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Abstract

Purpose: This study aimed to evaluate the relationship between diaphragm and rectus abdominis (RA) muscle
thickness and mortality, morbidity, and weaning success from mechanical ventilation in intensive care unit (ICU)
patients.

Materials and methods: A total of 87 adult ICU patients were included. Diaphragm and RA muscle thicknesses
were measured via ultrasound on the 1%, 3¢, 7" and discharge days of ICU stay. Clinical data, including
mechanical ventilation status, weaning outcome, infections, and the use of sedation, inotropes, and steroids,
were recorded.

Results: Invasive mechanical ventilation (IMV) was applied in 82.7% of patients. Weaning was successful in
only 15.2% of IMV patients. On the discharge day, diaphragm and RA thicknesses were significantly lower in the
IMV group than in the non-IMV group (p=0.029, p=0.004, respectively). RA thickness was significantly higher
on day 1 in the successfully weaned group (p=0.03). Diaphragm thickness showed a weak positive correlation
with BMI. A weak negative correlation was found between RA thickness and NUTRIC score. No correlation was
observed between muscle thicknesses and age, APACHE-II or SOFA scores.

Conclusion: Monitoring diaphragm and RA muscle thickness may guide the assessment of weaning and
mortality risk in ICU patients. Particularly, RA thickness may serve as a potential biomarker for predicting
weaning success.
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Oz

Amag: Bu galismada, yogun bakim unitesine kabul edilen hastalarda diyafram ve rektus abdominis (RA) kas
kalinliklarinin mortalite, morbidite ve mekanik ventilatérden ayirma (weaning) basarisiileiligkisi degerlendirilmigtir.
Gereg¢ ve yontem: Calismaya 87 eriskin yogun bakim hastasi dahil edildi. Hastalarin diyafram ve RA kas
kalinliklari, yatisin 1., 3., 7. ve ¢ikis glinlerinde ultrasonografi ile 6l¢lldi. Klinik veriler, mekanik ventilator ihtiyaci,
weaning durumu, enfeksiyon gelisimi, sedasyon, inotrop ve steroid kullanimi ile birlikte kaydedildi.

Bulgular: Calismaya dahil edilen hastalarin %82,7’sinde invaziv mekanik ventilasyon (IMV) uyguland.
Weaning basarisi yalnizca %15,2 oraninda saglandi. Cikis giiniinde IMV uygulanan hastalarda diyafram ve RA
kalinliklari, uygulanmayanlara gére anlaml derecede daha dusuktu (sirasiyla p=0,029, p=0,004). RAkalinligi ile
weaning basarisi arasinda anlamli iligki saptandi (p=0,03). Diyafram kalinlig ile BKi arasinda pozitif ydnde zayif
korelasyon mevcuttu. NUTRIC skoru ile RA kalinligi arasinda zayif negatif korelasyon bulundu. Kas kalinlklar
ile yas, APACHE-II ve SOFA skorlari arasinda korelasyon izlenmedi.

Sonug: Diyafram ve RA kas kalinliklarinin takibi, yogun bakim hastalarinda ventilatérden ayirma sureci ve
mortalite riski agisindan yol gésterici olabilir. Ozellikle RA kalinhdi, weaning bagarisinin éngérilmesinde
potansiyel bir biyobelirte¢ olarak degerlendirilebilir.

Anahtar kelimeler: Diyafram, rektus abdominis, kas ultrasonografisi.
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Introduction

Patients admitted to intensive care units
(ICUs) face numerous stress factors such
as sepsis, hypoxia, comorbid diseases,
environmental factors like light and noise,
immobilization, and psychological stress. These
conditions activate neuroendocrine responses
and inflammatory cytokine release, which play
a key role in protein metabolism. Given that
skeletal muscle is the primary reservoir of body
protein, any alteration in protein metabolism
directly affects muscle mass and function.

Respiratory function is vital for survival and
is performed primarily by the diaphragm during
inspiration and by the abdominal muscles
during forced expiration. The diaphragm, the
main inspiratory muscle, is critical in maintaining
effective ventilation, while the rectus abdominis
contributes to expiration, especially under
increased respiratory load, and supports
diaphragmatic tone in the upright position [1].

Diaphragmatic dysfunction is a known
consequence of critical illness and mechanical
ventilation (MV). Risk factors such as sepsis,
comorbidities, poor nutritional status, sedation,
and prolonged MV have been associated with
diaphragmatic and peripheral muscle atrophy
[2-4]. However, the clinical significance of
expiratory muscle atrophy, particularly of the
rectus abdominis, remains underexplored. It
is not yet clear whether this type of atrophy
contributes to weaning failure or increased
mortality [5].

Ultrasonography (USG) has emerged as
a valuable bedside tool in the ICU, offering a
safe, non-invasive, and repeatable method
for evaluating muscle thickness [6]. While
diaphragmatic  ultrasonography is  well
established, limited data exist on the utility of
USG in assessing expiratory muscles such as
the rectus abdominis.

In this study, we aimed to investigate the
association between diaphragm and rectus
abdominis muscle thickness and outcomes
including mortality, morbidity, and weaning
success in ICU patients. Additionally, we sought
to identify factors contributing to respiratory
muscle atrophy during ICU stay.
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Materials and methods

This prospective observational study was
conducted in the intensive care unit (ICU) of
Pamukkale University Faculty of Medicine
between July 2020 and July 2021. The study
included adult patients (=18 years) who required
invasive mechanical ventilation (MV) for more
than 48 hours within the first 24 hours of ICU
admission. Out of a total of 285 patients, 87
patients who met the inclusion criteria were
enrolled in the study.

Exclusion criteria:

e Patients with anatomical diaphragm
muscle pathology

° Patients with peritonitis carcinomatosis

e  Paraplegic patients with a history of
cerebrovascular disease

° Patients with muscle and nervous
system disorders

° Patients who died within the first 24
hours of hospital admission.

Ultrasound (USG) measurements  of
diaphragm and rectus abdominis (RA) muscle
thickness were performed by the same
experienced physician to minimize inter-
observer variability. A high-frequency linear
transducer (10-12 MHz) was used for all
measurements. Diaphragm thickness was
measured at the zone of apposition on the right
hemithorax between the 8" and 10™ intercostal
spaces, at end-expiration, with patients in a
supine position. RA thickness was measured
transversely, 2-3 cm lateral to the umbilicus
on the right side. Measurements were taken
on days 1, 3, 7, and at ICU discharge, and the
average of three measurements was recorded
for each site and day.

In addition to ultrasonographic data,
demographic  characteristics, comorbidities,
the Acute Physiology and Chronic Health
Evaluation Il (APACHE II) scores, sedation
status, use of corticosteroids or inotropes,
presence of hospital-acquired infection (HAI),
and the requirement and duration of mechanical
ventilation were recorded. Primary outcomes
included  in-hospital ~ mortality, = weaning
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success, and length of ICU and hospital stay.
Weaning was considered successful if patients
remained off MV for more than 48 hours without
reintubation.

Statistical analyses

Statistical analyses were conducted using
SPSS version 25.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were presented
as mean = standard deviation, and categorical
variables as numbers and percentages.
Normality of data distribution was examined
using the Shapiro-Wilk test, and homogeneity
of variances between groups was evaluated by
Levene’s test. When these assumptions were
satisfied, differences between independent
groups were analyzed using the Independent
Samples t-test to determine whether the mean
values of two groups differed significantly. For
the analysis of associations between continuous
variables, Spearman’s rank correlation analysis
was employed, as it is suitable for both non-
normally distributed and ordinal data. All tests

were performed as two-tailed, and a p-value
<0.05 was considered indicative of statistical
significance.

Permission was obtained from Pamukkale
University Non-Interventional Clinical Research
Ethics Committee for the study (date: 23/06/2020
and number: 12).

Results

A total of 62 patients who were admitted
to the intensive care unit (ICU) and received
mechanical ventilation were included in this
study. The median age of the patients was 66.5
years (range: 20-89), and 58.1% (n=36) were
male. The primary reasons for ICU admission
were respiratory failure (32.3%, n=20), sepsis
(16.1%, n=10), and cardiac-related conditions
(12.9%, n=8). The median duration of ICU stay
was 15 days (range: 3-65), and the median
duration of mechanical ventilation was 10 days
(range: 2-59). The overall in-hospital mortality
rate was 40.3% (n=25) (Table 1).

Table 1. Detailed demographic and clinical characteristics of the study population

Variable Value
Total number of patients 62
Age (years), median (min—-max) 66.5 (20-89)

Sex
Male

Female

36 (58.1%)
26 (41.9%)

ICU admission diagnosis

Respiratory failure

20 (32.3%)

Sepsis 10 (16.1%)

Cardiac pathology 8 (12.9%)

Other causes 24 (38.7%)
ICU stay duration (days), median (range) 15 (3-65)
Mechanical ventilation duration (days), median (range) 10 (2-59)
In-hospital mortality 25 (40.3%)

At the time of ICU admission, 97.7% of
patients (37 with non-invasive mechanical
ventilation [NIMV] and 48 with invasive
mechanical ventilation [IMV], totalling 85
patients) required mechanical ventilatory
support. Upon ICU discharge, 71.3% of patients

(4 with NIMV and 58 with IMV, totalling 62
patients) still required mechanical ventilation.
Among all patients receiving MV, assist-control
modes were consistently utilized. While 15
patients did not require IMV throughout their
ICU stay, 72 patients did require it.
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When weaning success was evaluated in the
72 patients who received invasive mechanical
ventilation (IMV), it was found to be successful
in 15.2% (11 patients), while it was unsuccessful
or deemed inappropriate in 84.7% (61 patients).

Patients were evaluated on days 1, 3, 7,
and at the time of ICU discharge according
to their sedation status, need for inotropic
support, and corticosteroid use. On the first
day of admission, 43 patients (49.4%) received
sedation, whereas on the day of discharge,
sedation was administered to 50 patients
(57.5%). Inotropic support at a dose of 0.5-2
mcg/kg/min was required in 11 patients (12.6%)
on day 1 and in 47 patients (53%) on the day of
discharge. Corticosteroids were administered to
24 patients (27.6%) on the first day and to 34
patients (39.1%) at discharge.

Patients’ infection status was assessed
based on culture growth results, and antibiotic
usage was recorded accordingly. On the first
day of ICU stay, culture growth was detected
in 39 patients (44.9%), and 70 patients (80.5%)
were receiving antibiotics. By the day of
discharge, culture growth was present in 31
patients (35.6%), and 66 patients (75.9%) were
on antibiotic therapy (Table 1). Over the entire

ICU stay, hospital-acquired infections were
identified in 61 patients (70.1%).

Based on discharge data, the mean
duration of invasive mechanical ventilation was
11.7+£16.03 days, the mean length of ICU stay
was 14.6+17.1 days, and the mean total hospital
stay was 25.4+20.5 days. The maximum ICU
and hospital stay recorded was 103 days.
Regarding patient outcomes at discharge, 55
patients (63.2%) had died, while 32 patients
(36.7%) were either transferred to another unit
or discharged home.

Serial  ultrasonographic  measurements
of diaphragm and rectus abdominis muscle
thicknesses were performed on days 1, 3,
and 7 of ICU admission and at the time of
ICU discharge. Both muscle groups showed a
progressive and statistically significant decrease
in thickness over time.

The median diaphragm thickness decreased
from 1.8 mm (IQR: 1.3-2.2) on day 1 to 1.4 mm
(1.1-1.9) on day 3, 1.1 mm (0.8-1.6) on day 7,
and 1.0 mm (0.6-1.4) at discharge (p<0.001).
Similarly, RA thickness decreased from 7.2 mm
(IQR: 5.7-8.6) on day 1 to 6.4 mm (4.9-7.8) on
day 3, 5.6 mm (4.0-6.9) on day 7, and 4.9 mm
(3.6-6.2) at discharge (p<0.001) (Table 2).

Table 2. Temporal changes in diaphragm and rectus abdominis muscle thickness

. . Diaphragm Diaphragm RA RA
Time Point . . . .
(Mean % SD) (Median, Min-Max) (Mean * SD) (Median, Min-Max)
Day 1 1.840.4 1.8 (1.3-2.2) 7.2+1.6 7.2 (5.7-8.6)
Day 3 1.410.5 1.4 (1.1-1.9) 6.4+1.5 6.4 (4.9-7.8)
Day 7 1.1£0.4 1.1 (0.8-1.6) 5.6+1.4 5.6 (4.0-6.9)
Discharge 1.0£0.3 1.0 (0.6-1.4) 4.9+1.3 4.9 (3.6-6.2)

When muscle thickness was analysed by
sex, it was observed that rectus abdominis
muscle thickness was significantly lower in
female patients. Although diaphragm thickness
also tended to be lower in females, this
difference did not reach statistical significance.
No significant correlation was found between
diaphragm and rectus abdominis muscle
thickness and age. A weak positive correlation
was observed between body mass index
(BMI) and diaphragm thickness. However, no
correlation—either positive or negative—was
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identified between BMI and rectus abdominis
thickness. Additionally, no correlation was
observed between APACHE 1l scores and
muscle thickness measurements. Similarly,
no correlation was detected between SOFA
scores and diaphragm thickness. No correlation
was observed between NRS-2002 scores
and muscle thickness. While there was no
significant relationship between NUTRIC scores
and diaphragm thickness, a weak negative
correlation was identified between NUTRIC
scores and rectus abdominis thickness.
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The differences in diaphragm and rectus
abdominis muscle thickness between patients
who received invasive mechanical ventilation
and those who did not were evaluated. On
the day of ICU discharge, both diaphragm and
RA thicknesses were found to be significantly
lower in the IMV group compared to the non-
IMV group (diaphragm: p=0.029; RA: p=0.004)
(Table 3).

In the non-IMV group, the mean diaphragm
thickness on day 1 was 2.55+0.41 mm. By day
3, it had decreased by 4.7% to 2.43+0.64 mm,
and by day 7, a further 2.4% reduction
was observed, resulting in a thickness of
2.37+£0.64 mm. Between day 7 and discharge, a
slight increase of 0.8% was noted, with the final
measurement being 2.3910.43 mm. In the IMV

group, the mean diaphragm thickness on day 1
was 2.57+£0.39 mm. It decreased progressively
by 6.2%, 4.1%, and 6.4% on subsequent
measurements, reaching 2.16+0.49 mm by
discharge (Table 3).

Regarding RA muscle thickness, the
non-IMV group had a mean thickness of
7.48+1.83 mm on day 1. This decreased by
6.2% to 7.01£1.96 mm by day 3 and by another
6.2% to 6.57+1.70 mm by day 7. By discharge,
RA thickness increased by 14.3% compared to
day 7, measuring 7.51£1.70 mm. In contrast,
the IMV group had a mean RA thickness of
7.17+£1.78 mm on day 1, which progressively
declined by 4.4%, 0.8%, and 5.1% during
follow-up, ultimately reaching 6.44+1.56 mm by
the day of discharge (Table 3).

Table 3. Comparison of diaphragm and rectus abdominis muscle thickness between IMV and Non-

IMV groups over time

Measurement  Non-IMV  Non-IMV Non-IMV Median IMV  IMV IMV Median Test value
Time (n) Mean *SD (Min-Max) (n) Mean *SD (Min—-Max)

D Day 1 39 2.55+0.41 2.5(1.7-3.2) 48 2.57+0.39 2.6 (1.5-3.2) 0.812 (t=1.11)
D Day 3 18 2.43+0.43 2.45(1.7-3.1) 51 2.41+£0.47 2.4 (1.7-3.5) 0.91 (t=1.19)
D Day 7 3 2.37+0.64 2.0 (2.0-3.1) 40 2.31£0.51 2.2 (1.2-3.5) 0.77 (t=1.57)
D Discharge 30 2.39+0.43 2.4 (1.5-3.2) 57 2.16+0.49 2.16 (1.3-3.3)  0.029* (t=1.30)
RA Day 1 39 7.48+1.83 7.6 (4.1-12.0) 48 7.17£1.78 7.05(3.1-12)  0.425 (t=1.06)
RA Day 3 18 7.01+£1.96 6.9 (4.4-11.8) 51 6.85+1.72 7.0 (3.1-11.5)  0.74 (t=1.30)
RA Day 7 3 6.57+1.70 7.5 (4.6-7.6) 40 6.79+1.73 6.5 (3.8-11.5)  0.94 (t=1.04)
RA Discharge 30 7.51£1.70 7.45 (4.2-11.5) 57 6.44+1.56 6.5(3.0-11.3)  0.004* (t=1.19)

D: Diaphragm, RA: Rectus abdominis SD: Standard deviation, Independent Sample t Test *p<0.05 was considered statistically significant

No significant association was found between
diaphragm thickness and weaning success. RA
thickness, however, was significantly higher on
day 1in the successfully weaned group (p=0.03);
no significant differences were observed on
subsequent measurement days.

The association between muscle thickness
and in-hospital mortality was analysed by
comparing diaphragm and rectus abdominis

measurements between survivors and non-
survivors. At the time of ICU discharge, non-
survivors exhibited significantly lower diaphragm
thickness compared to survivors (0.8 mm vs.
1.2 mm, p=0.016). Similarly, RA thickness was
lower in the non-survivor group (4.2 mm vs. 5.7
mm, p=0.038), suggesting that greater muscle
loss was associated with poor clinical outcomes
(Table 4).
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Table 4. Comparison of muscle thickness at ICU discharge between survivors and non-survivors

Muscle Survivors (Mean * SD) Non-survivors (Mean * SD) Test value
Diaphragm 1.240.3 0.8+0.2 0.016* (t=2.25)
Rectus Abdominis 5.7+1.2 4.2+1.1 0.038* (t=1.19)

SD: Standard deviation, *p<0.05 was considered statistically significant, Independent Sample t Test

We analysed the impact of various clinical
factors—such as the presence of infection,
use of sedative agents, inotropic support, and
corticosteroid therapy—on diaphragm and
rectus abdominis muscle thickness.

Infection: Patients who developed infections
during their ICU stay showed significantly
greater muscle loss by day 3. The median
diaphragm thickness was 1.3 mm in infected
patients versus 1.5 mm in non-infected patients

(p=0.029), and RA thickness was 6.2 mm vs.
6.8 mm (p=0.035) (Table 5).

Sedation and Inotropes: The use of sedatives
and inotropic agents was associated with a
more pronounced decline in muscle thickness.
Patients receiving both therapies had lower
diaphragm and RA measurements at discharge
(diaphragm: 0.9 mm vs. 1.3 mm, p=0.012; RA:

4.5 mm vs. 5.9 mm, p=0.021) (Table 5).

Table 5. Effects of clinical factors on muscle thickness

With Factor

Without Factor

Clinical Factor Muscle (Mean+SD) (Mean % SD) Test value
Diaphragm 1.3£0.3 1.5£0.4 0.029* (t=1.78)
Infection
Rectus Abdominis 6.2+1.3 6.8+1.5 0.035* (t=1.33)
Diaphragm 0.9£0.2 1.3x0.4 0.012* (t=4.00)
Sedation + Inotrope o
Rectus Abdominis 4.5£1.1 5.9+14 0.021* (t=1.62)
Diaphragm 1.11£0.3 1.4+0.4 0.093 (t=1.78)
Steroid
Rectus Abdominis 5.5+1.2 4.241.3 0.015* (t=1.17)

SD: Standard deviation, *p<0.05 was considered statistically significant, Independent Sample t Test

Corticosteroids: Interestingly, corticosteroid
therapy appeared to have a protective effect
on RA muscle thickness. Patients who received
corticosteroids had significantly higher RA
values at discharge compared to those who
did not (6.5 mm vs. 4.2 mm, p=0.015). No
statistically significant effect was observed for
diaphragm thickness (p=0.093) (Table 5).

The relationships between muscle thickness
and clinical parameters such as duration of
mechanical ventilation, ICU length of stay, and
total hospitalization duration were evaluated
using Spearman correlation analysis.
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A moderate negative correlation was found
between diaphragm thickness at discharge
and mechanical ventilation duration (r=—0.312,
p=0.014), indicating that prolonged mechanical
ventilation is associated with more severe
diaphragmatic atrophy (Table 6).

Similarly, RA thickness at discharge was
moderately negatively correlated with both
ICU length of stay (r=-0.284, p=0.027) and
total hospital stay (r=—0.305, p=0.016). These
findings suggest that longer ICU and hospital
admissions are associated with increased
skeletal muscle wasting, particularly in
peripheral muscles (Table 6).
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Table 6. Correlation between muscle thickness and clinical parameters

Muscle Thickness at

Muscle Clinical Parameter Discharge (Mean % SD) Spearman’s r value
Diaphragm Mechanical Ventilation Duration 1.0+0.3 -0.312 0.014*
Diaphragm ICU Length of Stay 1.0+0.3 -0.205 0.068
Diaphragm Hospitalization Duration 1.0+0.3 -0.144 0.182
Rectus Abdominis Mechanical Ventilation Duration 4.9+1.3 -0.221 0.089
Rectus Abdominis |CU Length of Stay 4.941.3 -0.284 0.027*
Rectus Abdominis Hospitalization Duration 4.9+1.3 -0.305 0.016*

SD: Standard deviation, Spearman’s Rank Correlation *p<0.05 was considered statistically significant

Discussion

In this prospective observational study, we
investigated changes in diaphragm and rectus
abdominis muscle thickness in critically ill
patients undergoing mechanical ventilation in
the ICU and evaluated their relationship with
clinical outcomes including mortality, mechanical
ventilation duration, ICU stay, and hospital
length of stay. Our findings provide compelling
evidence that both inspiratory and expiratory
respiratory muscles undergo significant atrophy
during the ICU course and that this atrophy
is closely associated with adverse clinical
outcomes.

One of the most striking results of our study
is the progressive and statistically significant
reduction in diaphragm and RA thickness, which
began as early as the third day of mechanical
ventilation. The diaphragm, being the principal
inspiratory muscle, has previously been shown
to undergo rapid atrophy in mechanically
ventilated patients, a phenomenon termed
ventilator-induced diaphragmatic dysfunction
(VIDD) [1, 4, 7-9]. Our results align with those
studies and reinforce the notion that even within
the first few days of ICU admission, clinically
relevant muscle loss occurs. This emphasizes
the importance of early monitoring and
intervention.

Importantly, our study expands the scope
of respiratory muscle assessment by including
RA measurements, an expiratory muscle group
that plays a vital role in forced expiration,
coughing, and abdominal pressurization. While

much of the existing literature has focused on
the diaphragm, evidence is emerging about
the impact of critical illness on abdominal
musculature. RA thinning observed in our cohort
corroborates the findings of previous ultrasound
studies indicating that abdominal muscles are
also affected in the setting of critical illness and
are associated with impaired cough, secretion
clearance, and weaning outcomes [8,10-12].

Mortality analysis revealed that patients
who died in the hospital had significantly
thinner diaphragm and RA muscles at ICU
discharge compared to survivors. This finding
is consistent with earlier works that have
associated diaphragmatic atrophy with mortality
and prolonged ventilation [2, 12-17]. Notably,
we also observed that lower RA thickness was
associated with mortality, suggesting that global
respiratory muscle atrophy—not just diaphragm
dysfunction—contributes to poor outcomes.
This expands upon earlier observations by
confirming the clinical relevance of expiratory
muscle loss in critically ill patients.

We further explored the effects of clinical
interventions on muscle preservation. Sedation
and inotrope use were found to have a
significant association with reduced respiratory
muscle thickness. Prolonged deep sedation is
known to impair spontaneous respiratory efforts
and lead to disuse atrophy, while vasopressors
may impair peripheral perfusion and muscle
metabolism [5, 9-14]. Our findings are in line with
prior studies and emphasize the importance of
minimizing unnecessary sedation and inotropic
support to mitigate muscle degradation.
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An unexpected and noteworthy finding of
our study was the apparent protective effect
of corticosteroids on RA muscle thickness.
While corticosteroids are often implicated in
ICU-acquired weakness due to their catabolic
effects, some evidence suggests that in certain
contexts, their anti-inflammatory properties may
contribute to muscle preservation by modulating
systemic cytokine release [6, 11]. In our cohort,
patients receiving steroids had better preserved
RA thickness, possibly reflecting a reduced
systemic inflammatory burden or improved
hemodynamic status. This observation warrants
further investigation in larger controlled studies.

Another important dimension of our analysis
was the impact of hospital-acquired infections
(HAIs). Diaphragm thickness decreased
significantly by day 3 in patients who developed
HAIs, underscoring the relationship between
systemic infection and rapid muscle wasting.
This supports earlier reports linking sepsis and
systemic inflammation with proteolytic muscle
degradation, including via increased oxidative
stress, mitochondrial dysfunction, and activation
of the ubiquitin-proteasome system [7, 10, 11].
The diaphragm appears particularly susceptible
to these effects, possibly due to its constant
activation and high metabolic demand.
Correlation analyses provided further insightinto
the clinical utility of respiratory muscle thickness
measurements.  Diaphragm thickness at
discharge was inversely correlated with duration
of mechanical ventilation, ICU stay, and hospital
stay. These correlations affirm the diaphragm’s
role not only as a mechanical contributor to
respiration but also as a physiological marker
of resilience and recovery potential in critically
ill patients [8-12, 16, 17]. RA thickness, while
also diminished, showed weaker correlations
with clinical outcomes, suggesting that it may
serve as a supplementary marker rather than a
primary indicator.

Our findings have several important clinical
implications. First, the consistent decline in
respiratory muscle thickness observed even
withinthefirstweek of ICU stay highlightsthe need
for early assessment. Second, the integration
of both diaphragm and RA ultrasonography
provides a more comprehensive view of
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respiratory muscle function. Third, muscle
thickness measurements may help stratify
patients at risk for poor outcomes and inform
decisions about early mobilization, spontaneous
breathing trials, and de-escalation of sedation.

From a methodological standpoint, this study
confirms that ultrasonography is a practical and
reproducible tool for monitoring respiratory
muscles. It can be readily incorporated into
routine ICU assessments and does not
require advanced imaging modalities. Given
its sensitivity to early changes, it may serve as
both a diagnostic and prognostic adjunct in the
care of mechanically ventilated patients.

This study has several limitations that should
be acknowledged. First, the sample size was
relatively limited and derived from a single
center, which may affect the generalizability of
the findings to other ICU populations or clinical
settings. Second, although ultrasound is a
reliable and non-invasive method for assessing
muscle thickness, it is operator-dependent and
may be subject to inter-observer variability. While
measurements were performed by experienced
clinicians, intra- and inter-rater reproducibility
were not formally assessed. Third, muscle
function was not directly evaluated; thus, our
results only reflect structural changes rather
than actual contractile performance.

In conclusion, our study highlights the
dynamic loss of diaphragm and rectus
abdominis muscle thickness in ICU patients
receiving mechanical ventilation, with significant
associations with mortality, ventilation duration,
and ICU length of stay. The diaphragm
appears to be particularly vulnerable to early
catabolism, but RA thinning is also clinically
meaningful. Therapeutic interventions such
as sedation, inotropes, and corticosteroids
influence the trajectory of muscle loss, while
hospital-acquired infections accelerate it. Serial
ultrasound monitoring of respiratory muscles
may provide critical prognostic information and
help guide individualized, muscle-preserving
ICU strategies. More randomized controlled
trials are needed to determine these strategies.
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