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PROTOCOL TITLE:

Extremity Occlusion with Tourniquets Increases Proximal Systolic Pressure

PRINCIPAL INVESTIGATOR:
Dr. Taufiek Konrad Rajab

1.0 Objectives / Specific Aims

We intend to demonstrate that non-invasive, peripheral vascular occlusion increases blood
pressure in the conserved vasculature in healthy humans. Data from this study will provide proof
of concept for the development of a novel device to improve cardiopulmonary resuscitation (CPR)
outcomes during non-traumatic cardiac arrest. We hypothesize that peripheral vascular occlusion
of non-vital vascular beds (the lower extremities) will increase blood flow to the more vital
organs, the heart and the brain, leading to an improvement in survival and neurologic recovery
after cardiac arrest as these outcomes are dependent on heart and brain ischemic injury. By using
commercially available, FDA-approved, tourniquets on healthy humans to measure blood pressure
with peripheral vascular occlusion, we will be testing our hypothesis in the safest way. We also
will demonstrate no substantial change in heart rate.

2.0 Background

For decades, the fields of trauma, orthopedics, and cardiology have utilized vascular occlusion devices for
either hemorrhage control or to increase central pressure.!- Due to their success in maintaining blood
flow proximally during shock scenarios, vascular occlusion devices have increasingly been studied during
non-traumatic cardiac arrests. There have been nine preclinical studies in animals that have demonstrated
endovascular balloon occlusion devices significantly increase coronary artery blood flow and pressure
during cardiac arrest.*!! Tourniquets are an external, non-invasive strategy to obtain the same end goal of
vascular occlusion and are currently used daily in clinical practice for traumatic wounds and extremity
surgery. They have been well studied in civilian and military research for their safety and efficacy, but
their use as a CPR adjunct has yet to be realized.!'?-'4

Rationale: To our knowledge, blood flow or pressure to vascular beds supplying vital organs (i.e., brain,
heart) has not been measured in healthy adult subjects following administration of a non-invasive
peripheral vascular occlusion device. This proof-of-concept data is necessary for future development and
hypothesis testing for novel CPR adjuncts, which could improve survival and neurologic recovery
following cardiac arrest.

2.0 Intervention to be studied

The fluid dynamics Hagen-Poiseuille Equation demonstrates in physical law why peripheral
vasoconstriction increases the flow in conserved vascular networks. The Hagen-Poiseuille Equation (Q =
APmr4) oives the volumetric flow rate (Q) in a cylindrical tube as it relates to the viscosity of the fluid (v),
length of the system (L), radius of the tube (r), and pressure gradient across the tubing (AP). Tourniquets
placed on the legs would decrease the length of the system (L), thereby increasing the flow (Q) as these
variables are inversely proportional. While this equation is an obvious oversimplification, we find it
models our expectant results and confirms what we intuitively and anecdotally have noted in our patients.
Beyond theory, studies in large animal models and clinical trials offer additional proof of concept.®!2-13.15-
19 Pigs receiving tourniquet-assisted CPR experienced significantly increased coronary blood flow,
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carotid artery pressure, systolic and diastolic blood pressure, end-tidal carbon dioxide, and survival than
controls.!”

In order to complete our hypothesis testing safely, we plan to deploy well-studied and FDA approved
combat application tourniquets (CAT) on both thighs of volunteer healthy adult subjects while measuring
blood pressure in the upper extremities. Research participants in this study will have their blood pressure
measured in their upper extremities before and after tourniquet administration in order to serve as within
subject controls. The tourniquets will be deployed for no longer than 5 minutes for each of the three
repetitions. After the removal of the tourniquets, the participants will be allowed to rest for 3-5 minutes
before the next application of the tourniquet.

CAT tourniquets were developed in 2005 by Mark Esposito et al. (US Patent numbers 7,842,067 and
7,892,253) and soon after obtained FDA approval. CAT tourniquets have been indicated for use in
emergency situations revolving around a wounded limb, such as hemorrhage control.???> CAT
tourniquets are the official tourniquet of the US Army since in 2005.

4.0 Study Endpoints (if applicable)

e Primary Study Endpoint: A cardiac arrest porcine model that utilized an intra-aortic
balloon catheter for occlusion of the aorta at the level of the diaphragm demonstrated a
mean increase in systolic pressure of 17mmHg.'® Extrapolating from this data to our more
distal point of occlusion at the lower extremities, we define the primary study endpoint as
successful application of CAT tourniquets in normal physiology in healthy humans with a
minimum increase in blood pressure of 10 mmHg measured in the arms. Another primary
endpoint is demonstrating no significant change in participant heart rate.

e Primary Safety Endpoint: The most common complications following application of a
CAT tourniquet is pain or discomfort at the site of tourniquet application. This usually
occurs at the edges of the tourniquet due to the increased pressure gradient. Symptoms are
typically transient resulting in mild to moderate pain. In order to increase safety of the
study and reduce the likelihood of complications, the tourniquet will be tightened to the
minimum pressure needed to occlude blood flow to the lower extremities and will be
removed after 5 minutes since injury usually occurs 30-60 minutes following tourniquet
application?’. If any of the subjects report intolerable pain during the study, their
participation will be ended immediately.

e Secondary Safety Endpoints: There are no secondary safety endpoints.

5.0 Inclusion and Exclusion Criteria/ Study Population
Inclusion Criteria

e  Healthy adults with no known chronic medical conditions between the ages of
18 and 60 years old willing and able to consent themselves.

e Subjects who are native English speakers or self-report as fluent in English.
Exclusion Criteria

e Subjects who have a history of or are a current smoker, have a history of or
current illicit drug use, have a history of or current alcohol abuse.

e  Subjects who self-report as pregnant.
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e Subjects who self-report diabetes, cardiac disease including hypertension
requiring medication, or a history of compartment syndrome or peripheral
vascular disease.

e  Subjects with known chronic diseases not listed above, including but not
limited to Rheumatoid Arthritis, McArdle’s disease, etc.

e  Subjects with elevated blood pressure (>130/80mmHg) on the day of the study
Number of Subjects

A total of 30 healthy volunteered adults (15 males and 15 females) will be used for our
study.

A power analysis was conducted to determine appropriate sample sizes based on previous
data examining hemodynamics following tourniquet application on the lower extremities?'.
Based on a power of 0.8 and an alpha of 0.05, a sample size of 24 participants will be
needed for our study. Allowing for post hoc analysis and individual data exclusion if
warranted, a total of 30 volunteer research participants will be recruited to partake in the
study.

Setting

e  Study participants will meet in a private conference room at MUSC where the
research protocol will be completed.

Study Sites
e MUSC

Recruitment Methods

e  Flyers will be displayed around the MUSC campus in order to recruit subjects
voluntarily (Copy of flyer attached to IRB application).

e  Volunteers will be screened via a phone call to determine their eligibility for the
study and will be asked questions related to the exclusion criteria in order to identify
potential subjects.

Consent Process

e [RB approved personnel will obtain voluntary informed consent for all research
participants.

e  Volunteers that were identified as potential subjects based on inclusion and exclusion
criteria will be informed of the study procedures over the phone prior to participation
in the study.

e  Participants will be consented the day of the study in a private room by IRB
approved personnel prior to beginning the study. This will be conducted in person
through a signed written consent form. Participants will have ample time to read the
consent form and ask questions to IRB approved personnel.

e  Participants may refuse to take part in the study or stop taking part in the study at any
time by notifying the study investigator or approved IRB personnel.

e  There will be no cost nor compensation for participating in the study to avoid undue
influence or coercion of study participants.
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10.0 Study Design / Methods

After expressing interest in the study, participants will be asked to come to MUSC for the study visit. On
the day of the study, each volunteer will be taken to a private room by IRB approved personnel and
consented in person through a signed written consent form. They will be asked to confirm their eligibility
in the study based on the inclusion/exclusion criteria. Their blood pressure in their upper extremity will
be taken to ensure that it is not elevated on the day of the study (must not be >130/80mmHg). Their
responses and blood pressure will be documented. Once the participants have consented to the study, they
will have their height and weight recorded. Then, each participant will have their blood pressure measured
in each arm by an automated sphygmomanometer while lying down on a medical bench. The blood
pressures and the heart rate will be recorded by IRB approved personnel. This will allow each research
participant to act as their own control for the experimental procedure. Then, one CAT tourniquet will be
placed around each thigh and tightened until no pulse can be felt in the lower extremity. Blood pressure
measurements will be repeated in each arm once the tourniquets are secured. Once these blood pressures
are documented, the tourniquets will be removed. The maximum time the tourniquets will be applied is 5
minutes to ensure ample time for blood pressure recording. If the measurement cannot be taken within the
time frame, the tourniquets will be released. The participants will rest 3-5 minutes between each repetition
of the tourniquet application. The whole process will be repeated three times for data validity. CAT
tourniquets have been extensively studied for safety, and no long-term consequences or complications
have been noted for up to two hours of continuous use. This team will prioritize the safety and comfort of
the participant and will limit the tourniquet application time to a maximum of 5 minutes. We will be using
the FDA-approved Combat Application Tourniquet (CAT) tourniquet (North American Rescue, Greer,
South Carolina, USA). After the data is collected, a debrief session will be conducted, allowing for
additional subject monitoring after removal of the tourniquets. During the debrief session, the participant
will be asked to lay down or sit in a relaxed position for 5 minutes or until they feel that their leg function
is back to baseline. If there is any concern from the participant, the PI or IRB-approved personnel who are
medical doctors, will conduct an evaluation. If any of the safety endpoints are noted, it will be recorded,
and the participant will be taken to the emergency room for full examination and work-up. The PI or
IRB-approved personnel will follow-up with the participant remotely until the safety concern is resolved.

11.0 Data Management

° All data associated with the research participants will be kept in a secure
database with a password protected server. The data will be coded and a
linking document containing any identifiers will be kept separate from the
research data.

° Hard copies of the consent forms and any recorded data will be kept in a locked
file cabinet with the key stored separately.

° Data may be used in future studies following IRB approval without additional
informed consent from research participants.

12.0 Withdrawal of Subjects

° Research subjects may refuse to participate or stop participating in the study at any
time by notifying the principal investigator or approved IRB personnel.

° If research participants would like to have their data removed from the study, they
must notify the principal investigator in writing within a week of completing the
study.
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° If the principal investigator or approved IRB personnel determine that participation
in the study is not in the best interest of the research subject, they may remove the
research participant from the study.

13.0 Risks to Subjects

° There is a possibility of pain or discomfort at the site of tourniquet application
following deployment of the tourniquet. Symptoms are typically transient and result
in mild to moderate pain, numbness, or tingling. Injury typically occurs at the edges
of the tourniquet application due to the increased pressure gradient. Risk for injury
increases with duration of tourniquet application (>60 minutes) and the tightness of
the tourniquet applied. CAT tourniquets will be deployed for less than 5 minutes
and will be tightened up to the necessary pressure to occlude distal blood flow.

° If the above occurs during the research study, IRB approved personnel will
discontinue testing for that individual and recommend that the research participant
seek medical assistance at the closet emergency room. IRB-approved personnel or
PI will follow up with that individual remotely until the injury is resolved.

° There is a risk for injury/discomfort to the skin or subcutaneous tissue at the site of
tourniquet or sphygmomanometer application such as, bruising or petechiae. These
symptoms are transient and are typically mild.

° There is a potential risk for loss of confidentiality in the unlikely event of a data
leakage.

14.0 Potential Benefits to Subjects or Others

The research participants will receive a small monetary benefit of $10 for their participation.
15.0 Sharing of Results with Subjects

Results or data collected in the study will not be disclosed to study participants.

16.0 Drugs or Devices

CAT tourniquets and automated sphygmomanometers will be purchased by the Principal
Investigator and stored in designated laboratory or office space of the principal investigator. IRB
approved personnel will be trained on how to properly and safely deploy the CAT tourniquets on
the lower extremities (i.e., thigh) and the automated sphygmomanometers on the upper extremities
prior to the start of the study. Prior to deployment of either the CAT tourniquet or the automated
sphygmomanometer, IRB approved personnel will inspect the devices for any defects and sterilize
the devices with 70% isopropyl alcohol or 70% ethanol. Following removal of the devices from
the study participants, they will be sterilized with 70% isopropyl alcohol or 70% ethanol.
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