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BACKGROUND: Sepsis-induced diaphragmatic dysfunction is one of the main risk factors of
failure to liberate patients from mechanical ventilation. Several studies addressed diaphragmatic
ultrasound as a valuable tool in the assessment of diaphragmatic function during liberation from
mechanical ventilation in different populations. However, none of these studies examined the use of
diaphragmatic ultrasound to predict failure of liberation from mechanical ventilation in subjects
with sepsis METHODS: A prospective observational study was done with subjects on mechanical
ventilation and with abdominal sepsis. The diaphragmatic thickening fraction, diaphragmatic ex-
cursion, and rapid shallow breathing index were assessed 30 min after a spontaneous breathing trial
RESULTS: Thirty subjects were enrolled in the study. Seventeen subjects were successfully extu-
bated (56.6%), whereas extubation failed in 13 subjects (43.4%). The time to the first liberation
attempt was significantly shorter in the liberation-success group 2.3 (0.7) d compared with the
liberation-failure group 5.8 (4.7) d; P = .02. The optimum cutoff value of diaphragmatic thickening
fraction for predicting liberation success was =30.7 %, with a sensitivity of 94.1% and a specificity
of 100%. The area under the curve was 0.977. Although diaphragmatic excursion of =10.4 mm had
a sensitivity of 94% and a specificity of 85% for predicting liberation success, with an area under
the curve of 0.85. A rapid shallow breathing index of =44 had a specificity of 100% and a sensitivity
of 76%; the area under the curve was 0.9. CONCLUSIONS: Diaphragmatic ultrasound indices,
namely diaphragmatic thickening fraction and diaphragmatic excursion, could be useful parame-
ters for assessment of success of liberation in patients on mechanical ventilation with abdominal
sepsis. (ClinicalTrials.gov registration NCT03094299.) Key words: abdominal sepsis; delayed extu-
bation; diaphragmatic thickening fraction, liberation failure; mechanical ventilation; premature libera-
tion. [Respir Care 2019;64(5):564-569. © 2019 Daedalus Enterprises]

Introduction

The optimum time for extubation of patients who are
critically ill and on mechanical ventilation remains one of
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the most-challenging decisions in intensive care. Intensiv-
ists should maintain the balance between the risk of pre-
mature liberation from mechanical ventilation with mor-
bidities of extubation failure and the risk of delayed
extubation, which increases the duration of mechanical
ventilation. Current guidelines recommend several indices
to predict liberation success during spontaneous breathing
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trials (SBTs),! although none have proven to be ideal.? The
reason for this is likely because of the heterogeneity of
patients who are critically ill, which limits the predictive
abilities of these indices in different subgroups of patients.
Individuals with sepsis are a subgroup of patients who are
critically ill and who are considered to be at high risk of
liberation failure.? Although the mechanism remains poorly
understood, sepsis-induced diaphragmatic dysfunction is
one of the leading causes of liberation failure in these
patients.*

Currently, there is great interest in assessing diaphrag-
matic function during an SBT by ultrasound to predict
liberation failure. A recent meta-analysis reported the
results of 19 studies that assessed diaphragmatic func-
tion by using ultrasound with different values of sensi-
tivity and specificity.> Most of these studies included
subjects from different populations; however, none ex-
amined the use of diaphragmatic ultrasound to predict
liberation failure in subjects with sepsis. We sought to
evaluate the efficacy of ultrasound-derived variables in
the prediction of success of liberation from mechanical
ventilation in patients who are critically ill and with
abdominal sepsis.

Methods

This prospective observational study was carried out in
a surgical ICU unit of a trauma and emergency department
at Cairo University teaching hospital over a 12-month pe-
riod. The study was approved by the research ethics com-
mittee (N-16-2017) and was registered at ClinicalTrials.
gov before subject enrollment (NCT03094299). Informed
consent was obtained from each subject’s next of kin be-
fore commencement of the study. All the subjects on me-
chanical ventilation for >48 h and with intra-abdominal
sepsis were consecutively included. A sepsis diagnosis
was established once the criteria of the American College
of Chest Physicians/Society of Critical Care Medicine Con-
sensus Conference® were met. A diagnosis of abdominal
sepsis was confirmed by abdominal imaging (computed
tomography or ultrasound) or during surgical exploration.
The exclusion criteria were as follows: patients <18 y old;
those with diaphragmatic paralysis, surgery, injury, or a
surgical dressing over the right lower rib cage that would
preclude ultrasound examination; and patients with neu-
romuscular disease.

Assessment of Readiness to Liberate From
Mechanical Ventilation

Assessment of readiness to liberate patients from me-
chanical ventilation was done by an ICU physician accord-
ing to our protocol, which included the following: (a) res-
olution of an acute phase of disease for which the subject
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QUICK LOOK

Current knowledge

Sepsis-induced diaphragmatic dysfunction is a major
risk factor of weaning failure during mechanical ven-
tilation. Diaphragmatic ultrasound had been a useful
tool for predicting successful liberation from mechan-
ical ventilation.

What this paper contributes to our knowledge

Using ultrasound, we evaluated diaphragmatic move-
ment at the eighth or ninth intercostal space, between
the anterior and the mid axillary lines on the right side
to observe the zone of apposition of the muscle 0.5 to
2 cm below the costophrenic sinus. We found that di-
aphragmatic excursion and diaphragmatic thickening
fraction showed a good predictive ability for suc-
cessful liberation from mechanical ventilation in sub-
jects with abdominal sepsis.

was intubated; (b) adequate cough and absence of exces-
sive tracheobronchial secretion; (c) adequate oxygenation,
P,o, >60 mm Hg, with PEEP = 8 cm H,O, and
Fio, = 0.5; (d) breathing frequency = 30 breaths/min,
pH, and P, appropriate for the subject’s baseline respi-
ratory status; (e) stable cardiovascular status (ie, heart
rate < 120 beats/min; systolic blood pressure, 90—
160 mm Hg; and minimum or no vasopressor use, such as
dopamine or dobutamine <5 ug/kg/min or noradrenaline
<0.05 pg/kg/min).

SBT

Subjects scheduled for an SBT were put on pressure
support mode with a pressure support of 5 cm H,O and
PEEP of 5 cm H,O for 30 min, then all liberation param-
eters were again assessed. The decision to extubate was
made by the intensivist in charge who was blinded to the
ultrasonographic measurements. Liberation failure was de-
fined as either re-intubation or use of noninvasive venti-
lation within 48 h of extubation.

Ultrasound Assessment for the Diaphragm

All the subjects were evaluated while they were in a
semi-recumbent position by using a Mindray model M7
ultrasound machine with a 7.5—-10 MHz linear and 3-5 cur-
vilinear probes (Mindray Bio-Medical, Shenzhen, China)
set to the B mode.
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Diaphragmatic Thickening Fraction

The linear probe was placed perpendicular to the chest
wall, in the eighth or ninth intercostal space, between the
anterior and the mid axillary lines on the right side to
observe the zone of apposition of the muscle 0.5 to 2 cm
below the costophrenic sinus. The diaphragm was imaged
as a structure with 3 distinct layers, including 2 parallel
echoic lines (the diaphragmatic pleura and the peritoneal
membrane) and a hypoechoic structure between them (the
muscle itself). The diaphragm thickness was measured on
the right side from the middle of the pleural line to the
middle of the peritoneal line after obtaining M-mode trac-
ing of the contracting diaphragm. Three measurements
were taken over 3 respiratory cycles and were averaged.
Diaphragmatic thickening fractions were calculated as fol-
low: (thickness at end inspiration - thickness at end expi-
ration)/thickness at end expiration.

Diaphragmatic Excursion

The curvilinear probe was placed over one of the lower
intercostal spaces in the right anterior axillary line for the
right diaphragm and the left mid axillary line for the left
diaphragm. With the probe fixed on the chest wall during
respiration, the ultrasound beam was directed to the hemi-
diaphragmatic domes at an angle of not < 70°. During
inspiration, the normal diaphragm contracts and moves
caudally toward the transducer; this was recorded as an
upward motion of the M-mode tracing. The amplitude of
excursion was measured on the vertical axis of the tracing
from the baseline to the point of maximum height of in-
spiration.

Outcomes

Primary Outcome. The primary outcome was the area
under the receiver operating characteristic curve for ultra-
sonographic measurements of the diaphragm (diaphrag-
matic thickening fraction, and diaphragmatic excursion) to
predict liberation failure.

Secondary Outcomes. Secondary outcomes were he-
modynamic, ventilatory, and ultrasonographic data: heart
rate, systolic blood pressure, and breathing frequency were
recorded at baseline (before SBT) and 30 min thereafter.

Diaphragmatic muscle thickness during inspiration, dur-
ing expiration, diaphragmatic thickening fraction, diaphrag-
matic excursion, and rapid shallow breathing index (RSBI)
were recorded 30 min after SBT. RSBI was calculated by
dividing breathing frequency/tidal volume. Other data,
which included demographic information, severity scores,
P,0,/Fio,, duration of mechanical ventilation (d), ICU length
of stay, and hospital mortality, were collected.
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Statistical Analysis and Sample Size Calculation

We calculated our sample size by using MedCalc ver-
sion 12.1.4.0 (MedCalc Software bvba, Mariakerke, Bel-
gium) to detect the area under the receiver operating char-
acteristic curve of at least 0.8 for ultrasonographic
measurements of the diaphragm to predict liberation fail-
ure, with a null hypothesis of the area under the receiver
operating characteristic curve of 0.5. The minimum num-
ber of the subjects needed to have a study power of 80%
and alpha error of 0.05 was 26, with at least 13 positive
(weaning failure) subjects.

Descriptive statistics were presented as mean = SD or
as median and interquartile range for continuous variables,
and as absolute or relative frequencies for categorical vari-
ables. The unpaired Student 7 test or Mann-Whitney test
were used to compare continuous variables and chi-square
tests, or Fisher exact tests were used to compare categor-
ical variables. To compare the performance of diaphrag-
matic thickening fraction, diaphragmatic excursion, and
RSBI in predicting liberation failure, receiver operating
characteristic curves were constructed and the area un-
der the curve was calculated. MedCalc generated values
with the highest sensitivity and specificity (Youden in-
dex). The areas under the receiver operating character-
istic curves were compared by using the Hanley-McNeil
test. The level of significance was set at P < .05 for
2-tailed tests.

Results

Forty patients were screened, 35 patients met the inclu-
sion criteria, and 30 subjects were available for final anal-
ysis. The reason for exclusion was surgery over the right
lower thoracic cage. The most-frequent causes of abdom-
inal sepsis were perforated viscous (15 subjects), intestinal
obstruction (10 subjects), and mesenteric vascular occlu-
sion (5 subjects). All the subjects were admitted to ICU
after abdominal exploration and were intubated and on
mechanical ventilation. Seventeen subjects (56.6%) were
successfully extubated; whereas extubation failed in 13 sub-
jects (43.4%). The subjects in the liberation-success group
had a significantly lower APACHE II (Acute Physiology
and Chronic Health Evaluation II) score and SOFA (Se-
quential Organ Failure Assessment) score compared with
those in the liberation-failure group. Other demographic
and clinical data did not differ between the groups (Table
1). The length of ICU stay was significantly shorter in the
subjects who were successfully liberated than in those for
whom the liberation attempt failed. The overall survival
was 42%. Survival in the liberation-success group was
significantly higher than the liberation-failure group, 50%
and 30%, respectively (P = 0.000).
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Table 1. Demographic Data and Subject Characteristics
Characteristic Liberation Success (n = 17) Liberation Failure (n = 13) P

Age, mean * SD,y 52.7 =134 51.4 = 13.1 79
Males, n (%) 11 (65) 5(39) 27
APACHE I score, mean = SD 22719 25+ 1.8 .002
SOFA score, mean = SD 5.1+ 1.1 83+1.2 <.001
Time to first weaning attempt, mean *= SD 2.3 *£0.7* 5847 .001
Postoperative days, median (quartiles) 2 (2-3)* 3(2.5-9) .007
Survival, n (%) 9 (53)* 431 .006
Time to death, median (quartiles) d 12 (6-17) 8 (9-16) .62
Cause of death, n (%) >.99

Sepsis 7 (87) 8 (89)

Cardiogenic shock 1(13) 1(11)
mgniﬁcance.
APACHE 1II = Acute Physiology and Chronic Health Evaluation IT
SOFA = Sequential Organ Failure assessment
IQR = interquartile range
Table 2. Hemodynamic, Ventilator, and Ultrasonographic Data

Parameter Liberation Success (n = 17) Liberation Failure (n = 13) P

Heart rate mean (SD), beats/min

Baseline 90 (15) 98 (13) 17

After 30 min of SBT 92 (10) 98 (21) .30
SBP mean (SD), mm Hg

Baseline 122 (15) 132 (15) .08

After 30 min of SBT 120 (14) 123 (11) 53
Breathing frequency mean (SD), breaths/min

Baseline 19 (3.4) 21.3(3) .06

After 30 min of SBT 18 (4)* 27 (4) <.001
RSBI mean (SD) 39 (18)* 77 (30) <.001
Inspiratory thickness, median (quartiles) mm 2.7 (2.4-3) 2.2(1.9-3.4) .30
Expiratory thickness, median (quartiles) mm 2 (1.65-2.1) 2 (1.6-2.6) .62
DTF, median (quartiles) % 42.1 (39.4-48.5)* 21.4 (14.6-30.7) .007
DE, median (quartiles) mm 17 (14.4-23.4)* 8(5.2-10.2) <.001

* Denotes statistical significance.

SBT = spontaneous breathing trial

SBP = systolic blood pressure

RSBI = rapid shallow breathing index
IQR = interquartile range

DTF = diaphragmatic thickening fraction
DE = diaphragmatic excursion

The time to the first liberation attempt was significantly
lower in the liberation-success group, 2.3 (0.7) d, com-
pared with the liberation-failure group, 5.8 (4.7) d; P = .02.
Both heart rate and systolic blood pressure were compa-
rable between the groups before and 30 min after the SBT
(Table 2). Baseline frequency did not differ between the
groups; however, it increased significantly 30 min after
the SBT (Table 2), The central venous pressure before the
SBT was significantly lower in the liberation-success group,
9.3 (2) cm H,0, compared with the liberation-failure group,
11.7 (2.8) cm H,O; P = .01.

RESPIRATORY CARE @ MAY 2019 VoL 64 No 5

Ventilatory and Ultrasonographic Parameters as a
Predictor of Weaning Failure

Thirty minutes after the SBT, the absolute inspiratory
and expiratory diaphragmatic muscle thickness did not
differ between the groups. However, both diaphragmatic
thickening fraction and diaphragmatic excursion differed
significantly between the subjects who were success-
fully liberated and those for whom the liberation at-
tempt failed. (Table 2) The cutoff value, sensitivity,
specificity, and the areas under the receiver operating

567



DI1APHRAGMATIC ULTRASOUND TO PREDICT WEANING IN SEPSIS

Table 3. Accuracy of DTF, DE, and RSBI in Predicting Liberation Success

Area Under Receiver Operating o o
Parameter Cutoff Value Characteristic Curve (95% CI) % Sensitivity % Specificity P
DTF =30.7% 0.98 (0.93-1.0)[g3] 94 100 <.001
DE >10.4 mm 0.85 (0.74-0.97[g6]) 94 84 <.001
RSBI =44 0.9 (0.7-0.98) 76 100 <.001

DTF = diaphragmatic thickening fraction
DE = diaphragmatic excursion
RSBI = rapid shallow breathing index

characteristic curves for the variables examined are
shown in Table 3.

The optimum cutoff value of the diaphragmatic thick-
ening fraction for predicting liberation success according
to the maximum Youden index was =30.7%. This cutoff
value had a sensitivity of 94.1% and specificity of 100%;
the area under the curve was 0.98 (95% CI 0.98-1;
P < .001). The cutoff value of excursion that predicted
liberation success was =10.4 mm, with a sensitivity of
94% and a specificity of 84%; the area under the curve
was 0.85 (95% CI 0.74-0.97; P < .001). The median and
interquartile range of RSBI differed significantly between
the subjects who were successfully liberated and those for
whom the liberation trial failed (Table 2). Use of an RSBI
cutoff value of =44 breaths/min/L yielded a specificity of
100% and a sensitivity of 76%; the area under the curve
was 0.9 (95% CI 0.7-0.98; P < .001) for predicting lib-
eration success (Table 3).

Discussion

The main finding of the present study was that dia-
phragmatic parameters assessed by ultrasonography
showed good ability to predict the outcome of the libera-
tion process of adult subjects on mechanical ventilation
and who were diagnosed with abdominal sepsis. To our
knowledge, this study was the first to evaluate the ability
of diaphragmatic ultrasound measurements to predict lib-
eration outcome in subjects with abdominal sepsis. We
found that a diaphragmatic thickening fraction of =30.7%
and diaphragmatic excursion of =10.4 mm during SBT in
the subjects with sepsis had a sensitivity and a specificity
of 100%, 94.1% and 94%, 85%, respectively, for predict-
ing liberation success in these subjects.

A recent meta-analysis, which included 19 studies and
involved 1,071 people, found that the pooled sensitivity
for diaphragmatic excursion was 75% and pooled speci-
ficity was 75%.°> The high predictive values of diaphrag-
matic thickening fraction and diaphragmatic excursion that
we found in our study might be explained by the type of
population under investigation. Sepsis has been reported to
be associated with diaphragmatic dysfunction.* Several
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mechanisms have been implicated in the pathogenesis of
sepsis-induced diaphragmatic dysfunction. One of the stud-
ies found that the incidence of nerve conduction abnor-
malities may reach 63% in subjects in the ICU within 72 h
of developing sepsis.” Diaphragmatic muscle atrophy is
another mechanism of sepsis-induced diaphragmatic dys-
function. Jung et al® found that there was a preferential
loss of diaphragm muscle volume compared with periph-
eral muscle in subjects with sepsis. In our study, neither
the absolute inspiratory nor expiratory muscle thickness
differed between both groups, which dismisses the theory
of diaphragmatic muscle atrophy as the most probable
cause of sepsis-induced diaphragmatic dysfunction in our
cohort.

Sepsis resolution and hemodynamic stability were pre-
requisites in our cohort’s first liberation attempt, which
ruled out uncontrolled sepsis as a cause of liberation fail-
ure in these subjects. One important finding of our study
was that the APACHE II score was significantly lower in
those successfully liberated from mechanical ventilation
than in those for whom the liberation attempt failed, which
may indicate that diaphragmatic dysfunction behaved as
any other organ failure and may explain liberation failure
in these patients. Consistent with this finding, De-
moule et al* established that the Simplified Acute Physi-
ology Score was independently associated with diaphragm
dysfunction.

In the present study, we found that the best cutoff value
to predict liberation success was =30.7%. The optimum
cutoff value to predict liberation success is not consistent
among studies and ranges from 20 to 36%, depending on
the ventilator support provided during the measurement;
the higher the support, the lower the diaphragmatic thick-
ening fraction.®~'> Although we did not find statistically
significant differences between diaphragmatic thickening
fraction and diaphragmatic excursion as indices for liber-
ation, the area under the curve tended to be higher in the
diaphragmatic thickening fraction method. In patients who
have undergone abdominal surgery, abnormal respiratory
movements are common. Rib cage movements during in-
spiration are proportionally greater, and abdominal move-
ment is small or even paradoxical.'? Thus, measurement of
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diaphragmatic excursion may underestimate diaphragmatic
function. Umbrello et al'* observed that the diaphragmatic
thickening fraction is a reliable indicator of respiratory
effort, whereas diaphragmatic excursion should not be used
to quantitatively assess diaphragm contractile activity.

In the current study, RSBI was significantly higher in
the liberation-failure group compared with the liberation-
success group. Amoateng-Adjepong et al® were the first to
describe the effect of sepsis on the breathing pattern dur-
ing a liberation trial. They found that the subjects who
were recovering from sepsis had a higher RSBI compared
with subjects without sepsis.? Spadaro et al'> found that
the median (quartiles) RSBI in subjects for whom a liber-
ation trial failed was 63 (73-90), which was more or less
similar to our finding; however, the best cutoff value for
predicting liberation failure in their study was >62, which
is much higher than the threshold that was found in our
study.

The first study to describe RSBI was done by Yang and
Tobin'® and they found that a cutoff value < 105 was the
best threshold to predict liberation success. However, sev-
eral other studies reported different thresholds for predict-
ing liberation success with variable sensitivities and spec-
ificities, which may be due to differences in the studied
population and whether the weaning method was a T-piece
or pressure support. Our study had some limitations. First,
the sample size was too small to draw a conclusion re-
garding the superiority of diaphragmatic ultrasound indi-
ces compared with RSBI. Second, we chose to only eval-
uate the right hemidiaphragm because the acoustic window
provided by the liver made it easier to take the diaphrag-
matic thickening fraction measurement.

Conclusions

Both diaphragmatic ultrasound indices, namely dia-
phragmatic thickening fraction and diaphragmatic excur-
sion, could be useful parameters for assessment of the
success of liberation of patients on mechanical ventilation
with abdominal sepsis. Further randomized controlled stud-
ies are warranted to explore the effect of incorporating
diaphragmatic ultrasound in the liberation protocol on the
incidence of re-intubation.
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