
PROTOCOL TITLE: The Relatonship Between Pulmonary Functon Measures and
Transdiaphragmatc Measures in Duchenne Muscular Dystrophy Subjects 
VERSION DATE: 10/30/2017 

 Page 1 of 18 Revised: April 19, 2017 

INSTRUCTIONS: 

• Use “MEDICAL TEMPLATE PROTOCOL (HRP-590)” to prepare a 
document with the information from following sections. 

• Depending on the nature of what you are doing, some sections may not be 
applicable to your research. If so mark as “NA”. For example, research 
involving a retrospective chart review may have many sections with N/A.  For 
subsections, like 1.x or 8.x, you can delete it if it’s not applicable. 

• After you submit your protocol for review in ETHOS, your protocol will be 
saved there. You should use that saved version as your starting point for edits 
to the next version. You may choose to track protocol versions for yourself 
outside of ETHOS; however, you should ensure that any version you edit is 
the same as the most recently approved version in ETHOS. 

• As you are writing the protocol, remove all instructions in italics so that they 
are not contained in the final version of your protocol. 

• See the Table of Contents instructions for updating page numbers after you 
complete your protocol. 
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ABBREVIATIONS/DEFINITIONS 
• DMD - Duchenne muscular dystrophy 

• Pdi – Transdiaphragmatic pressure 

• SNIP – Sniff nasal inspiratory pressure 

• PFT – Pulmonary function test 
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STUDY SUMMARY 
 
Study Title The Relatonship Between Pulmonary Functon

Measures and Transdiaphragmatc Measures in
Duchenne Muscular Dystrophy Subjects 

Study Design Cross-sectional study 
Primary Objective To explore the relationship between clinically 

assessed pulmonary function test (PFT) measures 
and transdiapraghmatic (Pdi) measures in Duchenne 
muscular dystrophy (DMD). 

Secondary Objective(s) To explore the relationship between sniff nasal 
inspiratory pressure (SNIP) and transdiaphragmatic 
(Pdi) measures in Duchenne muscular dystrophy. 

Research 
Intervention(s)/Investigational 
Agents 

• Esophageal and gastric balloon catheters 
• Nasal pressure transducer 

IND/IDE # (if applicable)  
Investigational Drug Services 
# (if applicable) 

 

Study Population 35 
Sample Size (number of 
participants) 

35 

Study Duration for Individual 
Participants 

2 hours 
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1.0 Objectives 
Aims 

1. To explore the relationship between clinically assessed pulmonary function test 
(PFT) measures and transdiapraghmatic (Pdi) measures in Duchenne muscular 
dystrophy (DMD). 

2. To explore the relationship between sniff nasal inspiratory pressure (SNIP) and 
transdiaphragmatic (Pdi) measures in Duchenne muscular dystrophy (DMD). 

Hypotheses 
1. There will be a significant correlation between PFT measures (FVC (forced vital 

capacity), FEV1 (forced expiratory volume in 1 second), FEFmax (maximal forced 
expiratory flow), FEF25-75 (the average forced expiratory flow during the mid (25 
- 75%) portion of the FVC), FEF50 (forced expiratory flow at 50% of FVC), MIP 
(maximal inspiratory pressure), and MEP (maximal expiratory pressure)) and Pdi 
in DMD subjects. 

2. There will be a significant correlation between sniff nasal inspiratory pressure 
(SNIP) and transdiaphragmatic (Pdi) measures in Duchenne muscular dystrophy  
(DMD). 

2.0 Background 
Duchenne  muscular  dystrophy  (DMD)  is  an  inherited  X-linked  disease  with  a  1/3500 
birthrate incidence and is the most common lethal X-linked disease in humans.  DMD is 
characterized by progressive muscle weakness and degeneration of skeletal, cardiac and 
respiratory  muscles  (Prior,  2015).    Patients  with  DMD  are  diagnosed  at  an  early  age 
when their physical ability deviates significantly from their age-matched peers.  
Progressive  muscle  weakness  and  degeneration  is  symmetrical  and  affects  the  lower 
limbs  before  the  upper  limbs  and  happens  proximally  to  distally  (Emery,  2002).    This 
progressive muscle wasting typically confines patients to wheelchairs by age twelve with 
death resulting from cardiac or respiratory failure typically occurring in the late teens, 
early twenties.   
A majority of DMD patients die due to respiratory failure and that respiratory weakness 
tends to exhibit itself in the second decade of life (Beck et al., 2006). DMD associated 
respiratory impairment is a result of deterioration and necrosis of the diaphragm, which 
has similar contractile properties of skeletal muscle and also involves DAGC (Ishizake et 
al., 2008; Lewis, Carberry, & Ohlendiek, 2009). Similarly to skeletal muscle, the loss of 
dystrophin to stabilize the DAGC results in reduced membrane integrity, calcium channel 
dysfunction and reduced expression of calcium-handling proteins (Lewis et al., 2009). 
The implications of diaphragmatic deterioration are of importance in DMD because this 
is the primary muscular organ responsible for respiration.  
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Clinically, muscle fiber necrosis of the diaphragm presents itself in progressive loss of 
inspiratory pressures and vital capacity (De Bruin et al., 1997). DMD patients have also 
been shown to have compromised forced expiratory volume at one second (FEV1), forced 
expiratory flow (FEF), and forced vital capacity (FVC) (De Bruin et al., 1997). Further, 
diaphragmatic cell death results in an inflammatory response wherein macrophages 
migrate to the damaged area to clear the cell and debris, which is followed by fibroblast 
invasion of the damaged area and the formation of scar tissue and fibrosis in the 
diaphragm. Additionally, infiltration of connective tissues as well as fat deposits has been 
shown to increase resting diaphragm thickness (pseudo-hypertrophy) and decrease its 
contractility (De Bruin et al., 1997). Not only may this increase in resting diaphragm 
thickness be problematic for mechanical contractility, but the resulting effect on the 
diaphragm curvature may also affect contractility due to the altered length-tension 
relationship (Beck et al., 2006). Accordingly, research suggests mdx mice present a 
significant increase in the extracellular matrix protein collagen in the diaphragm 
(Carberry, Zweyer, Swandulla, & Ohlendieck, 2012). Furthermore, DMD patients have 
shown an increase in diaphragmatic tension-time index after age 14, suggesting this 
population’s diaphragm fatigues easier. This is due in part to diaphragmatic remodeling 
present in this population. In the canine model of DMD, diaphragmatic remodeling was 
demonstrated such that the primary role of the diaphragm becomes the passive elastic 
storage of energy transferred from the abdominal walls. This results in the expiratory 
muscles sharing in the generation of inspiratory pressure and flow. This remodeling was 
also associated with the loss of sarcomeres in series and an almost 900 fold increase in 
stiffness (Mead et al., 2014). In addition to increased fatigue, DMD patients have 
demonstrated a decrease in gastric pressure with cough, suggesting the onset and 
advancement of muscle weakness in respiratory muscles (Khirani et al., 2014). 
 
One effective measurement of respiratory muscle strength, and the diaphragm in particular, 
which is not often used clinically due to its invasive nature, is esophageal balloon 
transdiaphragmatic (Pdi) measures.  This is done via catheter placement through either the 
nose or mouth to measure esophageal and gastric pressures and it is believed esophageal 
balloon measures of diaphragmatic strength can provide a better understanding of 
respiratory function than some traditional measurements (Mauri et al., 2016).  
Additionally, research suggests sniff Pdi pressure measures are more reproducible than 
MIP and MEP, providing more accurate monitoring of maximal pressure tests (Syabbalo, 
1998).  Pdi can also be conducted during hypoxia, hypercapnia, chemical airway 
stimulation, spontaneously occurring breaths, sustained airway or tracheal occlusion, 
and maximal efforts produced by phrenic nerve stimulation, demonstrating its 
functionality as a measure (Greising, Mantilla, & Siek, 2016).  Further, Pdi 
measurements make it feasible to individualize the level of muscle effort during 
mechanical ventilation (Akoumianak et al., 2014).  Additionally, the uses of esophageal 
and gastric catheters have been shown to be well tolerated in young patients (>5 years) 
(Quijano-Roy et al., 2014; Fauroux et al., 2009; Nicot, Hart, & Forin, 2006). 
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Currently, esophageal balloon catheter derived measures of Pdi pressures are 
considered the gold standard for assessing diaphragm strength and contractility.  
Further, little research has been on the relationship between Pdi pressures and PFT 
measures in DMD.  This research will be novel as it will be one of the first studies to 
investigate this relationship during normal PFT measures and may provide measures of 
validity for PFT measures as a measure of diaphragm strength and contractility. 
 
3.0 Study Endpoints/Events/Outcomes 

3.1 Primary Endpoint/Event/Outcome: The relationship between Pdi and PFT 
measures will be investigated in DMD. 

3.2 Secondary Endpoint(s)/Event(s)/Outcome(s): The relationship between Pdi 
and SNIP measures will be investigated in DMD. 

4.0 Study Intervention(s)/Investigational Agent(s) 

4.1 Description:  

• Gastric and Esophageal Balloon Catheters will be used to evaluated Pdi 
pressures as a measure of diaphragm strength and contractility. 

• Nasal Pressure Transducer will be used to assess SNIPs. 

4.2 Drug/Device Handling: Both esophageal balloon catheters and nasal 
pressure transducer will be one-time use.  Esophageal balloon catheters 
will be transported and stored in their original, sterile packaging.  
Esophageal balloon catheters and nasal pressure transducers will only be 
administered by trained, IRB approved staff. 

4.3 IND/IDE: NA 

4.4 Biosafety: NA  
4.5 NA 

 
5.0 Procedures Involved 

5.1 Study Design: Cross-sectional study design 

5.2 Study Procedures:  

• Two small balloons, which are attached to small, flexible tubes, will be put 
into your esophagus (food tube) and stomach through your nose.  Each 
balloon is about 2 inches long (deflated) and about the width of a pencil 
tip.  To reduce any discomfort with this procedure, lidocaine gel or spray 
(which numbs the nose) will be put into your nose and administered to the 
back of the throat before the balloon.  In addition, swallowing water 
during the procedure will help to reduce any gagging sensation and will 
assure that the balloon goes into the esophagus (food tube).  Proper 
placement of the catheters will be determined using normal tidal breathing 
against an occluded mouthpiece with a nose clip.  Once proper placement 
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is ensured, the catheters will remain in place during your normal PFT 
maneuvers.   

• Additionally, while the gastric and esophageal balloon catheters are in 
place, you will be asked to perform a maximal sniff maneuver (SNIP) 
while one nostril is occluded with a plug containing a distal pressure 
measurement catheter to measure airway pressure.  The distal end of the 
pressure catheter will be connected to a hand held pressure meter to 
display peak pressure and to provide you visual feedback.  This maneuver 
will be performed 10 times. 

5.3 Follow-Up: All study data will be collected during the study visit. 

5.4 Individually Identifiable Health Information: NA 
5.5 Use of radiation: NA  

5.6 Use of Center for Magnetic Resonance Research: NA 

6.0 Data and Specimen Banking 

6.1 Storage and Access: Each participant will be assigned a random 
identification number that will be used on his/her data collection forms.  All 
information will be stored and managed using the AHC-IE system. Patient 
identification information (MRN, DOB, etc) will be stored on a file in the 
BOX system. AHC-IE will pull chart data from subject charts and data will 
be stored in AHC-IE data shelter. Data analysis will be done using SPSS in 
the data shelter.  Study data will be maintained on the secure servers after 
the study is complete, but because the name/number-linking document will 
be deleted, identification of study subjects will not be possible.  Any paper 
forms used to collect personal identifiers will be shredded.  Only 
researchers with IRB approval will have access to the data. 

6.2 Data: For all subjects, PFT measures (FVC (forced vital capacity), FEV1 
(forced expiratory volume in 1 second), FEFmax (maximal forced expiratory 
flow), FEF25-75 (the average forced expiratory flow during the mid (25 - 
75%) portion of the FVC), FEF50 (forced expiratory flow at 50% of FVC), 
MIP (maximal inspiratory pressure), and MEP (maximal expiratory 
pressure)) will be collected.  Additionally, SNIPs (as measured be nasal 
pressure transducer) and Pdi (as measured by esophageal and gastric 
balloons) will be collected for all subjects. 

6.3 Release/Sharing: NA 

7.0 Sharing of Results with Participants 

7.1 Study results will not be shared with the participants or parents/guardians. 

8.0 Study Duration 

8.1 Describe: 

• The duration anticipated for an individual participant’s participation 
in the study, including clinically assessed PFT measures, is 2 hours. 
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• The duration anticipated to enroll all study participants is 1 year. 
• The duration anticipated to complete all study procedures and data 

analysis is 2 years. 

9.0 Study Population 

9.1 Inclusion Criteria:  

• Clinical diagnosis of DMD 

• Ages 6-25 years 

9.2 Exclusion Criteria:  

• Inability of the participant to follow verbal instructions 

9.3 Screening: Patients with a clinical diagnosis of DMD between the ages of 6-
25 years will be referred to the study by their treating physician. 

10.0 Vulnerable Populations 

10.1 Vulnerable Populations:  

☒ Children 
☐ Pregnant women/Fetuses/Neonates 
☐ Prisoners 
☐ Adults lacking capacity to consent and/or adults with diminished 

capacity to consent, including, but not limited to, those with acute 
medical conditions, psychiatric disorders, neurologic disorders, 
developmental disorders, and behavioral disorders 

☐ Approached for participation in research during a stressful situation such 
as emergency room setting, childbirth (labor), etc. 

☐ Disadvantaged in the distribution of social goods and services such as 
income, housing, or healthcare 

☐ Serious health condition for which there are no satisfactory standard 
treatments 

☐ Fear of negative consequences for not participating in the research (e.g. 
institutionalization, deportation, disclosure of stigmatizing behavior) 

☐ Any other circumstance/dynamic that could increase vulnerability to 
coercion or exploitation that might influence consent to research or 
decision to continue in research 

☐ Undervalued or disenfranchised social group 
☐ Members of the military 
☐ Non-English speakers 
☐ Those unable to read (illiterate) 
☐ Employees of the researcher 
☐ Students of the researcher 
☐ None of the above 
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10.2 NA 

10.3 Additional Safeguards:  

• DMD is a rare genetic disease that is often initially diagnosed about the 
age of 6 years.  Patients with DMD often do not live past the age of 30 
due to pulmonary failure associated with a restrictive pulmonary 
pathology.  Therefore to identify the relationship between Pdi and PFT 
measures and SNIPs it is most appropriate to recruit patients under the 
age of 18 years. 

• Additional safeguards to protect the subject will include double de-
identification of data and administration of an assent form to provide the 
subject with all necessary information.  Additionally, both the 
participant and the parent/guardian will be allowed to ask any questions 
to ensure their understanding of the study and their participation. 

11.0 Local Number of Participants 

11.1 Local Number of Participants to be Consented: 35 subjects will be 
consented to participate in the study.  A minimum of 29 subjects must be 
consented to allow for appropriate statistical power and analyses. 

12.0 Local Recruitment Methods 

12.1 Recruitment Process: Subjects with DMD will be recruited through the 
Fairview Clinic Hospital through the patient’s primary treatment physician 
during their clinic visit. 

12.2 Source of Participants: Subjects with DMD will be recruited through the 
Fairview Clinic Hospital through the patient’s primary treatment physician 
during their clinic visit. 

12.3 Identification of Potential Participants: Potential participants will be 
identified by their primary treatment physician. Study data will only be 
collected after the participant has been consented.  Eli F. Kelley has 
obtained a Fairview Clinic Research Badge and has permission to be in 
contact with patients. 

All participants and parents/guardians will be informed of why this study is 
being conducted and of the study procedure.  Participants and 
parents/guardians will be asked if they understand this prior to data 
collection. 

12.4 Recruitment Materials: NA 

12.5 Payment: NA 

13.0 Withdrawal of Participants 

13.1 Withdrawal Circumstances: Subjects may be withdrawn from the study if 
they are unable to complete the study procedure. 
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13.2 Withdrawal Procedures: If the subject withdraws, data collection will stop 
and only data already collected will be used with subject and 
parent/guardian consent. 

13.3 Termination Procedures: If the study visit must be terminated, data 
collection will stop and only data already collected will be used with subject 
and parent/guardian consent. 

14.0 Risks to Participants 

14.1 Foreseeable Risks:  

• The risks associated with insertion of an esophageal or gastric balloon 
include a short gagging sensation when the tube is frst inserted through 
the nose and a continued tickle in the back of the throat when the tube is 
in place.  This discomfort is minimized by use of lidocaine gel (and/or 
spray) that numbs the nose prior to use and swallowing water during the 
tube insertion.  The risks associated with lidocaine gel and/or spray 
includes allergic reaction. 

• The risks associated with the nasal pressure transducer include the 
experience of some nasal discomfort associated with the nose clip and 
pressure transducer plug and a minor degree of muscular discomfort in 
your breathing muscles during the test.  Importantly, however, this 
discomfort is transient, and will resolve on its own. 

• There are some risks regarding possible breach of confidentiality.  
However, the research team will be very careful to protect the 
participant’s privacy and limit the disclosure of identifying information.   
To minimize these risks, all participants will be consented and assented 
privately during their clinic visit and all data will be double de-
identified to protect the participant’s privacy.  There are no further risks 
associated with this study. 

14.2 Reproduction Risks: NA 

14.3 Risks to Others: NA 

15.0 Potential Benefits to Participants 

15.1 Potential Benefits: There is no direct benefit to individual participants 

16.0 Data Management 

16.1 Data Analysis Plan: A Pearson’s R Correlation will be used to determine a 
relationship between PFT and SNIP and Pdi. For a signifcant Pearson 
product-moment correlation at an alpha of p=0.05, a power of 0.80, and a 
large effect size of r=0.5, we need 29 subjects. Normality will be assessed 
with a Levene’s Test for Equality of Variances. 
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16.2 Power Analysis: For a significant Pearson product-moment correlation at 
an alpha of p=0.05, a power of 0.80, and a large effect size of r=0.5, we 
need 29 subjects.   

16.3 Data Integrity: Each participant will be assigned a random identification 
number that will be used on his/her data collection forms.  An electronic 
document linking subject names to identification numbers will be stored on 
secure University of Minnesota computer servers.  All paper forms and 
worksheets will be stored in a locked file cabinet in a locked room.   

17.0 Confidentiality 

17.1 Data Security: Only persons who are approved by the IRB to participate as 
research staff in the present study will have access to data and will 
participate in data collection.  The primary investigator will manage the 
study data.  All data will be de-identified, and linking documentation will be 
kept on a secure, password-protected University of Minnesota server.   

To ensure confidentiality, subjects will be assigned a unique study 
identification number. This will ensure all data collected will only reference 
the subjects’ identification number and never his/her name.  A spreadsheet 
linking subject names to identification numbers will be stored only on the 
University of Minnesota’s secure, password protected, server and will be 
destroyed following completion of the study.   

 
Study data will be maintained on the secure servers after the study is 
complete, but because the name/number-linking document will be deleted, 
identification of study subjects will not be possible.  Any paper forms used to 
collect personal identifiers will be shredded. 

No protected health information will be collected.  Participants’ names, 
dates of birth, and addresses will not be shared.  Data collected during the 
course of the study, including genetic findings, will not be linked to personal 
identifiers. 

In the event of a breach of confidentiality, subjects will be informed, and all 
attempts will be made to contain the released data. 

18.0 Provisions to Monitor the Data to Ensure the Safety of 
Participants 

18.1 Data Integrity Monitoring. Dr. Snyder will monitor the data to ensure the 
safety of the patients. 

18.2 Data Safety Monitoring. Dr. Snyder will monitor the data to ensure the 
safety of the patients. 

19.0 Provisions to Protect the Privacy Interests of Participants 
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19.1 Protecting Privacy: Only the consenting research staff, participant, and 
participant’s parent/guardian where necessary will be present during the 
consenting process and data collection. 

During the consent process, any and all questions will be answered.  The 
conducting individual will then allow the potential subject to read through 
the entire consent form thoroughly, and the individual will allow for any 
questions the potential subject may have. If desired, the potential subject 
will be able to keep a copy of the informed consent form for review before 
making the decision to participate.   

Subjects will be given as much time as needed to make this decision. 
Subjects will be encouraged to ask any and all questions they may have.  
Subjects will be encouraged to keep the consent form and to take as much 
time as needed until they make a decision regarding participation. They will 
also be encouraged to discuss the study with friends, family members, or 
their personal physician 

The investigators are sensitive to the rights of the subjects. The voluntary 
nature of participation, and the right to withdraw at any time, will be made 
clear to the subjects as the study is explained. 

Once the potential subject agrees to participate he/she will sign both the 
consent and personal health information (PHI) forms. Once these forms are 
signed documenting the consenting process, he will be genotyped. 

Consenting will only be conducted in English with potential subjects who 
speak English.  Consenting documents will only be provided in English. 

Once all questions are answered it will be reaffirmed to the potential subject 
that this study is being done for the benefit of research and that their 
participation is completely voluntary and they may leave the study at any 
point without harming their relationship with the University of Minnesota, 
Fairview or our research group specifically.    

19.2 Access to Participants: Eli F. Kelley has obtained a Fairview Clinic 
Research Badge and NERS access through the University of Minnesota 
Fairview Clinic.  

20.0 Compensation for Research-Related Injury 

20.1 Compensation for Research-Related Injury: NA 

20.2 Contract Language: NA 

21.0 Consent Process 

21.1 Consent Process (when consent will be obtained): The individual 
conducting the consenting process will review the consent form with the 
potential subject briefly explaining each section within the consenting 
document.  During this time the study (including tests that will be performed 
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and why) will be explained, and any questions will be answered.  The 
conducting individual will then allow the potential subject to read through 
the entire consent form thoroughly, and the individual will allow for any 
questions the potential subject may have. Subject will be given a copy of the 
informed consent form which contains pertinant contact info and will allow 
for further review and questions. Once all questions are ansered it will be 
reaffirmed to the potential subject  that this study is being done for the 
benefit of research and that their participation is completely voluntary and 
they may leave the study at any point without harming their relationship 
with the University of Minnesota, Fairview or our research group 
specifically. 

21.2 Waiver or Alteration of Consent Process (when consent will not be 
obtained): NA 

21.3 Non-English Speaking Participants: NA 

21.4 Participants Who Are Not Yet Adults (infants, children, teenagers under 18 
years of age): 

• Potential participants will be identified by their treating physician. 
Participants and parents/guardians will be asked to confirm the 
potential participant meets the inclusion criteria 

• Permission for participation will be obtained from the potential 
participant and one parent/guardian. 

• Assent will be obtained from all participants. Assent will be 
documented with an assent form that will be stored in a locked file 
cabinet in a locked room with the consent and HIPPA forms. 

21.5 Cognitively Impaired Adults, or adults with fluctuating or diminished 
capacity to consent: NA 

21.6 Adults Unable to Consent: NA 

22.0 Setting 

22.1 Research Sites: Potential participants will be identified through their 
treating physician at the Fairview Clinic Hospital.  Research procedures 
will be performed in the patient’s clinic visit room, this will include consent, 
assent, gastric and esophageal balloon catheter placement, SNIPs, and 
PFTs. 

23.0 Multi-Site Research 

23.1 NA 

24.0 Resources Available 

24.1 Resources Available: Describe other resources available to conduct the 
research. For example, as appropriate: 
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• The student investigator’s faculty advisor will support this research 
with funding for balloon catheters. 

• Research staff will have access to the dates/times of potential 
participant’s clinic visits, during which research staff will be present 
to identify potential participants and discuss possibly study 
participation. 

• The time devoted to conducting and completing this research is 
expected to be 2 years. 

• All research staff will have access to the study protocol and be 
educated by the primary investigator on the process of consent, assent, 
and data collection. 
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