
 
 

CAROLINE GOMES MÓL 

 

 

 

 

 

 

 

 

 

 

 

Capacidade muscular inspiratória com suporte abdominal: um estudo 

observacional prospectivo em pacientes graves 

 

 

 

 

 

Tese apresentada à Faculdade de Medicina 
da Universidade de São Paulo para obtenção 
do título de Doutora em Ciências 
 

Programa de Ciências da Reabilitação  
Orientadora: Profa. Dra. Clarice Tanaka 

 

 

 

 

 

 

 

 

 

São Paulo 

2021



 
 

 

CAROLINE GOMES MÓL 

 

 

 

 

 

 

 

 

 

 

 

Capacidade muscular inspiratória com suporte abdominal: um estudo 

observacional prospectivo em pacientes graves 

 

 

 

 

 

Tese apresentada à Faculdade de Medicina 
da Universidade de São Paulo para obtenção 
do título de Doutora em Ciências 
 

Programa de Ciências da Reabilitação  
Orientadora: Profa. Dra. Clarice Tanaka 

 

 

 

 

 

 

 

 

 

São Paulo 

2021



 
 

 

CAROLINE GOMES MÓL 

 

 

 

 

 

 

 

 

 

 

 

Inspiratory muscle capacity with abdominal support: a prospective 

observational study in critically ill patients 

 

 

 

 

 

Thesis presented to the Faculdade de 
Medicina,Universidade de São Paulo  
to obtain the degree of Doctor in Science  
 
Rehabilitation Sciences Program 
Advisor: Profa. Dra. Clarice Tanaka 

 

 

 

 

 

 

 

 

 

São Paulo 

2021  



 
 

FICHA CATALOGRÁFICA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

DEDICATÓRIA 

 

 

 

 

 

 

 

 

 

 

Dedico este trabalho aos meus pais, Nicolau e Maria 

José, meus alicerces, exemplos de vida. Vocês que 

sempre me incentivaram e nunca mediram esforços para 

que eu pudesse me dedicar aos estudos e seguir meus 

sonhos, mesmo que distante fisicamente. Sem o apoio, 

ensinamentos e amor incondicional de vocês não seria 

possível chegar até aqui! 

Dedico também ao meu marido, Renan, meu 

companheiro e grande incentivador! 

 

Todo o meu amor a vocês. 

  



 
 

DEDICATION 

 

 

 

 

 

 

 

 

 

 

I dedicate this work to my parents, Nicolau and Maria 

José, my foundations, examples of life. You always 

encouraged me and never measured efforts so that I 

could dedicate myself to studies and follow my dreams, 

even if physically distant. Without your support, 

teachings, and unconditional love it would not be 

possible to get this far! 

I also dedicate it to my husband, Renan, my partner, and 

great supporter! 

 

With all my love for you! 

  



 
 

 

AGRADECIMENTOS 

 

Agradeço a Deus pelas bençãos e por sempre me amparar ao longo da caminhada até aqui. 

 

Agradeço à minha orientadora, Professora Dra. Clarice Tanaka, pela orientação, 

ensinamentos e oportunidades. Muito obrigada pela confiança e incentivo que permitiram que 

ao longo dos anos de condução desse trabalho eu tivesse grandes oportunidades de 

crescimento profissional e pessoal. 

 

Agradeço à Monize, companheira de projeto e amiga que o doutorado me trouxe. Sem você 

não seria possível chegar até aqui. Sou muito grata por todo o apoio nesse projeto e na vida! 

 

Agradeço aos colegas de trabalho e grandes amigos que fiz no ICHC FMUSP, em especial à 

Priscila Araújo, Catherine, Renato Reis, Amanda Coelho e Cassio Stipanich, que sempre 

me apoiaram durante a realização desse trabalho e nunca me deixaram desanimar. 

 

Agradeço às minhas maiores amigas da vida, Kennia e Adisley, que mesmo distante sempre 

se fizeram presentes e compreenderam esse período que estive ausente. 

 

Agradeço à minha grande e amada família, os “Gomes” e os “Mól”, minha base, meus 

amores, que com certeza estão vibrando felizes com as minhas conquistas. Especialmente 

meus queridos avôs, Zé Gomes (in memorian) e Sidônio (in memorian), e avós, Onília (in 

memorian) e Carminha. 

 

 Agradeço à minha família Paulista, “Mendes Rodrigues”, que sempre me acolheu tão bem. 

 

Agradeço também à Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil 

(CAPES) - Código de Financiamento 001, responsável pela existência e consolidação dos 

programas de pós graduação. 

 

Por fim, agradeço a todos os pacientes, técnicos e auxiliares de enfermagem, enfermeiros, 

médicos e fisioterapeutas das UTIs do ICHC FMUSP. Trabalhar todos esses anos ao lado 

de vocês me tornou uma profissional melhor e mais humana! 

 



 
 

 

ACKNOWLEDGMENTS 

 

I thank God for the blessings and for always supporting me 

 

I thank my advisor, Professor Dr. Clarice Tanaka, for her guidance, teachings, and 

opportunities. Thank you for the encouragement that allowed me to have great opportunities 

for professional and personal development. 

 

I thank Monize, project partner and friend. Without you it would not be possible to get here. I 

am so grateful for all your support in this project and in life! 

 

I thank my co-workers and friends from ICHC FMUSP, especially Priscila Araújo, 

Catherine, Renato Reis, Amanda Coelho and Cassio Stipanich, who always supported me 

and never let me down. 

 

I thank my best friends in life, Kennia and Adisley, who, despite being distant, were always 

present and understood this period that I was absent. 

 

I thank my beloved family, the “Gomes” and “Mól”, who are certainly vibrating with my 

achievements. Especially my dear grandparents, Zé Gomes (in memorian) and Sidonio (in 

memorian), and grandparents, Onília (in memorian) and Carminha.. 

 

I thank my Paulista family, “Mendes Rodrigues”, who always supported me. 

 

I would also like to thank the Coordination for the Improvement of Higher Education 

Personnel - Brazil (CAPES) - Financing Code 001, responsible for the existence and 

consolidation of the post graduation programs. 

 

Finally, I would like to thank all the patients, technicians and nursing assistants, nurses, 

physicians, and physiotherapists at the ICHC FMUSP ICUs. Working with you made me 

a better and more human professional! 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Esta tese está de acordo com as seguintes normas, em vigor no momento desta 

publicação: 

Referências: adaptado de International Committee of Medical Journals Editors 

(Vancouver). 

Universidade de São Paulo. Faculdade de Medicina. Divisão de Biblioteca e 

Documentação. Guia de apresentação de dissertações, teses e monografias. Elaborado por 

Anneliese Carneiro da Cunha, Maria Julia de A. L. Freddi, Maria F. Crestana, Marinalva de 

Souza Aragão, Suely Campos Cardoso, Valéria Vilhena. 3a ed. São Paulo: Divisão de 

Biblioteca e Documentação; 2011. 

Abreviaturas dos títulos dos periódicos de acordo com o List of Journals Indexed in 

Index Medicus.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This thesis is in accordance with the following standards, operative at the time of this 

publication: 

References: adapted from the International Committee of Medical Journals Editors 

(Vancouver). 

University of Sao Paulo. Faculty of Medicine. Library and Documentation Division. 

Guide for submission of dissertations, thesis, and monographs. Elaborated by Anneliese 

Carneiro da Cunha, Maria Julia de AL Freddi, Maria F. Crestana, Marinalva de Souza Aragão, 

Suely Campos Cardoso, Valéria Vilhena. 3rd ed. São Paulo: Library and Documentation 

Division; 2011. 

Journal title abbreviations according to the Indexed List of Journals Index Medicus.  

  



 
 

 

SUMMARY 

 

 FIGURES LIST 

 TABLES LIST 

 RESUMO 

 ABSTRACT 

 PRESENTATION 

1. INTRODUCTION ......................................................................................... 18 

2. AIMS ............................................................................................................... 20 

3. METHODS ..................................................................................................... 22 

3.1 Participants ................................................................................... 23 

3.2 Procedures .................................................................................... 23 

     3.2.1 Research question 1 ............................................................... 23 

     3.2.2 Research question 2 ............................................................... 25 

3.3 Outcome measures ....................................................................... 25 

     3.3.1 Lung Ultrasound Score ........................................................... 25 

     3.3.2 Diaphragm Excursion ............................................................. 26 

     3.3.3 Diaphragm Thickening Fraction ............................................ 27 

     3.3.4 Maximal Inspiratory Pressure ................................................ 28 

     3.3.5 Vital Capacity ........................................................................ 29 

3.4 Data Analysis ................................................................................ 29 

     3.4.1 Research question 1 ................................................................ 29 

     3.4.2 Research question 2 ................................................................ 30 

4. RESULTS ....................................................................................................... 31 

4.1 Research question 1 ..................................................................... 32 

4.2 Research question 2 ...................................................................... 34 

5. DISCUSSION ................................................................................................. 38 

5.1 Research question 1 ...................................................................... 39 

5.2 Research question 2 ..................................................................... 40 

5.3 Limitations .................................................................................... 41 

5.4 Clinical relevance and final considerations …………………… 42 

6. CONCLUSION .............................................................................................. 43 

7. REFERENCES .............................................................................................. 45 

8. APPENDIX ..................................................................................................... 50  



 
 

 

FIGURES LIST 

 

Figure 1 - Abdominal belt and pressure biofeedback unit illustration. 

Figure 2 - Chest regions for lung ultrasound assessment. 

Figure 3 - Transducer positioning for diaphragm excursion assessment. 

Figure 4 - Measurement of diaphragm excursion. The diaphragm cupola was identified using 

B-mode ultrasonography and then, the diaphragm excursion was taken between the two distal 

edges of the hyperechoic curved line produced by the diaphragm cupola using M-mode. 

Figure 5 - Measurement of diaphragm thickening fraction: A- expiratory diaphragm thickness; 

B- inspiratory diaphragm thickness. 

Figure 6 - Digital manovacuometer used to assess maximal inspiratory. 

Figure 7 - Digital spirometer used to assess vital capacity. 

Figure 8 - Study population flowchart. 

Figure 9 - One-way repeated measures analysis of variance comparing DE (A) and TFdi (B) 

during the three different breathing patterns. 

Figure 10 - Correlations between diaphragm excursion (DE) and lung ultrasound score (LUS) 

and lung ultrasound score of dependent lung regions (LUS-dependent) during quiet (A and B) 

and deep (C and D) breathing.  

Figure 11 - Receiver operating characteristic (ROC) curve analysis for predicting deep 

breathing diaphragm motion dysfunction. AUC = area under the curve. DDRS = diaphragm 

dysfunction risk score. 

  



 
 

 

TABLES LIST 

 

Table 1 - Patients’ clinical characteristics (N=30) 

Table 2 -Inspiratory muscle capacity during breathing patterns (1), (2) and (3), and comparison 

between the paired measures.   

Table 3 - Clinical characteristics of patients of the sample with and without diaphragm motion 

dysfunction during deep breathing. Diaphragm motion dysfunction is defined as a diaphragm 

excursion < 47 mm in men and < 36 mm in women during deep breathing. Decreased 

inspiratory muscle strength is defined as a Maximal Inspiratory Pressure < 60 cmH2O in women 

and < 80 cmH2O in men. Data are presented as median (25%–75% interquartile range). P value 

obtained by chi-square or Mann-Whitney U test as appropriate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

Mol CG. Capacidade muscular inspiratória com suporte abdominal: um estudo observacional 

prospectivo em pacientes graves [tese]. São Paulo: Faculdade de Medicina, Universidade de 

São Paulo; 2021. 

 

Introdução: Pacientes graves apresentam risco de desenvolver complicações relacionadas à 

doença crítica e ao tempo de internação na UTI, como a disfunção dos músculos respiratórios 

e a perda de aeração pulmonar. Dessa forma, duas questões de pesquisa foram desenvolvidas: 

o suporte abdominal pode influenciar a capacidade dos músculos inspiratórios em pacientes 

gravemente enfermos em respiração espontânea? Existe alguma relação entre a excursão do 

diafragma (DE), a força muscular inspiratória e a aeração pulmonar em pacientes críticos? 

Objetivos: Nosso objetivo principal foi investigar a capacidade muscular inspiratória em 

pacientes graves com e sem suporte abdominal. Objetivos secundários também foram propostos 

para responder à questão de pesquisa 2: investigar a relação entre aeração pulmonar, DE e 

pressão inspiratória máxima (PImáx); investigar se a disfunção do movimento do diafragma 

avaliada por ultrassom pode ser prevista a partir das características clínicas do paciente. 

Métodos: Adultos internados na unidade de terapia intensiva (UTI) por pelo menos 48 horas e 

respirando espontaneamente foram incluídos. Para responder à questão de pesquisa 1, os 

pacientes foram avaliados durante três padrões respiratórios diferentes: respiração corrente (1); 

esforço inspiratório máximo sem suporte abdominal (2) e esforço inspiratório máximo com 

suporte abdominal (3). Para a execução do padrão respiratório (3), uma faixa abdominal com 

tensão padronizada de 10 mmHg foi posicionada para promover suporte abdominal. Para o 

padrão (2), a faixa foi posicionada sem qualquer tensão. Para os padrões (2) e (3), as avaliações 

foram realizadas durante um esforço inspiratório máximo com ênfase no deslocamento 

abdominal para fora durante a inspiração. As medidas de desfecho incluíram o escore de aeração 

pulmonar (LUS), pressão inspiratória máxima (PImáx), capacidade vital (VC), excursão do 

diafragma (DE) e fração de espessamento do diafragma (TFdi). Dos trinta pacientes incluídos, 

24 realizaram PImáx e DE durante um esforço inspiratório máximo avaliado no momento basal, 

durante o padrão respiratório 1, o que possibilitou a análise proposta na questão de pesquisa 2. 

Resultados: Trinta pacientes foram avaliados. A PImáx foi significativamente maior durante o 

padrão respiratório (3) comparado ao padrão (2). Todas as comparações de DE entre os três 

padrões de respiração mostraram diferenças significativas [DE (3)> (2)> (1)]. Considerando a 

TFdi, houve diferença significativa entre os padrões (2) e (3) [TFdi (3)> (2) = (1)]. Houve uma 

relação altamente significativa (p ≤ 0,001) entre a excursão do diafragma durante a respiração 

profunda e o LUS das regiões pulmonares dependentes (r = - 0,772) e o LUS total (r = - 0,651). 



 
 

 

A área sob a curva de DDRS para predição de disfunção do diafragma foi 0,759: Um DDRS ≥ 

2 teve uma sensibilidade de 81,8% e uma especificidade de 61,5%. Conclusão: Em pacientes 

graves internados em UTI, o suporte abdominal promove maior aumento da PImáx, DE e TFdi 

quando comparado ao padrão sem suporte abdominal. Além disso, a disfunção do diafragma 

contribui para a perda de aeração pulmonar, especialmente em áreas pulmonares dependentes 

e um escore de risco de disfunção diafragmática ≥ 2 é preditivo de disfunção do diafragma.  

 

Descritores: Diafragma; Músculos respiratórios; Músculos abdominais; Ultrassonografia; 

Cuidados críticos; Especialidade de fisioterapia.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

Mol CG. Inspiratory muscle capacity with abdominal support: a prospective observational 

study in critically ill patients [thesis]. São Paulo: “Faculdade de Medicina, Universidade de São 

Paulo”; 2021. 

 

Background: Critically ill patients are at risk of many complications related to critical illness 

and ICU length of stay, as respiratory muscles dysfunction and lung aeration loss. Therefore, 

we constructed two different research questions: can abdominal support influence the 

inspiratory muscles’ capacity in critically ill patients in spontaneous breathing? Is there any 

relationship between diaphragm excursion (DE), inspiratory muscle strength and lung aeration 

in critically ill patients? Aims: Our main purpose is to investigate the inspiratory muscle 

capacity in critically ill patients with and without abdominal support. Secondary aims were also 

proposed to answer research question 2: to investigate the relationship between lung aeration, 

DE and maximal inspiratory pressure (MIP); to investigate if the diaphragm motion dysfunction 

assessed by ultrasound could be predicted from the patient's clinical characteristics. Methods: 

Adults admitted to the intensive care unit (ICU) for at least 48 hours and breathing 

spontaneously were included. To answer research question 1, patients were assessed during 

three different breathing patterns as follows: tidal breathing (1); maximal inspiratory effort 

without abdominal support (2) and maximal inspiratory effort with abdominal support (3). 

During the breathing pattern (3), a standardized 10mmHg-belly belt was positioned to promote 

abdominal support. For the pattern (2), the belt was positioned without any tension. For the 

patterns (2) and (3), the assessments were performed during a maximal inspiratory effort 

emphasizing the abdominal outward displacement during inspiration. Outcome measures 

included lung ultrasound score (LUS), maximal inspiratory pressure (MIP), vital capacity (VC), 

diaphragm excursion (DE) and diaphragm thickening fraction (TFdi). Within the thirty patients 

included, 24 had MIP and DE during a maximal inspiratory effort assessed at the baseline 

moment, during breathing pattern 1, which enabled the analysis proposed in research question 

2. Results: Thirty critically ill patients were assessed. Maximal inspiratory pressure during the 

breathing pattern (3) was significantly higher than in the pattern (2). All comparisons of DE 

between the three breathing patterns showed significant differences [DE (3)>(2)>(1)]. 

Considering TFdi, there was a significant difference between the patterns (2) and (3) [TFdi 

(3)>(2)=(1)].  There was a highly significant (p ≤ 0.001) relationship between deep breathing 

diaphragm excursion and LUS of dependent lung regions (r = - 0.772) and total LUS (r = - 

0.651). The area under the curve of DDRS for prediction of diaphragm dysfunction was 0.759: 

A DDRS ≥ 2 had a sensitivity of 81.8% and a specificity of 61.5%. Conclusion: Abdominal 



 
 

 

support improves MIP, DE and TFdi of critically ill patients in spontaneous breathing when 

compared to the pattern without abdominal support.  Additionally, diaphragm dysfunction 

contributes to lung aeration loss, especially in dependent lung areas. A DDRS ≥ 2 is predictive 

of diaphragm dysfunction.  

 

Descriptors: Diaphragm; Respiratory muscles; Abdominal muscles; Ultrasonography; Critical 

Care; Physical therapy specialty. 

 

 

 

 

 

 

 

 

 

  



 
 

 

PRESENTATION 

 

The project entitle “Inspiratory muscle capacity with abdominal support: a prospective 

observational study in critically ill patients” is part of a main project called “Respiração 

diafragmática modificada: impacto na função respiratória.” (Ethic Committee approval no. 

2.878.005 - APPENDIX I). This project was idealized and executed by the Divisão de 

Fisioterapia do Instituto Central do Hospital das Clínicas da Faculdade de Medicina da 

Universidade de São Paulo. 

The main purpose of this project was to investigate the inspiratory muscle capacity with 

and without abdominal support. However, during the patients’ assessments another research 

question caught our attention: is there any relationship between diaphragm excursion (DE), 

inspiratory muscle strength and lung aeration in critically ill patients? So, we performed a 

secondary analysis from the original research to answer this question. 

This research allowed us to participate in important international scientific conferences, 

with poster presentations:  

1) American Thoracic International Conference 2018, San Diego - California, United 

States of America  

Period: May 18th to 23th 

Presented poster: “Modified diaphragmatic breathing: an alternative to improve 

diaphragmatic mobility and respiratory function in critically ill patients” (APPENDIX 

II) 

2) European Respiratory Society International Congress 2018, Paris – France  

Period: September 15th to 19th 

Presented poster: “Impact of diaphragmatic mobility in lung aeration loss in critically 

ill patients” (APPENDIX III) 

3) European Respiratory Society International Congress 2020, Viena – Austria 

Period: September 5th to 9th 

Presented poster: “The effects of abdominal support in diaphragm function in critically 

ill patients: a pilot observational study” (APPENDIX IV) 

We also have submitted a manuscript entitled “Inspiratory muscle capacity with 

abdominal support: a prospective observational study in critically ill patients” in the Clinics 

Journal (APPENDIX V). 
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1. INTRODUCTION
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Intensive Care Unit (ICU) mortality has significantly decreased in the last few years1,2. 

Despite the increased number of survivors, patients are vulnerable to short and long-term 

morbidity and also at risk of many complications related to critical illness and ICU length of 

stay (ICU-LOS)2-4. 

Critically ill patients remain inactive for a long time so that muscles are exposed to 

lower mechanical loads, which can lead to peripheric and respiratory muscle weakness4-6. In 

addition, supine position changes respiratory muscles’ mechanics and gravity forces action on 

the rib cage and abdominal compartment, reducing lung aeration and the diaphragm capacity to 

generate force4-6. 

Respiratory muscle weakness is a frequent complication related to critical illness which 

can impair both inspiratory and expiratory muscles7-9. Inspiratory muscles have been largely 

investigated and their dysfunction has been related to illness severity and poor prognosis7-9. 

Conversely, the understanding of expiratory muscles’ function in critically ill patients is still 

largely unknown, although recent research has been bringing important reflections on their role 

during breathing in those patients8-11. Despite being considered as an expiratory muscle, the 

abdominal wall can also be recruited to improve inspiratory muscle capacity and the efficiency 

of diaphragm contraction, especially in situations with an increased work of breathing8,12-16. 

Thus, there is an important synergism between the diaphragm and abdominal wall muscles 

capable of improving transdiaphragmatic pressure and inspiratory muscles’ function preserving 

lung aeration16.  

Therefore, PICO strategy was used and two different research questions were 

constructed: 

- Can abdominal support influence the inspiratory muscles’ capacity in critically 

ill patients in spontaneous breathing? 

- Is there any relationship between diaphragm excursion (DE), inspiratory muscle 

strength and lung aeration in critically ill patients? 

 

 

  

https://paperpile.com/c/X48vfB/I4Mlo+PuqR
https://paperpile.com/c/X48vfB/PuqR+njf0+60Z7
https://paperpile.com/c/X48vfB/60Z7+R8ArF+vgZXY
https://paperpile.com/c/X48vfB/60Z7+R8ArF+vgZXY
https://paperpile.com/c/X48vfB/ABwfJ+gJIZb+JemAg
https://paperpile.com/c/X48vfB/ABwfJ+gJIZb+JemAg
https://paperpile.com/c/X48vfB/gJIZb+cDxSW+QYjVF+DWvEb+zxwdE+ebC9G
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2. AIMS 
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 Our main purpose is to investigate the inspiratory muscle capacity in critically ill 

patients with and without abdominal support. Diaphragm excursion (DE), diaphragm 

thickening fraction (TFdi), maximal inspiratory pressure (MIP) and vital capacity (VC) were 

the parameters collected at inspiratory muscle capacity assessment. 

Secondary aims were also purposed to answer research question 2:  

- To investigate the relationship between lung aeration, DE and MIP. 

- To investigate if the diaphragm motion dysfunction assessed by ultrasound could be 

predicted from the patient's clinical characteristics.  
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3. METHODS  
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This observational and prospective study was conducted at the Hospital das Clínicas da 

Faculdade de Medicina da Universidade de São Paulo (University of São Paulo Faculty of 

Medicine Clinics Hospital), in São Paulo, Brazil. It was performed between October 2017 and 

December 2019 in two ICUs, one surgical and the other medical. The study was approved by 

the Institutional Ethics and Research Committee (no. 2.878.005, APPENDIX I) and the signed 

informed consent form was obtained from all the subjects included.  

 

3.1 Participants 

 

 Adults, admitted to the ICU for at least 48 hours, breathing spontaneously with a 

Glasgow coma scale score ≥ 14 were included. Those subjects with neurological diseases, 

thoracic traumas, ascites, hemodynamic instability, or pain on the moment of the assessment 

were not included. 

 

3.2 Procedures 

 

Demographic and clinical data such as age, gender, diagnosis, clinical history, 

nutritional status, Simplified Acute Physiology Score III (SAPS III), lung aeration, ICU length 

of stay (ICU-LOS) and total hospitalization length were collected from the medical records. All 

assessments were performed by the same trained and blinded researcher (physical therapist with 

6 years of experience). Ultrasound assessments were performed using a sonographer Mindray 

Z5 (Shenzhen Mindray Bio-Medical Electronics Co., Ltd.). 

 

3.2.1 Research question 1 

 

All the patients were assessed by ultrasound, manovacuometry and spirometry in supine 

position with 45 degrees of trunk flexion during different breathing patterns:  

- Breathing pattern (1). Patients were instructed to close their eyes and breathe quietly 

to allow assessments during tidal breathing.  

- Breathing pattern (2).  Subjects performed a maximal inspiratory effort emphasizing 

the outward displacement of the abdominal wall17-19. For this breathing pattern, a belt was 

positioned around the abdominal circumference (Figure 1) without any tension.  

https://paperpile.com/c/X48vfB/nvLsU+SsIrg+PhyA
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Figure 1: Abdominal belt and pressure biofeedback unit illustration. 

 

- Breathing pattern (3). Subjects performed a maximal inspiratory effort emphasizing 

the outward displacement of the abdominal wall with the belt embracing abdominal 

circumference positioned with a standard pressure of 10 mmHg. This tension was applied to 

simulate the tonic activity of the abdominal wall muscles during breathing, producing a slight 

increase in intra-abdominal pressure. A pressure biofeedback unit (Stabilizer Pressure 

Biofeedback Unit, Chattanooga Group Inc., Hixson, TN 37343, USA) was used to standardize 

and control the tension applied.  

To avoid learning bias and ensure blindness, the assessment sequence of patterns (2) 

and (3), was randomly distributed. A second researcher was responsible for placing the belt in 

the adequate position and for setting the pressure as “free of pressure” or 10 mmHg accordingly. 

The evaluation field was covered with a sheet, keeping only the ultrasound transducer access 

window for data collection.  

Diaphragm excursion (DE), diaphragm thickening fraction (TFdi), maximal inspiratory 

pressure (MIP) and vital capacity (VC) were the parameters collected at inspiratory muscle 

capacity assessment. During breathing pattern (1), lung aeration and DE was measured. Vital 

capacity, MIP and DE were assessed during the breathing patterns (2) and (3). Additionally, 

TFdi from the latest 12 subjects was also collected for the three breathing patterns. 
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3.2.1 Research question 2 

 

Within the thirty patients included, 24 had lung ultrasound score (LUS), MIP and DE 

during a maximal inspiratory effort assessed at the baseline moment, during breathing pattern 

1, which enabled the analysis proposed in research question 2 . 

As diaphragm impairment can be caused by many conditions related to critical illness20-

22, we created a diaphragm dysfunction risk score (DDRS) to predict the risk for diaphragm 

dysfunction. The DDRS was calculated as the sum of points resulting from each risk factor: age 

> 70-year = 1; age > 80-year = 2; sepsis = 1; inferior abdominal surgery = 1; superior abdominal 

surgery = 2; immunosuppression = 1; SAPS III > 40 = 1; mechanical ventilation > 48 hours 

during ICU stay = 1; moderate malnutrition characterized by weight loss > 5% in 2 months, or 

body mass index between 18,5 - 20,5 kg/m2 + food intake in the last week less than 50 to 60% 

of needs = 1; severe malnutrition characterized by weight loss > 5% in 1 month ( >15% in 3 

months), or body mass index <18,5 kg/m2 + food intake in the last week less than 0 to 25% of 

needs = 2.  

 

3.3 Outcome measures 

 

3.3.1 Lung Ultrasound Score 

 

Lung ultrasound score (LUS) was used to evaluate lung aeration, as described by 

Soummer et al (2012)23. For the LUS assessment the chest wall was divided in 12 regions, six 

each side as shown in Figure 2. Each chest region was assessed and scored according to the 

worst ultrasound characteristics: 0 - normal aeration; 1 - interstitial syndrome (moderate loss of 

aeration); 2 - alveolar edema (severe loss of aeration); 3 - lung consolidation (total loss of lung 

aeration). LUS can range from 0 to 36, according to the sum of the twelve chest regions (higher 

values are related to higher lung aeration loss). In addition to the LUS, the score related to the 

sum of the four lower chest regions (Figure 2 - chest regions 4 and 6) was calculated separately 

and used to characterize the aeration of the dependent lung regions (LUS-dependent). 
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Figure 2: Chest regions for lung ultrasound assessment 

 

3.3.2 Diaphragm Excursion 

 

A convex transducer (2 to 5-mHz ) was placed in the right midclavicular line, with a 

cranial inclination at the subcostal area to visualize the right diaphragm dome in B-mode 

ultrasound24 (Figure 3). The DE was taken between the two distal edges of the hyperechoic 

line produced by the diaphragm dome using M-mode (Figure 4). During the breathing patterns 

(2) and (3), DE was assessed during a maximal inspiration starting from residual volume to 

reach total lung capacity, emphasizing the outward displacement of the abdominal wall. Three 

measurements were acquired during each breathing pattern, and the highest value was 

considered for analysis.   

 

 

Figure 3: Transducer positioning for diaphragm excursion assessment. 
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Figure 4: Measurement of diaphragm excursion. The diaphragm cupola was identified using B-mode 

ultrasonography and then, the diaphragm excursion was taken between the two distal edges of the hyperechoic 

curved line produced by the diaphragm cupola using M-mode. 
 

 As established previously25,26, diaphragm motion dysfunction during quiet breathing 

was defined by a DE < 10 mm in men and < 9 mm in women. During deep breathing, diaphragm 

motion dysfunction was defined as a DE < 47 mm in men and < 36 mm in women26. 
 

 

3.3.3 Diaphragm Thickening Fraction 

 

To assess TFdi the linear transducer (7 to 12-mHz) was positioned in the diaphragm 

zone of apposition (ZOA), located between the anterior and midaxillary lines, approximately in 

the 8th to 11th intercostal space27,28. M-mode ultrasound was used to measure the diaphragm 

thickness at the end of inspiration and at the end of expiration27,28 (Figure 5). The increment in 

diaphragm thickness during inspiration relative to end-expiratory thickness was calculated in 

percentage to measure the TFdi. During breathing patterns (2) and (3), TFdi was assessed during 

a maximal inspiration starting from residual volume to reach total lung capacity, emphasizing 

the outward displacement of the abdominal wall. 
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.  

Figure 5: Measurement of diaphragm thickening fraction: A- expiratory diaphragm thickness; B- inspiratory 

diaphragm thickness. 
 

3.3.4 Maximal inspiratory pressure 

 

A digital manovacuometer (MICRO Rpm Pressure Mater) attached to a face mask with 

inflatable cushion was used to assess MIP (Figure 6). Subjects were instructed to perform a 

maximal expiration until residual volume, followed by a maximal inspiration29. At least three 

measures were collected according to acceptability and reproducibility research 

recommendations30, and the highest value was used for analyses. Decreased inspiratory muscle 

strength was defined as MIP < 60 cmH2O for women and < 80 cmH2O for men30.  

Figure 6: Digital manovacuometer used to assess maximal inspiratory. 
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3.3.5 Vital Capacity 

 

 To assess vital capacity, a digital spirometer (Datospir micro spirometer) attached to a 

disposable mouthpiece was used (Figure 7). A nasal clip was employed to avoid air leaks 

during the breathing maneuver. Slow vital capacity maneuver was performed, and the subjects 

were instructed to breathe slowly in tidal volume, and then to perform a maximal expiration 

until residual volume followed by a maximal inspiration. At least three measures were acquired 

according to acceptability and reproducibility research recommendations, and the highest value 

was used for analyses26,31. 

 

 

Figure 7: Digital spirometer used to assess vital capacity. 

 

3.4 Data analysis 

 

Data were analyzed using the “Statistical Package for Social Science” (SPSS) software, 

version 25.0 for Windows®. Continuous variables were expressed as mean and standard 

deviation or medians and interquartile range. Categorical data were expressed as absolute and 

relative frequencies.  All the statistical tests were 2-sided (p<0.05). 

 

3.4.1 Research question 1 

 

Based on a pilot study, the sample size was calculated as 30 participants using version 

3.1 G power software, considering 20% of sample loss, α=0.05 and a Power (1-β) = 0.80. VC 

and MIP during breathing patterns (2) and (3) were compared using Wilcoxon matched-pairs 

signed-rank test or paired sample t-test, according to data distribution. A one-way repeated 
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measures analysis of variance (ANOVA) was conducted to compare DE and TFdi within the 

breathing patterns. 

 

3.4.2 Research question 2 

 

Spearman Product-Moment Correlation tests were applied to assess correlations 

between LUS, DE and MIP. Multiple linear regression was used to perform a multivariate 

analysis; the dependent variables tested were LUS and LUS-dependent, and covariates were 

determined by linear correlation analysis.  

Characteristics of patients with and without diaphragm dysfunction were compared by 

chi-square test or the Mann-Whitney U rank test, accordingly. The ability of the DDRS for 

predicting diaphragm motion dysfunction was evaluated using receiver operating characteristic 

(ROC) curve analysis. The area under the curve with a 95% confidence interval was used to 

indicate the discriminatory power of the scoring system.  
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4. RESULTS  
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4.1 Research question 1 

 

Thirty subjects were included (Figure 8) and had their assessment sequence randomized 

after the tidal breathing evaluations: 50% were assessed first during the pattern (2), and the 

other 50% started the assessments with the pattern (3). 

 

 

 

Figure 8: Study population flowchart  

 

 

Clinical characteristics of the 30 subjects are presented in Table 1. Out of the 30 subjects 

included, four had previously received mechanical ventilation (MV) during their ICU stay for 

2.3 days on average.  
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            Table 1 – Patients’ clinical characteristics (N=30) 

Characteristics   

Age, years 55.5 ± 17.9 

Male, n (%) 18 (60.0) 

Nutritional Status, n (%)   

   Normal 13 (43.3) 

   Mild impairment 6 (20.0) 

   Moderate impairment 8 (26.7) 

   Severe impairment 3 (10.0) 

ICU admission cause   

   Abdominal surgery, n (%) 8 (26.7) 

   Other surgery, n (%) 13 (43.3) 

   Medical, n (%) 9 (30.0) 

Hospitalization LOS*, days 9.8 (4.0-10.3) 

ICU-LOS*, days 4.3 (2.0-6.0) 

SAPS III 45.7 ± 15.0 

Lung Ultrasound Score 8.1 ± 3.9 

Lung Ultrasound Score dependent 6.1 ± 2.5 

  Abbreviations: LOS – length of stay; ICU - intensive care unit 
 *median (25%–75% interquartile range) 

 

Table 2 represents the values of VC, MIP, DE and TFdi during baseline (1), 

diaphragmatic breathing pattern (2) and diaphragmatic breathing pattern with abdominal 

support (3), and comparison between the paired measures.  
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Table 2 – Inspiratory muscle capacity during breathing patterns (1), (2) and (3), and comparison between the 

paired measures.  

Outcomes N 
Breathing 

pattern (1) 

Breathing pattern 

(2), without 

abdominal support 

Breathing pattern 

(3), without 

abdominal support 

p 

VC*, L 30 - 2.3 ± 0.7 2.4 ± 0.8 0.085 

MIP**, cmH2O 30 - 44.0 (31.5-66.3) 51 (39.8-78.8) < 0.001 

Diaphragm excursion*, mm 30 22.0 ± 5.4 47.2 ± 15.6 58.5 ± 16.4 < 0.001 

TFdi*, % 12 38.0 ± 9.7 40.8 ± 19.7 76.2 ± 27.5 < 0.001 

Abbreviations: VC - vital capacity; MIP - maximal inspiratory pressure; TFdi– diaphragm thickening fraction;  
* media ± standard deviation 

**median (25%–75% interquartile range) 

 

Comparison of DE between the breathing patterns (1) (22.0±5.4 mm), (2) (47.2±15.6 

mm) and (3) (58.5±16.4 mm) showed significant differences as demonstrated in Figure 9A [DE 

(3)>(2)>(1); p<0.001]. Considering TFdi, the results also demonstrated a significant difference 

(p<0.001) within the repeated measures during the breathing patterns (1) (38.0 ± 9.7%), (2) 

(40.8±19.7%) and (3) (76.2±27.5%), as represented in Figure 9B [TFdi (3)>(2); (2)=(1); 

p<0.001]. 

Figure 9: One-way repeated measures analysis of variance comparing DE (A) ann TFdi (B) during the three 

different breathing patterns. 

 

4.2 Research question 2 

 

Within the thirty patients included, 24 had MIP and deep breathing DE assessed during 

baseline assessments for the correlation analysis. As shown in Table 3, diaphragm motion 

dysfunction was not evidenced during quiet breathing and present in 11 patients during deep 
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breathing. Seventy five percent of patients had a decreased inspiratory muscle strength as 

attested by a reduced MIP. LUS and LUS dependent were very close, indicating that the aeration 

loss was predominantly observed in dependent lung regions.  

 

Table 3 Clinical characteristics of patients of the sample with and without diaphragm motion dysfunction during 

deep breathing. Diaphragm motion dysfunction is defined as a diaphragm excursion < 47 mm in men and < 36 

mm in women during deep breathing. Decreased inspiratory muscle strength is defined as a Maximal Inspiratory 

Pressure < 60 cmH2O in women and < 80 cmH2O in men. Data are presented as median (25%–75% interquartile 

range). P value obtained by chi-square or Mann-Whitney U test as appropriate. 

 
Sample 

n=24 

Normal 

diaphragm motion  

n=13 

Diaphragm motion 

dysfunction 

n=11 

p 

Diaphragm excursion (Quiet breathing) 22.1 (20.0-27.3) 22.5 (20.8-29.8) 20.7 (17.3-22.9) 0.119 

Diaphragm excursion (Deep breathing) 45.1 (40.7-57.4) 56.4 (46.0-68.3) 40.4 (35.7-44.7) <0.001 

Maximal Inspiratory Pressure 46.0 (37.5-68.0) 46.0 (39.5-80.5) 46.0 (36.0-68.0) 0.733 

Decreased inspiratory muscle strength, n (%) 18 (75.0) 10 (76.0) 8 (73.0) 1.000 

Lung Ultrasound Score 9 (6-12) 8 (4-12)         9 (8-12)  0.252 

Lung Ultrasound Score dependent 7 (4-9) 6 (4-8) 8 (6-10) 0.035 

Diaphragm Dysfunction Risk Score 2.0 (1.0-3.0) 1.0 (0.5-2.0) 3.0 (2.0-3.0) 0.027 

 

As shown in Figure 10, no diaphragm motion dysfunction was detected during quiet 

breathing and no correlation was evidenced with LUS and LUS-dependent. A statistically 

significant correlation was found between DE and LUS. A tight correlation was found between 

DE and LUS-dependent (Table 3). A statistically significant weak correlation was found 

between MIP and LUS or LUS-dependent. 
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Figure 10: Correlations between diaphragm excursion (DE) and lung ultrasound score (LUS) and lung ultrasound 

score of dependent lung regions (LUS-dependent) during quiet (A and B) and deep (C and D) breathing. 
 

A multiple regression analysis was performed to verify the contribution of MIP and deep 

breathing DE to LUS and LUS-dependent variance. The model explains 37.1% (F2.21=7.790, 

p=0.003) of LUS variance and 57.9% (F2.21=16.806, p<0,001) of LUS- dependent variance. 

The standard regression coefficients shows that deep breathing DE contribute individually to 

the variance of LUS (beta= - 0.481; t= -2.804; p= 0.011) and LUS-dependent (beta= - 0.669; t= 

- 4.761; p < 0.001). Individually, MIP did not contribute to LUS (p=0.069) and LUS-dependent 

(p=0.071) variance. 

As shown in Figure 11, a DDRS ≥ 2 predicted with a sensitivity of 81.8 % and a 

specificity of 61.5 % diaphragm motion dysfunction. The area under the curve (AUC) for 

predicting deep breathing diaphragm motion dysfunction was 0.759 (95%CI= 0.542–0.908, p 

= 0.011).  
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Figure 11 - Receiver operating characteristic (ROC) curve analysis for predicting deep breathing diaphragm 

motion dysfunction. AUC = area under the curve. DDRS = diaphragm dysfunction risk score. 
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5. DISCUSSION 
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To our knowledge, there is no evidence about the effects of abdominal support in 

critically ill patients and our study provides an important insight into the effects on the 

inspiratory muscles’ capacity in those patients. Our main findings are that abdominal support 

increases maximal inspiratory pressure, diaphragm excursion and thickening fraction without a 

significant improvement in VC, when compared to a breathing pattern with a compliant 

abdominal wall. Additionally, we also have found a significant correlation between DE and 

LUS and that a DDRS ≥ 2 predicted diaphragm motion dysfunction.  

 

5.1 Research question 1 

 

Maximal inspiratory pressure is broadly used in clinical practice as an indirect measure 

of inspiratory muscle strength and our results demonstrated that abdominal support significantly 

increased MIP. Apparently, the abdominal support can change the mechanics of the respiratory 

muscles, increasing the intra-abdominal pressure and moving the diaphragm cranially at end 

expiration, contributing to an optimal length for tension generation8,12,32. Additionally, elastic 

energy is stored as the end-expiratory lung volume decreases beyond functional residual 

capacity, facilitating the next inspiration13-16. These changes in breathing biomechanics places 

the diaphragm muscle fibers in an advantageous length-tension position, allowing it to exert 

greater force at their lower rib’s attachments, which could explain the increased MIP during the 

breathing pattern with abdominal support. The diaphragm is the most important respiratory 

muscle, having a major contribution to the capacity to generate force during inspiration12,33. In 

addition to the increased MIP, our study found increased DE and TFdi with abdominal support, 

reinforcing the significant contribution of the diaphragm. 

Previous studies in tetraplegic patients showed that abdominal support has a facilitatory 

effect on the lower rib cage expansion, mostly related to the increase in the lower ribs expansion 

and diaphragm appositional force12,16,34,35. In accordance with our results, Wadsworth et al.36 

have also shown higher values of MIP in tetraplegic patients with a support applied to the 

abdominal circumference with an abdominal binder. 

During the maximal inspiratory effort with abdominal support, a slight increase in VC 

was observed. Vital capacity has a nonlinear and disproportional relationship with respiratory 

muscle strength, in which little variation in lung volumes can be observed when MIP values 

reach 60% or more of predicted values30,37, which could explain the lack of significance 

between the VC in the supported and unsupported breathings patterns. 
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Interestingly, we observed a progressive improvement of DE from the breathing patterns 

(1), (2) to (3) while TFdi remained similar during the breathing patterns (1) and (2) and 

improved in the pattern (3). These findings could be explained by the different recruitment 

patterns of the costal and crural diaphragm portions. According to De Troyer et al.38, the isolated 

activation of the costal diaphragm portion produces a significant increase in the lower rib cage 

expansion. Conversely, the isolated activation of the crural diaphragm increases the abdominal 

and diaphragm motion without expanding the lower rib cage38. As the TFdi is assessed at the 

ZOA, it mostly reflects the length changes of the costal muscular fibers of the diaphragm. 

Consequently, when an outward displacement of the abdomen is emphasized without 

abdominal support, as during the breathing pattern (2), little or no contraction of the costal 

portion of the diaphragm is elicited, explaining why an improvement in TFdi during the 

breathing pattern (2) when compared to the pattern (1) was not observed. When the abdominal 

support was applied, there was a significant increase in TFdi, which could be related to the 

emphasis in costal diaphragm contraction due to the increase in intra-abdominal pressure38. 

Although costal and crural diaphragm have been described with distinct neural-mechanical 

characteristics, their action together is involved in the central tendon caudal 

displacement35,36,39,40. Thus, the progressive improvement in DE through the breathing patterns 

is probably related to the progressive recruitment of the crural and costal diaphragm from the 

breathing patterns (1), (2) to (3).  

 

5.2 Research question 2 

 

The correlations found between LUS, DE and MIP illustrate the close relationship 

existing between lung aeration loss and the dysfunction of the inspiratory muscle’s strength and 

diaphragm excursion in critically ill patients. In fact, 46% of the patients had evidence of 

diaphragm motion dysfunction as attested by a limited DE during deep breathing and 75 % 

demonstrated compromised inspiratory muscle strength as attested by the decreased MIP (30). 

Very likely these disorders can be integrated in ICU-acquired myopathy and critical illness-

associated diaphragm weakness41-43. Because of respiratory muscle impairment, all the patients 

included in the present study demonstrated some degree of lung aeration loss evidenced by 

transthoracic ultrasound.   

Our study demonstrates that lung aeration loss, specifically in dependent lung regions 

is associated with less diaphragm motion during deep breathing and lower values of MIP. 

Additionally, the diaphragm motion has shown a greater contribution to lung aeration loss than 

https://paperpile.com/c/X48vfB/6wEwF
https://paperpile.com/c/X48vfB/Gypry
https://www.ncbi.nlm.nih.gov/pubmed/28917004
https://www.ncbi.nlm.nih.gov/pubmed/28917004


41 
 

 

inspiratory muscles strength. These results suggest that, although breathing integrates many 

muscles, diaphragm movement plays an important role in maintaining pulmonary aeration. 

During inspiration the diaphragm moves caudally and produces an expansion of the pleural 

cavity which decreases intrapleural pressure and promotes an increase in lung volumes33. 

Additionally, the costal fibers of the diaphragm attached to the lower ribs are responsible for 

opening the lower rib cage and consequently, promote aeration of the pulmonary basis33. 

Diaphragm excursion measurements during deep breathing represent the displacement 

of the diaphragm dome during a maximal inspiratory effort and it has been considered a 

clinically important measure, especially in those patients with inspiratory weakness44-46. Jum 

and Kim 45,46 reported that DE during deep breathing could be a reliable predictor of changes 

in pulmonary function in patients after abdominal surgery and a good instrument to investigate 

postoperative diaphragmatic dysfunction. Another study has investigated the changes of lung 

compliance and DE in patients who underwent major laparoscopic pelvic surgery, and they have 

described a significant decrease in diaphragm motion accompanied by a decrease in lung 

compliance. All this evidence added to our results indicates that the diaphragm movement 

impairment, especially during a deep breathing, can contribute to lung aeration loss and 

respiratory impairment. 

There is a well-established relationship between critical illness, diaphragm myopathy 

and respiratory muscle weakness42,43. Diaphragm atrophy occurs rapidly, in the first 24 hours 

of mechanical ventilation47,48. Besides mechanical ventilation, muscles and respiratory function 

can also be affected by many conditions related or not to critical illness: sepsis and systemic 

inflammation42,43, abdominal surgery42, corticosteroids21, disease severity scores such as 

simplified acute physiology score or sequential organ failure assessment20,41, malnutrition49, 

immobility, and age-related sarcopenia41,49. The DDRS used in the present study was based on 

these predisposing factors and a value ≥ 2 was predictive of diaphragm motion dysfunction 

during deep breathing with a sensitivity of 81.8% and a specificity of 61.5%. Therefore, the 

DDRS could help to identificate patients at risk of developing diaphragm dysfunction, allowing 

physicians and physiotherapists to implement early diaphragm rehabilitation and inspiratory 

muscle training. 

 

5.3 Limitations 

 

The present study has some limitations. Firstly, the TFdi method of assessment was 

added later in the study protocol. Therefore, only 12 subjects had this important measurement 
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collected. Secondly, we did not assess ventilation distribution through the lungs area during the 

three breathing patterns and we assessed only subjects breathing spontaneously to avoid 

positive pressure influence in respiratory muscles mechanics and recruitment. And, lastly, 

DDRS score was not prospectively validated. Further research should be developed to 

investigate patients in mechanical ventilation and with diaphragm weakness, monitoring 

ventilation distribution as well and to validate the ability of DDRS to predict diaphragm 

dysfunction. 

 

5.4 Clinical relevance and final considerations 

 

Our results bring important contributions to clinical practice by demonstrating that 

abdominal wall muscular support has a significant role in increasing inspiratory muscle capacity 

during a maximal inspiratory effort. This improvement in the respiratory muscles’ mechanics 

can be especially interesting in the context of the ICU, in which patients experience many 

situations of mechanical disadvantage and increased breathing work , whether related to muscle 

weakness or due to the pathological process itself3-5,7,8,10. Furthermore, our study highlights that 

breathing patterns which emphasize the outward displacement of the abdominal wall, as 

diaphragm breathing exercises50, are less efficient at improving respiratory mechanics and the 

synergism between the diaphragm and the abdominal wall. Finally, it is important to highlight 

that the belt was used only as a methodological tool to simulate the usual abdominal muscular 

support; the belt may be useful in situations where it is not possible to promote an active 

muscular recruitment, as in tetraplegic or deeply sedated patients. 

Furthermore, the ability to diagnose diaphragm motion dysfunction combined with the 

evidence of compromised lung aeration, should allow the physiotherapist to implement early 

diaphragm and inspiratory muscle rehabilitation in selected populations of critically ill patients 

preventing lung aeration loss.   
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6. CONCLUSION  
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In conclusion, a breathing pattern with abdominal support has a significant contribution 

to the inspiratory pump action, promoting a higher increase in MIP, DE and TFdi when 

compared to a pattern without abdominal support.  

Additionally, lung aeration loss, diaphragm motion dysfunction and inspiratory muscle 

weakness are common complications in critically ill patients and tightly related. A DDRS ≥ 2, 

based on the presence of sepsis, abdominal surgery, treatment by corticosteroids, simplified 

acute physiology score ≥ 40, malnutrition, and age, seems to be a good predictor for deep 

breathing diaphragm dysfunction.  
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