48 h) 68
15

Fig. 1. Flow chart. NIV = noninvasive ventilation; SBT = spontane-
ous breathing trial. *Other = self extubation, strict isolation, or trans-
fer to another hospital.

measurements of left ventricular function and the number
of B-lines, due to inability to acquire images in certain
ultrasound image views (see results). Missing cardiac func-
tion data were excluded from the regression analysis and
for the holistic model, while for the latter the areas not
visualized were counted as zero B-lines. The same was
done for the subject with a measured thickening fraction
of > 300%.

Combined predictive accuracy, expressed as sensitivity
and specificity, was calculated as described by Weinstein et
al*’ for parallel testing. Variables potentially predictive for
extubation outcome were included in the logistic regression
analysis. Initially, univariate logistic regression analysis
was performed to assess the association of each variable
with extubation outcome. For this analysis, left ventricular
function was dichotomized (ie, normal vs impaired/poor)
due to the low rate of poor ventricular function. Several
post hoc analyses were performed. First, the ideal cutoff
point (ie, the greatest area under the receiver operating
characteristic curve) was determined for the number of B-
lines for predicting extubation outcome, as its application
as a continuous variable provided too small an effect size to
be statistically relevant. In addition, the B-line average per
field visualized was calculated to detect the effect of miss-
ing data due to surgical dressings. Second, the difference in

TFy4; between the successful and failed group was evaluated
when dichotomized for pressure support (0 vs > 0) because
we hypothesized that pressure support may have affected
outcomes. Third, as a sensitivity analysis, subjects who
failed extubation (n = 3) due to inability to clear airway
secretions were removed because we hypothesized that this
type of failure would have been impossible to predict by
the chosen ultrasound parameters. Variables with a P value
< .2 were included in a backward stepwise Wald regression
analysis. For the intra-rater and inter-rater reliability analy-
sis, we used measurements of diaphragm ultrasound, and a
2-way mixed intraclass coefficient (ICC) was calculated.
The effect of pressure support ventilation and PEEP on the
predictive ability of ultrasound-derived measurements was
tested through multiple binomial regression. Statistical
analyses were performed using 2-sided hypothesis tests; a
P value of < .05 was regarded as statistically significant.

Results

The study was conducted during 3 separate intervals,
which were chosen based on the availability of the scien-
tific personnel who were trained for ultrasound measure-
ments (September 2016 to March 2017, September 2018 to
February 2019, and September 2019 to November 2019).
Subject enrollment is summarized in Figure 1.

Of 83 subjects, 68 (82%) were extubated successfully
and 15 (18%) were re-intubated within 48 h of extubation.
Reasons for re-intubation were inability to clear airway
secretions (n = 3), hypercapnia (n = 4), and hypoxemia
(n = 8). No differences in baseline characteristics were
found between the 2 groups (Table 1).

Ultrasound images of the diaphragm were successfully
acquired in all subjects (100%), while images of the heart
were obtained in all but 2 subjects (97.7%). Of the 664
possible lung-ultrasound images (ie, 8 per subject), 575
(86.6%) were successfully acquired. Surgical wounds and
dressings or tubes were limiting factors in this regard.

The intra-rater and inter-rater reliability for diaphragm
ultrasound was excellent (ICC intra-rater 1: 0.951 [95%
CI 0.907-0.977], ICC intra-rater 2: 0.954 [95% CI 0.913—
0.978], ICC inter-rater 1 + 2 on average of 3 measure-
ments: 0.970 [95% CI 0.932-0.987]). The intra-rater and
inter-rater reliability for heart ultrasound were identical at
kappa 0.833 (95% CI 0.517-1.00). TF;, the total number
of B-lines, and cardiac function as measured during the
SBT did not differ between the success and the failure
group (Fig. 2). A statistically non-significant differences
with more B-lines in the failure group was observed (P =
.11). When TFy was only analyzed in the no-support
group, TFy; for the failure group versus the success group
was 19.3% (95% CI 12-28.3) versus 23.7% (95% CI
19.2-31.2) (P = .11), respectively.
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Table 1.  Baseline Characteristics of Included Subjects

Overall Successful Unsuccessful P
Subjects 83 (100) 68 (82) 15 (18)
Age,y 65 =15 66 £ 16 65 =15 .96
Male 60 (72) 51(75) 9 (60) 24
SOFA score
On day of admission 10 (8-13) 10 (8-13) 10 (8-12) .87
On day of extubation 8 (6-11) 8 (6-10) 7.5 (6-10) 42
Duration of mechanical ventilation, h 155 (96-212) 138 (96-196) 175 (96-311) .26
Admission diagnosis 75
Cardiovascular 21 (25.3) 17 (25.0) 4 (26.7)
Pulmonary 16 (19.3) 12 (17.6) 4(26.7)
Gastrointestinal 18 (21.7) 14 (2.6) 4(26.7)
Neurological 13 (15.7) 12 (17.6) 1(6.7)
Other 15 (18.1) 13 (19.1) 2 (13.3)
Pressure support during SBT 72
0 52 (62.7) 42 (61.8) 10 (66.7)
>0 31(37.3) 26 (38.2) 5(33.3)
PEEP, cm H,O 5.3 (4.8-7.5) 5.2 (4.8-7) 6.9 (4.9-8.1) 17
Fio, 0.35 (0.32-0.41) 0.35 (0.31-0.40) 0.40 (0.34-0.45) 43
Tidal volume, mL 501 (345-620) 498 (391-624) 506 (377-562) .62
Breathing frequency, breaths/min 28 =7 206 24*+6 .76
Rapid Shallow Breathing Index 46 = 25 45 + 26 51 18 .36
P.o, /FIOZ 204 (155-267) 203 (144-269) 221 (167-259) .81
Lab
C-reactive protein, mg/L 65 (38-142) 66 (39-136) 63 (11-266) 92
White blood cell count, x 10°/L 12 (10-16) 12 (10-15) 13 (9-20) .37
Hemoglobin, mmol/L 5.7 (5.1-6.9) 5.6 (5.1-6.9) 6.1 (5.5-6.9) 32
Creatinine, umol/L 80 (60-130) 80 (59-29) 76 (61-140) 95
Data are presented as n (%), mean = SD, or median (interquartile range).
SOFA = Sequential Organ Failure Assessment
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Fig. 2. Overview of ultrasound parameters.
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Furthermore, while not statistically significant, a large
difference between BLUE profiles was seen between the 2
groups (47.1% A profile vs 26.7% A profile in the success-
ful group and the failed group, respectively) (Table 2). The
sensitivity and specificity with a TFy cutoff value of
< 30% for extubation failure were 86.7% (95% CI 59.5—
98.3) and 25.4% (95% CI 15.5-37.5), respectively, with an
area under the receiver operating characteristic curve of
0.61. The best predictive value for the total number of B-
lines was found at a cutoff of = 8 with an 80% (95% CI
51.9-95.7) sensitivity, 50% (95% CI 37.6-62.4) specificity,
and area under the receiver operating characteristic curve
of 0.63. Calculating the average number of B-lines per field
made no difference in its discriminative ability.

The sensitivity and specificity for left ventricular systolic
function were 33.3% (95% CI 11.8-61.6) and 74.2% (95%
CI 63-84.3), respectively, with an area under the receiving
operator characteristic curve of 0.54. Sensitivity and speci-
ficity for all 3 variables in a holistic approach, in which the
presence of thickening fraction < 30%, = 8 B-lines, or
impaired/poor left-ventricular function was regarded as
failure, were 100% (95% CI 78.2-100) and 7.7% (95% CI

Table 2. Ultrasound Parameters of Diaphragm, Lungs, and Heart
Overall Successful  Unsuccessful P
Subjects 82% 67 15

Diaphragm thickness
At end inspiration, mm 1.8 (1.5-2.4) 1.8 (1.5-2.5) 1.7 (1.5-2.3) .68
At end expiration, mm 1.5 (1.2-2.0) 1.4 (1.2-2.0) 1.5(1.3-1.6) .96

Thickness fraction, % 23 (16-29) 23 (17-30) 20 (13-28) .16
B lines 8 (4-17) 8 (3-17) 13 (8-19) A1
BLUE profile .30

A 36 (43.4) 32 (47.1) 4(26.7)

B 14 (16.9) 10 (14.7) 4(26.7)

A/B 33 (49.8) 26 (38.2) 7 (46.7)

Heart function .64
Good 58 (69.9) 48 (7.6) 10 (66.7)
Impaired 21(25.3) 16 (23.5) 5(33.3)

Poor 2(2.4) 2(2.9) 0 (0)

Data are presented as n (%) or median (interquartile range).

* One patient had a calculated thickening fraction of > 300%, which was deemed a measure-
ment error and was excluded from analyses involving diaphragm thickness.

BLUE = bedside lung ultrasound in emergency

2.5-17.1), respectively, with an area under the receiver
operating characteristic curve of 0.54 (Table 3). Pressure
support ventilation and PEEP did not affect the predictive
ability of ultrasound parameters (see the supplementary
materials at http://www.rcjournal.com).

When subjects who failed extubation (n = 3) due to
inability to clear airway secretions were removed, a statisti-
cally non-significant difference in number of B-lines was
found between the successful and failed group (P = .07),
while TFy; and left ventricular function did not differ (P =
.20 and P = .41, respectively). Univariate logistic regres-
sion analysis identified breathing frequency (P = .12) and
white blood cell count (P = .20) as potential risk factors for
extubation failure, but these were discarded in the multivar-
iate backward stepwise analysis (Table 4).

Discussion

In this study, we hypothesized that a holistic ultrasound
assessment including heart, lung, and diaphragmatic func-
tion would have good diagnostic accuracy for predicting
extubation failure in subjects who had a successful SBT.
There are 2 main findings of our study. First, a holistic
ultrasound approach including measurements of the lung,
heart, and diaphragm was a weak predictor of extubation
failure in subjects who had a successful SBT. Second, a
statistically non-significant difference with more B-lines in
the failed group was observed when subjects failing to due
airway secretions were excluded. The fact that holistic
ultrasound was a weak predictor is somewhat surprising.
Assessment of multiple organ function related to extubation
failure seemed like a logical next step from evaluating only
the diaphragm. Our results are also in contrast to 3 other
studies that evaluated an extended ultrasound approach and
reported cardiac and lung ultrasound to be relevant predic-
tors of postextubation distress and extubation failure.'%'!-°

Several factors could have led to these discrepant results.
First, our study was performed in a general ICU population,
whereas previous studies applied more restrictions to inclu-
sion favoring either lower risk subjects (eg, no previously
failed SBT, no history of severe COPD)' or higher risk
subjects (eg, > 65 y old, underlying cardiopulmonary
comorbidity).*® This is also demonstrated by the differences

Table 3. Diagnostic Accuracy of Ultrasound Parameters

Sensitivity Specificity Positive Likelihood Ratio Negative Likelihood Ratio
Diaphragm 86.7 (59.5-98.3) 25.4 (15.5-37.5) 1.2 (0.9-1.5) 0.5 (0.1-2.0)
B-lines 80 (51.9-95.7) 50 (37.6-62.4) 1.6 (1.1-2.3) 0.4 (0.1-1.1)
Left ventricular function 33.3(11.8-61.6) 74.2 (62-84.2) 1.3 (0.6-3.0) 0.9 (0.6-1.3)
Holistic 100 (78.2-100) 7.7 (2.5-17.1) 1.1 (1.0-1.2)

Data are presented as percent (95% CI).
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Table 4.  Univariable and Multivariable Regression Analysis

HoListic ULTRASOUND TO PREDICT EXTUBATION FAILURE

Univariable P Multivariable P
Ultrasound
Thickening fraction < 30% 0.99 (0.29-3.6) .99
B-lines (total) 1.00 (0.99-1.10) .36
B-lines = 8 2.00 (0.62-6.47) 25
BLUE-profile
A/b — profile 1.49 (0.36-6.2) .59
B — profile 0.46 (0.12-1.76) .26
LVF (normal vs impaired/poor) 0.69 (0.21-2.32) 55
Scores
SOFA 0.92 (0.77-1.11) .39
Rapid Shallow Breathing Index 1.01 (0.99-1.03) 45
Lab
C-reactive protein, mg/L 1.00 (0.99-1.01) .30
White blood cell count, x 10°/L 1.06 (0.97-1.17) .20 1.07 (0.97-1.18) .20
Hemoglobin, mmol/L 1.27 (0.80-2.01) 32
Creatinine, umol/L 1.00 (0.99-1.01) .76
Other
Breathing frequency, breaths/min 1.07 (0.98-1.17) 12 1.07 (0.98-1.17) 12
Duration of mechanical ventilation, h 1.00 (1.0 - 1.01) 28
P.o, /Fjo, < 200 1.14 (0.37-3.50) .82

Data are presented as odds ratios (95% CI). Variates with a P value < .2 in the univariable regression analysis were taken into the multivariable backward stepwise regression analysis.

BLUE = bedside lung ultrasound in emergency
LVF = left ventricular function
SOFA = Sequential Organ Failure Assessment

in failure rate between the studies, ranging from 18—45%.
Second, while we evaluated subjects ventilated for > 72 h,
the other studies included subjects with a shorter duration
of ventilation before inclusion (> 48 h). This difference
underscores the previous point of a discrepancy in popula-
tion in terms of risk of failure, with longer ventilation times
increasing this risk. While not statistically significant, a
large difference was seen in duration of mechanical ventila-
tion between the successful and failed group. Third, while
all studies (including ours) have performed measurements
during an SBT, the definition and methods of an SBT vary
with regard to the amount of ventilator support and PEEP.
This is an essential aspect, as ventilator settings have been
reported to have an important impact on respiratory physi-
ology and seldom reflect postextubation circumstances.?'**
This makes interpretation of ultrasound measurements
more difficult and raises the question of which settings are
optimal in this context. The same could be argued for con-
ventional prediction tools such as the Rapid Shallow
Breathing Index; while this study was not designed to eval-
uate this index, this value did not differ between groups and
would therefore not have been of value to predict extuba-
tion outcome. Fourth, the timing of ultrasound with regard
to the SBT also differed.

While we performed our measurements at the end of an
SBT, other studies did so at the beginning'' or at both the
beginning and the end.'%*° These differences could impact
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the results, as was highlighted by one of the studies that
reported an increase in B-lines from start to end of an
SBT.** For the diaphragm and heart, this could also hold
true, where breathing effort and thereby TFy; may differ af-
ter a certain amount of time without supported ventilation.
Also, different ultrasound methods and approaches were
used to assess the heart, lung, and diaphragm, respectively.
For example, while we calculated the total number of B-
lines, another study used a loss of aeration score based on
B-lines.*® Finally, the chosen outcome to which the ultra-
sound measurements were correlated also differed. While
we selected extubation failure within 48 h, others studies
selected postextubation distress and not re-intubation per
se,'? or selected weaning and extubation failure.*

Taken together, we think that it is important to appreci-
ate the differences in design between the current and pre-
vious studies on this topic. We do not necessarily believe
that holistic ultrasound is a tool that lacks utility; rather
we have to carefully evaluate in which population to use
it, as well as when and how measurements are performed.
For now, we think that caution is warranted when imple-
menting holistic ultrasound until we find the optimal cir-
cumstances for its use. Looking ahead, future studies
should also look at extending the holistic approach with
the assessment of intra-abdominal fluid and of expiratory
muscles, as both could impact the ability to be weaned
from the ventilator.?
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Lung ultrasound was not correlated with extubation out-
come, which is not in line with previous studies.***
However, a difference was observed for the total number of
B-lines and BLUE-profiles between the failed and successful
group, albeit statistically not significant. This may be
explained by the fact that 95% of our subjects (n = 79)
received some level of PEEP during ultrasound measure-
ments, which limits the increase in extravascular lung water
during the SBT and results in a lower number of B-lines. An
alternative explanation is the difference approach for quanti-
fying B-lines. While we calculated the total number of B-
lines and BLUE profiles observed during SBT as described
in a recent consensus, other studies have used a scoring sys-
tem based on modified BLUE profiles or the change in the
number of B-lines between the beginning and end of the
SBT.*~* Recent literature suggests that these differences in
methodology as well as nomenclature are relevant and poten-
tially modify the final outcome.'”?**¢3¥ This is also high-
lighted by studies reporting that the change in B-line
presence during SBT and subtypes of the B-profile (BI vs
B2 profile) correspond better to extubation outcome than
previously described measures.'*° Regardless of approach,
lung ultrasound might be a valuable asset in predicting extu-
bation outcome. Thus, finding the optimal approach for it is
of great importance.

An important finding of our study is that TFg; is not a
good predictor of extubation failure in subjects who had a
successful SBT. This is in line with one recent study™ but
not with others.”'>"* This might be explained by several
factors. First, we only included subjects who had a success-
ful SBT. In this group, diaphragm dysfunction might play a
less important role than earlier in the weaning phase and in
patients who failed an SBT. In patients who had a success-
ful SBT, other factors such as airway patency, secretions,
and cough strength might have a larger impact. This was
noted in a recent study that reported ineffective cough as an
important risk factor for extubation failure.*® In addition,
part of our study population still received minimal support
during ultrasound measurements. Additional support during
breathing lowers the effort needed during inspiration and
will influence TFy. In this regard, a post hoc analysis
showed a difference in TFy;, albeit statistically not signifi-
cant, between the failed and successful group in the no-sup-
port group. As mentioned, a recent meta-analysis reported
significant differences regarding certain parameters (eg, re-
spiratory work, effort) depending on ventilator settings,
some reflecting physiological values better than others.’’
Taking this into consideration, it seems logical to standard-
ize the ventilator settings during measurements to best
reflect postextubation circumstances.

Left ventricular systolic function was not correlated with
extubation outcome. This is in contrast with previous stud-
ies that reported cardiac dysfunction to be correlated with
extubation failure and a difficult weaning process.***' We

reason that this might be attributed to the fact that we chose
a rather pragmatic approach of visualizing left ventricular
systolic function, whereas in the mentioned literature more
elaborate parameters such as flow/velocity or flow/volume
ratios were often used to calculate ejection fraction.
However, to our knowledge there are no studies that dem-
onstrate whether these truly offer a significant advantage
over a pragmatic approach. In most previous studies, as in
our study, only systolic function was used as surrogate for
the cardiac component of extubation failure, while recent
studies indicate that diastolic dysfunction might also play
an important role in weaning failure.*>*' We chose not to
incorporate this into our approach for this study because it
requires advanced ultrasound skills that most intensivists
do not possess.

The strengths of this study are its relatively large size com-
pared to previous studies and its heterogeneous population, as
we did not exclude any subjects based on comorbidities, clini-
cal status (eg, absence of fever, use of vasopressors), or ability
to cooperate during measurements.”'>!"'**° This increases
its external validity and reliability. Furthermore, we only
included subjects who had a successful SBT and were extu-
bated, whereas in other studies failed SBT or palliative seda-
tion were also regarded as failed attempts. Importantly,
compared to studies also using a holistic approach, we used
TF; instead of motion as a surrogate for diaphragm dysfunc-
tion, which is less likely to be influenced by supported venti-
lation. Lastly, we used a pragmatic approach of ultrasound
measurements that was relatively easy to perform, thereby
improving clinical applicability.

This study has some limitations that should be acknowl-
edged. First, ultrasound measurements of the diaphragm
were only performed on the right side. This is reasonable,
as various studies have reported that there are no important
differences in healthy volunteers, but this might not be the
case for critically ill patients receiving ventilator sup-
port.>""** Second, ultrasound measurements were assessed
in subjects receiving minimal pressure support and PEEP.
This might influence results in theory, but did not seem to
be relevant in our study.*’ Third, 46 of the 129 eligible
patients were not included in the study due to extubation
during the evening or weekends; while theoretically possi-
ble, it seems unlikely that this had a significant impact on
our population. Finally, we chose not to measure diastolic
dysfunction, even though it seems to be a good predictor of
weaning failure, because it requires advanced ultrasound
skills and we set out to find an approach that is easily appli-
cable by any intensivist.

Conclusions

In subjects ventilated > 72 h who had a successful SBT,
holistic ultrasound was a weak predictor of successful
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extubation. Finding the optimal circumstances for the appli-
cation of holistic ultrasound to predict extubation failure is
vital.
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