©O0 0000

daa) g e [ Adad gy Al ) oda ad ) a0

i (98 e glaal) i o150 5 CASAED) S sad (o g YD (381 andy

Al ol (5 st e A giua

D g Y -caadla




B STARS|

RATED FOR EXCELLENCE

CXIIIIZ

Ultrasonographic Evaluation of
Diaphragmatic Thickness Versus
Excursion as a Predictor of Weaning
in Mechanically Ventilated Patients

Ohesis

Submitted for Partial Fulfillment of Master Degree in
Intensive Care

By
Abdallah Omar Abdelrazeg Eldeeb
M.B.B.Ch (Alexandria University, 2013)

Supervised by
Prof. Dr. Noha Mohamed Elsharnouby

Professor Anesthesiology, Intensive Care and Pain Management
Faculty of Medicine - Ain Shams University

Dr. Rania Mahrous Ali

Lecturer Anesthesiology, Intensive Care and Pain Management
Faculty of Medicine - Ain Shams University

Faculty of Medicine
Ain Shams University
2022






Praise to "God”, the Most Gracious and @/ ful Who

Guides Us to the Right Way /

I would like also to express my deep gratitude to Prof. Dr.
Noha Mohamed Elsharnouby Professor Anesthesiology, Intensive
Care and Pain Management Faculty of Medicine - Ain Shams
University who had made a greet effort with me in this thesis for her
precious guidance, wise instructions, meticulous supervision, valuable
experience and time, endless cooperation and true concern to
accomplish this work_in the best possible image for the time she gave to
me, her support and sincere help.

I would like to express my deep gratitude to Dr. Rania
Mahrous Al Lecturer Anesthesiology, Intensive Care and Pain
Management Institute —Damanhor Faculty of Medicine-Ain Shams
University for her great encouragement, constant support. Without
her continuous help this work would never have been accomplished.
Her patience and willingness to provide continuous guidance have

been instrumental in bringing the study to completion.

Last but not least I would like to express my deepest thanks to
my Family for their continuous guidance and constant encouragement.
My great appreciation is extended to

all t

se who shared either practically.
or morally to accomplish this work,

M



Title Page No.
List of AbDreviations..........ccoceviiiiiiiiiiisieeeee s i
List of Tables ....ccooiiiiiiicecceee e iii
List of Figures ... e iv
INtroduction ... 1
Aim of the WOrK ..o 4
Review of Literature ...........cccccocvviiviiiciiicc e 5
Patients and Methods...........cccccooeriiiiiiiiiicee e 28
RESUILS i 34
DISCUSSION ..ot 48
CONCIUSION ... e e 57
Recommendations ...........ccccoviiiiiiinc i 58
SUIMNINATY ...ttt ere st nesne e 59
References .........cccovieiiieiec e 62

Arabic SUMMATY ....cccovviiiiiieee e —



List of Aldreviations

Abb. Full term
ALIL........cccovvnnnn. Acute lung injury
ALP.......coovvnene. Autophagy-lysosomal pathway
BMI.....cccceeeooee. Body mass index
CO2....coveen Carbon dioxide
Creat......ccccuuneeee. Creatinine

CRP....vviiiinnns C-reactive protein

CT . Computed tomography
CVP...inns Central venous pressure
DD....cooe Diaphragmatic dysfunction
DE...coooieeeei, Diaphragmatic excursion
DM....cooeeeeeis Diabetes mellitus
DT....oeeeee. Diaphragmatic thickness
DTF.................... Diaphragmatic thickness fraction
ECG.................... Electrocardiography
FG...ooeeeeeee. Failure group
HTN......ccceeeenneenn. Hypertension

ICU ..., Intensive care unit
Koo, Potassium

MAP................... Mean arterial pressure
MRI..................... Magnetic resonance imaging
MV s Mechanical ventilation

Na oo Sodium

NDD...ccooeeeeres Non diaphragmatic dysfunction
NIBP................... Noninvasive blood pressure



Abb. Full term

PS . Pressure support

ROS....cccoeeeii Reactive oxygen species

RR...cooeeee, Respiratory rate

RSBI................... Rapid-shallow breathing index
RV, Residual volume

SBT....ccoiiiinnas Spontaneous breathing trial
SGOT.....cccovvvnnnn Serum glutamic oxaloacetic transaminase
SGPT ... Serum Glutamic Pyruvic Transaminase
TDI......ccceenennn. Diaphragmatic thickness
TLC.....ccceeeee. Total lung capacity

UPS......coeiii Ubiquitin—proteasome system

US. s Ultrasound

VAP......ee Ventilator-associated pneumonia
VIDD......ccceeeee... Ventilator-induced diaphragmatic dysfunction
WBCs...ooevvveens White blood cells

ZAP.....cceeeeeeen. Zone of apposition

ZOA.......cceeeen..... Zone of apposition



Table No.
Table (1):
Table (2):

Table (3):

Table (4):

Table (5):

Table (6):

Table (7):

Table (8):

Table (9):

List of Gables
Title Page No.

Patient characteristics of the studied patients

Relation between weaning outcome, age and
1= S TR U PR UPPTR PRSPPI 38

Comparison between past medical history,
cause of intubation and mechanical ventilation
period with weaning outcome...........ccccceovreriniiinnnnne. 40

Comparison between vital signs in relation to
weaning out come before weaning..............cc.cooevevenne. 41

Comparison between CRP and liver and
kidney function in relation to weaning out
come and electrolyte. ..o 42

Comparison between failed and success cases
regarding (readiness criteria) heart rate, mean
arterial blood pressure, PaCO2 and
PaO2/FiO2, PH, HCO3 at spontaneous mode
of mechanical ventilation. ............ccccoiiiniiiinn, 43

Comparison between Diaphragmatic thickness
and excursions in relation to weaning
OULCOMIE. ... 45

Sensitivity, specificity and accuracy of
Diaphragmatic thickness fraction with respect
to weaning outCcome. ..........ccevvriieniinie s 46

Sensitivity, specificity and accuracy of
Diaphragmatic excursion with respect to
Weaning OUtCOME. .........cccoverviieriere e 47



Fig. No.

Figure (1):

Figure (2):
Figure (3):
Figure (4):

Figure (5):

Figure (6):

Figure (7):
Figure (8):
Figure (9):

Figure (10):

Figure (11):

Figure (12):

Title Page No.
Unilateral left diaphragmatic paralysis. .............. 15
Fluoroscopy unilateral diaphragmatic paralysis........... 17
Diaphragmatic Excursion ..........ccccccoecviveveiiciienns 19

(A) diaphragmatic paralysis, (B)
diaphragmatic thickness..........c.cccoccoviieviiicnienns 19
Image A  demonstrates  transducer
placement for an intercostal view, with the
transducer positioned on the 9th intercostal
space in the anterior axillary line.............cccccoveeee 20

Image A demonstrates a curvilinear
transducer placement for the anterior
subcostal view, with the transducer
positioned below the costal margin in the
mid-clavicular line...........c.cccocoviiiiiiii . 23

Image A shows the posterior subcostal
view with the -curvilinear transducer
placed posteriorly at the mid-scapular line ......... 24

Image A demonstrates the transducer
position for the subxiphoid view, with the
transducer placed below the xiphoid in the
midline and aiming cranially ............cccocoeeniinnn, 25
This figure demonstrates normal and
abnormal diaphragm movement .............c.ccco........ 27
Distribution of the studied patients group
regarding the weaning out come. ..............cccocurnene 37
Sensitivity, specificity and accuracy of
Diaphragmatic thickness in prediction
WEATIINE. ....ceeviviveei sttt e smee ettt enn e sne e 46
Sensitivity, specificity and accuracy of
Diaphragmatic excursion prediction weaning. .........: 47



CIntroduction &

INTRODUCTION

The number of patients requiring mechanical ventilation
has increased worldwide and the proportion of patients
requiring prolonged mechanical ventilation has increased
concomitantly (Shin et al., 2017).

VAP is estimated to occur in 9-27% of all mechanically
ventilated patients with highest risk being early in the course of
hospitalization (Kalanuria et al., 2014).

Timing is critical when determining if a patient can be
successfully extubated. Premature discontinuation of mechanical
ventilation may lead to increased cardiovascular and respiratory
stress, CO2 retention and hypoxemia with up to 25% of patients
requiring reinstitution of ventilator support. Unnecessary delays
in weaning from mechanical ventilation also can be deleterious
(Chittawatanarat et al., 2018).

Complications such as ventilator associated pneumonia
and ventilator induced diaphragm atrophycan be seen with
short periods of mechanical ventilation thereby prolonging
mechanical ventilation (DiNino et al., 2014).

Attempts have been ongoing to devise tools that can
accurately determine the ideal timing of extubation. Among
these tools are measuring the minute ventilation, maximal
inspiratory pressure, and tracheal occlusion pressure at 0.1s
with variable degrees of success. Another predictive tool, the

1
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rapid-shallow breathing index (RSBI) has gained popularity as
a more accurate index in predicting success of extubation, but
this ability is limited in patients weaned through pressure
support (PS) (Magalhaes et al., 2018).

Preserved diaphragmatic function is very important
during weaning process to regain spontaneous breathing
process with the usual methods for diaphragmatic assessment
like fluoroscopy, phrenic nerve conduction, and trans-
diaphragmatic pressure measurements show a lot of limitations
and disadvantages especially inside the ICU due to ionizing
radiation exposure, not widely available methods and the need
for patient transportation (Osman et al., 2017).

Ultrasound has emerged as a cheap, widely available,
free-from-radiation, bed-side tool for assessment of the
characteristics of diaphragmatic movement, such as amplitude,
force, and velocity of contraction, special patterns of motion,
and changes in diaphragmatic thickness (TDI) during
inspiration. Many of these parameters have been studied as a
guidance in predicting the course of weaning from MV
(Elbatran et al., 2020)

Direct measures of diaphragm function as predictors of
extubation success or failure have not been extensively
evaluated. Motion of the diaphragm dome has been assessed
using M mode ultrasound, and found to be useful in predicting
extubation outcomes; however, imaging the dome does not




CIntroduction &

directly visualize the diaphragm muscle itself and factors such
as breath size, impedance of neighbouring structures,
abdominal compliance, rib cage or abdominal muscle activity,
and ascites will affect regional and global diaphragm motion of
the tendinous dome of the diaphragm. This drawback can be
circumvented by ultrasonography of the diaphragm in the zone
of apposition (ZAP) using B-mode transducer as this approach
allows for direct visualisation of the diaphragm muscle and
assessment of its activity (DiNino et al., 2014).
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AIM OF THE WORK

The aim of this study was to assess the efficiency of
diaphragm thickness and/or diaphragm excursion as measured
by means of ultrasound as a predictor of extubation in
mechanically ventilated patients in ICU.
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REVIEW OF LITERATURE
I- Diaphragm
e Diaphragm anatomy:

In adults, the diaphragm represents less than 0.5% of
body weight, but it is the most important muscle in the human
body after the heart. It is composed of a central non contractile
tendon and two major muscular portions: the costal and crural
diaphragm. An additional minor muscular portion is the sternal
part of the diaphragm (Baaj et al., 2014).

e Diaphragm Innervations:

Innervation of the diaphragm is provided by the right and
left phrenic nerves, which originate from cervical nerves
C3-C5 and facilitate both sensory and motor function
(Verlinden et al., 2018).

The paired phrenic nerves are located posteriorly in the
lateral compartment of the neck and travel anteriorly as they
course through the thorax. The phrenic nerves run along the
anterior surface of the pericardium before they reach the
diaphragm, where they arborize on the superior and inferior
surfaces (Laura et al., 2012).
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e Diaphragmatic dysfunction:

Dysfunction can be classified as paralysis or weakness. It
is often initially suggested by diaphragmatic elevation at chest
radiography. The right hemidiaphragm is normally slightly
higher than the left hemidiaphragm. In addition, the anterior
and medial portions of the diaphragm are normally higher than
the posterior and lateral portions (Laura et al., 2012).

These findings should not be misinterpreted as signs of
dysfunction. Elevation caused by paralysis or weakness
typically involves an entire hemidiaphragm. In diaphragmatic
dysfunction, the impaired hemidiaphragm may be thinned by
atrophy of the muscle (Ricoy et al., 2019).

In  contrast to unilateral impairment, bilateral
diaphragmatic dysfunction is usually symptomatic and may
lead to ventilatory failure. In this situation, the accessory
muscles of respiration must assume all the work of breathing
(Aliverti et al., 2020).

a- Etiology

There are many causes of weakness and paralysis of the
diaphragm; these involve the entire neuromuscular axis. Central
nervous system causes of diaphragmatic dysfunction include
cervical spine trauma, degeneration and less commonly cervical
spinal cord disease such as transverse myelitis, syrinx, and




