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Stephanie Y. Crawford, PhD, MPH, Professor and Associate Head, Department of Pharmacy Systems, Outcomes and Policy and 
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Abstract 
Most published reports of patient safety in clinical practice focus largely on the culture of safety in complex health systems, separate 
from pre-approval and postmarketing research-related safety considerations for drugs, biologics, and other medical products. The 
science of safety requires a linked integrated perspective, i.e., an iterative process examining and relating safety concerns from drug 
or biologic discovery and development in preclinical stages, clinical trials and post-market use, research, surveillance, and potential 
regulatory changes. This commentary addresses the science of safety across the lifecycle of drug and biological products, regulatory 
considerations, barriers, and research needs. This paper provides a brief overview on how the functioning of healthcare systems 
affects the safety environment and describes how stakeholder involvement, research participation, and targeted education and 
training can help facilitate better safety measures and practices, provide improved quality of care to patients, and contribute to the 
science of safety. 
 
 
Science of Safety along the Lifecycle  
The emerging concept of the science of safety is new to most 
pharmacists, physicians and other clinicians.  Our 
conceptualization of the science of safety for medication use 
is envisaged as a linked and iterative process along the 
lifecycle of prescribed drugs and biologics in Figure 1.1-17 The 
distinguishing feature of the science of safety is its all-
encompassing, systematic lifecycle approach to drug safety, 
rather than focusing on separated knowledge spheres. 
Combined efforts in the science of safety are needed to 
decrease adverse drug events -- both serious adverse drug 
reactions and medication errors.18  
 
The science of safety for medication use aims at methods to 
prevent adverse events by targeting use of specific agents for 
patients in whom benefits are maximized over risks and 
identifying safety concerns quickly.2,3,16 Across the lifecycle of 
drugs, the framework of the science of safety incorporates 
advances in toxicology screenings, pharmacogenetics, and 
pharmacogenomics with the envisioned goals of effective 
treatment and reduced drug toxicity in providing 
personalized medicine to diverse patient populations. The 
science of safety includes disease awareness of molecular 
medicine (recognizing promising therapeutic benefits and 
adverse risks) and novel methods of signaling, data mining 
and analysis for drug/biologic safety.14  It enables hypothesis 
generation about the existence and causes of safety problems 
and exploration of genetics and biomarkers that may help 
promote individualized drug treatment regimens.14,16,19 The  
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science of safety calls for a transformational, team-oriented,  
multidisciplinary approach in delivering high quality of care 
and improving patient safety. This involves preclinical and 
clinical studies, regulatory review, postmarketing 
surveillance, and risk management. The science of safety also 
considers human factors, organizational cultures, informatics, 
and clinical practices and communications that help guide 
clinical treatment, regulatory decisions, and research through 
effective communications, programs, and processes.2,6,10,12,14  
 
Since the 1999 publication of To Err is Human by the Institute 
of Medicine (IOM),20 progress in achieving safer healthcare 
systems has been noted 5-years,21,22 10-years,23,24 and 15 
years25 following the landmark report. Progressive awareness 
of patient safety considerations is increasingly conceptualized 
through a “total systems approach” involving providers and 
engaged consumers, rather than less deliberative piecemeal 
interventions.25,26 Despite efforts such as root cause analysis 
in healthcare systems and implementing interventions to 
reduce risks, occurrence of sentinel adverse events persist. 
The initiatives and goals proposed by IOM in 1999 are 
commendable although the healthcare system has lacked 
strategic models and tailored mechanisms to achieve them.21 

The concept of the science of safety is not necessarily 
individually driven but involves a system driven approach to 
bring about changes in the current healthcare system and 
implementation of new health quality forums. Tremendous 
impact of transformative change could be witnessed when 
the concept is viewed by a single vision with the prime 
motives of patient safety and better quality care.1,6  

 
Drug approval and regulation 
In drug and biological product approval and postmarketing 
surveillance efforts, the U.S. Food and Drug Administration 
(FDA) determines safety and effectiveness. The Agency also 
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considers optimal trade-offs with respect to access, risk, and 
value in product use for labeled indications in specified 
populations. The FDA Amendments Act of 2007 (FDAAA)27 
provided mechanisms for more resources to facilitate the 
science of safety across the lifecycle of drugs, biologics and 
devices.11 Implementation of Title IX of FDAAA on March 25, 
2008 enhanced FDA’s authority in post-market drug safety 
initiatives including expanded Risk Evaluation and Mitigation 
Strategies (REMS), postmarketing studies/clinical trials and 
surveillance, and safety-related labeling changes.28-30 REMS 
plans (updated list available online31) allow drug/drug classes 
or biologics with serious safety risks to be approved for 
marketing or to remain available on the market for patients 
who could benefit from them. Implementation and 
management of REMS, specifically those with Elements to 
Assure Safe Use (ETASU), can exact a burden on healthcare 
practitioners due to the lack of standardization and time-
consuming nature of the requirements.29 ETASU include 
training or specific certification of prescribers; certification of 
pharmacists or other practitioners and/or pharmacies or 
other dispensing sites; restricted dispensing outlets; 
dispensing under conditions of safe use such as required 
laboratory testing; patient monitoring; and/or enrollment of 
each patient in a registry. Stakeholder feedback regarding 
experiences with REMS/ETASU and associated challenges is 
encouraged by FDA and would build upon the iterative 
science of safety process. 
   
FDA plays an important role in mitigating medication risks 
and identifying risks for preventable errors that can occur at 
any point in the complex U.S. healthcare system.14 
Stakeholder involvement is crucial as it increases 
transparency and communication32 and helps maintain 
scientific integrity and credibility. Stakeholders also help 
disseminate information produced through research, and 
their role towards science of safety is illustrated in Figure 2. 
The Agency’s intersection with the industry, healthcare 
providers, and other governmental public health agencies 
help enable FDA to facilitate this collaborative process. 
Examples of stakeholders for FDA in the science of safety 
include:  

 
• pharmaceutical industry; federal agencies, such as the 

Drug Enforcement Administration (DEA), the Agency for 
Healthcare Research and Quality (AHRQ), the Centers 
for Disease Control and Prevention (CDC), and the 
Centers for Medicare and Medicaid Services (CMS);  
healthcare professionals and their professional 
societies; patients and patient advocates (including 
consumer groups), and others.  

 
 
 

Healthcare Systems 
Transitioning to safer healthcare practices requires that 
healthcare practitioners understand the challenges faced in 
complex healthcare environments, human factors 
contributions to adverse events, qualities of “high reliability 
organizations” and other resources for patient safety.33 With 
the escalating demand to ensure safety, quality, efficacy and 
efficiency, it becomes essential for interdisciplinary 
healthcare teams to collectively share the common goal of 
patient safety.34,35 Problematic professional relationships and 
communication gaps among health professionals have an 
impact on the quality of care provided.36-38 For example, in 
physician-nurse interactions, doctors tend to perceive good 
working relationships more often than do nurses, possibly 
due to lack of understanding about challenges nurses face in 
hierarchical system roles.36 Inadequate collaboration and 
communication is also seen between physicians and 
administrators, as well as physicians and pharmacists. When 
provided with access to data-rich environments (e.g., 
electronic medical records) and identifying preferred contact 
modes (e.g., fax, telephone, electronic) and times, 
pharmacists are better enabled to communicate effectively 
with physicians and others.39 Collaborative support for 
improved communications is needed across three levels -- 
individuals, healthcare teams and organizations (leadership 
and culture).40  Embedment of an interdisciplinary approach 
into the healthcare system can raise awareness of the value 
of cooperative teamwork and application of consistent 
patterns among health professionals to achieve positive 
patient outcomes.34,35,37 
 
More research is needed to evaluate the impact of 
socialization on healthcare work environments and quality of 
care provided to the patients.36 Effective patient-provider 
communications results in improved patient knowledge, 
adherence, satisfaction, and safety, as well as reduced 
healthcare costs.41-43 Recommendations for patient-centered 
communications are readily available,44-46 including resources 
for communicating with patients about harm.47 Despite 
strong evidence on the benefits of patient engagement in 
healthcare decisions, the practice is not mandated or perhaps 
not yet followed to a large extent in healthcare systems.48  
 
Education and Training 
Momentum is building on the need to contemporize health 
professions education and related training programs to meet 
changing population needs and prepare students in efforts to 
emphasize quality and safety, decrease errors, and utilize 
evidence-based practices and health informatics.5,49  Little is 
known on a nationwide basis about the extent of curricular 
incorporation of methods to decrease adverse events and 
improve patient safety in health professions degree 
programs.4,50,51 Descriptions of curricular aspects of patient 



Commentary PRACTICE-BASED RESEARCH 
 

http://z.umn.edu/INNOVATIONS                           2016, Vol. 7, No. 3, Article 2                        INNOVATIONS in pharmacy   3 

 
 

safety, error reduction, and quality improvement for 
individual programs are published in regard to undergraduate 
medical education,4,12,52,53 postgraduate medical training,54-56  
nursing education,33,50,57,58 pharmacy education,9,59-62 and 
interdisciplinary health education.34,63 Efforts directed toward 
integration of concepts supporting the culture of safety and 
the science of safety should involve raising awareness and 
expanding offerings, rather than major curricular revision.1 
Education and training about postmarketing surveillance, 
pharmacoepidemiology, and FDA’s role in product safety and 
adverse event reporting should be advocated.64-66  

 

The American Association of Colleges of Pharmacy (AACP) 
and FDA partnered to determine the 2010 baseline status on 
integration of the science of safety in professional degree 
curricula for pharmacy students.17,67 Findings demonstrated 
that curricula in colleges of pharmacy provided aspects of the 
science of safety, though gaps exist.17 Didactic learning and 
experiential teaching strategies can help pharmacy students 
understand the complexities involved in real-world 
environments and need for safety design considerations for 
risk identification, assessment and mitigation. To foster 
awareness of safety concerns and knowledge dissemination 
learned from adverse event reporting, novel teaching 
strategies should be incorporated in health professions 
education to help prepare students for the challenges they 
will face in practice.65 Relevant continuing education and 
lifelong learning are paramount for healthcare practitioners 
to keep knowledge and skills up-to-date. The IOM 
recommended all practicing clinicians demonstrate continued 
competency through periodic assessments.5 
 
Research 
Research programs on drug safety have focused primarily on 
sick individuals with respect to treatment of disease 
processes. New paradigms necessitate the need for enhanced 
safety considerations for both healthy subjects and patient-
subjects in research processes as novel drugs are evaluated 
for outcomes on cognitive functioning, impact on major 
organ systems, and health-related quality of life.19 
 
Improved and validated, clinically-appropriate metrics are 
needed to measure adverse drug events, which rank among 
the leading causes of iatrogenic harm to patients.68 
Development of a common hazard taxonomy in management 
and risk identification methods such as root cause analysis 
(RCA), failure modes and effects analysis (FMEA) or 
situational briefing models can help prevent the hierarchical 
structure of an organization from impeding its ability to 
achieve better patient safety models.38,61,69-71 The AHRQ 
addressed evidence–based patient safety strategies through 
commissioned reports in 200172 and updated 2013,73 with 
strong encouragement for adoption. More research is needed 

to effectuate implementation of evidence-based safety 
practices, build new tools to assess safety measures, and 
disseminate knowledge among healthcare professionals, 
payers, patients, and other audiences.74-76  

 
Through the Institute for Safe Medication Practices (ISMP) 
Medication Error Reporting Program, MedWatch, FDA 
Adverse Event Reporting System (FAERS), related vaccine 
error reporting programs or other mechanisms, healthcare 
professionals and consumers can voluntarily report adverse 
events associated with drugs, biologics, and medical 
devices.13,14  The pharmaceutical industry is mandated to 
report adverse drug events to FDA.77 Review and research on 
nationally-reported adverse events can identify causes and/or 
contributory safety concerns, strengthen monitoring, and 
generate recommendations and policies to prevent future 
occurrence. 

 
Barriers to the Implementation of Science of Safety 
Individual barriers such as poor communication abilities and 
inadequate knowledge about pharmacovigilance, error 
reporting, or research processes obstruct efforts to improve 
the science of safety.78-80 Lags in timely reporting and 
dissemination of evidence-based patient safety practices 
impede efforts to develop safer healthcare systems.81 Lack of 
information technology, insufficient standardization in error 
definition, insufficient staffing, and limited access to clinical 
data are recognized as system barriers that impede delivery 
of quality of care to patients. Culture of blame in healthcare 
systems and fear of punishment deter error reporting, 
representing additional barriers in developing the science of 
safety.33,82  While increased attention is directed to the 
science of safety regarding prescription drug products and 
biologics, less stringent regulations, oversight and evidence-
based practices exist for non-prescription drug products83 and 
compounded drug preparations.84 
 
Conclusion 
This paper describes the science of safety through a 
conceptualized process. It provides an overview on the 
lifecycle of drug/biologic approval and regulation and the 
roles played by diverse stakeholders in implementing better 
patient safety systems and measures. The need for ongoing 
education and training programs, as well as robust research, 
is underscored. This paper also emphasizes the need for 
collaborative, interdisciplinary care provision by health 
professionals and effective communications (within 
healthcare systems and via patient-provider interactions) to 
ensure optimal quality care. Collectively, these practices can 
reduce barriers and promote safer medication use. 
Developing a medication-use system based on the science of 
safety should be an aspirational goal to achieve exceptional 
levels of patient safety, quality care, and effectiveness.  
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Figure 1.  Science of Safety in Lifecycle of Drugs/Biologics 
 

 
 

The Science of Safety: A Lifecycle Approach 
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Figure 2. Major Stakeholder’s Role in the Science of Safety 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 



Commentary PRACTICE-BASED RESEARCH 
 

http://z.umn.edu/INNOVATIONS                           2016, Vol. 7, No. 3, Article 2                        INNOVATIONS in pharmacy   6 

 
 

References 
1. Alldredge BK, Koda-Kimble MA. Count and be 

counted: preparing future pharmacists to promote a 
culture of safety. Am J Pharm Educ. 
2006;70(4):Article 92. 

2. Clancy CM. Training health care professionals for 
patient safety. Am J Med Qual. 2005;20(5):277-279. 

3. Cohen MR, ed Medication Errors, 2nd ed. 
Washington, D.C.: American Pharmacists 
Association; 2006. 

4. Holmes JH, Balas EA, Boren SA. A guide for 
developing patient safety curricula for 
undergraduate medical education. J Am Med Inform 
Assoc. 2002;9(6 Suppl):S124-127. 

5. Greiner AC, Knebel E, eds. Executive summary of 
health professions education: a bridge to quality. 
Washington, D.C.: Institute of Medicine of the 
National Academies, the National Academies Press; 
2003. 

6. Institute of Medicine of the National Academies, ed 
Emerging safety science: workshop summary. 
Washington, D.C.: The National Academies Press; 
2008. Robinson S, Pool R, Giffin R, eds. 

7. Baciu AS, K., Burke SP, eds. The Future of Drug 
Safety: Promoting and Protecting the Health of the 
Public. Washington, D.C.: The National Academies 
Press; 2007. Baciu A, Stratton K, Burke SP, eds. 

8. Johnson JA, Bootman JL, Evans WE, et al. 
Pharmacogenomics: A scientific revolution in 
pharmaceutical sciences and pharmacy practice. 
Report of the 2001-2002 Academic Affairs 
Committee. Am J Pharm Educ. 2002;66:12S-15S. 

9. Johnson MS, Latis DA, Gordon B. Medication error 
instruction in schools of pharmacy curricula: a 
descriptive study. Am J Pharm Educ. 2002;66:364-
371. 

10. Morath JM, Turnbull JE, foreword by Leape LL. To do 
no harm, ensuring patient safety in health care 
organizations. San Francisco, CA: John Wiley & Sons, 
Inc.; 2005. 

11. Psaty BM, Vandenbroucke JP. Opportunities for 
enhancing the FDA guidance on pharmacovigilance. 
JAMA. 2008;300(8):952-954. 

12. Thompson DA, Cowan J, Holzmueller C, Wu AW, Bass 
E, Pronovost P. Planning and implementing a 
systems-based patient safety curriculum in medical 
education. Am J Med Qual. 2008;23(4):271-278. 

 
 
 
 
 

13. U.S. Food and Drug Administration. The future of 
drug safety: promoting and protecting the health of 
the public -- FDA's response to the Institute of 
Medicine's 2006 report. Jan 2007; 
http://www.fda.gov/downloads/Drugs/DrugSafety/P
ostmarketDrugSafetyInformationforPatientsandProv
iders/UCM171627.pdf. Accessed Sep 11, 2016. 

14. U.S. Food and Drug Administration. The Sentinel 
Initiative: a national strategy for monitoring medical 
product safety. May 2008; 
http://www.fda.gov/safety/fdassentinelinitiative/uc
m089474.htm. Accessed Sep 10, 2016. 

15. U.S. Food and Drug Administration. Key FDA critical 
path activities under way in 2007 Jun 2008; 
http://www.fda.gov/scienceresearch/specialtopics/c
riticalpathinitiative/criticalpathopportunitiesreports/
ucm077248.htm. Accessed Sep 10, 2016. 

16. von Eschenbach AC. Statement by Andrew C. von 
Eschenbach, M.D., Commissioner, Food and Drugs, 
Food and Drug Administration, before the 
Committee on Oversight and Government Reform, 
United States House of Representatives. 2007; 
http://www.fda.gov/NewsEvents/Testimony/ucm15
4019.htm. Accessed Sep 11, 2016. 

17. Holdford DA, Warholak TL, Malone DC, Murphy JE, 
Strum-West D, Bentley JP. A baseline evaluation of 
the integration of the "Science of Safety" into the 
curriculum of the Doctor of Pharmacy degree in U.S. 
colleges and schools of pharmacy: Final Report. 
Alexandria, VA: American Association of Colleges of 
Pharmacy; 2010: 
http://www.aacp.org/resources/research/Document
s/A%20Baseline%20Evaluation%20SOS%20Final.pdf. 

18. Crawford SY, Ying X. Adverse drug events. In: 
Mullner RM, ed. Encyclopedia of Health Services 
Research. Thousand Oaks, CA: Sage Publications, 
Inc.; 2009 32-36. 

19. Ray A. Beyond debacle and debate: developing 
solutions in drug safety. Nat Rev Drug Discov. 
2009;8(10):775-779. 

20. Kohn LT, Corrigan JM, Donaldson MS, eds. To Err is 
Human: Building a Safer Health System. Washington, 
D.C.: Institute of Medicine, National Academy Press 
1999. 

21. Leape LL, Berwick DM. Five years after To Err Is 
Human: what have we learned? JAMA. 
2005;293(19):2384-2390. 

22. Wachter RM. The end of the beginning: patient 
safety five years after 'to err is human'. Health Aff 
(Millwood). 2004;Suppl Web Exclusives:W4-534-545. 

 
 

http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM171627.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM171627.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM171627.pdf
http://www.fda.gov/safety/fdassentinelinitiative/ucm089474.htm
http://www.fda.gov/safety/fdassentinelinitiative/ucm089474.htm
http://www.fda.gov/scienceresearch/specialtopics/criticalpathinitiative/criticalpathopportunitiesreports/ucm077248.htm
http://www.fda.gov/scienceresearch/specialtopics/criticalpathinitiative/criticalpathopportunitiesreports/ucm077248.htm
http://www.fda.gov/scienceresearch/specialtopics/criticalpathinitiative/criticalpathopportunitiesreports/ucm077248.htm
http://www.fda.gov/NewsEvents/Testimony/ucm154019.htm
http://www.fda.gov/NewsEvents/Testimony/ucm154019.htm
http://www.aacp.org/resources/research/Documents/A%20Baseline%20Evaluation%20SOS%20Final.pdf
http://www.aacp.org/resources/research/Documents/A%20Baseline%20Evaluation%20SOS%20Final.pdf


Commentary PRACTICE-BASED RESEARCH 
 

http://z.umn.edu/INNOVATIONS                           2016, Vol. 7, No. 3, Article 2                        INNOVATIONS in pharmacy   7 

 
 

23. Clancy CM. AHRQ Patient safety: one decade after 
To Err is Human. 2009; 
http://www.psqh.com/analysis/september-october-
2009-ahrq/#. Accessed Sep 13, 2016. 

24. Interdisciplinary Nursing Quality Research Initiative. 
To Err is Human, ten years later. 2009; 
http://www.inqri.org/sites/default/files/TenYrsLater
%20FINAL.pdf. Accessed Sep 13, 2016. 

25. National Patient Safety Foundation. Free from harm, 
accelerating patient safety improvement fifteen 
years after To Err is Human. 2015; 
http://c.ymcdn.com/sites/www.npsf.org/resource/r
esmgr/PDF/Free_from_Harm.pdf. Accessed Sep 13, 
2016. 

26. Farley DO, Ridgely MS, Mendel P, et al. Assessing 
patient safety practices and outcomes in the U.S. 
health care system. Santa Monica, CA: RAND 
Corporation; 2009. 

27. Food and Drug Administration Amendments Act of 
2007. United States Code (2008) Public Law 110-85 
2007; http://frwebgate.access.gpo.gov/cgi-
bin/getdoc.cgi?dbname=110_cong_public_laws&doc
id=f:publ085.110. 

28. Axelrad JA. Drug safety initiatives at the Food and 
Drug Administration. Presentation to the 
FDA/Industry Conference sponsored by the School of 
Pharmacy at Temple University 2008; 
http://www.temple.edu/pharmacy_qara/pdf/confer
ence/Axlerad.pdf. Accessed Sep 9, 2016. 

29. Axelrad JA. Implementation of Title IX of FDAAA: 
REMS authorities. 2009; 
http://www.fda.gov/downloads/Drugs/DrugSafety/I
nformationbyDrugClass/UCM163674.pdf. Accessed 
Sep 11, 2016. 

30. U.S. Food and Drug Administration. Advances in 
FDA's safety program for marketed drugs. 2012; 
http://www.fda.gov/downloads/Drugs/DrugSafety/
UCM300946.pdf. Accessed Sep 12, 2016. 

31. U.S. Food and Drug Administration. Approved Risk 
Evaluation and Mitigation Strategies (REMS).  
http://www.accessdata.fda.gov/scripts/cder/rems/i
ndex.cfm. Accessed Sep 21, 2016. 

32. U.S. Food and Drug Administration. Food and Drug 
Administration Safety and Innovation Act (FDASIA) 
Section 1137: Patient participation in medical 
product discussions, report on stakeholder views. 
Jan 2016; 
http://www.fda.gov/downloads/ForPatients/About/
UCM486859.pdf. Accessed Sep 21, 2016. 

33. Barnsteiner J. Teaching the culture of safety. Online J 
Issues Nurs. 2011;16(3):5. 

 

34. Manasse HR. 2009 Rho Chi Lecture: Interdisciplinary 
health professions education: a systems approach to 
bridging the gaps. Am J Pharm Educ. 
2009;73(5):Article 90. 

35. O'Daniel M, Rosenstein AH. Professional 
communication and team collaboration. In: Hughes 
RG, ed. Patient safety and quality: an evidence-based 
handbook for nurses. Rockville, MD: Agency for 
Helathcare Research and Quality; Apr 2008. 

36. Bartunek JM. Intergroup relationships and quality 
improvement in healthcare. BMJ Qual Saf. 2011;20 
Suppl 1:i62-66. 

37. Leape L, Berwick D, Clancy C, et al. Transforming 
healthcare: a safety imperative. Qual Saf Health 
Care. 2009;18(6):424-428. 

38. Smith M, Bates DW, Bodenheimer TS. Pharmacists 
belong in accountable care organizations and 
integrated care teams. Health Aff (Millwood). 
2013;32(11):1963-1970. 

39. Guthrie KD, Stoner SC, Hartwig DM, et al. Physicians' 
Preferences for Communication of Pharmacist-
Provided Medication Therapy Management in 
Community Pharmacy. J Pharm Pract. 2015. 

40. The Victorian Quality Council. Promoting effective 
communication among healthcare professionals to 
improve patient safety and quality of care. 
Melbourne, Victoria: Hospital and Health Service 
Performance Division, Victorian Government 
Department of Health;Jul 2010. 

41. Institute for Healthcare Communication. Impact of 
communication in healthcare. Jul 2011; 
http://healthcarecomm.org/about-us/impact-of-
communication-in-healthcare/. Accessed Sep 13, 
2016. 

42. Ha JF, Longnecker N. Doctor-patient communication: 
a review. Ochsner J. 2010;10(1):38-43. 

43. Prakash B. Patient satisfaction. J Cutan Aesthet Surg. 
2010;3(3):151-155. 

44. The Joint Commission. Advancing effective 
communication, cultural competence, and patient- 
and family-centered care: a roadmap for hospitals. 
2010; 
https://www.jointcommission.org/assets/1/6/ARoad
mapforHospitalsfinalversion727.pdf. Accessed Sep 
14, 2016. 

45. Smith H, Pietrzyk A. Annotated bibiolgraphy on 
patient-provider communication.  
http://www.patientprovidercommunication.org/bibl
iography.htm. Accessed Sep 13, 2016. 

46. Landro L. The talking cure for health care. The Wall 
Street JournalApr 8, 2013. 

 

http://www.psqh.com/analysis/september-october-2009-ahrq/
http://www.psqh.com/analysis/september-october-2009-ahrq/
http://www.inqri.org/sites/default/files/TenYrsLater%20FINAL.pdf
http://www.inqri.org/sites/default/files/TenYrsLater%20FINAL.pdf
http://c.ymcdn.com/sites/www.npsf.org/resource/resmgr/PDF/Free_from_Harm.pdf
http://c.ymcdn.com/sites/www.npsf.org/resource/resmgr/PDF/Free_from_Harm.pdf
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_public_laws&docid=f:publ085.110
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_public_laws&docid=f:publ085.110
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_public_laws&docid=f:publ085.110
http://www.temple.edu/pharmacy_qara/pdf/conference/Axlerad.pdf
http://www.temple.edu/pharmacy_qara/pdf/conference/Axlerad.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/InformationbyDrugClass/UCM163674.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/InformationbyDrugClass/UCM163674.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM300946.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM300946.pdf
http://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
http://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
http://www.fda.gov/downloads/ForPatients/About/UCM486859.pdf
http://www.fda.gov/downloads/ForPatients/About/UCM486859.pdf
http://healthcarecomm.org/about-us/impact-of-communication-in-healthcare/
http://healthcarecomm.org/about-us/impact-of-communication-in-healthcare/
https://www.jointcommission.org/assets/1/6/ARoadmapforHospitalsfinalversion727.pdf
https://www.jointcommission.org/assets/1/6/ARoadmapforHospitalsfinalversion727.pdf
http://www.patientprovidercommunication.org/bibliography.htm
http://www.patientprovidercommunication.org/bibliography.htm


Commentary PRACTICE-BASED RESEARCH 
 

http://z.umn.edu/INNOVATIONS                           2016, Vol. 7, No. 3, Article 2                        INNOVATIONS in pharmacy   8 

 
 

47. Agency for Healthcare Research and Quality. 
Communication and Optimal Resolution (CANDOR). 
May 2016; 
http://www.ahrq.gov/professionals/quality-patient-
safety/patient-safety-
resources/resources/candor/index.html. Accessed 
Sep 13, 2016. 

48. Maggard-Gibbons M. The use of report cards and 
outcome measurements to improve the safety of 
surgical care: the American College of Surgeons 
National Surgical Quality Improvement Program. 
BMJ Qual Saf. 2014;23(7):589-599. 

49. Sherwood G, Drenkard K. Quality and safety 
curricula in nursing education: matching practice 
realities. Nurs Outlook. 2007;55(3):151-155. 

50. Page K, McKinney AA. Addressing medication errors-
-The role of undergraduate nurse education. Nurse 
Educ Today. 2007;27(3):219-224. 

51. Rosebraugh CJ, Honig PK, Yasuda SU, Pezzullo JC, 
Woosley RL. Centers for Education and Research on 
Therapeutics Report: survey of medication errors 
education during undergraduate and graduate 
medical education in the United States. Clin 
Pharmacol Ther. 2002;71(1):4-10. 

52. Rosebraugh CJ, Tsong Y, Zhou F, et al. Improving the 
quality of adverse drug reaction reporting by 4th-
year medical students. Pharmacoepidemiol Drug Saf. 
2003;12(2):97-101. 

53. Varkey P. Educating to improve patient care: 
integrating quality improvement into a medical 
school curriculum. Am J Med Qual. 2007;22(2):112-
116. 

54. Kerfoot BP, Conlin PR, Travison T, McMahon GT. 
Patient safety knowledge and its determinants in 
medical trainees. J Gen Intern Med. 2007;22(8):1150-
1154. 

55. Singh R, Naughton B, Taylor JS, et al. A 
comprehensive collaborative patient safety 
residency curriculum to address the ACGME core 
competencies. Med Educ. 2005;39(12):1195-1204. 

56. Voss JD, May NB, Schorling JB, et al. Changing 
conversations: teaching safety and quality in 
residency training. Acad Med. 2008;83(11):1080-
1087. 

57. Effken JA, Carty B. The era of patient safety: 
implications for nursing informatics curricula. J Am 
Med Inform Assoc. 2002;9(6 Suppl):S120-123. 

58. Papastrat K, Wallace S. Teaching baccalaureate 
nursing students to prevent medication errors using 
a problem-based learning approach. J Nurs Educ. 
2003;42(10):459-464. 

 

59. Caligaro IS, Jacobs M, Phillips J, et al. Preparing 
pharmacy students to be leaders in medication 
safety ASHP Midyear Clinical Meeting. 
2000;35:EMEP-4 poster. 

60. Caspi A, Rozenfeld V, Kleyman J. Prevention of 
medication errors in the hospital setting: the role of 
pharmacy students. P & T. 2005;30(3):183-186. 

61. Jackson TL. Application of quality assurance 
principles: teaching medication error reduction skills 
in a "real world" environment. Am J Pharm Educ. 
2004;68(1):Article 17. 
http://ajpe.org/view.asp?art=aj680117&pdf=yes. 

62. Sukkari SR, Sasich LD, Tuttle DA, Abu-Baker AM, 
Howell H. Development and evaluation of a required 
patient safety course. Am J Pharm Educ. 
2008;72(3):65. 

63. Galt KA, Paschal KA, O'Brien RL, et al. Description 
and evaluation of an interprofessional patient safety 
course for health professions and related sciences 
students. J Patient Saf. 2006;2(4):207-216. 

64. Holdford DA, Warholak TL, West-Strum D, Bentley 
JP, Malone DC, Murphy JE. Teaching the science of 
safety in US colleges and schools of pharmacy. Am J 
Pharm Educ. 2011;75(4):77. 

65. Kalari S, Dormarunno M, Zvenigorodsky O, Mohan A. 
Pharmacy student perceptions of adverse event 
reporting. Am J Pharm Educ. 2011;75(7):131. 

66. Nwokeji ED, Rascati KL, Moczygemba LR, Wilson JP. 
Pharmacoepidemiology education in US colleges and 
schools of pharmacy. Am J Pharm Educ. 
2007;71(4):80. 

67. Lang W. The role of academic pharmacy to influence 
safety through science and education. Am J Pharm 
Educ. 2011;75(4):78. 

68. Jha A, Pronovost P. Toward a Safer Health Care 
System: The Critical Need to Improve Measurement. 
JAMA. 2016;315(17):1831-1832. 

69. Fassett WE. Key performance outcomes of patient 
safety curricula: root cause analysis, failure mode 
and effects analysis, and structured communications 
skills. Am J Pharm Educ. 2011;75(8):164. 

70. Kirkpatrick DH, Burkman RT. Does standardization of 
care through clinical guidelines improve outcomes 
and reduce medical liability? Obstet Gynecol. 
2010;116(5):1022-1026. 

71. Marshall M, Pronovost P, Dixon-Woods M. 
Promotion of improvement as a science. Lancet. 
2013;381(9864):419-421. 

72. Shojania KG, Duncan BW, McDonald KM, Wachter 
RM, Markowitz AJ. Making health care safer: a 
critical analysis of patient safety practices. Evid Rep 
Technol Assess (Summ). 2001(43):i-x, 1-668. 

http://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/index.html
http://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/index.html
http://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/index.html
http://ajpe.org/view.asp?art=aj680117&pdf=yes


Commentary PRACTICE-BASED RESEARCH 
 

http://z.umn.edu/INNOVATIONS                           2016, Vol. 7, No. 3, Article 2                        INNOVATIONS in pharmacy   9 

 
 

73. Shekelle PG, Wachter RM, Pronovost PJ, et al. 
Making health care safer II: an updated critical 
analysis of the evidence for patient safety practices. 
Evid Rep Technol Assess (Full Rep). 2013(211):1-945. 

74. Titler MG. The evidence for evidence-based practice 
implementation. In: Hughes RG, ed. Patient safety 
and quality: an evidence-based handbook for nurses. 
Rockville, MD: Agency for Healthcare Research and 
Quality; 2008. 

75. Schillinger D. An introduction to effectiveness, 
dissemination and implementation research. In: 
Fleisher P, Goldstein E, eds. From the Series: UCSF 
Clinical and Translational Science Institute (CTSI) 
resource manuals and guides to community-engaged 
research: Clinical Translational Science Institute 
Community Engagement Program, University of 
California San Francisco; 2010. 

76. McCormack L, Sheridan S, Lewis M, et al. 
Communication and dissemination strategies to 
facilitate the use of health-related evidence. Evid 
Rep Technol Assess (Full Rep). 2013(213):1-520. 

77. U.S. Food and Drug Administration. Questions and 
answers on FDA's Adverse Event Reporting System 
(FAERS).  
http://www.fda.gov/Drugs/GuidanceComplianceReg
ulatoryInformation/Surveillance/AdverseDrugEffects
/. Accessed Sep 24, 2016. 

78. Grzybicki DM. Barriers to the implementation of 
patient safety initiatives. Clin Lab Med. 
2004;24(4):901-911, vi. 

79. Gavaza P, Brown CM, Lawson KA, Rascati KL, Wilson 
JP, Steinhardt M. Texas pharmacists' knowledge of 
reporting serious adverse drug events to the Food 
and Drug Administration. J Am Pharm Assoc (2003). 
2011;51(3):397-403. 

80. Waterfield J. Is pharmacy a knowledge-based 
profession? Am J Pharm Educ. 2010;74(3):50. 

81. Galt KA, Fuji KT, Faber J. Patient safety problem 
identification and solution sharing among rural 
community pharmacists. J Am Pharm Assoc (2003). 
2013;53(6):584-594. 

82. Wolf ZR, Hughes RG. Error reporting and disclosure. 
In: Hughes RG, ed. Patient safety and quality: an 
evidence-based handbook for nurses. Rockville, MD: 
Agency for Healthcare Research and Quality; Apr 
2008. 

83. Woodcock J. Modernizing the other side of the 
counter: FDA oversight of nonprescription drugs. 
Health Affairs Blog Jun 9, 2016; 
http://healthaffairs.org/blog/2016/06/09/modernizi
ng-the-other-side-of-the-counter-fda-oversight-of-
nonprescription-drugs/. Accessed Sep 24, 2016. 

84. Pickard AS, Law EH, Crawford SY, et al. National 
assessment of state oversight of sterile drug 
compounding. The Pew Charitable Trusts. Feb 2016; 
http://www.pewtrusts.org/~/media/assets/2016/02
/national_assessment_of_state_oversight_of_sterile
_drug_compounding.pdf. Accessed Feb 24, 2016. 

 
 

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseDrugEffects/
http://healthaffairs.org/blog/2016/06/09/modernizing-the-other-side-of-the-counter-fda-oversight-of-nonprescription-drugs/
http://healthaffairs.org/blog/2016/06/09/modernizing-the-other-side-of-the-counter-fda-oversight-of-nonprescription-drugs/
http://healthaffairs.org/blog/2016/06/09/modernizing-the-other-side-of-the-counter-fda-oversight-of-nonprescription-drugs/
http://www.pewtrusts.org/%7E/media/assets/2016/02/national_assessment_of_state_oversight_of_sterile_drug_compounding.pdf
http://www.pewtrusts.org/%7E/media/assets/2016/02/national_assessment_of_state_oversight_of_sterile_drug_compounding.pdf
http://www.pewtrusts.org/%7E/media/assets/2016/02/national_assessment_of_state_oversight_of_sterile_drug_compounding.pdf

	10-11-2016
	The Science of Safety – An Emerging Concept in Medication Use and Research
	Shraddha Shinde MBA student
	Stephanie Y. Crawford PhD
	Recommended Citation


	POLICY

