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Introduction
Biomedical research has undergone a paradigm shift since sequencing of the human genome
opened the door to a deeper understanding of the molecular basis of human disease and
spawned an explosion in cutting edge technologies applied to elucidating mechanisms
specifically relevant to human disease states. Despite the enormous and invaluable
contribution that experimental animals have made to our understanding of both physiology
and disease pathogenesis in humans, it has become increasingly clear that pathogenesis,
development of potential treatment strategies and therapeutic efficacy would, at some point
in the preclinical investigatory pathway, be best assessed in human, as opposed to animal,
tissues. Human tissue sampling is also imperative for fulfilling the potential promise of
personalized medicine realized from advances and insights generated from next-generation
sequencing1 and disease- and patient-specific induced pluripotent stem cells.2

Biospecimen science is an emerging multidisciplinary field dedicated to establishing
procedures for the collection, processing, shipping and storage of biospecimens that have
been experimentally tested and rigorously validated to limit alterations in the quality,
composition and consistency of the collected samples.3, 4 Several outstanding reports
emanating from organizations such as the International Society for Biological and
Environmental Repositories (ISBER)5 and the National Cancer Institute’s (NCI’s) Office of
Biorepositories and Biospecimen Research (OBBR)6 have delineated published methods
and best practices for sample processing, quality control and documentation and should be
consulted for their wealth of requisite considerations.7,8

The purpose of this article is to detail the parameters that we have found to be critical for
success in the development and maintenance of an integrated cardiovascular biospecimen
repository, the Translational Cardiovascular Biobank & Repository (TCBR), established
at Washington University School of Medicine. The TCBR was founded for the acquisition
(using standardized, validated procedures), utilization and storage of human cardiovascular
tissues for detailed phenotypic (electrophysiological, structural, molecular and biochemical)
and genotypic (genomic, epigenetic and somatic) analyses. Our repository houses a
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collection of cardiovascular tissues, including blood products, that is fully integrated with
clinical information from the patients or the individuals who have donated the tissue, as well
as experimental data emanating from the tissue samples.

A number of institutions have established human heart tissue biobanks and these include the
Harvard Human Cardiovascular Tissue Bank (http://cardiogenomics.med.harvard.edu/
component-detail?project_id=236), the University of Pennsylvania Human Heart Tissue
Bank (http://somapps.med.upenn.edu/ohr/card/viewpub.php?
rc=N&type=display&pub=Y&sqlstr=protocol%20*%20802781), and the Vanderbilt Human
Heart Tissue Bank (http://www.vanderbilthealth.com/cardiovascular/23792); the most
mature entity is the pediatric Heart Centre Biobank at the Hospital for Sick Children in
Toronto (http://www.heartcentrebiobank.ca/home/index.php). However, despite the
increasing number of human heart tissue banks being established, a specific, practical
“instruction manual” outlining each of the required elements of a successful biobank replete
with regulatory considerations, specific infrastructure recommendations, as well as pitfalls
and problems to avoid, does not exist.

Background
Heart failure, with a prevalence of up to 10% in those over the age of 65, is a leading cause
of hospitalization and death.9 The physical and economic costs are staggering; it is the one
notable heart disease that is increasing in incidence, morbidity and mortality without
effective means for preventing or reversing end-stage deterioration of cardiac function. The
only options for patients with end-stage heart failure who are no longer responsive to the
disease-mitigating effects of medical therapies are orthotopic heart transplantation or
implantation of a ventricular assist device (VAD). As alluded to above, we now know more
about cardiac physiology at the cellular and molecular levels in the mouse, rat, rabbit and
dog than we do in humans. Furthermore, our understanding of the pathophysiology of heart
failure in humans is incomplete. Therefore, we and others have come to realize that progress
in understanding human heart failure to improve diagnosis, risk stratification and therapeutic
strategies demands direct investigation of the molecular underpinnings of adverse structural,
electrophysiological and mechanical remodeling during the progression of heart failure in
human hearts. For this reason, we established the TCBR for procurement and storage of
cardiac tissue for subsequent molecular, biochemical and electrophysiological analyses as a
means for facilitating translational research in end-stage cardiac disease.

Getting Started (Technical Logistics)
Recruiting and Retaining the Team

The potential of cardiac tissue banking has long been recognized. Indeed, cardiac tissue
banking efforts at Washington University School of Medicine and Barnes-Jewish Hospital
were pioneered by Dr. Joseph Rogers and colleagues in 1993.10,11 Subsequently and
independently, Dr. Igor Efimov in the Department of Biomedical Engineering in the School
of Engineering and Applied Science and Dr. Nader Moazami in the Division of
Cardiothoracic Surgery at the School of Medicine began, in 2008, to collect both explanted
hearts at the time of transplantation and nonfailing donor hearts (declined for use in
transplantation). Importantly, Drs. Efimov and Moazami studied the electrophysiological
properties of viable human tissues, within minutes of explantation, characterizing
differences in the properties of non-failing and failing human hearts directly.12–21

Despite these individual efforts, establishment of the type of resource that researchers need
for current, state-of-the-art investigations into subtle disease phenotypes, expression,
progression and treatment requires much more. Perhaps most importantly, standard
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operating procedures need to be established, tissues collected need to be archived with
detailed clinical histories, treatments and diagnostic test results, and collected tissues need to
be integrated with acquired experimental data in accessible, readily queryable databases for
interrogation by investigators. In developing the TCBR, we have prioritized cardiac
biobanking efforts to include rigorous patient consenting that allows for inclusion of
extensive clinical data in the tissue repository and the sharing as well as analysis of genetic
material in addition to the establishment of standardized sample handling procedures to
ensure that the maximum potential of this biorepository will be realized.

Setting up the Infrastructure
Elements of the infrastructure that are required for integrated cardiac tissue banking are
listed in Table 1. The literature and web contain excellent documentation detailing several
aspects of biobanking infrastructure.6–8,22 In our experience, the single most critical and
challenging factor requisite for the ongoing success of live cardiac tissue procurement (for
both immediate study and consistent biobanking) is the recruitment and retention of trained,
reliable and willing tissue collectors. The surgical cases often take place after hours, in the
middle of the night and on weekends and holidays. If teams of trained staff members are not
available 24/7 to collect tissue, too many cases will be missed, and busy transplant
coordinators will lose interest in calling and/or paging people who do not respond in a
timely manner or are not properly prepared. The one other element that is challenging and
requires a great deal of time, thought and advanced planning is archiving and annotation of
samples (see below).

IRB Approval Issues
Each institution has its own Institutional Review Board (IRB) with staff members who can
guide investigators through the procedures for obtaining protocol approval. As a general
practice, we have chosen to limit the number of team members with full access to Protected
Health Information (PHI) to minimize the risk of breaches in patient confidentiality. Aside
from the physicians and nurse coordinators with patient contact, only three (out of ~20) team
members who are responsible for annotation of the clinical databases have access to PHI.
Thus, notification and communications sent to tissue collectors does not contain PHI.

In addition to the TCBR having an approved IRB protocol, each investigator interested in
accessing TCBR tissue and data resources must have an approved IRB protocol. Individual
investigator IRB protocols are “linked” to the TCBR protocol so that users can apply for a
Waiver of Consent asserting that the TCBR is responsible for patient consenting; these
protocols can then be submitted for expedited review. Tissue specimens are disbursed by the
TCBR to end users either coded or fully anonymized, dictated by each user’s specific IRB-
approved protocol. This procedure required advanced planning to establish protocols, for
example, for (1) “parent” and “derivative” tube labeling, (2) coding and maintenance of
code keys, (3) aliquoting to avoid freeze/thaw cycles, and (4) tube labeling of disbursed
tissues. Importantly, expedited review and usage of coded or anonymized tissue does not
preclude access to important clinical information. We routinely disburse tissue with relevant
clinical information that has been fully “scrubbed” of all PHI.

Provisions for usage of tissue for genetic testing and research should be written explicitly
into the IRB protocol. At present, DNA is not included as one of the 18 PHI identifiers.
However, public understanding and perceptions,23–25 conventional wisdom, scientific
breakthroughs, scholarly ethical considerations,26 requirements of funding organizations and
federal regulations each exhibit flux in ever changing social and regulatory environments.
Therefore, working committees that include scientists, ethicists and lay people charged with
incorporating scientific advances, public sentiments, and thoughtful evaluation of medical/

Yamada et al. Page 3

Clin Transl Sci. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



legal/ethical issues should meet regularly to address and update policies pertaining to usage
(and sharing of information obtained therefrom) of participants’ DNA, particularly as
codified governance of biobanks does not currently exist. In addition, the issue of data
sharing by other investigators or third parties should be covered explicitly in each
investigator’s IRB protocol. Finally, potentially thorny issues related to large aggregated
databases, international collaborative research and interoperability of sample and data
management should also be considered during IRB protocol development and explicitly
addressed if applicable.27–30

Obtaining Informed Consent
Obtaining informed consent from patients is a time-consuming process (our 10-page
Informed Consent Form takes ~45 min to review with each patient and their family) that is
best done by highly trained nurse coordinators who meet regularly with the physicians
involved in surgical decision making. It is also best done by nurses with whom the patients
are familiar (e.g. from outpatient clinic visits) and have developed a relationship of trust.
Our IRB-approved protocol contains provisions for assessing the capacity of participants to
give informed consent, such as in the case of a mentally and/or physically impaired adult
patient; consent in such cases is obtained from a Legally Authorized Representative (LAR),
and may allow for collection of tissue from patients who are too sick before cardiac surgery
to provide the assent that they otherwise would have given. The NIH has useful information
pertaining to individuals with questionable capacity to consent (http://grants.nih.gov/grants/
policy/questionablecapacity.htm). Children are a special cohort of participants from whom
assent should be obtained whenever possible, even when a parent or legal guardian has
given consent.

Several studies have addressed public understanding, perceptions and concerns regarding
tissue donation and biobanking.23,24 Some individuals may not immediately grasp or
appreciate the ramifications of participation in large biobanks and repositories. Consent
from participants whose data will be included in the formation of aggregated databases and/
or used by other investigators not involved in the original study must be obtained.

Tissue Procurement
Considerations for optimal tissue procurement and handling have been delineated in several
publications.5–8 Timely harvesting, accurate documentation of the regional and structural
origins of the tissue and uniform processing are critical. Failure to standardize these
practices may preclude use by investigators as well as reliability of the scientific results
obtained. These issues are both relevant and challenging during acquisition of viable cardiac
tissue samples. Appendix 2 contains one of the TCBR protocols for sample acquisition that
includes tissue dissection and processing and illustrates our approach. Over the past two
years, we have collected 220 cardiac samples including tissue from 110 VAD cores, 63
explanted hearts (18 from which we had collected a VAD core previously) at the time of
transplant, and 47 donor hearts deemed unsuitable for transplant. The latter samples have
been obtained in collaboration with Mid-America Transplant Services (MTS), a private, not-
for-profit organ and tissue procurement organization. MTS is located 2.2 miles from
Washington University Medical Center. Our tissue collectors procure cardiac tissue in the
MTS operating room (OR), adhering strictly to TCBR protocols that are identical to those
used in the Barnes-Jewish and St. Louis Children’s Hospitals ORs at Washington University
Medical Center. Tissue is obtained as soon after excision as possible from the scrub nurse
(at Barnes-Jewish or St. Louis Children’s Hospitals) or surgeon (at MTS), processed
(carefully dissected mindful of anatomy, frozen, preserved, or fixed) immediately, generally
within 5 minutes, in the OR, then transported back to the TCBR for immediate use in
physiology experiments, further processing, archiving and storage. Although other sources
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of non-diseased cardiac tissue, such as the National Disease Research Interchange (NDRI)
and the Cooperative Human Tissue Network (CHTN), exist, the collection and processing of
non-diseased tissues using the same protocols as those used for the diseased samples allows
one to control collection protocols (for future comparisons with diseased samples) and to
minimize variability that might adversely, or inconclusively, affect tissue quality (discussed
further below). In addition, local tissue acquisition from a private, not-for-profit organ and
tissue procurement organization, such as MTS, also makes it possible to obtain clinical (e.g.,
echocardiographic, catheterization, electrocardiographic, etc.) information about the
function of the donor heart, information that may be important and useful in analyzing and
interpreting acquired data.

Establishing Standardized Tissue Handling Protocols
Detailed procedures for tissue procurement, processing, storage and archiving have been
developed in the TCBR in consultation with the Washington University Siteman Cancer
Center Tissue Procurement Core Facility. One of the most important considerations driving
tissue handling protocol development is determination of how banked tissue will ultimately
be used. This will inform the most often requested tissue samples and processing methods to
be adopted for most efficient biobank operations. Generally, most biobanking includes fresh
freezing, fresh preservation (e.g. in RNAlater) and fixation (e.g. with formalin); however,
more recent assays (e.g. for epigenetic marks) may require development of specific freezing
or preservation buffer protocols. For example, freezing may entail freeze-clamping in liquid
nitrogen-cooled spatulas or clamps or timed freezing in 2-methylbutane cooled to −50°C in
a controlled freezing unit depending on assay requirements (e.g. for protein, metabolomics,
DNase1 hypersensitivity, etc.). After determining end-user requirements, it is also
recommended that each biobank perform validation studies to maintain quality
assurance.5,6,29,31,32 Another consideration pertains to blood collection. Depending on what
the end user will assay (e.g. DNA, labile proteins, small molecules, specific biomarkers,
etc.), different types of blood collection tubes (e.g. containing EDTA or citrate, serum
separator, etc.) and blood processing protocols (within 30 min, after at least 30 min, no
longer than 4 hr, etc.) may apply. It should be noted here that variations in protocols
pertaining to blood (and possibly tissue) acquisition may be required, for example, for
pediatric donors due to limited allowable blood draw volumes.

To insure sample integrity, all tissue specimens in the TCBR are kept in locked freezers/
refrigerators to prevent tampering, and are monitored with an Accsense on-line temperature
and power monitoring system. Finally, we in the TCBR never lose track of the paramount
importance of patient care before, during and after each surgical procedure. Our collection
protocol includes provisions for submission of tissue to surgical pathology for every
explanted heart acquired in the Barnes-Jewish and St. Louis Children’s Hospital ORs.

Archiving and Annotation
Archiving and annotation require substantial thought and effort in order to accomplish
effective integration of the tissue stores and their accompanying clinical information.
Obviously, an accurate record of all samples, derivatives, and associated clinical
information, including PHI, must be kept and safeguarded. Various electronic record
systems are available. In the TCBR, we utilize two fully integrated web-based applications,
ClinPortal and caTissue, developed by the Center for Biomedical Informatics at Washington
University. ClinPortal is a Linux-based clinical studies data management system utilizing a
secure Oracle database on the back-end. Its graphical web-based application front-end
ensures that all required staff members can easily view and/or enter each patient’s clinical
data given specified permissions. caTissue is part of the NCI’s Cancer Biomedical
Informatics Grid (caBIG), a biospecimen informatics system that contains a virtual
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repository that mirrors the TCBR physical repository and allows us to track the collection,
storage, quality assurance, queries, and distribution of our specimens.

One of the most important and time-consuming activities of biobank quality control is the
entering and validation of clinical information associated with each tissue sample. The
ClinPortal application contains a series of “forms” or web pages to which TCBR data entry
specialists with clinical proficiency add relevant information obtained from each patient’s
electronic medical record. The forms were developed (by AYP, GAE, DLM and KAY) after
months of surveying users regarding what information would best enhance (for publication)
experimental and translational studies generated from TCBR tissue usage, deliberating over
consistent and unambiguous wording, and accessing real medical records to gain experience
with data extraction. We found that it is surprisingly challenging to come up with forms that
can be populated by the data entry specialists quickly and consistently. For example, it is
difficult to extract duration of heart failure without searching through many physicians’
notes, and if found, it may still be difficult to determine when heart failure was first
diagnosed and further, if it is of ischemic, nonischemic or mixed origin. A second example
is that it is difficult to extract systematic information on medications due to variable and
sometimes indeterminate initiation and duration of medical therapies, particularly those that
are frequently changed and (doses) fine-tuned in sick patients. Even objective measures
obtained from echocardiography or cardiac catheterization reports are sometimes incomplete
and are taken at widely variable times before tissue acquisition. Thus, the best annotation
would be possible if one were to design forms for data input and then review those forms
with the practicing physicians to request that the specified data be obtained consistently and
prospectively. Appendix 3 contains a list of input variables presently extracted from patient
records by the TCBR. This list does not contain the full contingent of clinical parameters
collected from our patients (e.g. in the INTERMACS Database for Durable Devices for
Circulatory Support), rather the minimum we have deemed important to document and be
appended to each tissue sample acquired.

Maintenance of the Repository
Financial Support for Operations

We initially obtained pilot funding from the Washington University Institute of Clinical and
Translational Sciences, supported by a Clinical and Translational Sciences Award from the
National Institutes of Health, and the Cardiovascular Division of the Department of Internal
Medicine at Washington University School of Medicine. Additional funding was
subsequently obtained from the Children’s Discovery Institute, a partnership between St.
Louis Children’s Hospital and Washington University School of Medicine, to make it
possible to expand our efforts to include the acquisition of tissue samples from pediatric
patients. In addition, we are continually seeking additional outside sources of funding for
this resource, particularly from the National Institutes of Health which has developed
funding opportunities (for example, the R24 and U42 funding mechanisms) for the
development and operation of research infrastructure and resources.

TCBR users are charged nominal fees at the time of tissue disbursement. However, this fee
is trivial in relation to the real costs involved in the acquisition, processing, storage and
distribution of tissue samples and accompanying clinical data. Cost-recovery models of
biobanks require substantial leveraging and volume (building scale as well as a variety of
functions/services) for sustainability.33 We have begun to build scale in the TCBR in terms
of data expansion efforts, and will charge fees for access to the data repository as well.
Nevertheless, large-scale leveraging and volume are more difficult for smaller institutional
(as opposed to national, multi-organizational public-private partnership) biobanks to
attain.33 As is the case with the TCBR, billable services alone cannot support ongoing
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biobanking efforts, and the general consensus is that some level of institutional commitment
is required for long-term sustainability.3,8

Protection of Patient Confidentiality
The protection of confidentiality of every participant in every research protocol is of the
utmost importance. Typically this is accomplished through one of two methods: coding or
anonymization. While the latter is absolute in the sense of severing tissues from their source
and accompanying clinical identifiers and thus is safer for protecting participant
confidentiality, it is far more restrictive and does not allow users to later retrieve sample
information or associated clinical data. In addition, due to the ever expanding capabilities of
DNA and RNA sequencing and the resulting sequencing data sets that can be mined with
sophisticated bioinformatics tools, it will be increasingly difficult to ensure enduring
anonymity.27,34,35 It seems clear, therefore, as suggested above, that, although DNA is
currently not classified as PHI, it should be protected as such. Furthermore, the very premise
of an integrated biobank assumes that tissue disbursement and data sharing will occur, thus
compounding the risk of breach of confidentiality, and rigorous safeguards must be adopted
to minimize such risk. In the TCBR, we minimize the number of individuals who have
access to coding identifiers which are kept on a secure password-protected university-
networked server behind firewall protection. Any hard copies of TCBR specimen files are
kept in one of two offices behind double lock-and-key.

Follow-up/Web Presence
Every participant retains the right, at any time, to withdraw from the biobank/study. Upon
such a request, any remaining tissue would be destroyed and disposed of. Per the TCBR
IRB-approved protocol and Informed Consent Forms, participants will not be given
individual feedback on any results of experimentation or testing done on tissue samples
provided. However, ongoing communication with study participants in the form of updates
and advances posted on biobank websites or reported in biobank newsletters is an excellent
means for maintaining public interest and enthusiasm for tissue donation and study
participation25 as well as reminding participants of their right to withdraw from the biobank/
study. This has become an ethical and logistical issue pertaining to the involvement of
minors, whose parents gave permission for enrollment in a study, but who may no longer
wish to participate.

Tissue Use and Disbursement
Application for Services/Advisory Committee

Archived human tissue samples housed in a biobank are a finite resource and some (e.g.
paired VAD and explant) tissue samples are expected to be more sought after than others.
We have established an independent Advisory Committee consisting of four faculty
members from four different Departments on the Washington University Medical and
Danforth (Arts & Sciences) campuses which receives every application for request for tissue
samples. This committee, which includes a statistician, is responsible not only for approving
applications based on scientific merit of the proposed study and tissue usage but also for
adjudicating any conflicts that may arise in the course of distributing a finite, limited
resource.

Experimental Considerations
One unique aspect of the TCBR is that our top priority for tissue acquisition is immediacy
(in addition to consistency and standardization) of collection. Every heart (both failing
hearts collected in the Barnes-Jewish or St. Louis Children’s Hospital ORs and nonfailing
hearts collected in the MTS OR) are cold-cardioplegically arrested via direct perfusion
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through the coronary arteries for preservation during subsequent processing and transport.
This allows for high quality physiological studies to be performed,12–21 including isolation
and investigation into the cellular physiology of human cardiac myocytes.

Another unique aspect of the TCBR is our ability to collect and store tissue from nonfailing
hearts to be used as “control” samples in experimental studies. As stated above, these donors
hearts are procured after they have been declined for use in transplants (for a variety of
reasons including age, poor systolic function, evidence of coronary artery disease, etc.) and
MTS has obtained consent for each heart to be donated for research purposes. Interestingly,
after rigorous examination of ECGs, echocardiography reports and/or catheterization data,
we have determined that there is a substantial amount of cardiac disease in many donors
who have died of non-cardiac causes. Documentation and awareness of moderate to severe
heart disease or dysfunction in donors whose tissue might otherwise be used as nonfailing
“controls” may avoid inclusion of tissue samples, in experimental studies, that are likely to
confound interpretation of results obtained. Certainly hearts and samples acquired from
donor sources without detailed patient histories and clinical data should not be assumed to
be normal tissue.

Data Repository
As is true with many biorepositories, only a fraction of the total collection of tissues will
ever be utilized; some sources cite <5%.22 We have come to the realization that perhaps
even more important and far-reaching than preserving precious tissue samples will be the
collection and availability through a data repository of experimental results that have been
obtained by various investigators using TCBR tissue samples. Recent RNAseq analyses of
RNA remodeling in failing hearts pre- and post-VAD treatment, compared to nonfailing
controls,36 illustrates this point, as the gold mine of data produced by these analyses will
become available through the TCBR to investigators who might not otherwise have access
to these types of samples or sample analyses. Similarly, future unique and powerful datasets
derived from TCBR-enabled studies will also be deposited in the TCBR data repository. We
see the legacy of the TCBR as contributing rigorously obtained experimental results that will
facilitate further translational studies that were unimaginable at the time the tissues in our
biobank were collected.

Conclusions
Cardiac tissue biobanking has the potential to have a considerable, widespread impact on
translational research in the area of heart disease. Although numerous resources are now
available to guide those wishing to establish or utilize an integrated cardiac biobank, several
critical elements of the requisite infrastructure cannot be overemphasized. These include:
recruitment and retention of trained, dedicated personnel to collect, process and archive
collected specimens; organization, foresight and patience to negotiate the regulatory and
compliance jungles, to set the priorities for optimal operational efficiency and to acquire
financial support; and commitment to a vision that focuses on the lasting contributions of/
from the biorepository to the cardiovascular research community.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Infrastructure Elements of an Integrated Cardiac Tissue Biobank

1. IRB approval; Informed Consent Forms

2. Nurse coordinator or other staff for patient consenting (7)

3. Surgeons for tissue excision (5)

4. Teams of tissue collectors with after-hours access to ORs (6)

5. Advisory or Oversight Committee (4)

6. Standard operating procedures and written protocols for notification (Appendix 1)

7. Standard operating procedures and written protocols for tissue handling (Appendix 2)

8. Standard operating procedures and written protocols for pathological specimens

9. Physical space for tissue handling and storage

10. Equipment: dedicated freezers, temperature monitoring system, refrigerators, centrifuges, computers

11. Consumables: personal protective equipment, surgical instruments, tubes and racks, liquid nitrogen, RNAlater, formalin, glutaraldehyde,
other

12. Training and compliance requirements: Human Subjects Research (e.g. Collaborative Institutional Training Initiative or CITI); Health
Insurance Portability and Accountability Act (HIPAA); OSHA Bloodborne Pathogen Standard; TB testing; hepatitis B vaccination; OSHA
Hazard Communication Standard; Hazardous Research Materials/Carcinogens Protocol, Hazardous Waste Disposal; Biohazard Waste
Disposal; US DOT Hazardous Materials Regulations (for shipping)

13. Archiving system: databases, labeling, approval/access to Protected Health Information (PHI) for annotation

Numbers in parentheses are number of TCBR staff members currently involved in activity.

IRB, Institutional Review Board

OR, operating room

OSHA, Occupational Safety and Health Administration

SOP, standard operating procedures

TB, tuberculosis

US DOT, United States Department of Transportation
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