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1. Background

A fast growing research area in gastroenterology is the exploration into the correlation between the gas constituents of the gastrointestinal tract and the individual's health, microbial diversity and dietary profile.  These gases, which include hydrogen, methane, carbon dioxide and oxygen, have been used as biomarkers in prevention, diagnostics and a guide for symptom relief. Furthermore, measurements of intestinal gas production can predict response to antibiotic therapy in irritable bowel syndrome.[1]  

Gas production within the gut is derived from three sources: (a) chemical reactions; (b) enzymatic breakdown of food; and (c) microbial metabolism. An understanding of the intestinal gas types, their concentrations and where they are produced are fundamental in correctly linking them to the state of health and many disorders, in addition to providing a window into local functional activity of the gut microbiota. 

So far, gas profile assessments have been through indirect investigational methods such as tube insertion, whole body calorimetry, breath testing, flatus measurements, in vitro stool gas analysis and direct sampling of gases produced.[2]
In inflammatory bowel disease (IBD) there is an altered composition of the intestinal microbiota with differing functional metabolites. The recent development of the Atmo Gas Capsule allows measurements of the concentrations of several gases as it passes through the gastrointestinal tract and has enabled information about the digestive tract and its function to be studied in a direct manner. 

It provides an attractive and potentially cheaper alternative to existing testing methods for assessment of microbiota associated gas production and may offer a more readily available assessment of patients underlying microbiota composition which may guide therapeutic options in IBD.

These capsules have been shown to be safe and well tolerated in humans and accurately showed the onset of food related fermentation of in the gut, as well as changes in gut function from constipated and normal patients.
 ADDIN EN.CITE 

[3, 4]

2. Hypothesis

We hypothesize that the Atmo Gas Capsule will enable assessment of gas patterns in IBD, which will correlate with underlying microbial composition and metabolomics. This may provide a signature for active IBD. 

3. Outcomes assessed
· Assess the gas patterns with active IBD 

· Investigate changes in gas patterns before and after treatment for IBD

4. Study Design

Prospective open label before-after cohort study

5. Number of participants.

We will aim to recruit 5 participants to the study.

6. Study Sites

We will recruit patients from Concord Repatriation General Hospital who are inpatients or attending the IBD outpatient clinic and are being newly commenced on treatment for active IBD. 

7. Duration

We aim to recruit and collect data between August and November 2021. We will analyse the data in Q4 2021.

8. Inclusion Criteria

· Participants being newly commenced on treatment for active IBD
· Age 18 years or older
9. Exclusion criteria

· Concurrent irritable bowel syndrome

· Previous gastrointestinal surgery 

· Probiotics use 

· Indeterminate colitis

· Implantable devices such as a pacemaker

· Suspected or known strictures

· Patients potentially requiring MRI after the capsule has been ingested   

· Pregnancy

· Radiation enteritis

· Gastric bezoar

· Swallowing disorders / dysphagia to food or pills 

· Obese, with BMI over 35

· Fistulas, or physiological/mechanical gastrointestinal obstruction

· Diverticulitis

10. Intervention

10.1 Overview 
Ingestion of the capsules will occur at Concord Repatriation General Hospital either while participants are inpatients or when they attend the IBD clinic as outpatients.

Participants with Crohn’s disease may have intestinal strictures and thus potentially be at risk of developing a bowel obstruction if the intestinal lumen is too narrow to allow the passage of the gas capsule. Therefore, participants with Crohn’s disease, will have had a magnetic resonance enterography (MRE) scan within 3-6 months demonstrating no strictures, or will first ingest a wax capsule to ensure intestinal patency. If the wax capsule is not passed within 5 days, these participants will not proceed with ingesting the Atmo Gas Capsule. Participants with Crohn’s disease who have had a MRE scan within 3-6 months demonstrating no strictures will not require a patency capsule. Participants with ulcerative colitis will also not require a patency capsule as strictures are less common with ulcerative colitis and these participants will not be at increased risk of developing a bowel obstruction from failure to pass the gas capsule.

Following an overnight fast, participants who are proceeding with the Atmo Gas Capsule will attend the Department of Gastroenterology where they will ingest the Atmo Gas Capsule. They will fast for the next 6 hours, to avoid interference with the capsule readings from food in the small intestine, then consume their normal meals for the rest of the day.

Once the Atmo Gas Capsule is swallowed, it transmits information about individual gases (hydrogen, carbon dioxide, oxygen and methane) and temperature every 5 minutes to an external receiver connected to a provided mobile phone device . Data recording will then be ceased once the capsule has been passed (confirmed visually in the toilet bowl or signal loss from the capsule after a bowel movement) from the body.  They will also be asked to keep the data receiver for the gas capsule within 1.5 m of the body until passage of the capsule has been confirmed visually in the toilet bowl or signal loss from capsule after a bowel movement. 

The Atmo Gas Capsule will be administered to each participant on 2 occasions. 

1. Prior to commencing new therapy for active inflammatory bowel disease

This will occur following measurement of disease activity as per standard care, via a combination of symptoms assessment, endoscopy, inflammatory markers or faecal calprotectin.

2. After new therapy initiation (8-12 weeks later)

Participants will again be assessed for disease activity, as per standard care.

10.2 Study schedule
10.2.1 Screening
- Obtain informed consent

- Determine eligibility based upon inclusion/exclusion criteria
10.2.2 Baseline study visit
- Schedule wax patency capsule and initial gas capsule ingestion
- Record baseline participant characteristics and disease activity markers
10.2.2 Final study visit (week 8-12)
- Schedule final gas capsule ingestion 

- Record final disease activity markers
After conclusion of the study, patients will continue with standard care for their inflammatory bowel disease. 
10.3 Concomitant / restricted medications, treatments and procedures
There is no restriction on concomitant medications during the course of this study. 
Patients must not undergo an MRI exam within 3 months of ingesting a capsule unless an X-ray is performed to confirm capsule has passed from the body
Patients should not undergo elective use of a diathermy. Emergency use of diathermy is not restricted. 
10.4 Study procedures / evaluations
The data to be collected is outlined in the attached data collection template, and includes demographic data, IBD phenotype data, treatments, and disease activity assessments. Other than the gas capsule, all other measurements will be undertaken as they would for standard IBD care, in the same intervals as would occur for patients not undertaking this trial. This includes disease activity assessments, which comprise clinical assessment, laboratory markers (blood and stool samples), and endoscopic assessments. 
11. Capsule technology

Photograph of the full package of the capsule, the handheld receiver and the mobile phone that runs the application is shown in the attached PI. The developed capsules are near the standard dimensions of a 000 size (28mm in length and 11mm in diameter).
The gas sensors included in the device are capable of monitoring concentrations of carbon dioxide, hydrogen and oxygen, and methane in varying gradients of aerobic and anaerobic environments. The capsule also consists of a temperature sensor, a microcontroller, a transmission system and button‐sized silver oxide batteries. The sensor that tracks oxygen is non-specific and responsive to all oxidising gases and vapours. A highly gas‐permeable membrane with embedded nanomaterials allows for the fast diffusion of gas molecules from the intestinal lumen, enabling the gases and vapours to be analysed, but blocking external solids or liquids from contaminating the internals. The outputs from the sensors are coded and transmitted every 5 minutes to a receiver that is connected to a mobile phone device.

The data are sent to the Cloud and analysed against a pre‐trial calibration of the individual capsules. The pre‐trial calibration is run in a controlled environment with gas mixtures created using a mass flow controller (MKS Instruments, Inc, USA).  

12. Data analysis and statistical consideration

We will correlate the data from the capsules with assessment of disease activity before and after disease treatment. Each participant will act as their own control, to reduce variability. This study with 
5 patients with IBD is an exploratory study to measure differences in gas capsule readings in different inflammatory bowel disease states. A larger study may be able to be designed based on the preliminary results of this study, but initial data from this study is required to determine expected effect sizes for instance. 
Descriptive statistics will be used to describe the gas patterns of each subject over time post-ingestion, compare how these vary before and after treatment, and correlate with activity assessments before and after treatment. 
13. Recruitment and Screening

Participants will be recruited by Professor Rupert Leong or Dr Karen Waller during routine care at the IBD Clinic or while they are inpatients at Concord Repatriation General Hospital. Patients who have active IBD who are requiring a new treatment will be approached regarding willingness to participate in the trial, and screened for inclusion/eligibility. Informed consent will be obtained (section 14).  
14. Informed Consent Process

Informed consent will be obtained by study investigators. Participants will be given written information and allowed time for questions with the study coordinators and their treating physicians. 

Agreeing participants will be asked to sign the consent form which will be filed into the medical records. They will receive a study enrolment number, and this will be documented in the patient’s medical records on all study documents. 

15. SAFETY

Potential risks associated with the Atmo Gas Capsule: The gas capsule has been ingested and passed through the digestive tract of 45 healthy subjects in 2 clinical trials and 19 IBS patients in 1 clinical trial and have all been well tolerated. 

However, the potential risks that can occur following ingestion of the gas capsule are:
· Presence of gastrointestinal symptoms including nausea, abdominal pain and vomiting
· Inability to swallow the capsule
· Capsule retention - retention will also be defined as passage of the capsule longer than 5 days. This has yet to be reported with the gas capsule. Average passage rate of the gas capsule in 23 participants is 2-3 days. 

· Bowel obstruction - this has not been reported for the gas capsule and is unlikely to occur in the presence of mild to moderate ulcerative colitis which by definition does not involve small bowel narrowing. In participants with Crohn’s disease, initial assessment of intestinal patency with the wax capsule will identify participants who will be at higher risk of retaining the Atmo Gas Capsule. These participants will not proceed further with the study. The wax capsule contains a radiofrequency identification tag which can be detected using an external paddle. The wax will dissolve and thus is unlikely to cause harm even if it is retained. An exception to needing a patency capsule in participants with Crohn’s disease is if they have had a recent MRE demonstrating no strictures.

· Magnetic resonance imaging: This test is also contra-indicated and cannot be performed while the gas capsule is in the body as the capsule contains metallic components which will be affected by the strong magnetic fields during MRI.

See attached the Atmo Gas Capsule Investigator Brochure detailing all potential risks.
To minimise the risk, participants will be thoroughly screened for any contra-indications for swallowing the ingestible capsules or suspected gastrointestinal conditions that would exclude their participation in the study. Participants will swallow the capsules under the supervision of the research staff.  The medical staff of the Department of Gastroenterology will be available to help if any adverse events or symptoms occur during the study visit.
Participants who ingest the wax capsule will be contacted 5 days after ingestion. If the wax capsule has not been passed, these participants will not proceed with ingestion of the Atmo Gas Capsule.
All participants who proceed with ingestion of the Atmo Gas Capsule will be contacted 5 days after ingestion and if the capsules are not passed, the processes outlined below will be initiated. They will also be provided with clear written and verbal instructions to inform the research staff should an MRI be scheduled for the duration of the study.
In the unlikely event that a participant develops unexplained nausea, abdominal pain or vomiting after ingestion of the wax capsule or Atmo Gas Capsule, participants will be advised to contact the research staff. If this occurs, participation in the clinical study will be terminated and proper medical attention will be sought immediately.
If the participant fails to pass the Atmo Gas Capsule after 5 days, the oxygen concentrations will be used to indicate whether the capsule is in an anaerobic (colon) or aerobic (gastric or small intestine) region. If the capsules are retained in colon, no further actions are needed as they will spontaneously pass. Alternatively, the location of the capsules can also be determined via non-invasive intestinal ultrasound. If they appear to be retained in the stomach or small intestine, a plain abdominal x-ray will be taken to confirm where the capsule is and repeated at 3-weekly intervals until it moves into the colon or gets passed. The use of laxatives or prokinetic drugs (such as erythromycin or prucalopride) can be considered but have been seldom needed or used in clinical practice. If symptoms of bowel obstruction occur (e.g. nausea, vomiting, abdominal pain and distension), abdominal x-ray will be pursued immediately followed by endoscopic extraction of the capsule. Such management strategies have been used successfully with similar capsule studies and pill cam devices in the past. To date, no surgical interventions have been reported for removal of the Atmo Gas Capsule.
15.1. Adverse Event Reporting

Adverse events will be reported to study investigators and will be evaluated to determine the severity of the event and whether it is related to the study intervention. Adverse events will be reported to the principal investigator for appropriate management. Reporting of serious adverse events will then be made to the appropriate HREC within the standard 24hr reporting timelines and the decision on whether to continue with the study intervention will be made. 
16. CONFIDENTIALITY AND STORAGE AND ARCHIVING OF STUDY DOCUMENTS 
16.1 Confidentiality and data protection
Participants will be assigned a study identification number at the start of the project which will be documented on all study documents. There will be a separate document linking their personal identification and study identification number which only the research team members at Concord Hospital can access. 
Data collection fields has been included as part of this application. All data except for the gas capsule data will be collected from study visits and the electronic medical record by members of the study team at Concord Hospital, and stored in safe electronic files. Any physical study data collected will be stored in a locked cupboard in a locked office at Concord Hospital and will only be able to be accessed by the research team. Some data such as the results of blood tests or endoscopy reports will be available on the electronic medical record as part of the participant's standard care. This information is important for the participant's standard care and would have been recorded in the electronic medical record regardless of whether the participant is a part of this study or not. The electronic medical record can only be accessed via a NSW Health account and is password protected. Any other digital data will be stored in password protected files on password protected computers at Concord Hospital and will only be able to be accessed by the research team. 
Data collected from the capsules will be analysed in conjunction with the sponsor Atmo Biosciences, however the company will not receive any identifiable patient information. Any participant records or datasets that are transferred to the sponsor will contain the identifier only; participant names or any information which would make the participant identifiable will not be transferred. 
· The participant will be informed in the PIS, and verbally, that their personal study-related data will be used by the sponsor in accordance with local data protection law. The participant will also be informed that his/her medical records may be examined by Clinical Quality Assurance auditors or other authorized personnel appointed by the sponsor, by appropriate IRB/IEC members, and by inspectors from regulatory authorities.
16.2 Source documents and access to source data / documents
A Case Report Form will be completed for each subject enrolled into the clinical study. The investigator-sponsor will review, approve and sign/date each completed CRF; the investigator-sponsor’s signature serving as attestation of the investigator-sponsor’s responsibility for ensuring that all clinical and laboratory data entered on the CRF are complete, accurate and authentic. Any missing or spurious data will be accompanied by a note to file in the subject’s record which will clarify the reason behind it and any action taken afterwards. Source Data are the clinical findings and observations, laboratory and test data, and other information contained in Source Documents. Source Documents are the original records (and certified copies of original records); including, but not limited to, hospital medical records, physician or office charts, physician or nursing notes, subject diaries or evaluation checklists, pharmacy dispensing records, recorded data from automated instruments, x-rays, etc. When applicable, information recorded on the CRF shall match the Source Data recorded on the Source Documents. 
Study-related monitoring, audits, HREC review, and regulatory inspections will be permitted, providing direct access to source data/documents
16.3 Storage and archiving of study documents 
Any physical study data collected will be stored in a locked cupboard in a locked office at Concord Hospital and will only be able to be accessed by the research team. Some data such as the results of blood tests or endoscopy reports will be available on the electronic medical record as part of the participant's standard care. The electronic medical record can only be accessed via a NSW Health account and is password protected. Any other digital data will be stored in password protected files on password protected computers at Concord Hospital and will only be able to be accessed by the research team. 
Data on the electronic medical record will be managed as per usual management of such data. Physical data will be stored securely and disposed of as per requirements of law. Clinical trial study documentation is required to be retained for a minimum of 15 years from the date of last publication as per NHMRC guidelines for auditing and monitoring purposes. This requirement will be obeyed.
17.  Participant withdrawal

Participants may withdraw from the study at any time, with notification to the research team verbally and/or in writing, via the contact details available on the PIF. An investigator may terminate participation if an adverse event, or medication condition / situation occurs that continued participation in the study is no longer in the best interest of the patient OR the participant meets and exclusion criteria (either newly developed or not previously recognised) that precludes further study participation. 
Participants who wish to withdraw but have ingested a gas capsule will need to be followed to ensure passage of the capsule. Otherwise participants who withdraw from the study will continue standard care for their inflammatory bowel disease. Withdrawal from the study will not impact on care of the participant in relation to their underlying inflammatory bowel disease. Depending on capsule availability, participants who have withdrawn from the study may be replaced with an additional recruited participant. 
18. Trial termination

The trial may be terminated at any time prematurely if there is sufficient reasonable cause. If the study is prematurely terminated, the lead investigator will inform the HREC and provide the reason. Circumstances that may lead to termination may include unexpected or significant risk to participants, data that are not evaluable, inadequate recruitment, or more.   
19. Financing and insurance
This is an investigator initiated study without any dedicated funding. 
Atmo Biosciences will provide the Atmo Gas Capsule, and temporary use of a mobile phone, receiver, and wireless charger for each participant. The costs associated with these items will be covered by Atmo Biosciences.
Any other care that the participants receive as part of standard care for inflammatory bowel disease will be provided, as usual, through Medicare and the public health system. This might include investigations to assess inflammatory bowel disease activity, clinic visits and hospital care. Participants will be expected to pay for costs of medications in the community, as they would have been doing so even if not enrolled in this study. Participants will not be reimbursed for the costs of travelling and parking required for this project.
Insurance will be taken out by Atmo Biosciences to cover public and products liability related to the trial. 
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