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Association of Inpatient Antimicrobial Utilization Measures  
with Antimicrobial Stewardship Activities and Facility Characteristics  

of Veterans Affairs Medical Centers
Christopher J. Graber, MD, MPH1,2*, Makoto M. Jones, MD, MSc3-5, Ann F. Chou, PhD6, Yue Zhang, PhD4,7,  

Matthew Bidwell Goetz, MD1,2, Karl Madaras-Kelly, PharmD, MPH8, Matthew H. Samore, MD3-5, Peter A. Glassman, MBBS, MSc2,9

1Infectious Diseases Section, VA Greater Los Angeles Healthcare System, Los Angeles, California; 2David Geffen School of Medicine at the Uni-
versity of California, Los Angeles, California; 3IDEAS Center, VA Salt Lake City Healthcare System, Salt Lake City, Utah; 4Department of Medicine, 
University of Utah, Salt Lake City, Utah; 5Division of Epidemiology, University of Utah, Salt Lake City, Utah; 6Department of Family and Preventive 
Medicine, College of Medicine, University of Oklahoma, Oklahoma City, Oklahoma; 7Department of Family and Preventive Medicine, University of 
Utah, Salt Lake City, Utah; 8VA Medical Center, Boise, Idaho and College of Pharmacy, Idaho State University, Meridian, Idaho; 9Department of 
Medicine, VA Greater Los Angeles Healthcare System, Los Angeles, California.

BACKGROUND: Antimicrobial stewardship programs (ASPs) 
have been advocated to improve antimicrobial utilization, but 
program implementation is variable. 

OBJECTIVE: To determine associations between ASPs and 
facility characteristics, and inpatient antimicrobial utilization 
measures in the Veterans Affairs (VA) system in 2012.

DESIGN: In 2012, VA administered a survey on antimicro-
bial stewardship practices to designated ASP contacts at 
VA acute care hospitals. From the survey, we identified 34 
variables across 3 domains (evidence, organizational con-
text, and facilitation) that were assessed using multivariable 
least absolute shrinkage and selection operator regression 
against 4 antimicrobial utilization measures from 2012: ag-
gregate acute care antimicrobial use, antimicrobial use in 
patients with non-infectious primary discharge diagnoses, 
missed opportunities to convert from parenteral to oral anti-
microbial therapy, and double anaerobic coverage.

SETTING: All 130 VA facilities with acute care services.  

RESULTS: Variables associated with at least 3 favorable 
changes in antimicrobial utilization included presence of post-
graduate physician/pharmacy training programs, number of 
antimicrobial-specific order sets, frequency of systematic 
de-escalation review, presence of pharmacists and/or infec-
tious diseases (ID) attendings on acute care ward teams, and 
formal ID training of the lead ASP pharmacist. Variables asso-
ciated with 2 unfavorable measures included bed size, the level 
of engagement with VA Antimicrobial Stewardship Task Force 
online resources, and utilization of antimicrobial stop orders.

CONCLUSIONS: Formalization of ASP processes and pres-
ence of pharmacy and ID expertise are associated with fa-
vorable utilization. Systematic de-escalation review and 
order set establishment may be high-yield interventions. 
Journal of Hospital Medicine 2017;12:301-309. © 2017 Soci-
ety of Hospital Medicine

The deleterious impact of inappropriate and/or excessive 
antimicrobial usage is well recognized. In the United States, 
the Centers for Disease Control and Prevention (CDC) esti-
mates that at least 2 million people become infected with an-
timicrobial-resistant bacteria with 23,000 subsequent deaths 
and at least $1 billion in excess medical costs per year.1  

In response, many healthcare organizations have devel-
oped antimicrobial stewardship programs (ASPs). Guide-
lines co-sponsored by the Infectious Diseases Society of 
America and the Society for Healthcare Epidemiology of 
America, as well as recent statements from the CDC and 
the Transatlantic Taskforce on Antimicrobial Resistance, all 

recommend core ASP elements.2-5 The guidelines provide 
general recommendations on ASP structure, strategies, and 
activities. The recommended ASP structure is a team of phy-
sicians and pharmacists that collaborates with facility gov-
erning committees and other stakeholders to optimize anti-
microbial use. While personnel with expertise in infectious 
diseases (ID) often lead ASPs, hospitalists are also recognized 
as key contributors, especially in quality improvement.6,7 
Recommended strategies include prospective audit of anti-
microbial use with intervention and feedback and formulary 
restriction with preauthorization. Recommended activities 
include education, creation of guidelines, clinical pathways, 
and order forms, and programs to promote de-escalation and 
conversion from parenteral (IV) to oral (PO) antimicrobial 
therapy. However, limited evidence exists regarding the ef-
fectiveness of these ASP core elements.8,9 While Cochrane 
reviews found clear evidence that particular stewardship 
strategies (eg, audit and feedback, formulary restriction, 
guidelines implemented with or without feedback, protocols, 
computerized decision support) can be effective in reducing 
antimicrobial usage and improving clinical outcomes over 
the long term, little evidence exists favoring 1 strategy over 

*Address for correspondence and reprint requests: Christopher J. Graber, 
MD, MPH, Infectious Diseases Section, VA Greater Los Angeles Healthcare 
System, 11301 Wilshire Blvd, 111-F, Los Angeles, CA 90073; Telephone: 310-
268-3763; Fax: 310 268-4928; E-mail: christopher.graber@va.gov 

Additional Supporting Information may be found in the online version of this 
article.

Received: July 25, 2016; Revised: October 3, 2016; Accepted: October 18, 
2016

2017 Society of Hospital Medicine DOI 10.12788/jhm.2730
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another.8 Furthermore, most individual studies of ASPs are 
single-center, making their conclusions less generalizable.  

In 2012, the VA National Antimicrobial Stewardship 
Task Force (ASTF), in conjunction with the VA Health-
care Analysis and Information Group (HAIG) administered 
a survey on the characteristics of ASPs at all 130 acute care 
VA facilities (Appendix A). We used these survey results to 
build an implementation model and then assess associations 
between facility-level variables and 4 antimicrobial utiliza-
tion measures.  

METHODS
Survey and Data
In 2011, the ASTF was chartered to develop, deploy, and 
monitor a strategic plan for optimizing antimicrobial ther-
apy management. Monthly educational webinars and sam-
ple policies were offered to all facilities, including a sam-
ple business plan for stewardship and policies to encourage 
de-escalation from broad-spectrum antimicrobials, promote 
conversion from parenteral to oral antimicrobial therapy, 
avoid unnecessary double anaerobic coverage, and mitigate 
unnecessary antimicrobial usage in the context of Clostridi-
um difficile infection.10 

At the time that ASTF was chartered, the understanding 
of how ASP structures across VA facilities operated was lim-
ited. Hence, to capture baseline institutional characteristics 
and stewardship activities, ASTF and HAIG developed an 
inventory assessment of ASPs that was distributed online in 
November 2012. All 130 VA facilities providing inpatient 
acute care services responded.  

We derived 57 facility characteristics relevant to antimi-
crobial utilization and conducted a series of factor analyses to 
simplify the complex dataset, and identify underlying latent 
constructs. We categorized resulting factors into domains of 
evidence, context, or facilitation as guided by the Promot-
ing Action on Research Implementation in Health Services 
framework.11 Briefly, the evidence domain describes how the 
facility uses codified and noncodified sources of knowledge 
(eg, research evidence, clinical experience). Organizational 
context comprises a facility’s characteristics that ensure a 
more conducive environment to put evidence into practice 
(eg, supportive leadership, organizational structure, evalua-
tive systems). Facilitation emphasizes a facility personnel’s 
“state of preparedness” and receptivity to implementation.  

Using factor analysis to identify facility factors as correlates 
of the outcomes, we first examined polychoric correlations 
among facility characteristics to assess multicollinearity. We 
performed independent component analysis to create latent 
constructs of variables that were defined by factor loadings 
(that indicated the proportion of variance accounted for by 
the construct) and uniqueness factors (that determined how 
well the variables were interpreted by the construct). Fac-
tors retained included variables that had uniqueness values 
of less than 0.7 and factor loadings greater than 0.3. Those 
associated with uniqueness values greater than 0.7 were left 
as single items, as were characteristics deemed a priori to be 

particularly important to antimicrobial stewardship. Factor 
scales that had only 2 items were converted into indices, 
while factor scores were generated for those factors that con-
tained 3 or more items.12-15 

Data for facility-level antimicrobial utilization measures 
were obtained from the VA Corporate Data Warehouse from 
calendar year 2012. The analysis was conducted within the 
VA Informatics and Computing Infrastructure. All study 
procedures were approved by the VA Central Institutional 
Review Board. 

Measures
Four utilization measures were defined as dependent mea-
sures: overall antimicrobial use; antimicrobial use in patients 
with non-infectious discharge diagnoses; missed opportuni-
ties to convert from parenteral to oral antimicrobial therapy; 
and missed opportunities to avoid double anaerobic cover-
age with metronidazole.

Overall antimicrobial use was defined as total acute care 
(ie, medical/surgical/intensive care) antibacterial use for 
each facility aggregated as per CDC National Healthcare 
Safety Network Antimicrobial Use Option guidelines (anti-
microbial days per 1000 patient days present). A subanalysis 
of overall antimicrobial use was restricted to antimicrobial 
use among patients without an infection-related discharge 
diagnosis, as we surmised that this measure may capture a 
greater proportion of potentially unnecessary antimicrobial 
use. International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM)16 codes for infec-
tious processes were identified by a combination of those 
classified previously in the literature,17 and those identified 
by finding the descendants of all infections named in the 
Systematized Nomenclature of Medicine--Clinical Terms.18  
Next, all remaining codes for principal discharge diagno-
ses for which antimicrobials were administered were re-
viewed for potential indications for systemic antibacterial 
use. Discharges were considered noninfectious if no codes 
were identified when systemic antimicrobials were or could 
be indicated. For this measure, antimicrobial days were not 
counted if administered on or 1 day after the calendar day of 
surgery warranting antimicrobial prophylaxis.

Missed opportunities for conversion from parenteral to 
oral (IV to PO) formulations of highly bioavailable oral an-
timicrobials (ciprofloxacin, levofloxacin, moxifloxacin, azi-
thromycin, clindamycin, linezolid, metronidazole, and fluco-
nazole) were defined as the percentage of days of unnecessary 
IV therapy that were given when PO therapy could have been 
used among patients who were not in intensive care units at 
the time of antimicrobial administration who were receiving 
other oral medications, using previously described methodol-
ogy.19 Missed opportunities for avoiding redundant anaero-
bic coverage with metronidazole were defined as the percent-
age of days in which patients receiving metronidazole also 
received antibiotics with activity against anaerobic bacteria, 
specifically beta-lactam/beta-lactamase inhibitors, carbapen-
ems, cefotetan/cefoxitin, clindamycin, moxifloxacin, or tige-
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cycline), using previously described methodology.20 Patients 
for whom C. difficile testing was either ordered or positive 
within the prior 28 days (indicating potential clinical concern 
for C. difficile infection) were excluded from this endpoint.

Analysis
The variables derived above were entered into a multivariable 
model for each of the 4 antimicrobial utilization measures. 
The least absolute shrinkage and selection operator (LASSO) 
regression was used to determine significant associations be-
tween variables and individual utilization measures.21 LAS-
SO was chosen because it offers advantages over traditional 
subset selection approaches in large multivariable analyses by 
assessing covariates simultaneously rather than sequential-
ly, supporting prediction rather than estimation of effect.22 
P values were not reported as they are not useful in deter-
mining statistical significance in this methodology. A tuning 
parameter of 0.025 was determined for the model based on 
a cross-validation approach. Significant variables remaining 
in the model were reported with the percent change in each 
utilization measure per unit change in the variable of inter-
est. For binary factors, percent change was reported according 
to whether the variable was present or not. For ordinal vari-
ables, percent change was reported according to incremental 
increase in ordinal score. For continuous variables or variables 
represented by factor or index scores, percent change was re-
ported per each 25% increase in the range of the score.   

RESULTS
Inpatient Facility Antimicrobial Stewardship  
Characteristics and Antimicrobial Utilization
Frequencies of key facility characteristics that contributed 
to variable development are included in Table 1. Full sur-
vey results across all facilities are included in Appendix B. 
Factor analysis reduced the total number of variables to 32; 
however, we also included hospital size and VA complexi-
ty score. Thus, 34 variables were evaluated for association 
with antimicrobial utilization measures: 4 in the evidence 
domain, 23 in the context domain, and 7 in the facilitation 
domain (Table 2).

Median facility antimicrobial use was 619 antimicrobial 
days per 1000 days present (interquartile range [IQR], 554-
700; overall range, 346-974). Median facility noninfectious 
antimicrobial use was 236 per 1000 days present (IQR, 200-
286). Missed opportunities for conversion from IV to PO 
antimicrobial therapy were common, with a median facility 
value of 40.4% (391/969) of potentially eligible days of ther-
apy (IQR, 32.2-47.8%). Missed opportunities to avoid dou-
ble anaerobic coverage were less common (median 15.3% 
(186/1214) of potentially eligible days of therapy (IQR, 
11.8%-20.2%; Figure).

Overall Antimicrobial Use
Four variables were associated with decreased overall an-
timicrobial use, although with small magnitude of change: 
presence of postgraduate physician/pharmacy training pro-

grams (0.03% decrease per quarter increase in factor score; 
on the order of 0.2 antimicrobial days per 1000 patient days 
present), presence of pharmacists and/or ID attendings on 
general medicine ward teams (0.02% decrease per quarter 
increase in index score), frequency of systematic de-escala-
tion review (0.01% decrease per ordinal increase in score), 
and degree of involvement of ID physicians and/or fellows 
in antimicrobial approvals (0.007% decrease per quarter 
increase in index score). No variables were associated with 
increased overall antimicrobial use.  

Antimicrobial Use among Discharges  
without Infectious Diagnoses
Six variables were associated with decreased antimicrobial 
use in patients without infectious discharge diagnoses, while 
4 variables were associated with increased use. Variables 
associated with the greatest magnitude of decreased use in-
cluded facility educational programs for prudent antimicro-
bial use (1.8% on the order of 4 antimicrobial days per 1000 
patient days present), frequency of systematic de-escalation 
review (1.5% per incremental increase in score), and wheth-
er a facility’s lead antimicrobial stewardship pharmacist had 
ID training (1.3%). Also significantly associated with de-
creased use was a factor summarizing the presence of 4 con-
dition-specific stewardship processes (de-escalation policies, 
policies for addressing antimicrobial use in the context of 
C. difficile infection, blood culture review, and automatic ID 
consults for certain conditions) (0.6% per quarter increase 
in factor score range), the extent to which postgraduate 
physician/pharmacy training programs were present (0.6% 
per quarter increase in factor score range), and the number 
of electronic antimicrobial-specific order sets present (0.4% 
per order set). The variables associated with increased use 
of antimicrobials included the presence of antimicrobial 
stop orders (4.6%), the degree to which non-ID physicians 
were involved in antimicrobial approvals (0.7% per increase 
in ordinal score), the level engagement with ASTF online 
resources (0.6% per quarter increase in factor score range), 
and hospital size (0.6% per 50-bed increase).

Missed Opportunities for Parenteral  
to Oral Antimicrobial Conversion
Missed opportunities for IV to PO antimicrobial conversion 
had the largest number of significant associations with orga-
nizational variables: 14 variables were associated with fewer 
missed opportunities, while 5 were associated with greater 
missed opportunities. Variables associated with the largest 
reductions in missed opportunities for IV to PO conver-
sion included having guidelines for antimicrobial duration 
(12.8%), participating in regional stewardship collaboratives 
(8.1%), number of antimicrobial-specific order sets (6.0% 
per order set), ID training of the ASP pharmacist (4.9%), 
and VA facility complexity designation (4.2% per quarter 
increase in score indicating greater complexity).23 Variables 
associated with more missed opportunities included stop or-
ders (11.7%), overall perceived receptiveness to antimicro-

Graber 0517.indd   303 4/24/17   2:43 PM



304          An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine    Vol 12  |  No 5  |  May 2017

Graber et al   |   VA Antimicrobial Utilization Variability

TABLE 1. Frequencies of Key Facility Antimicrobial Stewardship Characteristics at VA Facilities Contributing to 
Variable Development (N=130)
Facility Characteristics Facilities (n) (%)

Contributors to evidence domain

   Internal inpatient ID consultation available

   Any restriction of antimicrobial use

   Guidelines for antimicrobial duration (any)

   Written clinical pathways/guidelines for specific conditions (any)

103

120

47

96

79

92

36

74

Contributors to context domain

   At least one full-time attending ID physician at facility

   Dedicated clinical pharmacist in ED

   Presence of outpatient parenteral antimicrobial therapy program

   Facility rates helpfulness of VA ASTF SharePoint site as “very helpful” or “helpful”

   Facility rates helpfulness of ASTF sample policy for intravenous to oral antibiotic conversion as “very helpful” or “helpful”

   Facility rates helpfulness of ASTF sample policy for avoidance of double anaerobic coverage as “very helpful” or “helpful”

   Facility rates helpfulness of ASTF sample policy for improving outcomes in patients with Clostridium difficile infection as “very helpful” or “helpful”

   Facility rates helpfulness of ASTF sample business plan as “very helpful” or “helpful”

   Facility identifies more information technology/data tools support as beneficial in achieving optimal antibiotic use 

   Facility identifies more support from administration as beneficial in achieving optimal antibiotic use

   Facility identifies more support from pharmacy as beneficial in achieving optimal antibiotic use

   Facility identifies more support from ID physicians as beneficial in achieving optimal antibiotic use

   Facility identifies more prescriber buy-in as beneficial in achieving optimal antibiotic use

   Facility identifies more educational tools support as beneficial in achieving optimal antibiotic use

   Facility identifies more guidelines support as beneficial in achieving optimal antibiotic use

   Surgical residency program

   ID fellowship program

   Pharmacy residency program 

   Participation in AS collaborative within geographic region (ie, regional AS conference or committee)

   ID physician approves antibiotics during weekdays

   ID physician approves antibiotics during nights/weekends

   ID pharmacist approves antibiotics during weekdays

   ID pharmacist approves antibiotics during nights/weekends    

   Non-ID physician approves antibiotics during weekdays

   Non-ID physician approves antibiotics during nights/weekends

   Formal policy for ASP established 

   Policy for de-escalation of antimicrobials

   Policy for intervention on antimicrobial usage in context of C. difficile infection

   Timely review of blood cultures to assure appropriate therapy

   Automatic ID consults for certain conditions 

   Automatic stop orders for antimicrobial duration  

   Electronic antimicrobial order form(s) for any specific antimicrobial

   General medicine service deemed “very receptive” or “receptive” to ASP

   ICU medicine service deemed “very receptive” or “receptive” to ASP

   Facility has AS team

   ID physician is a part of AS team

   Clinical pharmacist/clinical pharmacy specialist is part of AS team

   Antibiograms disseminated via facility intranet

   Antibiograms disseminated via pocket card reference

   Medication use evaluation performed for any antibiotic in prior 2 y

   Provision of group- or provider-specific feedback on patterns of antibiotic use

78

20

85

82

68

51

51

49

95

79

75

73

77

73

67

84

68

102

13

57

39

44

8

7

11

29

19

25

56

36

98

55

110

90

49

45

49

96

56

61

55

60

18

65

63

52

39

39

38

73

61

58

56

59

56

52

65

52

78

10

44

30

34

6

5

8

22

15

19

43

28

75

42

85

69

38

35

38

74

43

47

42

Continued on page 305
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bial stewardship among clinical services (9.4%), the degree 
of engagement with ASTF online resources (6.9% per quar-
ter increase in factor score range), educational programs for 
prudent antimicrobial use (4.1%), and hospital size (1.0% 
per 50-bed increase). 

Missed Opportunities for Avoidance  
of Double Anaerobic Coverage
Four variables were associated with more avoidance of dou-
ble anaerobic coverage: ID training of the lead ASP phar-
macist (8.8%), presence of pharmacists and/or ID attendings 
on acute care ward teams (6.2% per quarter increase in in-
dex score), degree of ID pharmacist involvement in antimi-
crobial approvals, ranging from not at all (score=0) to both 
weekdays and nights/weekends (score=2; 4.3% per ordinal 
increase), and the number of antimicrobial-specific order 
sets (1.5% per order set). No variables were associated with 
less avoidance of double anaerobic coverage.

Variables Associated with Multiple Favorable  
or Unfavorable Antimicrobial Utilization Measures
To better assess the consistency of the relationship between 
organizational variables and measures of antimicrobial use, 
we tabulated variables that were associated with at least 3 

potentially favorable (ie, reduced overall or noninfectious 
antimicrobial use or fewer missed opportunities) measures. 
Altogether, 5 variables satisfied this criterion: the presence 
of postgraduate physician/pharmacy training programs, the 
number of antimicrobial-specific order sets, frequency of 
systematic de-escalation review, the presence of pharmacists 
and/or ID attendings on acute care ward teams, and formal 
ID training of the lead ASP pharmacist (Table 3). Three 
other variables were associated with at least 2 unfavorable 
measures: hospital size, the degree to which the facility en-
gaged with ASTF online resources, and presence of antimi-
crobial stop orders.

DISCUSSION
Variability in ASP implementation across VA allowed us to 
assess the relationship between ASP and facility elements 
and baseline patterns of antimicrobial utilization. Hospital-
ists and hospital policy-makers are becoming more and more 
engaged in inpatient antimicrobial stewardship. While our 
results suggest that having pharmacists and/or physicians 
with formal ID training participate in everyday inpatient 
activities can favorably improve antimicrobial utilization, 
considerable input into stewardship can be made by hospi-
talists and policy makers. In particular, based on this work, 

TABLE 1. Frequencies of Key Facility Antimicrobial Stewardship Characteristics at VA Facilities Contributing to 
Variable Development (N=130) (continued)
Facility Characteristics Facilities (n) (%)

Contributors to context domain

   Reporting of clinical outcomes related to antimicrobial use

   Systematic review for de-escalation performed (always or usually)

   Measurement of antibiotic use in defined daily doses

   Measurement of antibiotic use in days of therapy   

   Measurement of antimicrobial expenditures

 71

39

18

19

37

55

30

14

15

28

Contributors to facilitation domain

   ID physicians attend on medical ward teams

   Clinical pharmacist assigned to acute care teams

   Business plan for ASP approved or in development

   ASP clinical pharmacist/clinical pharmacy specialist with ID training

   Educational programs for prudent antimicrobial use 

   Communication to providers on principles of antibiotic use

      E-mail alerts 

      Newsletters

      Pharmacy alerts

   Engagement with ASTF outreach efforts:

      Finding ASTF national webinars “very helpful” or “helpful”

      Finding ASTF face-to-face meetings “very helpful” or “helpful”

   Electronic resources used to facilitate ASP activities:

      Basic electronic medical record system

      Proprietary software

      Administrative electronic databases

89

118

41

34

94

51

37

48

70

48

115

14

23

68

91

32

26

72

39

28

37

54

37

88

11

18

NOTE: Abbreviations: AS, antimicrobial stewardship; ASP, antimicrobial stewardship programs; ASTF, antimicrobial stewardship task force; ED, emergency department; ICU, intensive care unit; ID, infectious diseases; VA, Veterans Affairs.
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TABLE 2. Antimicrobial Stewardship Facility Variables Examined According to PARiHS Domaina

No. Factor Name Variable Type (range)
Contributing Survey Question(s)/

Data Sourcesa

Evidence domain

E1 Availability of inpatient ID consultation (score 0= non-ID physicians or pharmacists handling ID issues; score 
5=internal inpatient ID service)

Ordinal 

(0-5)

Q12

E2 Presence of policies that restrict certain antimicrobials Binary (0,1) Q22

E3 Guidelines for antimicrobial duration Binary (0,1) Q33

E4 Number of written clinical pathways/guidelines for specific conditions Ordinal 

(0-7)

Q25a

Context domain

Structural characteristics

C1 Facility complexity (level 1a, 1b, 1c, 2, or 3) Continuous Internal VA data

C2 Hospital beds (no.) Ordinal 

(0-433)

Internal VA data

Resources

C3 Full-time ID attendings on site (no.) Ordinal 

(0-10)

Q1a

C4 Dedicated clinical pharmacist in ED Binary (0,1) Q13

C5 Presence of outpatient parenteral antimicrobial therapy program Binary (0,1) Q14

C6 Degree of engagement with VA ASTF (summary of helpfulness ratings of ASTF SharePoint site and sample policies) Factor score Q42-46,

C7 Perceived benefit of types of support in achieving optimal antimicrobial use (number of categories of additional 
support deemed potentially helpful to AS)

Factor score Q54

Affiliation/networks

C8 Presence of postgraduate physician/pharmacy training programs (ID fellowship, surgical residency, pharmacy 
residency)

Factor score Q2, Q5, Q7

C9 Participation in stewardship regional collaboratives Binary (0,1) Q18

Decision-making

C10 Degree of involvement of ID physicians and/or fellows in antimicrobial approvals (ie, during weekdays vs. nights/
weekends)

Index Q23e,f

C11 Degree of ID pharmacist involvement in antimicrobial approvals Ordinal 

(0-2)

Q23e,f

C12 Degree of non-ID physician involvement in antimicrobial approvals Ordinal 

(0-4)

Q23e,f

Formalization

C13 Presence of formal stewardship policy Binary Q17, Q20a

C14 Presence of condition-specific stewardship interventions (number present of de-escalation policies, policies for 
addressing antimicrobial use in the context of C difficile infection, blood culture review, automatic ID consults for 
certain conditions)

Factor score Q29, Q31, Q32, Q38

C15 Antimicrobial stop orders in place Binary (0,1) Q34

C16 Number of antimicrobial-specific order sets in place Ordinal 

(0-9)

Q24

Receptiveness to change

C17 Overall receptiveness to stewardship among clinical services (count of clinical services deemed “receptive” or “very 
receptive”)

Factor Score Q55

Leadership

C18 Degree and duration of physician and pharmacy involvement in stewardship (how long ASP has been in place and 
percentage of time dedicated to ASP by physicians and pharmacists)

Factor Score Q19, Q19f,g

Evaluation and feedback

C19 Degree of dissemination and evaluation of antimicrobial outcome data (number of methods of antibiogram dissemi-
nation plus whether MUE has been done on any antibiotic within 2 y)

Index Q16b, Q52

C20 Degree to which antimicrobial usage and outcomes are reported to providers (frequency of group- or provider-spe-
cific feedback on patterns of antimicrobial use and whether reports on clinical outcomes related to antibiotic use are 
generated)

Index Q49, Q50a

C21 Frequency of systematic de-escalation review (score 0=never; score 4=always) Ordinal 

(0-4)

Q30

Continued on page 307
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the highest yield from an organizational standpoint may be 
in working to develop order sets within the electronic med-
ical record and systematic efforts to promote de-escalation 
of broad-spectrum therapy, as well as encouraging hospital 
administration to devote specific physician and pharmacy 
salary support to stewardship efforts.  

While we noted that finding the ASTF online resourc-
es  helpful was associated with potentially unfavorable an-
timicrobial utilization, we speculate that this may represent 
reverse causality due to facilities recognizing that their an-
timicrobial usage is suboptimal and thus seeking out sample 
ASTF policies to implement. The association between the 
presence of automatic stop orders and potentially unfavor-
able antimicrobial utilization is less clear since the time-
frame was not specified in the survey; it may be that setting 

stop orders too far in advance may promote an environment 
in which critical thinking about antimicrobial de-escalation 
is not encouraged or timely. The larger magnitude of asso-
ciation between ASP characteristics and antimicrobial us-
age among patients without infectious discharge diagnoses 
versus overall antimicrobial usage also suggests that clinical 
situations where infection was of low enough suspicion to 
not even have the providers eventually list an infectious 
diagnosis on their discharge summaries may be particularly 
malleable to ASP interventions, though further exploration 
is needed in determining how useful this utilization measure 
may be as a marker for inappropriate antimicrobial use.  

Our results complement those of Pakyz et al.24 who sur-
veyed 44 academic medical facilities in March 2013 to de-
velop an ASP intensity score and correlate this score and 

TABLE 2. Antimicrobial Stewardship Facility Variables Examined According to PARiHS Domaina (continued)

No. Factor Name Variable Type (range)
Contributing Survey Question(s)/

Data Sourcesa

C22 Measurement of antimicrobial usage in defined daily doses or days of therapy Binary (0,1) Q51a,b

C23 Measurement of antimicrobial expenditures Binary (0,1) Q51c

Facilitation domain

F1 Presence of pharmacists and/or ID attendings on acute care ward teams Index Q9a, Q11

F2 Business plan for antimicrobial stewardship (in place or in development) Ordinal 

(0-2)

Q47

F3 Lead antimicrobial stewardship pharmacist has ID training Binary (0,1) Q19f5d

F4 Educational programs for prudent antimicrobial use Binary (0,1) Q35

F5 Number of resources utilized to update providers on antimicrobials (email alerts, newsletters, pharmacy alerts, other) Ordinal 

(0-4)

Q36

F6 Level of engagement with ASTF educational resources and/or face-to-face ASTF meetings (combined helpfulness 
rating of ASTF webinars and meetings)

Index Q39, Q40

F7 Number of electronic resources used to facilitate AS activities (basic electronic medical record system, proprietary 
software, administrative databases)

Ordinal 

(0-2)

Q48

aSee Appendix A for full set of survey questions and Appendix B for the full survey results.

NOTE: Abbreviations: ASP, antimicrobial stewardship programs; ASTF, antimicrobial stewardship task force; ED, emergency department; ID, infectious diseases; MUE, medication use evaluations; PARiHS, Promoting Action on Research 
Implementation in Health Services; VA, Veterans Affairs.

FIG. (A) Overall antimicrobial use and antimicrobial use among patients discharged with no infectious diagnoses. (B) Missed opportunities for parenteral to oral  

antimicrobial conversion and to avoid potentially unnecessary double anaerobic coverage

NOTE: Box shows median and 25-75 percentiles; whiskers show 5%-95% range; circles represent individual outlier VA facilities.
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its specific components to overall and targeted antimicrobial 
use. This study found that the overall ASP intensity score 
was not significantly associated with total or targeted anti-
microbial use. However, ASP strategies were more associat-
ed with decreased total and targeted antimicrobial use than 
were specific ASP resources. In particular, the presence of 
a preauthorization strategy was associated with decreased 
targeted antimicrobial use. Our particular findings that or-
der set establishment and de-escalation efforts are associat-
ed with multiple antibiotic outcomes also line up with the 
findings of Schuts et al, who performed a meta-analysis of 
the effects of meeting antimicrobial stewardship objectives 
and found that achieving guideline concordance (such as 
through establishment of order sets) and successfully de-es-
calating antimicrobial therapy was associated with reduced 
mortality.25,26 This meta-analysis, however, was limited by 
low rigor of its studies and potential for reverse causality. 
While our study has the advantages of capturing an entire 
national network of 130 acute care facilities with a 100% 
response rate, it, too, is limited by a number of issues, most 
notably by the fact that the survey was not specifically de-
signed for the analysis of antimicrobial utilization measures, 
patient-level risk stratification was not available, the VA 
population does not reflect the U.S. population at-large, re-
call bias, and that antimicrobial prescribing and stewardship 
practices have evolved in VA since 2012. Furthermore, all 
of the antimicrobial utilization measures studied are imper-
fect at capturing inappropriate antibiotic use; in particular, 
our reliance on principal ICD-9 codes for noninfectious 
outcomes requires prospective validation. Many survey 
questions were subjective and subject to misinterpretation; 
other unmeasured confounders may also be present. Causal-
ity cannot be inferred from association. Nevertheless, our 
findings support many core indicators for hospital ASP rec-

ommended by the CDC and  the Transatlantic Taskforce on 
Antimicrobial Resistance,3,4 most notably, having personnel 
with ID training involved in stewardship and establishing a 
formal procedure for ASP review for the appropriateness of 
an antimicrobial at or after 48 hours from the initial order.

In summary, the VA has made efforts to advance the prac-
tice of antimicrobial stewardship system-wide, including a 
2014 directive that all VA facilities have an ASP,27 since the 
2012 HAIG assessment reported considerable variability in 
antimicrobial utilization and antimicrobial stewardship ac-
tivities. Our study identifies areas of stewardship that may 
correlate with, positively or negatively, antimicrobial utili-
zation measures that will require further investigation. A re-
peat and more detailed antimicrobial stewardship survey was 
recently completed and will help VA gauge ongoing effects 
of ASTF activities. We hope to re-evaluate our model with 
newer data when available. 
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BACKGROUND: Benzodiazepines and sedative hypnotics 
are commonly used to treat insomnia and agitation in older 
adults despite significant risk. A clear understanding of the 
extent of the problem and its contributors is required to im-
plement effective interventions.

OBJECTIVE: To determine the proportion of hospitalized 
older adults who are inappropriately prescribed benzodi-
azepines or sedative hypnotics, and to identify patient and 
prescriber factors associated with increased prescriptions. 

DESIGN: Single-center retrospective observational study. 

SETTING: Urban academic medical center. 

PARTICIPANTS: Medical-surgical inpatients aged 65 or older 
who were newly prescribed a benzodiazepine or zopiclone.  

MEASUREMENTS: Our primary outcome was the proportion 
of patients who were prescribed a potentially inappropriate 
benzodiazepine or sedative hypnotic. Potentially inappropri-
ate indications included new prescriptions for insomnia or 
agitation/anxiety. We used a multivariable random-intercept 
logistic regression model to identify patient- and prescrib-
er-level variables that were associated with potentially inap-
propriate prescriptions. 

RESULTS: Of 1308 patients, 208 (15.9%) received a poten-
tially inappropriate prescription. The majority of prescrip-
tions, 254 (77.4%), were potentially inappropriate. Of these, 
most were prescribed for insomnia (222; 87.4%) and during 
overnight hours (159; 62.3%). Admission to a surgical or 
specialty service was associated with significantly increased 
odds of potentially inappropriate prescription compared to 
the general internal medicine service (odds ratio [OR], 6.61; 
95% confidence interval [CI], 2.70-16.17). Prescription by 
an attending physician or fellow was associated with sig-
nificantly fewer prescriptions compared to first-year trainees 
(OR, 0.28; 95% CI, 0.08-0.93). Nighttime prescriptions did 
not reach significance in initial bivariate analyses but were 
associated with increased odds of potentially inappropri-
ate prescription in our regression model (OR, 4.48; 95% CI, 
2.21-9.06).

CONCLUSIONS: The majority of newly prescribed benzodi-
azepines and sedative hypnotics were potentially inappro-
priate and were primarily prescribed as sleep aids. Future 
interventions should focus on the development of safe sleep 
protocols and education targeted at first-year trainees. Jour-
nal of Hospital Medicine 2017;12:310-316. © 2017 Society 
of Hospital Medicine

Older adults commonly experience insomnia and agitation 
during hospitalization. Unfortunately, the use of benzodiaze-
pines and sedative hypnotics (BSH) to treat these conditions 
can be ineffective and expose patients to significant adverse 
effects.1,2 Choosing Wisely® is a campaign that promotes di-
alogue to reduce unnecessary medical tests, procedures, or 
treatments. This international campaign has highlighted 
BSHs as potentially harmful and has recommended against 
their use as first-line treatment of insomnia and agitation.3-5 

Examples of harm with benzodiazepine use include cognitive 
impairment, impaired postural stability, and an increased in-

cidence of falls and hip fractures in both community and 
acute care settings.6-8 In addition, prescriptions initiated in 
hospital appear to be associated with a higher risk of falls 
and unplanned readmission.9,10 The newer nonbenzodiaze-
pine sedative hypnotics, commonly referred to as “z-drugs”, 
were initially marketed as a safer alternative in older adults 
due to their more favorable pharmacokinetics. Evidence has 
emerged that they carry similar risks.6,11,12 A study comparing 
benzodiazepines and zolpidem found relatively greater risk of 
fractures requiring hospitalization with the use of zolpidem 
compared to lorazepam.13 

The use of benzodiazepines in the acute care setting has 
been evaluated in a number of studies and ranges from 20% 
to 45%.14-16 Few studies focus on the initiation of these medi-
cations in BSH-naïve hospitalized patients; however, reports 
range from 18% to 29%.17,18 Factors found to be associated 
with potentially inappropriate prescriptions (PIP) include 
Hispanic ethnicity, residing in an assisted care setting, and a 
greater number of BSH prescriptions prior to admission.16,19 
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Additionally, Cumbler et al.15 found that the presence of 
dementia was associated with fewer prescriptions for sleep 
aids in hospital. To our knowledge, there are no  published 
studies that have investigated prescriber factors associated 
with the use of BSH.  

The purpose of our study was to determine the frequency 
of PIPs of BSH in our academic hospital. Additionally, we 
aimed to identify patient and prescriber factors that were as-
sociated with increased likelihood of prescriptions to help 
guide future quality improvement initiatives. 

METHODS
Study Design and Setting
This was a retrospective observational study conducted at 
Mount Sinai Hospital (MSH) in Toronto over a 4-month 
period from January 2013 to April 2013. The hospital is a 
442-bed acute care academic health science center affili-
ated with the University of Toronto. The MSH electronic 
health record contains demographic data, medications and 
allergies, nursing documentation, and medical histories from 
prior encounters. It also includes computerized physician or-
der entry (CPOE) and a detailed medication administration 
record. This system is integrated with an electronic pharma-
cy database used to monitor and dispense medications for 
each patient. 

Patient and Medication Selection
We included inpatients over the age of 65 who were pre-
scribed a BSH during the study period from the following 
services: general internal medicine, cardiology, general sur-
gery, orthopedic surgery, and otolaryngology. To identify new 
exposure to BSHs, we excluded patients who were regularly 
prescribed a BSH prior to admission to hospital. The med-
ications of interest included all benzodiazepines and the 
nonbenzodiazepine sedative hypnotic, zopiclone. Zopiclone 
is the most commonly used nonbenzodiazepine sedative 
hypnotic in Canada and the only 1 available on our hospital 
formulary. These were selected based on the strength of ev-
idence to recommend against their use as first-line agents in 
older adults and in consultation with our geriatric medicine 
consultation team pharmacist.20 

Data Collection
The hospital administrative database provided patient de-
mographic information, admission service, admitting diag-
nosis, length of stay, and the total number of patients dis-
charged from the study units over the study period. We then 
searched the pharmacy electronic database for all benzodi-
azepines and zopiclone prescribed during the study period 
for patients who met the inclusion criteria. Manual review 
of paper and electronic health records for this cohort of pa-
tients was conducted to extract additional variables. We 
used a standardized form to record data elements. Dr. Pek 
collected all data elements. Dr. Remfry reviewed a random 
sample of patient records (10%) to ensure accuracy. The 
agreement between reviewers was 100%. 

In compliance with hospital accreditation standards, a 
clinical pharmacist documents a best possible medication 
history (BPMH) on every inpatient on admission. We used 
the BPMH to identify and exclude patients who were pre-
scribed a BSH prior to hospitalization. Because all medica-
tions were ordered through the CPOE system, as-needed 
medication prescriptions required the selection of a speci-
fied indication. Available options included ‘agitation/anxi-
ety’ and necessitated combining these 2 indications into 1 
category. Indications were primarily extracted through elec-
tronic order entry reviews. Paper charts were reviewed when 
further clarification was needed. 

We identified ordering physicians’ training level and fa-
miliarity with the service from administrative records ob-
tained from medical education offices, hospital records, and 
relevant call schedules. Fellows were defined as trainees with 
a minimum of 6 years of postgraduate training.

Variables
Our primary outcome of interest was the proportion of eligi-
ble patients age 65 and older who received a PIP for a BSH. 
Patient variables of interest included age, sex, comorbid con-
ditions, and a pre-admission diagnosis of dementia. Comor-
bid conditions and age were used to calculate the Carlson 
Comorbidity Index for each patient.21 Prescription variables 
included the medication prescribed, time of first prescription 
(“overnight hours” refer to prescriptions ordered after 7:00 
PM and before 7:00 AM), and whether the medication was 
ordered as part of an admission or postoperative order set. 
To determine whether patients were discharged home with 
a prescription for a BSH, we reviewed electronic discharge 
prescriptions of BSH-naïve patients who received a sedative 
in hospital. Only medical and cardiology inpatients receive 
electronic discharge prescriptions, and these were available 
for 189 patients in our cohort. Provider variables included 
training level, service, and familiarity with patients. We used 
the provider’s training program or department of appointment 
to define the ‘physician on-service’ variable. As an example, 
a resident registered in internal medicine is defined as ‘on-ser-
vice’ when prescribing sedatives for a medical inpatient. In 
contrast, a psychiatry resident would be considered “off-ser-
vice” if he prescribed a sedative for a surgical inpatient. The 
familiarity of a provider was categorized as ‘regular’ if they 
were responsible for a patient’s care on a day-to-day basis and 
‘covering’ if they were only covering on call. Other variables 
included admitting service and hospital length of stay.

Appropriateness Criteria
Criteria for potentially inappropriate use were modified from 
the American and Canadian Geriatrics Societies’ Choosing 
Wisely recommendations,4,5 and included insomnia and ag-
itation. These recommendations are in line with other evi-
dence based guidelines for safe prescribing in older adults.20 
For the purposes of our study, prescriptions for “agitation/
anxiety”, “agitation”, or “insomnia/sleep” were considered 
potentially inappropriate. Appropriate indications included 
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alcohol withdrawal, end-of-life symptom control, preproce-
dural sedation, and seizure.5 Patients who were already using 
a BSH prior to admission for any indication, including a psy-
chiatric diagnosis, were excluded. 

Statistical Analyses
We determined the proportion of patients with at least one 
PIP, as well as the proportion of all prescribing events that 
were potentially inappropriate. We used the Chi-square 
statistic and 2-sample t tests to compare the unadjusted 
associations between patient-level characteristics and re-
ceipt of at least 1 inappropriate prescription and prescribing 
event-level factors with inappropriate prescriptions. Given 
that first-year residents are more likely to be working over-
night when most PIPs are prescribed, we performed a simple 
logistic regression of potentially inappropriate prescribing by 
level of training stratified by time of prescription. A mul-
tivariable random-intercept logistic regression model was 
used to assess the adjusted association between patient- and 
prescribing event-level characteristics with inappropriate 
prescribing, adjusting for clustering of prescribing events 
within patients. Characteristics of interest were identified a 
priori and those with significant bivariate associations with 
potentially inappropriate were selected for inclusion in the 
model. Additionally, we included time of prescription in our 

model to control for potential confounding. All statistical 
analyses were performed using SAS 9.4 (SAS Institute Inc, 
Cary, North Carolina). The MSH Research Ethics Board 
approved the study.  

RESULTS
Description of Patients Prescribed a Benzodiazepine 
Sedative Hypnotic
There were 1540 patients over the age of 65 discharged 
during the 4-month study period. We excluded the 232 pa-
tients who had been prescribed a BSH prior to admission. 
Of the remaining eligible 1308 BSH-naïve patients, 251 
(19.2%) were prescribed a new BSH in hospital and were 
included in the study. Of this cohort of 251 patients, 193 
(76.9%) patients were prescribed a single BSH during their 
admission while 58 (23.1%) received 2 or more. Of all eligi-
ble patients, 208 (15.9%) were prescribed at least 1 PIP. Ap-
proximately half of the cohort was admitted to the general 
internal medicine service, and the most common reason for 
admission was cardiovascular disease (Table 1). 

Description of Prescriptions of Benzodiazepine  
Sedative Hypnotic
We reviewed 328 prescriptions for BSH during the study pe-
riod. The majority of these, 254 (77.4%) were potentially 

TABLE 1. Characteristics of Study Patients Newly Prescribed a Benzodiazepine or Sedative Hypnotic In-Hospital

Characteristic All Patientsa

Patients Prescribed Appropriate 
BSHb

Patients Prescribed Inappropriate 
BSHb P value

(n=251) (n=43) (n=208)

Age, mean (95% CI) 79.9 (78.9-81.0) 83.3 (80.8-85.7) 79.2 (78.1-80.3) 0.004

Gender

  Female

  Male

131 (52.2%)

120 (47.8%)

24 (18.3%)

19 (15.8%)

107 (81.7%)

101 (84.2%)

0.60

Admitting diagnosis

  Cardiovascular

  Gastrointestinal

  Injury

  Neoplasm

  Respiratory

  Other

64 (25.5%)

14 (5.6%)

29 (11.6%)

45 (17.9%)

18 (7.2%)

81 (32.3%)

9 (14.1%)

2 (14.3%)

4 (13.8%)

1 (2.2%)

3 (16.7%)

24 (29.6%)

55 (85.9%)

12 (85.7%)

25 (86.2%)

44 (97.8%)

15 (83.3%)

57 (70.4%)

0.005

CCI, mean (95% CI) 6.5 (6.2-6.8) 6.8 (6.0-7.7) 6.4 (6.0-6.7) 0.26

Dementia

  Dementia diagnosis

  No dementia diagnosis

27 (10.8%)

224 (89.2%)

11 (40.7%)

32 (14.3%)

16 (59.3%)

192 (85.7%)

0.002

Service

  General internal medicine

  Other (cardiology, surgical)

126 (50.2%)

125 (49.8%)

37 (29.4%)

6 (4.8%)

89 (70.6%)

119 (95.2%)

<0.0001

Length of stay, mean (95% CI) 12.6 (10.5-14.7) 11.8 (7.7-15.8) 12.8 (10.4-15.1) 0.68

aPercentages are column percentages.

 bPercentages are row percentages.

NOTE: Two-sample t-tests and the Chi-square statistic were used to assess the unadjusted associations of patient-level characteristics with PIP, where appropriate. Abbreviations: BSH, benzodiazepine sedative hypnotic; CCI: Charlson 
Comorbidity Index; CI, confidence interval. 
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inappropriate (Table 2). The most common PIPs were zo-
piclone (167; 65.7%) and lorazepam (82; 32.3%). The PIPs 
were most frequently ordered on an as-needed basis (219; 
86%), followed by one-time orders (30; 12%), and standing 
orders (5; 2%). The majority of PIPs (222; 87.4%) was pre-
scribed for insomnia with a minority (32; 12.6%) prescribed 
for agitation and/or anxiety. 

Most PIP were prescribed during overnight hours (159; 
62.6%) and when an in-house pharmacist was unavailable 
(211; 83.1%). These variables were highly correlated with 
prescription of sleep aid, which was defined in our criteria 
as potentially inappropriate. Copies of discharge prescrip-
tions were available for 189 patients. Of these 189 patients, 
19 (10.1%) were sent home with a prescription for a new 
sedative.

Association Between Patient/Provider Variables  
and Prescriptions
Patient factors associated with fewer PIPs in our bivariate 
analyses included older age and dementia (Table 1). A great-
er proportion of nighttime prescriptions were PIPs; however, 
this finding was not statistically significant (P = 0.067). The 
majority of all prescriptions was prescribed by residents in 
their first year of training (64.9%; Table 2), and there was 
a significant difference in rates of PIP across level of train-
ing (P = 0.0007). When stratified by time of prescription, 
there was no significant difference by level of training for 
nighttime prescriptions. Among daytime prescriptions, sec-
ond-year residents and staff (attending physicians and fel-
lows) were less likely to prescribe a PIP than first-year resi-
dents (odds ratio [OR], 0.24; 95% confidence interval [CI], 
0.09-0.66 and OR, 0.39; 95% CI, 0.14-1.13, respectively; 

Table 3); however, the association between staff and first-
years only approached statistical significance (P = 0.08). In-
terestingly, 20.4% of all PIPs were ordered routinely as part 
of an admission or postoperative order set.

In our regression model, admission to a specialty or sur-
gical service, compared to the general internal medicine 
service, was associated with a significantly higher likelihood 
of a PIP (OR, 6.61; 95% CI, 2.70-16.17; Table 4). Addi-
tionally, compared to cardiovascular admission diagnoses, 
neoplastic admitting diagnoses were associated with a higher 
likelihood of a PIP (OR, 4.43; 95% CI, 1.23-15.95). Time of 
prescription was a significant predictor in our multivariable 
regression model with nighttime prescriptions having in-
creased odds of a PIP (OR, 4.48; 95% CI, 2.21-9.06,). When 
comparing prescribers at the extremes of training, attend-
ing physicians and fellows were much less likely to prescribe 
a PIP compared to first-year residents (OR, 0.23; 95% CI, 
0.08-0.69; Table 4). However, there were no other signifi-
cant differences across training levels after adjusting for pa-
tient and prescribing event characteristics. 

DISCUSSION
We found that the majority of newly prescribed BSH in 
hospital was for the potentially inappropriate indications of 
insomnia and agitation/anxiety. Medications for insomnia 
were primarily initiated during overnight hours. Training 
level of prescribers and admitting service were found to be 
associated with appropriateness of prescriptions. 

Our study showed that 15.9% of hospitalized older adults 
were newly prescribed a PIP during their admission. Of all 
new in hospital prescriptions, 77% were deemed potentially 
inappropriate. These numbers are similar to those reported 

TABLE 2. Provider Characteristics of New In-Hospital Prescriptions and Timing of Prescribing Events

Characteristic All Prescriptionsa Appropriate Prescriptionsb Inappropriate Prescriptionsb P value

(n=328) (n=74) (n=254) 

Physician-training level

  PGY-1

  PGY-2

  PGY-3-5

  Attending physician and fellows

213 (64.9%)

36 (11.0%)

53 (16.2%)

26 (7.9%)

40 (18.8%)

16 (44.4%)

8 (15.1%)

10 (38.5%)

173 (81.2%)

20 (55.6%)

45 (84.9%)

16 (61.5%)

0.0007

Physician service

  On service

  Off service

225 (68.6%)

103 (31.4%)

57 (25.3%)

17 (16.5%)

168 (74.7%)

86 (83.5%)

0.076

Physician familiarity

  Regular

  Covering

260 (79.3%)

68 (20.7%)

66 (25.4%)

8 (11.8%)

194 (74.6%)

60 (88.2%)

0.017

Time of prescription

  Daytime 

  Nighttime (7:00 pm to 7:00 am)

150 (45.7%)

178 (54.3%)

55 (36.7%)

19 (10.7%)

95 (63.3%)

159 (89.3%)

0.067

aPercentages are column percentages.

 bPercentages are row percentages.

NOTE: The Chi-square statistic was used to assess the unadjusted associations between provider characteristics and prescribing event timing with potentially inappropriate prescriptions. Abbreviation: PGY, postgraduate year.
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by other centers; however, wide ranges exist.16,19 This is like-
ly the result of differences in appropriate use and inclusion 
criteria. Gillis et al.17 focused their investigation on sleep 
aids and showed that 26% of all admitted patients and 18% 
of BSH naïve patients received a prescription for insomnia. 
While this is similar to our findings, more than half of these 
patients were under the age of 65, and additional medica-
tions, such as trazodone, antihistamines, and antipsychotics 
were included.17 Other studies did not exclude patients who 
used a BSH regularly prior to admission. For example, 21% 
of veterans admitted to an acute care facility received a pre-
scription for potentially inappropriate indications, but this 
included continuation of prior home medications.19 In con-
trast, we chose to focus on older adults in whom BSH pose a 
greater risk of harm. Exclusion of patients who regularly used 
a BSH prior to admission allowed us to better understand 
the circumstances surrounding the initiation of these med-
ications in hospital. Furthermore, abrupt cessation of ben-
zodiazepines can cause withdrawal and worsen confusion.22

We found that 10% of patients newly prescribed a BSH 

in hospital were discharged with a prescription for a BSH. 
The accuracy of this is limited by the lack of availability 
of electronic discharge prescriptions on our surgical wards; 
however, it is likely an underrepresentation of the true ef-
fect given the high rates of PIPs on these wards. Our study 
highlights the concerning practice of continuing newly pre-
scribed BSH following discharge from hospital. 

Sleep disruption and poor quality sleep in hospital is a 
common issue that leads to significant use of BSH.15 Non-
pharmacologic interventions in older adults can be effec-
tive in improving sleep quality and reducing the need for 
BSH; however, they can be time-consuming to implement.23 
With the exception of preventative strategies used on our 
Acute Care for Elders unit, formal nonpharmacologic in-
terventions for sleep are not practiced in our hospital. We 
found that the majority of PIPs were prescribed as sleep 
aids in the overnight hours. This suggests that disruptions 
in sleep are leading patients and nursing staff to request 
pharmacologic treatments and highlights an area with 
significant room for improvement. Work is underway to  

TABLE 3. Associations Between Level of Training with Potentially Inappropriate Prescriptions of 
Benzodiazepines and Sedative Hypnotics Stratified by Timing of Prescription 

Timing of Prescription Reference Level of Training Comparison Level of Training OR (95% CI) P value

Daytime (7:00 am to 7:00 pm) PGY-1 PGY-2

PGY-3-5

Attending physicians and fellows

0.24 (0.09-0.66)

1.40 (0.50-3.90)

0.39 (0.14-1.13)

0.0061

0.52

0.08

Nighttime (7:00 pm to 7:00 am) PGY-1 PGY-2

PGY-3-5

Attending physicians and fellows

0.50 (0.13-2.00)

1.51 (0.32-7.10)

0.93 (0.11-8.03)

0.33

0.61

0.95

NOTE: Effect size estimates were calculated using simple logistic regression for the association between level of training with potentially inappropriate prescription stratified by timing of prescription. Abbreviations: CI, confidence interval; 
OR, odds ratio.

TABLE 4. Association of Patient and Prescription Characteristics with Potentially Inappropriate Prescriptions of 
Benzodiazepines and Sedative Hypnotics

Characteristics Reference Group Comparison Group OR (95% CI) P value

Admitting diagnosis Circulatory Neoplasm

Other

4.43 (1.23-15.95)

1.60 (0.64-3.95)

0.023a

0.31

Age, grouped 65-79 y ≥80 y 1.05 (0.50-2.21) 0.90

Dementia Dementia diagnosis No dementia diagnosis 1.79 (0.67-4.83) 0.25

Familiarity with patient Regular Covering 1.22 (0.42-3.57) 0.72

Hospital service General internal medicine Other (surgical, cardiology) 6.61 (2.70-16.17) <0.001a

Time of prescription Daytime Nighttime 4.48 (2.21-9.06) <0.001a

Training PGY-1 PGY-2

PGY-3-5

Attending physicians and fellows

0.52 (0.30-1.33)

0.91 (0.30-2.77)

0.28 (0.08-0.93)

0.17

0.87

0.037a

aDenotes statistical significance at P < 0.05.

NOTE: A multivariable random-intercept logistic regression model was used to assess the adjusted associations between patient- and prescribing event-level characteristics with inappropriate prescribing, adjusting for clustering of 
prescribing events within patients. Abbreviations: CI, confidence interval; OR, odds ratio; PGY, postgraduate year.

Pek 0517.indd   314 4/24/17   2:44 PM



An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine    Vol 12  |  No 5  |  May 2017          315

Inappropriate Benzodiazepine and Sedative Hypnotic Prescriptions   |   Pek et al

implement and evaluate safe sleep protocols for older adults. 
To our knowledge, we are the first to report an associa-

tion between training level and PIP of BSH in older adults. 
The highest rates of PIPs were found among the first-year 
residents and, after controlling for patient and prescribing 
event characteristics, such as time of prescription, first-year 
residents were significantly more likely to prescribe a PIP. 
First-year residents are more likely to respond first to issues 
on the wards. There may be pressure on first-year trainees to 
prescribe sleep aids, as many patients and nurses may seek 
pharmacologic solutions for symptom management. Knowl-
edge gaps may also be a contributing factor early in their 
training. A survey of physicians found that residents were 
more likely than attending physicians to list lack of formal 
education as a barrier to appropriate prescribing.24 

Similarities are seen in a study of antibiotic appropriate-
ness, where residents demonstrated gaps in knowledge of 
treatment of asymptomatic bacteriuria that seemed to vary 
by specialty.25 Interestingly, we found that patients admit-
ted to general internal medicine were prescribed fewer PIPs. 
This service includes our Acute Care for Elders unit, which 
is staffed by trained geriatric nurses and other allied health 
professionals. Residents who rotated on internal medicine 
are also likely to have received informal teaching about 
medication safety in older adults. Educational interven-
tions highlighting adverse effects of BSH and promoting 
nonpharmacologic solutions should be targeted at first-year 
residents. However, an interprofessional team approach to 
sleep disturbance in hospital, in combination with decision 
support for appropriate BSH use will achieve greater impact 
than education alone. 

Several limitations of this study merit discussion. First, 
findings from a single academic center may lack generaliz-
ability. However, the demographics of our patient population 
and our rates of BSH use were similar to those reported in 
previous studies. Second, our study may be subject to observ-
er bias, as the data collectors were not blinded. To minimize 
this, a strict template and clear appropriateness criteria were 
developed. Additionally, a second reviewer independently 
conducted data validation with 100% agreement among re-
viewers. Third, we studied prescribing patterns rather than 
medication administration and lacked data on filling of new 
BSH prescriptions in the postdischarge period. However, our 
primary goal is to determine risk of exposure to a BSH to 
minimize it. Fourth, although BSH are discouraged as “first 
choice for insomnia, anxiety or delirium,”4 they may be ap-
propriate in limited situations where all nonpharmacolog-
ic strategies have failed and patient or staff safety is at risk. 
In our chart reviews, we were unable to determine wheth-
er all nonpharmacologic strategies were exhausted prior to 
prescription initiation. However, more than 20% of all PIP 
were routinely prescribed as part of an admission or postop-
erative order set, suggesting a reflexive rather than reflec-
tive approach to sedative use. Furthermore, the indications 
of anxiety and agitation were combined as they appear in 
the CPOE as a combination indication, thus leaving us un-

able to determine the true proportion for each indication. 
However, more than 87% of all PIPs were for insomnia, re-
flecting a clear opportunity to improve sleep management 
in hospital. Last, the lack of a power calculation may have 
resulted in the study being underpowered and thus affect-
ed the ability to detect a significant effect of covariates that 
have real differences on the likelihood of sedative prescrip-
tions. For example, the low number of prescribing events by 
second-year residents and staff may have resulted in a type 
II error when comparing PIP rates with first-year residents.

We found that the majority of newly prescribed BSH 
among older adults in hospital were potentially inappro-
priate. They were most frequently prescribed by first-year 
residents overnight in response to insomnia. Our findings 
demonstrate BSH overuse remains prevalent and is associ-
ated with poor sleep in hospital. Future work will focus on 
implementing and evaluating safe sleep protocols and edu-
cational interventions aimed at first-year residents. 
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BACKGROUND: Although hypothesized to be a hazard of 
hospitalization, it is unclear whether hospital-acquired ane-
mia (HAA) is associated with increased adverse outcomes 
following discharge. 

OBJECTIVE: To examine the incidence, predictors, and 
postdischarge outcomes associated with HAA.

DESIGN: Observational cohort study using electronic health 
record data.

SUBJECTS: Consecutive medicine discharges between No-
vember 1, 2009 and October 30, 2010 from 6 Texas hospi-
tals, including safety-net, teaching, and nonteaching sites. 
Patients with anemia on admission or missing hematocrit 
values at admission or discharge were excluded.

MEASURES: HAA was defined using the last hematocrit 
value prior to discharge and categorized by severity. The 
primary outcome was a composite of 30-day mortality and 
nonelective readmission.

RESULTS: Among 11,309 patients, one-third developed HAA 
(21.6% with mild HAA; 10.1% with moderate HAA; and 1.4% 
with severe HAA). The 2 strongest potentially modifiable predic-
tors of developing moderate or severe HAA were length of stay 
(adjusted odds ratio [OR], 1.26 per day; 95% confidence interval 
[CI], 1.23-1.29) and receipt of a major procedure (adjusted OR, 
5.09; 95% CI, 3.79-6.82). Patients without HAA had a 9.7% inci-
dence for the composite outcome versus 16.4% for those with 
severe HAA. Severe HAA was independently associated with a 
39% increase in the odds for 30-day readmission or death (95% 
CI, 1.09-1.78). Most patients with severe HAA (85%) underwent 
a major procedure, had a discharge diagnosis of hemorrhage, 
and/or a discharge diagnosis of hemorrhagic disorder.

CONCLUSIONS: Severe HAA is associated with increased 
odds for 30-day mortality and readmission after discharge; 
however, it is uncertain whether severe HAA is preventable. 
Journal of Hospital Medicine 2017;12:317-322. © 2017 Society 
of Hospital Medicine

Hospital-acquired anemia (HAA) is defined as having a 
normal hemoglobin value upon admission but developing 
anemia during the course of hospitalization. The condition 
is common, with an incidence ranging from approximately 
25% when defined by using the hemoglobin value prior to dis-
charge to 74% when using the nadir hemoglobin value during 
hospitalization.1-5 While there are many potential etiologies 
for HAA, given that iatrogenic blood loss from phlebotomy 
may lead to its development,6,7 HAA has been postulated to 
be a hazard of hospitalization that is potentially preventable.8 
However, it is unclear whether the development of HAA por-
tends worse outcomes after hospital discharge. 

The limited number of studies on the association between 
HAA and postdischarge outcomes has been restricted to pa-
tients hospitalized for acute myocardial infarction (AMI).3,9,10 
Among this subpopulation, HAA is independently associat-
ed with greater morbidity and mortality following hospital 
discharge.3,9,10 In a more broadly representative population 
of hospitalized adults, Koch et al.2 found that the devel-

opment of HAA is associated with greater length of stay 
(LOS), hospital charges, and inpatient mortality. However, 
given that HAA was defined by the lowest hemoglobin level 
during hospitalization (and not necessarily the last value pri-
or to discharge), it is unclear if the worse outcomes observed 
were the cause of the HAA, rather than its effect, since hos-
pital LOS is a robust predictor for the development of HAA, 
as well as a major driver of hospital costs and a prognostic 
marker for inpatient mortality.3,9 Furthermore, this study 
evaluated outcomes only during the index hospitalization, 
so it is unclear if patients who develop HAA have worse 
clinical outcomes after discharge.

Therefore, in this study, we used clinically granular elec-
tronic health record (EHR) data from a diverse cohort of 
consecutive medicine inpatients hospitalized for any reason 
at 1 of 6 hospitals to: 1) describe the epidemiology of HAA; 
2) identify predictors of its development; and 3) examine 
its association with 30-day postdischarge adverse outcomes. 
We hypothesized that the development of HAA would be 
independently associated with 30-day readmission and mor-
tality in a dose-dependent fashion, with increasing severity 
of HAA associated with worse outcomes.

METHODS
Study Design, Population, and Data Sources
We conducted a retrospective observational cohort study 
using EHR data collected from November 1, 2009 to Oc-
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tober 30, 2010 from 6 hospitals in the north Texas region. 
One site was a university-affiliated safety-net hospital; the 
remaining 5 community hospitals were a mix of teaching 
and nonteaching sites. All hospitals used the Epic EHR 
system (Epic Systems Corporation, Verona, Wisconsin). 
Details of this cohort have been published.11,12

This study included consecutive hospitalizations among 
adults age 18 years or older who were discharged from a 
medicine inpatient service with any diagnosis. We excluded 
hospitalizations by individuals who were anemic within the 
first 24 hours of admission (hematocrit less than 36% for 
women and less than 40% for men), were missing a hema-
tocrit value within the first 24 hours of hospitalization or a 
repeat hematocrit value prior to discharge, had a hospitaliza-
tion in the preceding 30 days (ie, index hospitalization was 
considered a readmission), died in the hospital, were trans-
ferred to another hospital, or left against medical advice. For 
individuals with multiple eligible hospitalizations during the 
study period, we included only the first hospitalization. We 
also excluded those discharged to hospice, given that this 
population of individuals may have intentionally desired less 
aggressive care. 

Definition of Hospital-Acquired Anemia
HAA was defined as having a normal hematocrit value 
(36% or greater for women and 40% or greater for men) 
within the first 24 hours of admission and a hematocrit val-
ue at the time of hospital discharge lower than the World 
Health Organization’s sex-specific cut points.13 If there was 
more than 1 hematocrit value on the same day, we chose 
the lowest value. Based on prior studies, HAA was further 
categorized by severity as mild (hematocrit greater than 33% 
and less than 36% in women; and greater than 33% and less 
than 40% in men), moderate (hematocrit greater than 27% 
and 33% or less for all), or severe (hematocrit 27% or less  
for all).2,14

Characteristics
We extracted information on sociodemographic characteris-
tics, comorbidities, LOS, procedures, blood transfusions, and 
laboratory values from the EHR. Hospitalizations in the 12 
months preceding the index hospitalization were ascertained 
from the EHR and from an all-payer regional hospitalization 
database that captures hospitalizations from 75 acute care 
hospitals within a 100-mile radius of Dallas-Fort Worth. Inter-
national Classification of Diseases, Ninth Revision, Clinical Mod-
ification (ICD-9-CM) discharge diagnosis codes were catego-
rized according to the Agency for Healthcare Research and 
Quality (AHRQ) Clinical Classifications Software (CCS).15 
We defined a diagnosis for hemorrhage and coagulation, and 
hemorrhagic disorder as the presence of any ICD-9-CM code 
(primary or secondary) that mapped to the AHRQ CCS di-
agnoses 60 and 153, and 62, respectively. Procedures were 
categorized as minor diagnostic, minor therapeutic, major di-
agnostic, and major therapeutic using the AHRQ Healthcare 
Cost and Utilization Procedure Classes tool.16

Outcomes
The primary outcome was a composite of death or readmis-
sion within 30 days of hospital discharge. Hospital readmis-
sions were ascertained at the index hospital and at any of 
75 acute care hospitals in the region as described earlier. 
Death was ascertained from each of the hospitals’ EHR and 
administrative data and the Social Security Death Index. 
Individuals who had both outcomes (eg,  a 30-day readmis-
sion and death) were considered to have only 1 occurrence 
of the composite primary outcome measure. Our secondary 
outcomes were death and readmission within 30 days of dis-
charge, considered as separate outcomes.

Statistical Analysis
We used logistic regression models to evaluate predictors of 
HAA and to estimate the association of HAA on subsequent 
30-day adverse outcomes after hospital discharge. All models 
accounted for clustering of patients by hospital. For the out-
comes analyses, models were adjusted for potential confound-
ers based on prior literature and our group’s expertise, which 
included age, sex, race/ethnicity, Charlson comorbidity index, 
prior hospitalizations, nonelective admission status, creatinine 
level on admission, blood urea nitrogen (BUN) to creatinine 
ratio of more than 20:1 on admission, LOS, receipt of a major 
diagnostic or therapeutic procedure during the index hospital-
ization, a discharge diagnosis for hemorrhage, and a discharge 
diagnosis for a coagulation or hemorrhagic disorder. For the 
mortality analyses, given the limited number of 30-day deaths 
after hospital discharge in our cohort, we collapsed moderate 
and severe HAA into a single category. In sensitivity analyses, 
we repeated the adjusted model, but excluded patients in our 
cohort who had received at least 1 blood transfusion during the 
index hospitalization (2.6%) given its potential for harm, and 
patients with a primary discharge diagnosis for AMI (3.1%).17 

The functional forms of continuous variables were assessed 
using restricted cubic splines and locally weighted scatter-
plot smoothing techniques. All analyses were performed 
using STATA statistical software version 12.0 (StataCorp, 
College Station, Texas). The University of Texas South-
western Medical Center institutional review board approved 
this study.

RESULTS
Of 53,995 consecutive medicine hospitalizations among 
adults age 18 years or older during our study period, 11,309 
index hospitalizations were included in our study cohort 
(Supplemental Figure 1). The majority of patients excluded 
were because of having documented anemia within the first 
24 hours of admission (n=24,950). With increasing sever-
ity of HAA, patients were older, more likely to be female, 
non-Hispanic white, electively admitted, have fewer comor-
bidities, less likely to be hospitalized in the past year, more 
likely to have had a major procedure, receive a blood trans-
fusion, have a longer LOS, and have a primary or second-
ary discharge diagnosis for a hemorrhage or a coagulation or 
hemorrhagic disorder (Table 1). 
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Epidemiology of HAA
Among this cohort of patients without anemia on admis-
sion, the median hematocrit value on admission was 40.6 
g/dL and on discharge was 38.9 g/dL. One-third of patients 
with normal hematocrit value at admission developed HAA, 
with 21.6% developing mild HAA, 10.1% developing mod-
erate HAA, and 1.4% developing severe HAA. The median 
discharge hematocrit value was 36 g/dL (interquartile range 
[IQR]), 35-38 g/dL) for the group of patients who developed 
mild HAA, 31 g/dL (IQR, 30-32 g/dL) for moderate HAA, 
and 26 g/dL (IQR, 25-27 g/dL) for severe HAA (Supple-
mental Figure 2). Among the severe HAA group, 135 of 
the 159 patients (85%) had a major procedure (n=123, ac-
counting for 219 unique major procedures), a diagnosis for 
hemorrhage (n=30), and/or a diagnosis for a coagulation or 
hemorrhagic disorder (n=23) during the index hospitaliza-
tion. Of the 219 major procedures among patients with se-
vere HAA, most were musculoskeletal (92 procedures), car-
diovascular (61 procedures), or digestive system-related (41 
procedures). The most common types of procedures were 
coronary artery bypass graft (36 procedures), hip replace-
ment (25 procedures), knee replacement (17 procedures), 
and femur fracture reduction (15 procedures). The 10 most 
common principal discharge diagnoses of the index hospital-
ization by HAA group are shown in Supplemental Table 1. 
For the severe HAA group, the most common diagnosis was 
hip fracture (20.8%). 

Predictors of HAA
Compared to no or mild HAA, female sex, elective admis-
sion status, serum creatinine on admission, BUN to cre-
atinine ratio greater than 20 to 1, hospital LOS, and un-
dergoing a major diagnostic or therapeutic procedure were 
predictors for the development of moderate or severe HAA 
(Table 2). The model explained 23% of the variance (Mc-
Fadden’s pseudo R2).

Incidence of Postdischarge Outcomes by Severity of HAA
The severity of HAA was associated with a dose-dependent 
increase in the incidence of 30-day adverse outcomes, such 
that patients with increasing severity of HAA had greater 
30-day composite, mortality, and readmission outcomes (P < 
0.001; Figure). The 30-day postdischarge composite outcome 
was primarily driven by hospital readmissions given the low 
mortality rate in our cohort. Patients who did not develop 
HAA had an incidence of 9.7% for the composite outcome, 
whereas patients with severe HAA had an incidence of 
16.4%. Among the 24 patients with severe HAA but who 
had not undergone a major procedure or had a discharge di-
agnosis for hemorrhage or for a coagulation or hemorrhag-
ic disorder, only 3 (12.5%) had a composite postdischarge 
adverse outcome (2 readmissions and 1 death). The median 
time to readmission was similar between groups, but more 
patients with severe HAA had an early readmission within 7 
days of hospital discharge than patients who did not develop 
HAA (6.9% vs. 2.9%, P = 0.001; Supplemental Table 2).

Association of HAA and Postdischarge Outcomes
In unadjusted analyses, compared to not developing HAA, 
mild, moderate, and severe HAA were associated with a 
29%, 61%, and 81% increase in the odds for a composite 
outcome, respectively (Table 3). After adjustment for con-
founders, the effect size for HAA attenuated and was no 
longer statistically significant for mild and moderate HAA. 
However, severe HAA was significantly associated with a 
39% increase in the odds for the composite outcome and a 
41% increase in the odds for 30-day readmission (P = 0.008 
and P = 0.02, respectively). 

In sensitivity analyses, the exclusion of individuals who 
received at least 1 blood transfusion during the index hos-
pitalization (n=298) and individuals who had a primary 
discharge diagnosis for AMI (n=353) did not substantive-
ly change the estimates of the association between severe 
HAA and postdischarge outcomes (Supplemental Tables 3 
and 4). However, because of the fewer number of adverse 
events for each analysis, the confidence intervals were wider 
and the association of severe HAA and the composite out-
come and readmission were no longer statistically significant 
in these subcohorts.

DISCUSSION
In this large and diverse sample of medical inpatients, we 
found that HAA occurs in one-third of adults with normal 
hematocrit value at admission, where 10.1% of the cohort 
developed moderately severe HAA and 1.4% developed 
severe HAA by the time of discharge. Length of stay and 
undergoing a major diagnostic or therapeutic procedure 
were the 2 strongest potentially modifiable predictors of 
developing moderate or severe HAA. Severe HAA was 
independently associated with a 39% increase in the odds 
of being readmitted or dying within 30 days after hospital 
discharge compared to not developing HAA. However, the 

FIG. Incidence of adverse outcomes by severity of HAA. The P values for the 

differences in the 30-day composite, mortality, and readmission outcomes by 

HAA severity were <0.001, 0.004, and <0.001, respectively.

NOTE: Abbreviation: HAA, hospital-acquired anemia.
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associations between mild or moderate HAA with adverse 
outcomes were attenuated after adjusting for confounders 
and were no longer statistically significant. 

To our knowledge, this is the first study on the postdis-
charge adverse outcomes of HAA among a diverse cohort 
of medical inpatients hospitalized for any reason. In a more 
restricted population, Salisbury et al.3 found that patients 
hospitalized for AMI who developed moderate to severe 
HAA (hemoglobin value at discharge of  11 g/dL or less) had 
greater 1-year mortality than those without HAA (8.4% vs. 
2.6%, P < 0.001), and had an 82% increase in the hazard for 
mortality (95% confidence interval, hazard ratio 1.11-2.98). 
Others have similarly shown that HAA is common among 
patients hospitalized with AMI and is associated with great-
er mortality.5,9,18 Our study extends upon this prior research 

by showing that severe HAA increases the risk for adverse 
outcomes for all adult inpatients, not only those hospitalized 
for AMI or among those receiving blood transfusions.

Despite the increased harm associated with severe HAA, 
it is unclear whether HAA is a preventable hazard of hos-
pitalization, as suggested by others.6,8 Most patients in our 
cohort who developed severe HAA underwent a major pro-
cedure, had a discharge diagnosis for hemorrhage, and/or 
had a discharge diagnosis for a coagulation or hemorrhagic 
disorder. Thus, blood loss due to phlebotomy, 1 of the more 
modifiable etiologies of HAA, was unlikely to have been 
the primary driver for most patients who developed severe 
HAA. Since it has been estimated to take 15 days of daily 
phlebotomy of 53 mL of whole blood in females of average 
body weight (and 20 days for average weight males) with 

TABLE 1. Baseline Characteristics of Hospitalized Medicine Patients (N=11,309)

HAA Severitya

None Mild Moderate Severe P

N 7563 2445 1142 159

Age, mean (SD), y 59.6 (17.1) 59.7 (17.5) 63.3 (16.9) 65.3 (16.0) <0.001

Female, n (%) 4487 (59.3) 1188 (48.6) 948 (83.0) 114 (71.7) <0.001

Race/ethnicity, n (%)

   White

   Black

   Hispanic

   Other

5109 (67.6)

1261 (16.7)

949 (12.5)

244 (3.2)

1570 (64.2)

448 (18.3)

344 (14.1)

83 (3.4)

808 (70.8)

174 (15.2)

128 (11.2)

32 (2.8)

122 (76.7)

13 (8.2)

18 (11.3)

6 (3.8)

0.002

Primary insurance, n (%)

   Private

   Medicare

   Other

3186 (42.1)

2574 (34.0)

1803 (23.8)

924 (37.8)

875 (35.8)

646 (26.4)

446 (39.1)

485 (42.5)

211 (18.5)

58 (36.5)

79 (49.7)

22 (13.8)

<0.001

Nonelective admission, n (%) 6884 (91.0) 2172 (88.8) 916 (80.2) 122 (76.7) <0.001

Charlson Comorbidity Index, n (%)

   0

   1+

6030 (79.7)

1533 (20.3)

1842 (75.3)

603 (24.7)

862 (75.5)

280 (24.5)

131 (82.4)

28 (17.6)

<0.001

≥1 hospitalizations in past y, n (%) 1885 (24.9) 736 (30.1) 329 (28.8) 32 (20.1) <0.001

Hematocrit on admission, median (IQR) 41 (39-43) 41 (38-42) 38 (37-41) 39 (37-42) <0.001

Prothrombin time >35 on admission, n (%) 73 (0.97) 25 (1.02) 9 (0.79) 1 (0.63) 0.887

Platelets <100 x 103/µL on admission, n (%) 155 (2.05) 56 (2.29) 31 (2.71) 2 (1.26) 0.406

Creatinine, mean (SD), mg/dL 1.15 (1.01) 1.34 (1.26) 1.38 (1.30) 1.34 (1.16) <0.001

BUN to creatinine >20:1 on admission, n (%) 2168 (28.7) 711 (29.1) 410 (35.9) 70 (44.0) <0.001

Procedures, n (%)b

   None

   Minor diagnostic

   Minor therapeutic

   Major diagnostic

   Major therapeutic

4021 (53.2)

1277 (16.9)

1505 (19.9)

57 (0.7)

703 (9.3)

929 (38.0)

293 (12.0)

639 (26.1)

33 (1.4)

551 (22.5)

257 (22.5)

61 (5.4)

272 (23.8)

16 (1.4)

536 (46.9)

4 (2.5)

3 (1.9)

29 (18.2)

0 (0)

123 (77.4)

<0.001

Receipt of blood transfusion, n (%) 44 (0.6) 75 (3.1) 136 (11.9) 43 (27.0) <0.001

LOS, median (IQR), d 3 (2-5) 4 (3-7) 6 (4-10) 8 (5-12) <0.001

Any discharge diagnoses, n (%)c

   Hemorrhage

   Coagulation or hemorrhagic disorder

64 (0.9)

264 (3.5)

48 (1.96)

146 (6.0)

83 (7.3)

84 (7.4)

30 (18.9)

23 (14.5)

<0.001

<0.001

aHAA was categorized by severity as mild (hematocrit >33% and <36% in women; and >33% and <40% in men), moderate (hematocrit >27% and ≤33% for all), or severe (hematocrit ≤27% for all) .
bCategorized according to the Agency for Healthcare Research and Quality Healthcare Cost and Utilization Project’s Procedure Classes. If >1 procedure during the hospitalization, it was classified according to the most invasive one.
c Defined by a primary or secondary discharge ICD-9-CM code categorized by the Agency for Healthcare Research and Quality Clinical Classifications software.

NOTE: Abbreviations: BUN, blood urea nitrogen; HAA, hospital-acquired anemia; IQR, interquartile range; LOS, length of stay; SD, standard deviation.
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no bone marrow synthesis for severe anemia to develop, it 
is even less likely that phlebotomy was the principal etiolo-
gy given an 8-day median LOS among patients with severe 
HAA.19,20 However, since the etiology of HAA can be mul-
tifactorial, limiting blood loss due to phlebotomy by using 
smaller volume tubes, blood conservation devices, or reduc-
ing unnecessary testing may mitigate the development of se-
vere HAA.21,22 Additionally, since more than three-quarters 
of patients who developed severe HAA underwent a major 
procedure, more care and attention to minimizing operative 
blood loss could lessen the severity of HAA and facilitate 
better recovery. If minimizing blood loss is not feasible, in 
the absence of symptoms related to anemia or ongoing blood 
loss, randomized controlled trials overwhelmingly support 
a restrictive transfusion strategy using a hemoglobin value 
threshold of 7 mg/dL, even in the postoperative setting.23-25

The implications of mild to moderate HAA are less 
clear. The odds ratios for mild and moderate HAA, while 
not statistically significant, suggest a small increase in harm 
compared to not developing HAA. Furthermore, the upper 
boundary of the confidence intervals for mild and moder-
ate HAA cannot exclude a possible 30% and 56% increase 
in the odds for the 30-day composite outcome, respectively. 
Thus, a better powered study, including more patients and 
extending the time interval for ascertaining postdischarge 
adverse events beyond 30 days, may reveal a harmful associ-
ation. Lastly, our study assessed only the association of HAA 
with 30-day readmission and mortality. Examining the asso-
ciation between HAA and other patient-centered outcomes 
such as fatigue, functional impairment, and prolonged post-
hospitalization recovery time may uncover other important 
adverse effects of mild and moderate HAA, both of which 
occur far more frequently than severe HAA.

Our findings should be interpreted in the context of sev-
eral limitations. First, although we included a diverse group 
of patients from a multihospital cohort, generalizability to 
other settings is uncertain. Second, as this was a retrospec-
tive study using EHR data, we had limited information to 
infer the precise mechanism of HAA for each patient. How-

ever, procedure codes and discharge diagnoses enabled us to 
assess which patients underwent a major procedure or had 
a hemorrhage or hemorrhagic disorder during the hospital-
ization. Third, given the relatively few number of patients 
with severe HAA in our cohort, we were unable to assess if 
the association of severe HAA differed by suspected etiol-
ogy. Lastly, because we were unable to ascertain the timing 
of the hematocrit values within the first 24 hours of admis-
sion, we excluded both patients with preexisting anemia on 
admission and those who developed HAA within the first 
24 hours of admission, which is not uncommon.26 Thus, we 
were unable to assess the effect of acute on chronic anemia 
arising during hospitalization and HAA that develops with-
in the first 24 hours, both of which may also be harmful.18,27,28

In conclusion, severe HAA occurs in 1.4% of all medi-
cal hospitalizations and is associated with increased odds of 
death or readmission within 30 days. Since most patients 

TABLE 3. Association of HAA and 30-Day Postdischarge Adverse Outcomesa

Outcome and model

HAA Severity

None Mild Moderate Severe

Composite

   Unadjusted

   Adjustedb

[Reference]

[Reference]

1.29 (1.11-1.48)

1.08 (0.90-1.30)

1.61 (1.23-2.10)

1.17 (0.87-1.56)

1.81 (1.28-2.56)

1.39 (1.09-1.78)

Readmission

   Unadjusted

   Adjustedb

[Reference]

[Reference]

1.28 (1.11-1.48)

1.11 (0.94-1.31)

1.55 (1.16-2.08)

1.16 (0.85-1.57)

1.76 (1.17-2.65)

1.41 (1.05-1.91)

Mortality

   Unadjusted

   Adjustedb

[Reference]

[Reference]

Mild

1.53 (0.99-2.37)

0.97 (0.57-1.65)

Moderate/Severe

2.26 (1.75-2.92)

1.34 (0.88-2.04)

aAll models accounted for clustering of patients by hospital. Values shown are odds ratios (95% confidence interval).
b Adjusted for age, sex, race/ethnicity, Charlson Comorbidity Index, prior hospitalizations in past year, nonelective admission status, LOS, creatinine on admission, blood urea nitrogen to creatinine ratio >20:1 on admission, receipt of a 
major diagnostic and/or therapeutic procedure during the index hospitalization, a discharge diagnosis for hemorrhage, and a discharge diagnosis for a coagulation or hemorrhagic disorder.

NOTE: Abbreviations: HAA, hospital-acquired anemia; LOS, length of stay.

TABLE 2. Predictors of Developing Moderate  
or Severe HAA

Adjusted OR (95% CI)

Age, per 10 years 1.05 (0.95-1.17)

Female 3.84 (2.65-5.57)

Race/ethnicity

   White

   Black

   Hispanic

   Other

[Reference]

1.01 (0.90-1.14)

1.12 (0.89-1.41)

0.97 (0.75-1.27)

Charlson Comorbidity Index 0.99 (0.87-1.12)

Prior hospitalizations, per admission 1.01 (0.97-1.06)

Elective admission status 1.52 (1.36-1.70)

Creatinine, per 0.5 mg/dL 1.08 (1.04-1.13)

BUN to creatinine ratio >20:1 1.23 (1.03-1.46)

Length of stay, per day 1.26 (1.23-1.29)

Major diagnostic or therapeutic procedure 5.09 (3.79-6.82)

NOTE: Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; HAA, hospital-acquired anemia;  
OR, odds ratio.
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with severe HAA had undergone a major procedure or had a 
discharge diagnosis of hemorrhage or a coagulation or hem-
orrhagic disorder, it is unclear if severe HAA is potentially 
preventable through preventing blood loss from phlebotomy 
or by reducing iatrogenic injury during procedures. Future 
research should assess the potential preventability of se-
vere HAA, and examine other patient-centered outcomes 
potentially related to anemia, including fatigue, functional 
impairment, and trajectory of posthospital recovery.
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BACKGROUND: Increasing use of testing among hospital-
ized patients has resulted in an increase in radiologic inciden-
tal findings (IFs), which challenge the provision of high-value 
care in the hospital setting. 

OBJECTIVE: To understand impact of radiologic incidental 
findings on resource utilization in patients hospitalized with 
chest pain.

DESIGN: Retrospective observational cross sectional study.

SETTING: Academic medical center.

PARTICIPANTS: Adult patients hospitalized with principal 
diagnosis of chest pain.

MEASUREMENTS: Demographic, imaging, and length of 
stay (LOS) data were abstracted from the medical charts. We 
used multiple logistic regression to evaluate factors asso-
ciated with radiologic IFs and negative binomial regression 
to evaluate the association between radiologic IFs and LOS.

RESULTS: 1811 consecutive admissions with chest pain 
were analyzed retrospectively over a period of 24 months; 
376 patients were included in the study after exclusion cri-
teria were applied and readmissions removed. Of these, 197 
patients (52%) had 364 new radiologic IFs on imaging; most 
IFs were of minor (50%) or moderate clinical significance 
(42%), with only 7% of major significance. Odds of finding 
radiologic IFs increased with age (adjusted odds ratio, 1.04; 
95% confidence interval [CI], 1.01-1.06) and was associated 
with a 26% increase in LOS (adjusted incidence rate ratio, 
1.26; 95% CI, 1.07-1.49).

CONCLUSION: Radiologic IFs were very common among 
patients hospitalized with chest pain of suspected cardi-
ac origin and independently associated with an increase 
in the LOS. Interventions to address radiologic IFs may re-
duce LOS and, thereby, support high-value care.  Journal 
of Hospital Medicine 2017;12:323-328. © 2017 Society of  
Hospital Medicine

Diagnostic imaging is an integral part of patient evaluation 
in acute care settings. The use of imaging for presenting com-
plaints of chest pain, abdominal pain, and injuries has in-
creased in emergency departments across the United States 
without an increase in detection of acute pathologic condi-
tions.1,2 An unintended consequence of this increase in di-
agnostic imaging is the discovery of incidental findings (IFs). 

Incidental findings are unexpected findings (eg, nodules) 
noted on diagnostic imaging that are not related to the pre-
senting complaint.3 The increasing use of diagnostic imaging 
and increased sensitivity of these tests have led to a higher 
burden of radiologic IFs.4 In a tertiary level hospital, Lum-
breras et al.5 found that the overall incidence of IFs for all 
radiologic imaging for inpatients and outpatients was 15%, 
while Orme et al.6 found that the incidence in imaging re-
search was 39.8%. The existing evidence base suggests that 

the identification of radiologic IFs has financial,5,7 clinical,6 

ethical, and legal implications.8 Also, IFs increase workload 
for healthcare professionals, including that related to fol-
low-up and surveillance.9  

In the field of radiology, the burden of radiologic IFs is 
a well-accepted fact and various white papers have been 
published by the American College of Radiology on how to 
address them.4,7 Hospitalized patients are a population that 
undergoes a substantial number of diagnostic tests. In the 
era of accountable care organizations10 with an emphasis on 
population health and high-value care, radiologic IFs pose a 
particular challenge to healthcare providers. 

Chest pain is one of the most common reasons for emer-
gency department visits in the United States.11 In this study, 
we report on radiologic IFs and factors associated with 
these among patients hospitalized for chest pain of suspect-
ed cardiac origin, and we evaluate the hypothesis that ra-
diologic IFs are associated with an increase in LOS in this  
population.

METHODS
We conducted a secondary analysis of data from the Chest 
Pain and Cocaine Study (CPAC). The CPAC study is a cross 
sectional study of all patients hospitalized with chest pain to 
our urban academic medical center. Medical records were 
reviewed to generate a database of all such patients during 
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the study period. The main focus of CPAC was to look at 
healthcare disparities and resource utilization in patients 
with or without a concomitant diagnosis of cocaine use.12   

Study Population
The Figure shows the selection of the study sample for this 
analysis. The CPaC Study identified 1811 consecutive ad-
missions for chest pain/angina pectoris (based on admitting 
diagnosis ICD-9-CM codes: 411.x; 413.x, 414.x; and 786.5x) 
over 24 months. Per the CPaC Study protocol, patients old-
er than 65 years were excluded (n=567 admissions). After 
chart review, all admissions diagnosed with acute myocar-
dial infarction (n=97) or noncardiac chest pain (n=655) 
were excluded. For this analysis, we excluded 39 additional 
admissions of patients who had known prior radiologic IFs, 
leading to a sample size of 453 admissions. Three hundred 
and seventy six patients had accounted for 453 admissions 
during the study period, and we included1 of these admis-
sions in the analysis using the following process: If a patient 
had a radiologic IF on any admission during the study period, 
that patient was included in the “IF” group for the analysis, 
and data from the first admission with an IF were used for the 
analysis. If a patient had no radiologic IFs on any admission 

during the study period, that patient was included in the “no 
IF” group, and the data from the first admission in the data-
base were used for analysis. 

Measurements
Data collection was completed retrospectively by medical 
record review using a standardized CPaC Study protocol. 
The database was created and maintained using REDCap 
(Research Electronic Data Capture; Vanderbilt University, 
Knoxville, Tennessee) electronic data capture tool hosted 
at Johns Hopkins University.13 All data were manually ab-
stracted into REDCap from electronic medical records. All 
missing values and inconsistent data were reviewed by mul-
tiple physicians to ensure data integrity. 

We defined all diagnostic (noninterventional; nonlab-
oratory) testing done during a patient’s hospitalization as 
“diagnostic” tests, except cardiac stress testing and echo-
cardiogram. We defined diagnostic tests as “primary” tests 
if they were done in response to patients’ presenting com-
plaint. We defined diagnostic tests as “secondary” tests if 
they were done by providers due to IFs.  Cardiac computed 
tomography was included in diagnostic tests.  Cardiac test-
ing (echocardiogram, cardiac stress testing, cardiac catheter-

FIG. Flow chart of patient selection.
aPatients with multiple admissions and at least 1 admission having radiologic IFs. Only the first admission with new radiologic IFs was included. 
bPatients with multiple admissions and no radiologic IFs. Only the first admission was included. 

NOTE: Abbreviations: IF, incidental findings; MI, myocardial infarction.

12  Multi-admit patients 
accounting for 34  
admissions without IFb

167  Single-admit patients164  Single-admit patients 33  Multi-admit patients 
accounting for 52 
admissions with  
new IFa and

36 admits 
with no IF

567  Excluded, age >65 y

752  Excluded, 97 MIs; 655 
noncardiac diagnoses

39  Excluded, prior radiologic IF

1811  Admission with diagnosis 
of chest pain

1244  Nonelderly admissions with 
diagnosis of chest pain

492  Nonelderly admissions with chest 
pain of suspected cardiac etiology

237  Admissions with no radiologic IF216  Admissions with new radiologic IF
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ization and pacemaker placement) was considered separate 
from the “diagnostic tests” since these were focused cardiac 
imaging that are interventional in nature with low yield on 
extra-cardiac radiologic IFs. 

Incidental findings were defined as any unexpected find-
ings on diagnostic imaging unrelated to the reason for ad-
mission, and were classified based on organ systems and their 
clinical significance as major, moderate, or minor using a 
classification previously published by Lumbreras et al.14 All 
radiologic IFs data underwent sequential dual review by in-
vestigators for accuracy of documentation.  Individuals with 
multiple radiologic IFs belonging to more than one category 
of clinical significance were categorized with the IFs group 
of highest clinical significance. Ten percent of the patients 
with no IFs were reviewed again, and no errors found.

Demographic variables at the time of admission included  
age, sex, race, level of education, employment status, insur-
ance status, body mass index (BMI), and smoking status. 
Comorbid conditions at the time of admission consisted of 
the following: hypertension, diabetes mellitus, chronic kid-
ney disease (CKD), chronic obstructive pulmonary disease 
(COPD), history of myocardial infarction, cerebrovascular 
accident (CVA), congestive heart failure (CHF), drug use 
and malignancy or history of it.  Initial laboratory values 
were extracted from electronic medical records and includ-
ed hemoglobin, creatinine, blood urea nitrogen (BUN), 
aspartate transaminase, alanine transaminase, and alkaline 
phosphatase. We calculated the estimated glomerular filtra-
tion rate (eGFR) using the MDRD (Modification of Diet 
in Renal Disease) equation.15 Admission and discharge in-
formation as well as whether the patient had a primary care 
provider, were obtained from medical records. The length of 
hospital stay was calculated by subtracting date of admission 
from date of discharge.

Statistical Analysis 
We conducted 2 main analyses: 1) a descriptive analysis of 
the association between patient characteristics (indepen-
dent variables) and identification of IFs during admission 
(primary outcome) and 2) an analysis of the association be-
tween identification of incidental findings during admission 
(independent variable) and LOS (primary outcome). 

For the descriptive analysis of radiologic IFs, we compared 
the characteristics of patients with and without radiologic 
IFs during admission using a t-test (for normally distributed 
continuous variables) or Mann-Whitney test (for nonnor-
mally distributed continuous variables) and a chi-square or 
Fisher exact test for categorical variables based on the num-
ber of observations. We included variables significantly asso-
ciated with the occurrence of radiologic IFs (P < 0.05) in a 
multiple logistic regression model to identify characteristics 
independently associated with presence of radiologic IFs. 

Length of stay was right-skewed even after natural loga-
rithm transformation and, therefore, we used negative bino-
mial regression for the analysis of the association between the 
identification of radiologic IFs during admission and LOS. 

We included potential confounding variables in the multiple 
negative binomial regression model based on plausibility of 
confounding and association with both the exposure (iden-
tification of radiologic IFs during admission) and outcome 
(LOS) at a level of P < 0.3. Age, education level, history 
of drug use, history of CHF, history of CKD, lower eGFR, 
higher serum creatinine/BUN, hemoglobin, occurrence of 
cardiac catheterization, stress testing, and multiple admis-
sions during the study period were identified as confound-
ers. For correlated variables (eg, hemoglobin and hemato-
crit), the variable with the strongest statistical association 
(lowest P value) was included in the model. In sensitivity 
analysis, we dropped patients with extreme LOS (longer 
than 10 days). All analyses were performed using STATA 13  
(Stata Statistical Software: Release 13; StataCorp., College 
Station, Texas).  

RESULTS
Table 1 shows the characteristics of the 376 patients includ-
ed in this study. Overall mean age was 50.5 years, 40% were 
females, 62% were Caucasian, 66% were unemployed, 84% 
identified a primary care provider upon admission, and 68% 
were cared for by a hospitalist. Overall median LOS was 2 
days (interquartile range [IQR] = 2). Of the 376 patients 
in the study, 197 (52%) had new radiologic IFs. Comparing 
the patients with radiologic IFs and no IFs, it was evident 
that more radiological tests were performed in the IF group 
(2.2 tests per patient) in comparison with the no IF group 
(1.26 tests per patient). Looking at patient characteristics, 
patients with radiologic IFs were older (52 years vs. 48.8 
years; P < 0.001), reported a lower education level and lower 
hemoglobin levels on admission (12.0 gm/dL vs. 13.4 gm/dL; 
P = 0.029), but were more likely to be unemployed (72% vs. 
59%; P = 0.009), have COPD (19% vs. 10%; P = 0.007), and 
a history of malignancy (7% vs. 2%, P = 0.04). In addition, 
patients in the radiologic IF group had lower rates of cardiac 
catheterization (18% vs. 28%; P = 0.02), were more likely to 
be readmitted more than once during the study period (17% 
vs. 7%; P = 0.02) and be discharged by hospitalists (75% vs. 
60%; P = 0.003; Supplemental Table 1). 

Overall, 658 diagnostic tests were performed in the study 
population; of these, 268 (40.7%) tests revealed 364 new 
radiologic IFs (Supplement Table 2). Of these radiologic IFs, 
27 (7.4%) were of major clinical significance, 154 (42%) 
were of moderate clinical significance, and 183 (50%) were 
of minor clinical significance (Supplement Table 3). Com-
puted tomography (CT) scans yielded more IFs compared to 
any other imaging modalities. Of the radiologic IFs of major 
clinical significance, 3 malignant/premalignant lesions were 
found. While pulmonary nodules were the most common 
moderate clinically significant findings, atelectasis and spi-
nal degenerative changes were the most common radiologic 
IFs of minor clinical significance (Supplement Table 4).

Results of the logistic regression models testing the asso-
ciation between patient characteristics and radiologic IFs 
are displayed in Table 2. Only age and repeat admissions 
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remained significantly associated with radiologic IFs in the 
fully adjusted model (adjusted odds ratio [OR], 1.04; 95% 
confidence interval [CI], 1.01-1.06 and 2.68; 95% CI, 1.60-
4.44, respectively).

Median LOS was 2 days (IQR=1) for patients with no 
IFs and 2 days (IQR=2) for patient with radiologic IFs (P 
= 0.08). Unadjusted negative binomial regression analysis 
revealed that identification of any radiologic IFs during ad-
mission (vs. none) was associated with an increased LOS 
by 24% (unadjusted IRR, 1.24; 95% CI, 1.06-1.45). After 
adjustment for confounders, identification of any radiologic 
IFs during admission remained significantly associated with 
a longer LOS (adjusted IRR, 1.26; 95% CI, 1.07-1.49). Re-
sults remained significant on a sensitivity analysis excluding 
admissions lasting longer than 10 days (adjusted IRR, 1.21; 
95% CI, 1.03-1.42; Supplement Table 5). 

Incidental findings of minor and moderate clinical sig-
nificance were associated with increase in LOS on multiple 
negative binomial regression (adjusted IRR, 1.27; 95% CI, 
1.03-1.57 and 1.24; 95% CI, 1.02-1.52, respectively; Table 
3); however, upon dropping length of hospitalization outli-
ers, only radiologic IFs with major clinical significance were 
associated with increase in length of hospitalization (adjust-
ed IRR, 1.39; 95% CI, 1.04-1.87;  Table 3). 

Supplemental chart review revealed that 26 patients ac-
counted for the 27 radiologic IFs of major clinical signifi-
cance. This group had 54% women, median LOS remained 
2 days (IQR 2) and, on average, had about 3 diagnostic tests 
performed per patient. Cardiac testing was performed less on 
these patients compared to others (Supplement Table S6). 
Review also revealed that, of the 26 patients, 2 had abnor-
mal labs, 2 had drug abuse/psychiatric issues, and another 2 
had radiologic IFs that warranted further consultations, im-
aging, and longer LOS. 

DISCUSSION
Radiologic IFs in patients admitted with chest pain of sus-
pected cardiac origin are a common occurrence as shown in 
our study. Similar to prior studies, 41% of all radiologic tests 
done in our study population revealed IFs.6 The majority of 
the IFs were of minor to moderate clinical significance and, 
as reported in the literature, were more common with older 
age and CT imaging.14,16  In addition, an IF diagnosed during 
admission for chest pain was associated with a 26% increase 
in length of hospital stay.  

To our knowledge, we present the first study on the impact 
of identification of radiologic IFs in hospitalized patients on 
length of hospital stay and specifically in patients hospital-
ized with chest pain of suspected cardiac origin. Trends over 
the past decade have shown a decrease in LOS and hospi-
talizations but with an increase in health resource utiliza-
tion.17,18 Association of radiologic IFs with increase in LOS 
is significant as this potentially increases hospital-acquired 
conditions such as infections and resource utilization lead-
ing to increase in costs of hospitalizations.19 This in return is 
a concern for patient safety. 

TABLE 1. Characteristics of Study Population
Patient Characteristics Total Study Population,

N=376 (%)

Age, y 50.5±9.3

Female 151 (40)

Race  

   White 

   Black 

   Other (Asian, Hispanic) 

234 (62)

123 (33)

19 (5)

Unemployed 248 (66)

Insurance 

   Medicare

   Medicaid 

   Private insurance 

   Self-pay

79 (21)

73 (19)

187 (50)

37 (10)

Education level 

   Not completed high school 

   Completed high school

   Completed college 

76 (20)

222 (59)

78 (21)

BMI, kg/m2 31.5±8.1

Hemoglobin level, gm/dL 13.2±1.9

eGFR on admission, mL/min/1.73m2 81.8±35.4

ALT on admission, units/liter  40.8±40

Tobacco use 

   Never smoker 

   Past smoker

   Active smoker

133 (36)

69 (18)

174 (46)

Hypertension 262 (70)

Diabetes mellitus 136 (36)

CKD 66 (18)

Prior MI  82 (22)

COPD 55 (15)

CHF 50 (13)

CVA 46 (12)

Prior diagnosis of malignancy 17 (5)

Drug use 76 (20)

PCP present on admission 317 (84)

Cardiac catheterization during current admission 85 (23)

Stress test during current admission 163 (43)

Echocardiogram during current admission 89 (24)

Discharging provider 

   House staff

   NP/PA

   Hospitalist

112 (30)

9 (2)

255 (68)

LOS (d)a 2 (2)

Discharge location 

   Home

   Other (nursing home, rehabilitation facility, or shelter)

345 (92)

31 (8)

Patients with multiple admissions during study period 45 (12)

aData is median interquartile range.

NOTE: Data displayed as mean± standard deviation for continuous variables, and n (%) for categorical variables. 

Abbreviations: ALT, alanine transaminase; BMI, body mass index; CHF, congestive heart failure; CVA, cerebro-
vascular accident; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IF, 
incidental findings; LOS, length of stay; MI, myocardial infarction; NP, nurse practitioner; PA, physician assistant; 
PCP, primary care provider.
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The positive association between LOS and radiologic IFs, 
interestingly, continued to exist despite sensitivity analysis. 
Incidental findings of major clinical significance were associ-
ated with longer LOS in the sensitivity analysis. Supplemen-
tal chart review of patients with major clinical findings sug-
gested more extra-cardiac workup compared to patients with 
minor/moderate radiologic IFs. This could indicate that the 
presence of clinically significant radiologic IFs could have led 
to further inpatient work-up and consultations. The down-
stream healthcare expenditure associated with workup of IFs 
in individual radiologic tests is well established.20 In case of 
cardiac CT, Goehler et al.21 found that the healthcare expen-
diture was high following incidentally detected pulmonary 
nodules with an overall small reduction in lung cancer mor-
tality. Incidental findings also increase the burden of report-
ing and concern for medico-legal issues for providers.4 These 
concerns are likely valid for hospitalized patients as well. 

The socioeconomic trends in the study population were 
consistent with data from the Bureau of Labor Statistics 
in that low education is associated with higher unemploy-
ment.22 Although, overall, gender, race and insurance mix 
were similar in both groups, we did see trends of socioeco-
nomic differences in the patients with radiologic IFs of ma-
jor clinical significance that might not have been statisti-
cally significant owing to the small sample size. Despite the 
population being relatively of younger age (given our cut off 
age was 65 years) there was still a positive association with 
age and presence of radiologic IFs. The higher number of pa-
tients with COPD or history of malignancy in the radiologic 
IF group suggests that an association with IFs could exist for 
these disease cohorts; however, after adjustment for multi-
ple covariates, such an association did not transpire. Inter-
estingly, patients with  no radiologic IFs underwent cardiac 
catheterization or stress testing more often than patients 

with discovered IFs. This speaks of 2 possibilities; first, that 
both tests probably do not yield many extra-cardiac IFs, or, 
secondly, that these patients did not require further workup. 
More patients in the IF group had more than 1 admission 
during the study period, and this was associated with in-
creased odds of detecting radiologic IFs. We hypothesize that 
this might have occurred because of the diagnostic dilemma 
in these patients who have multiple admissions for the same 
reason leading to wider array of diagnostic workup. Indeed, 
we did not note upon chart review alternative diagnoses in 
these patients but only more IFs. There are several study lim-
itations to consider. First, the fact that this is a single center 
study sets limitations to interpretation and generalizability 
of the data. Second, we cannot exclude the possibility of 
residual confounding. Third, the small number of patients 
included in this study precludes definitive identification of 
more factors potentially associated with IFs. However, this 

TABLE 2. Logistic Regression Analysis of Factors Associated with IFs

Variable

Univariate Regression Multivariate Regression

Unadjusted OR CI P value
Adjusted

OR CI P value

Age (y) 1.04 1.01-1.06 0.001 1.04 1.01-1.06 0.002

Unemployment 0.56 0.36-0.86 0.009 0.88 0.54-1.44 0.626

Education:

   Not completed high school

   Completed high school

   Completed college

(1.0) ref

0.61

0.38

0.35-1.03

0.19-0.73

0.06

0.004

(1.0) ref

 0.65

0.48

0.36-1.18

0.23-0.98

0.161

0.046

Multiple admissions during study period 2.68 1.64-4.35 <0.001 2.68 1.60-4.44 <0.001

COPD 2.28 1.23-4.20 0.08 1.4 0.71-2.76 0.33

Prior diagnosis of malignancy 3.09 0.99-9.66 0.05 1.66 0.46-6.07 0.435

Cardiac catheterization 0.56 0.34-0.91 0.019 0.65 0.36-1.16 0.146

Hemoglobin level, gm/dL 0.88 0.79-0.99 0.019 0.92 0.82-1.04 0.183

Discharging provider

   House staff 

   NP/PA

   Hospitalist

(1.0) ref

0.39

1.91

0.08-1.98

1.22-3.00

0.26

0.005

(1.0) ref

0.32

1.62

0.05-1.77

0.97-2.72

0.192

0.065

NOTE: Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; IF, incidental finding; NP, nurse practitioner; OR, odds ratio; PA, physician assistant; ref, referent.

TABLE 3. Multivariate Negative Binomial Regression 
of LOS by IF Clinical Significance

Clinical Significance IRRa (LOS) CI P value

No IF
Minor
Moderate
Major

(1.0) ref
1.27
1.24
1.33

1.03-1.57
1.02-1.52
0.98-1.82

0.023
0.031
0.071

Drop LOS >10 d
No IF
Minor
Moderate
Major

(1.0) ref
1.16
1.20
1.39

0.94-1.42
0.99-1.46
1.04-1.87

0.15
0.057
0.027

a Adjusted for age, history of drug abuse, history of congestive heart failure, history of cerebrovascular accident/
transient ischemic attack, body mass index, multiple admissions during study period, and cardiac catheterization/
cardiac stress test during admission, creatinine, education level, and hemoglobin. 

NOTE: Abbreviations: CI, confidence interval; IF, incidental finding; IRR, incident rate ratio; LOS, length of stay; 
ref, referent.
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study sheds light on a yet unidentified problem within the 
realm of inpatient management especially for the internists 
and hospitalists. We tried to limit bias to the extent possible 
by including only 1 presenting complaint and age-restricting 
the population. 

CONCLUSION
Incidental findings are both clinical and financial challenges 
to the medical field. This study attempted to shed light on 
impact of radiologic IFs on care and resource utilization in 
patients admitted with chest pain of suspected cardiac origin. 
The positive association between radiologic IFs and length 
of hospital stay implies that the presence of IFs is associat-
ed with increase in LOS and indirectly a likely increase in 
overall healthcare expenditure. Given the high incidence of 
radiologic IFs, assuming that these will be present on radio-
logic tests, should be more a norm than an exception. Pro-
viders should know that radiologic testing, especially CT, is 
associated with detection of IFs.16 By avoiding inappropriate 
ordering of imaging, the issue of IFs could be mitigated.  

While radiologists have recommendations about neces-
sary follow-up for some IFs,7 no clear follow-up guidelines 
exist for most IFs arising in hospitalized patients. Further 
prospective and cost analysis studies are needed to assess the 
overall impact of IFs on other hospitalized patient popula-
tions and on the healthcare system in general.

Disclosure: The authors report no conflicts of interest.
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Troponin assays are integral to the diagnosis of acute myocar-
dial infarction (AMI), but there is concern that testing is over 
utilized and may not conform to published guidelines. We re-
viewed all testing performed at 14 hospitals over 12 months 
and associated troponin values with the primary and second-
ary diagnoses for each visit. Troponin was determined to be 
negative, indeterminate or elevated based on reference rang-
es. The majority of troponin measurements were single, not 
serial (64%). The rate of AMI was low, with only 3.5% of tested 
patients having a primary or secondary diagnosis of AMI. Sen-

sitivity, specificity and negative predictive value were excellent, 
exceeding 90%. However, positive predictive value was low, 
suggesting testing of populations with diseases known to be 
associated with elevated troponin levels in the absence of AMI. 
The majority (79%) of elevated troponin values were associated 
with primary diagnoses other than AMI. Only 28% of elevated 
troponins were associated with a primary or secondary diag-
nosis of AMI. These data suggest possible overuse of troponin 
testing in our healthcare system. Journal of Hospital Medicine 
2017;12:329-331. © 2017 Society of Hospital Medicine

The ability of serum troponin measurement in the diagnosis of 
acute myocardial infarction (AMI) was validated in patients 
with at least a moderate pretest probability for the disease.1 The 
diagnostic yield of troponin testing in clinical trials has been 
between 20% and 50%, excluded patients thought unlikely to 
have AMI. In practice, physicians often encounter low-risk pa-
tients and patients in whom the diagnosis on initial presentation 
is unclear. Several noncardiac diagnoses, such as pneumonia and 
respiratory failure, are associated with an elevated troponin level 
in the absence of AMI, but patients can present with symptoms 
similar or identical to those of patients who present with AMI.2-4 
Elevated troponin level in sepsis has been associated with wors-
ened prognosis, though there is no evidence that this finding 
alters management. An American College of Cardiology Foun-
dation opinion published in 2012 expressly recommends against 
troponin testing in patients with sepsis.4

The only guideline-based indication for troponin testing 
is the diagnosis or exclusion of AMI.5 We conducted a com-
prehensive review of troponin testing in our healthcare sys-
tem to see whether testing might be used in clinical settings 
in which AMI was unlikely.

METHODS
We retrospectively obtained data on all visits to 14 hospitals 
in an integrated healthcare system in Texas between June 

2013 and June 2014. We analyzed data for all hospital en-
counters during which a troponin assay was ordered and a 
troponin level reported—including qualitative point-of-care 
assays and quantitative laboratory troponin I measurements. 
We identified 93,436 visits. Quantitative measurements 
were divided into negative (<0.05 ng/mL), indeterminate 
(0.05-0.09 ng/mL), and elevated (>0.09 ng/mL), based on 
the reference ranges reported to physicians. We associated 
troponin levels with ICD-9 (International Classification of 
Diseases, Ninth Revision) primary and secondary diagnoses, 
grouping ICD-9 codes 410 (AMI), 411 (other acute or sub-
acute forms of ischemic heart disease [IHD]), 412 (old myo-
cardial infarction), 413 (angina pectoris), and 414 (other 
forms of chronic IHD) as representing IHD diagnoses.

To further evaluate troponin testing, we constructed 2 
contingency matrices (Table).6 We included visits for which 
both primary and secondary diagnoses were available for re-
view and for which quantitative troponin I measurements 
were available; 92,445 encounters met criteria for inclusion 
in matrix calculations. In the first matrix (part A of Table), 
a primary diagnosis of any AMI (ICD-9 code 410) was used 
as “positive” and all others “negative.” In the second matrix 
(part B of Table), “positive” includes any primary or second-
ary diagnosis of AMI.

RESULTS
We identified a total of 93,436 hospital visits associated with 
troponin testing; 179,239 troponin measurements were as-
sociated with these visits (an average of 1.81 per encoun-
ter). Of these visits, 59,897 (64.1%) were associated with a 
single measurement. Of the 179,239 measurements, 147,051 
(82.1%) were negative, 21,881 (12.1%) indeterminate, and 
10,307 (5.8%) positive. Primary diagnoses of hypertension, 
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dizziness, abdominal pain, anxiety, dehydration, and head-
ache associated with troponin testing comprised 6127 en-
counters and had no associated elevated troponin levels. 
Several non-cardiac primary diagnoses were associated with 
significant numbers of elevated troponin values includ-
ing septicemia (27%), acute respiratory failure (28%), and 
cerebrovascular accident (10%). Seventy-six percent of en-
counters associated with troponin testing had no primary or 
secondary IHD diagnosis. Only 2% of 16,941 visits with a 
primary diagnosis of chest pain were associated with abnor-
mal troponin levels (Figure).

Analysis of contingency matrices revealed AMI preva-
lence of 2.6% when primary AMI diagnoses were considered 

and 3.5% when any AMI diagnoses were considered. Sensi-
tivity and specificity were high (>90%), and negative pre-
dictive value extremely high (>99%) in each circumstance. 
However, positive predictive values were low (21.7% and 
28.8%, respectively), indicating the majority of patients 
with elevated troponin levels were not reported to have 
AMI by attending physicians.

DISCUSSION
We were surprised to find that troponin level was measured 
only once during 64% of the hospital encounters. Although 
there are clinical scenarios in which a single measurement 
might be indicated, detecting a rise or fall in troponin lev-

el is integral to the diagnosis of AMI, which is 
why guidelines recommend serial measurement.4 
We were also surprised to find a low rate of either 
primary or secondary AMI in patients tested. As 
others have found,2,3 elevated troponin levels were 
associated with noncardiac primary diagnoses, 
such as sepsis, respiratory failure, and stroke. Of 
interest, the majority (72%) of patients with ele-
vated troponin levels did not receive a primary or 
secondary diagnosis of AMI.

Determining the appropriate level of use for a 
diagnostic laboratory test can be difficult. Prima-
ry diagnostic codes, including codes for headache 
and dizziness, accounted for thousands of tested 
patients but were associated with no elevated tro-
ponin levels. On the other hand, sepsis, pneumo-
nia, and stroke were associated with high rates of 
elevated troponin levels. Elevated troponin levels 
likely precipitate cardiology consultation and test-
ing, which increase cost of care perhaps without 
improving either quality or value of care. Howev-

TABLE. Contingency Matrices Evaluating Elevated Troponin Levels and AMI Diagnosesa

A. Primary Diagnosis of AMI 

   Troponin level, ≥0.1 ng/mL

   Troponin level, <0.1 ng/mL

   Total

AMI

2238

167

2405

No AMI

8069

81,971

90,040

Total

10,307

82,138

92,445

B. Primary or Secondary Diagnosis of AMI

   Troponin level, ≥0.1 ng/mL

   Troponin level, <0.1 ng/mL

   Total

AMI

2969

294

3263

No AMI

7338

81,844

89,182

Total

10,307

82,138

92,445

C. Primary vs Any Diagnosis of AMI

   Prevalence

   Sensitivity

   Specificity

   Positive predictive value

   Negative predictive value

Primary

0.026

0.931

0.910

0.217

0.998

95% CI

0.025-0.027

0.920-0.940

0.909-0.912

0.209-0.225

0.998-0.998

Any

0.035

0.910

0.918

0.288

0.996

95% CI

0.034-0.037

0.900-0.920

0.916-0.920

0.279-0.297

0.996-0.997

a Elevated troponin levels (≥0.1 ng/mL) were associated with either (A) primary diagnoses of AMI or (B) all primary or secondary diagnoses of AMI. (C) Disease prevalence, sensitivity, specificity, and positive and negative predictive values 
were calculated for each condition; CIs were calculated using the log method.11

NOTE: Abbreviations: AMI, acute myocardial infarction; CI, confidence interval.

FIG. Notable non-AMI primary diagnoses associated with elevated troponin I values. A selec-

tion of primary diagnoses other than AMI is presented with the corresponding percentage of 

elevated (≥0.1 ng/ml) troponin I measurements (0.00-1.00). For comparison, the percentage of 

elevated troponin I measurements associated with a primary diagnosis of AMI was 0.93. 

NOTE: Abbreviation: AMI, acute myocardial infarction.
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er, evidence for the potential prognostic value of testing has 
led to ongoing research at our institution to evaluate wheth-
er troponin measurement might guide better management of 
such patients.

Appropriate use criteria have been developed for many diag-
nostic studies, including echocardiography, stress testing, and 
cardiac catheterization, but not for laboratory testing. Our data 
suggest possible overuse of troponin testing in our healthcare 
system. The low AMI incidence we found (2.6%-3.5%) indi-
cates that many patients without AMI are being tested.

Although it is impossible to accurately estimate sensitivity 
and specificity of testing post hoc, it is reassuring to see that 
measured sensitivity, specificity, and negative predictive val-
ues were all high and consistent with published values from 
prospective clinical trials.7,8

As potential roles for troponin testing develop for patients 
without primary cardiac disease, it becomes even more im-
portant to develop guidelines for testing and to avoid uni-
versal testing of all hospitalized patients. The high negative 
predictive value of troponin testing (99%) is attractive to 
physicians who want to avoid missing AMI. Electronic order 
sets allow troponin testing to be included alongside “stan-
dard” testing, such as complete blood cell counts and com-
prehensive metabolic panels, and may contribute to overuse.

The troponin assays used in our healthcare system in 2014 
likely will be replaced with high-sensitivity assays currently 
being used in Europe.9,10 These high-sensitivity assays can 
improve sensitivity but cannot be expected to increase pos-
itive predictive value or reduce false detection rates. When 
performed as single measurements, hs troponin has the po-
tential to increase the number of elevated troponins detect-
ed that are not associated with AMI.

On the basis of our data, we have initiated a system-wide 

program to improve performance of troponin testing in our 
healthcare system. We are working with hospitalists and 
critical care and emergency department physicians to ensure 
that serial measurements are being performed and that the 
correct patients are being tested. Future data collection will 
help determine the success or failure of these efforts.

Disclosure: Nothing to report.
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Although the use of electronic consultations (e-consults) 
in the outpatient setting is commonplace, there is little ev-
idence of their use in the inpatient setting. Often, the only 
choice hospitalists have is between requesting a time-con-
suming in-person consultation or requesting an informal, 
undocumented “curbside” consultation. For a new, remote 
hospital in our healthcare system, we developed an e-con-
sult protocol that can be used to address simple consultation 
questions. In the first year of the program, 143 e-consults 
occurred; the top 5 consultants were infectious disease, he-

matology, endocrinology, nephrology, and cardiology. Over 
the first 4 months, no safety issues were identified in chart 
review audits; to date, no safety issues have been identified 
through the hospital’s incident reporting system. In sur-
veys, hospitalists were universally pleased with the quality of 
e-consult recommendations, though only 43% of consultants 
agreed. With appropriate care for patient selection, e-consults 
can be used to safely and efficiently provide subspecialty ex-
pertise to a remote inpatient site. Journal of Hospital Medicine 
2017;12:332-334. © 2017 Society of Hospital Medicine

Electronic consultation (e-consult) in the outpatient setting 
allows subspecialists to provide assessment and recommen-
dations for patients without in-person visits.1 An e-consult 
is an asynchronous communication that uses the electronic 
medical record (EMR) and typically involves an electron-
ic order from a requesting provider and an electronic note 
from a consulting provider. The initial motivation for de-
veloping this consultation modality was to improve access 
to subspecialty care for patients in the primary care setting, 
and findings of studies at several sites support this claim.1-4 In 
addition, e-consult may also reduce cost because converting 
unnecessary face-to-face encounters into e-consults reduces 
patients’ travel costs and healthcare organizations’ expensive 
subspecialty clinic time.3,5 Moreover, instead of addressing 
less complex clinical questions in informal, undocumented 
face-to-face or telephone “curbside” consultations with spe-
cialists, providers can instead ask for e-consults and thereby 
ensure thorough chart review and proper documentation.6

Use of e-consults in the inpatient setting is relatively nov-
el.7 In addition to having the advantages already mentioned, 
e-consults are faster than in-person bedside consultations 
and may be beneficial in the fast-moving inpatient care set-
ting. Finally, healthcare systems with multiple hospital sites 
may not have the capacity to physically locate subspecialists 
at each site, which makes e-consults attractive for avoiding 
unnecessary travel time.

In this article, we describe how we developed an inpatient 

e-consult protocol for a new, remote hospital within our 
healthcare system and explore data on safety and physician 
attitudes after e-consult implementation.

METHODS
The Institutional Review Board of the University of Califor-
nia San Francisco (UCSF) approved this study. 

Setting
In February 2015, UCSF opened a new hospital in the Mis-
sion Bay neighborhood of San Francisco, 4 miles from the 
existing hospital. The new hospital is home to several adult 
inpatient services: urology, otolaryngology, colorectal surgery, 
obstetrics, and gynecologic surgery. A hospitalist is on-site 24 
hours a day to provide consultation for these services around 
issues that relate to internal medicine. A hospitalist who re-
quires subspecialty expertise to answer a clinical question can 
request a consultation by in-person visit, video telemedicine, 
or e-consult, each of which is available 24/7. Almost all of 
the medicine subspecialists work on the existing campus, 
not in Mission Bay.

Protocol Development and Implementation
The protocol for the e-consult program was developed over 
several months by an interdisciplinary group that included 3 
hospitalists, 1 obstetrician, 1 project manager, and 1 infor-
maticist. The group outlined the process for requesting and 
completing an e-consult (Figure), designed a note template 
for consultants to use for EMR documentation, conducted 
outreach with subspecialty groups to discuss the protocol, 
and developed an EMR report to track e-consult use and 
content over time. As our medical center does not bill pay-
ers for inpatient e-consults, e-consult note tracking is used 
to provide reimbursement internally, from the medical cen-
ter to the respective departments of the consultants. Reim-
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sion of Hospital Medicine, University of California San Francisco, 505 Parnassus 
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415-502-1963; E-mail: nader.najafi@ucsf.edu
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bursement is made at a set rate per e-consult note, with the 
rate set to approximate the reimbursement of a low-acuity 
in-person consult on the main campus.

The workflow of an e-consult is as follows: (1) When a 
primary team requires a consultation on an issue that falls 
within the purview of internal medicine, it pages the on-
site hospitalist. (2) The hospitalist accepts the consultation 
by phone, reviews the chart, and examines the patient. (3) 
If the hospitalist requires subspecialty assistance to answer 
a clinical question, he or she contacts the appropriate sub-
specialty service by pager. (4) The subspecialist speaks with 
the hospitalist about the consultation question, and together 
they decide if an e-consult is appropriate, based on the com-
plexity of the clinical scenario. (5) The subspecialist reviews 
the patient’s chart and documents their care plan recommen-
dations in an e-consult note. Consultants can use e-consult 
for both initial and follow-up assessment, and there is no 
strict requirement that they also contact the hospitalist or 
the primary team by phone in addition to consultation note. 
Given their novelty, almost all e-consults are performed by 
subspecialist attendings, not residents or fellows. 

Evaluation 
Each month, we tracked e-consult use using an EMR report 
built as part of the implementation of the program. For the 
first four months of implementation, every patient who re-
ceived an e-consult also had a manual chart review of the 
period around the e-consult, performed by a hospitalist, in 
order to audit for any potential safety issues. These issues 
included, for example, an e-consult performed for a patient 
whose complexity or severity of illness was felt to be too great 
to defer an in-person visit, or a patient who received e-con-
sult recommendations that were significantly retracted in a 
follow-up in-person note.

Eight months after the program 
started, we assessed experience by 
electronically surveying the 9 hos-
pitalists and 11 consultants who 
had requested or performed at least 
2 e-consults.8 Survey items were 
measured on a 5-point Likert scale: 
strongly disagree to strongly agree. 
The items, which related to ease of 
calling for a consultation, quality 
of e-consults, impact on clinical 
care, safety concerns, and satis-
faction, were inspired by themes 
identified in a systematic review of 
the literature on e-consults in the 
outpatient setting.2 We sent 2 re-
minders to responders. Data were 
summarized using descriptive sta-
tistics. Analysis was performed in 
SPSS version 22.0 (IBM).

RESULTS
There were 143 initial subspecialty consultations by e-consult 
between program launch in February 2015 and manuscript 
preparation in February 2016, an average of 11 e-consults per 
month. There were 313 total e-consult notes (these included 
both initial and follow-up e-consult notes). By comparison, 240 
initial in-person consultations occurred during the same peri-
od, and there were 435 total in-person consultation notes (46% 
new or initial notes, 54% follow-up notes). The top 5 subspe-
cialties by volume of e-consults were infectious disease (35%), 
hematology (20%), endocrinology (14%), nephrology (13%), 
and cardiology (8%). For reference, e-consults are also available 
from psychiatry, neurology, oncology, gastroenterology, pulmon-
ology, and rheumatology. Percentage of consultations performed 
during daytime hours (defined as 8 a.m. to 5 p.m.) was 92% for 
e-consults and 96% for in-person consultations.

There were no e-consult–related patient safety issues re-
ported through the medical center’s incident reporting sys-
tem during the study period. There were also no patient safe-
ty issues identified in the manual audits of 80 charts during 
the first 4 months of the program.

Seven (78%) of 9 hospitalists and 7 (64%) of 11 consul-
tants completed the survey. Both groups agreed that e-con-
sults were easy to use and efficient (Table). All hospitalists 
were satisfied with the quality of e-consult recommendations, 
but only 3 (43%) of the 7 consultants agreed they could pro-
vide high-quality consultation by e-consult. In their com-
ments, 2 consultants expressed concerns. One concern was 
about missing crucial information by performing only a chart 
review, and the other was about being tempted to perform an 
e-consult simply because it is expedient.

DISCUSSION
Although use of e-consults in the outpatient setting is rel-
atively commonplace, our program represents a novel use 

FIG. Process for requesting and completing an e-consult. Order not mandatory.
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of e-consults in safely and efficiently providing subspecialty 
consultation to inpatients at a remote hospital.

For hospitalists, an e-consult system offers numerous ben-
efits. Clinical questions beyond an internists’ scope of prac-
tice come up often, and simple questions might traditional-
ly result in an informal curbside consult. While a curbside 
consult provides answers faster than an in-person visit, it 
creates risks for the requesting hospitalists: the consultants 
only know what they are told, whether the information is 
incomplete or erroneous; their opinions are given without 
documentation or compensation, which reduces a sense 
of accountability; and the lack of documentation does not 
allow their advice to persist in the chart as a reference for 
future providers.9 Our e-consult program solves these prob-
lems by requiring that consultants perform chart review and 
provide documentation as well as obligating the medical 
center to pay a small compensation to consultants for their 
time. We hope this lowers the bar to requesting consultation 
for remote sites, where the alternative would be burdensome 
travel time to do an in-person visit.

In our study, hospitalists were universally pleased with the 
quality of e-consult recommendations, but only 43% of con-
sultants agreed. These findings correlate with the literature 
on e-consults in the outpatient setting.2 Unfortunately, our 
survey comments did not shed further light on this senti-
ment. In the outpatient literature, consultants were most 
concerned with having a clear clinical question, facing the 
liability of providing recommendations without performing 
an examination, and receiving appropriate compensation 
for answering e-consults.

The generalizability of our program findings is limited 
most significantly by the particular arrangement of our clin-
ical services: Our remote site is home to a select group of 
adult inpatient services, a hospitalist is available on-site for 
these services 24 hours a day, and the distance to the remote 
site can be overcome with modest effort should a patient 
require an in-person visit in the initial or follow-up period. 
The generalizability of our safety findings is limited by the 

use of a single reviewer for chart auditing.
Given the rise of accountable care organizations and the 

prevalence of hospital mergers in the healthcare landscape, 
we believe that healthcare systems that operate remote sites 
under constrained budgets could look to e-consults to more 
cost-effectively extend subspecialty expertise across the inpa-
tient enterprise. With improvements in health information 
exchange, it may also become feasible for consultants to of-
fer e-consults to hospitals outside a medical center’s network. 
Our study showed that inpatient e-consult programs can be 
developed and implemented, that they appear not to pose 
any significant safety issues, and that they can facilitate de-
livery of timely clinical care. 
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TABLE. Results of E-Consult Survey Given to Hospitalists and Consultants

Hospitalists (n = 7)

Agree or
Strongly Agree,

n (%) Consultants (n = 7)

Agree or
Strongly Agree,

n (%)

It is easy to request an e-consult 5 (71) It is easy to provide an e-consult 4 (57)

I am satisfied with the quality of e-consult recommendations 7 (100) The referring provider adequately communicates the e-consult question 
and important clinical information

5 (71)

It is less safe to accept recommendations from an e-consult than in an 
in-person consult

1 (14) It is less safe to provide recommendations through an e-consult than  
in an in-person consult

2 (29)

I am satisfied with the turnaround time for e-consults 6 (86) I can provide a high-quality consultation through e-consult 3 (43)

An e-consult usually eliminates the need for an in-person consult 5 (71) It is more efficient for me to perform an e-consult than an  
in-person consult

6 (86)

Recommendations from an e-consult often modify my care plan 6 (86) The e-consult program should be expanded to other sites at my institution 3 (43)

Overall I am satisfied with the e-consult program 6 (86)
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The goal of this study was to identify situations in which 
routine complete blood count (CBC) testing could be avoid-
ed in patients with community-acquired pneumonia (CAP). 
This was a retrospective study of 50 patients with CAP. Vital 
signs, lab results, assessment and plan data, and computer-
ized provider order entry logs were collected to determine if 
a lab result or clinical finding changed clinical management. 
Clinical stability was defined based on Patient Outcomes 
Research Team study criteria. There were 94 CBCs obtained 
after admission, of which only 6 were associated with man-

agement changes. Only two of these instances involved 
management changes related to patients’ pneumonia, while 
the other cases represented chronic illnesses. Among all pa-
tients, the positive likelihood ratio of a post-admission CBC 
predicting a change in clinical management was low (1.12 
[95% confidence interval, 0.86-1.44]). Low utility of CBC 
testing after admission may represent an opportunity to im-
prove the value of care in CAP patients. Journal of Hospi-
tal Medicine 2017;12:336-338. © 2017 Society of Hospital 
Medicine

Avoiding repeated complete blood count (CBC) tests in the 
face of clinical and lab stability is a focus of the Choosing 
Wisely® initiatives launched by the American Board of In-
ternal Medicine Foundation1 and endorsed by the Society 
of Hospital Medicine.2 However, specific scenarios in which 
daily morning labs can be safely avoided have not been 
identified. The goal of this study was to identify situations in 
which routine CBC testing can be avoided in patients with 
community-acquired pneumonia (CAP), one of the most 
common reasons for hospital admission.3 

METHODS
This was a retrospective study of 50 patients with CAP dis-
charged from our hospital between February 1, 2015 and 
May 1, 2015. We performed chart abstractions collecting 
daily vital signs, lab results, provider notes including assess-
ments and plans (A&Ps), and order entry logs, as well as 
documentation indicating whether a lab result or clinical 
finding appeared to affect clinical management (eg, a new 
order or documentation of changing plans). Both escalations 
and de-escalations were included as management changes. 
For example, if the note stated “Persistent leukocytosis, add 
vancomycin,” then the clinical action of expanded antibiot-
ic coverage would be attributed to the CBC. 

We defined clinical stability based on Definition B of the 
Pneumonia Patient Outcomes Research Team (PORT) study 

criteria.4 We used descriptive statistics and likelihood ratios 
to characterize the utility of CBC testing in terms of pro-
ducing clinical management changes. Likelihood ratios were 
calculated with the “test” representing a CBC being ordered 
or not ordered and the outcome being any change in man-
agement independent of whether it was due to the CBC.

RESULTS
Of 50 patients, 33 (66%) were female, the mean age was 75 
years, the mean length of stay was 2.8 days, and the medi-
an CURB-65 score,5 an estimate of mortality in CAP used 
for decision-making about inpatient versus outpatient treat-
ment, was 1 (25th to 75th interquartile range: 1, 2); no pa-
tients had a CURB score greater than 3 (Table 1). Forty-one 
(82%) patients met PORT clinical stability criteria prior to 
discharge, and 30 (75% of stable patients) had CBCs ob-
tained. 

On days after admission, 94 subsequent CBCs were ob-
tained. Of these CBCs, 6 (6.4%) were associated with man-
agement changes indicated in documentation or orders (Ta-
ble 2). In 2 of the 6 patients, management changes were 
likely relevant to pneumonia. In the first case, the patient 
had a white blood cell count (WBC) of 15.4 on the planned 
day of discharge but no accompanying clinical changes. Her 
discharge was potentially delayed pending a repeat CBC 
which again showed a WBC 14.7; the patient was then dis-
charged without any additional changes in plan. In the sec-
ond case, the patient experienced new-onset altered mental 
status on hospital day 3 and increasing O2 requirement with 
a rising WBC noted on hospital day 4. Repeat chest x-ray, 
repeat blood cultures, and an ultrasound for parapneumonic 
effusion were obtained, and the patient’s symptoms and signs 
resolved over a period of days without changes in treatment. 
In the 4 other cases, available documentation suggested 
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the hemoglobin abnormalities found represented chronic 
or incidental illnesses, specifically iron deficiency anemia, 
iatrogenic anemia due to fluid resuscitation and hemodilu-
tion, previously known chronic lymphocytic leukemia, and 

thrombocytopenia due to acute infection. In all 6 instances, 
CBC values improved without treatment intervention.

Among all patients, the positive likelihood ratio of CBCs 
obtained after admission in terms of being followed by a 
change in clinical management was very poor (1.12, 95% 
confidence interval [CI], 0.86-1.44). For clinically unstable 
patients, there were 64 CBCs ordered, and the likelihood 
ratio was similar at 0.98 (95% CI, 0.75-1.29). The positive 
likelihood ratio among clinically stable patients, who had 
30 CBCs ordered, was still quite weak, though confidence 
intervals were wider (1.23, 95% CI, 0.66-2.29). 

DISCUSSION
Though small, our initial study suggests the potential oppor-
tunity for savings if Choosing Wisely® recommendations for 
CBC testing were implemented in patients with communi-
ty-acquired pneumonia.  

Our study has several limitations. Note-writing practices 
and ordering patterns likely varied between providers, and 
documentation bias may play a role in our results. However, we 
defined whether a CBC was associated with changes in clinical 
decision-making or management by incorporating a number 
of mutually reinforcing elements of the medical record. We 
recognize, however, that our approach may not capture undoc-
umented clinical issues or other cognitive (eg, reassurance of 
clinical resolution) reasons why CBCs were obtained. 

Even with these limitations, the likelihood of a CBC 
value meaningfully changing clinical management among 
patients with CAP appears to be quite low as evidenced 
by the case descriptions, particularly when obtained in sta-
ble patients by PORT criteria and on the day of discharge. 
Whether clinical stability as measured by PORT score can 
be used to target patients in whom CBC testing is unnec-
essary is difficult to discern from our data, as the overall 

TABLE 1. Patient Characteristics

Characteristic n (%)

Age, mean 75.2 y

Race

   White

   Black

   Hispanic, Asian, other

21 (42)

4 (8)

25 (50)

Length of stay 2.8 days

Smoking status

   Current

   Former

   Never

4 (8)

18 (36)

28 (56)

Comorbid conditions

   COPD

   Asthma

   CHF

   CKD

12 (24)

7 (14)

5 (10)

7 (14)

CURB-65 score

   0

   1

   2

   3

   4 or 5

8 (16)

19 (38)

21 (42)

3 (6)

0 (0)

NOTE: Abbreviations: CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive 
pulmonary disease.

TABLE 2. Complete Blood Counts and Changes in Management

Day

Initial Evaluation  
(Emergency Room and  

First Admitting Team Note)
All Days of Hospitalization  
(Excluding Admission Day) Day of Discharge

Patients with CBCs ordered (n, %) 50 (100) 94 (N/A)a 26 (52)

CBCs with any abnormal value (n, %) 41 (82) 87 (93) 25 (96)

CBCs with any mention in note (n, %) 30 (60) 32 (34) 11 (42)

CBCs with any associated management changes (not restricted to pneumonia) (n, %) 6 (12) 6 (6.4) 2 (7.7)

Patients meeting clinical stability criteriab (n, %) 9 (18) 54 (N/A)c 41 (82)

Patients meeting clinical stability criteria and who had clinical management changes  
due to CBC results (n, %)

3 (33) 2 (6.7) 2 (10)

Patients not meeting clinical stability criteria and who had clinical management changes  
due to CBC results (n, %)d

3 (7.3) 4 (6.3) 0 (0)

aRepresents total number of CBCs ordered.
bClinical stability criteria are based on vital signs cutoffs for clinical stability as defined by Definition B of the PORT study.
cRepresents total number of inpatient days that patients met vital stability criteria.
dDenominator n = 41 for initial evaluation; n = 64 for all days of hospitalization; n = 6 for discharge.

NOTE: Abbreviation: CBC, complete blood count.
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utility of CBCs obtained after admission was quite low and 
the rate of changes in management was also low. However, 
even if CBCs are not particularly costly, unnecessary testing 
may produce harm in the form of prolonged length of stay, 
making even one unnecessary CBC potentially extremely 
expensive. More research involving larger-scale studies are 
needed to determine the “number needed to screen” for the 
daily CBC in CAP to determine if the cost savings from 
overtesting and treatment outweigh the potential benefit of 
a single CBC that changes management.

Disclosure: Nothing to report.
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People with substance use disorders (SUD) have high rates 
of hospitalization and readmission, long lengths of stay, and 
skyrocketing healthcare costs. Yet, models for improving care 
are extremely limited. We performed a needs assessment 
and then convened academic and community partners, 
including a hospital, community SUD organizations, and 
Medicaid accountable care organizations, to design a care 
model for medically complex hospitalized patients with SUD. 
Needs assessment showed that 58% to 67% of participants 
who reported active substance use said they were interested 
in cutting back or quitting. Many reported interest in medi-
cation for addiction  treatment (MAT). Participants had high 
rates of costly readmissions and longer than expected length 

of stay. Community stakeholders identified long wait times 
and lack of resources for medically complex patients as key 
barriers. We developed the Improving Addiction Care Team 
(IMPACT), which includes an inpatient addiction medicine 
consultation service, rapid-access pathways to posthos-
pital SUD treatment, and a medically enhanced residential 
care model that integrates antibiotic infusion and residen-
tial addiction care. We developed a business case and se-
cured funding from Medicaid and hospital payers. IMPACT 
provides one pathway for hospitals, payers, and commu-
nities to collaboratively address the SUD epidemic. Jour-
nal of Hospital Medicine 2017;12:339-342. © 2017 Society  
of Hospital Medicine

Addiction is a national epidemic that represents both a press-
ing need and a significant burden to the healthcare system.1 
Hospitals are increasingly filled with people admitted for med-
ical complications of substance use disorders (SUD).2 People 
with SUD have longer lengths of stay (LOS) and high read-
mission rates.3 Hospitalization often does not address the root 
cause—the SUD. For example, many hospitals replace heart 
valves and deliver prolonged courses of intravenous (IV) anti-
biotics for endocarditis from injection drug use but do not of-
fer addiction medicine consultation, medication for addiction 
treatment (MAT), or linkage to posthospital SUD treatment.4,5

Hospitalization can provide reachable moments for initiating 
addiction care.6 Medications for opioid7 and alcohol use disor-
ders8 can be started during hospitalization, promoting engage-
ment in outpatient SUD care7 and increased uptake  of MAT,7-9 
and reducing readmissions.8,10 Yet, medications for SUD are un-
derprescribed,11,12 and most hospitals lack inpatient addiction 
medicine services and pathways to timely SUD care after dis-
charge. Furthermore, traditional SUD treatment programs are of-
ten not equipped to manage medically complex patients or they 
have long waitlists.13 Most behavioral-physical health integration 
occurs in ambulatory settings. This fails to engage patients who 

do not access primary care. There is an urgent need for models 
that can improve care for hospitalized patients with SUD.

Here, we describe our experience using patient needs 
assessment to engage stakeholders and drive local systems 
change. We also describe the resulting care model, the Im-
proving Addiction Care Team (IMPACT). Our experience 
provides a potentially useful example to other hospitals and 
communities seeking to address the national SUD epidemic.

METHODS 
Setting
In 2012, Oregon transformed its Medicaid system by estab-
lishing 16 regional “coordinated care organizations” (CCOs) 
to improve outcomes and slow healthcare spending.14 In a 
CCO environment, hospitals assume increased financial risk, 
yet reforms have focused on the outpatient setting. Therefore, 
executive leadership at Oregon Health & Science Universi-
ty (OHSU), an urban academic medical center, asked clini-
cian-leaders to design point-of-care improvements for Med-
icaid-funded adults and build on existing models to improve 
care for socioeconomically vulnerable adults.15,16 One priori-
ty that emerged was to make improvements for hospitalized 
adults with SUD. Of the adult inpatients at OHSU, 30% have 
Medicaid and 15% have SUD by administrative data alone. 
Before we started our work, OHSU lacked inpatient addiction 
medicine services.

Local Needs Assessment
To understand local needs and opportunities, we surveyed 
hospitalized adults with SUD. We used the electronic health 
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record to generate a list of inpatients flagged by nurses for risky 
alcohol or drug use. A research assistant screened consec-
utive adults (≥18 years old) and invited those who screened 
positive for alcohol use (Alcohol Use Disorders Identification 
Test–Consumption [AUDIT-C])17 or drug use (single-item 
screener)18 to participate. We excluded non-English speakers, 
incarcerated adults, people using only marijuana or tobacco, 
psychiatry inpatients, and people unable to consent. Surveys 
assessed social and demographic factors, healthcare utilization, 
substance use severity, and treatment experience. Participants 
who reported high-risk illicit drug or alcohol use19 were asked 
to indicate their readiness to change on a 3-point scale devel-
oped for this study. Response range included: no interest, inter-
est in cutting back, or interest in quitting. A subset of participants 
completed in-depth qualitative interviews exploring patient 
perceptions of substance use treatment needs.20 We obtained 
hospital administrative data from hospital financial services.

Partner Engagement
We identified community partners with which we had an 
individual or organizational relationship and a common in-
terest and potential for collaboration. All invited partners 
agreed to attend initial meetings. We convened leadership 
and frontline staff across partners. OHSU staff included 
hospital nursing and social work leaders; infectious disease, 
hospitalist, and addiction physicians; and health services re-
searchers. Community organizations included Central City 
Concern (CCC), a community organization serving people 
facing homelessness and addiction; CODA, Inc., a nonprofit 
SUD treatment agency; and Coram/CVS infusion pharmacy. 

Collectively, we reviewed needs assessment findings and 
examples from the literature7-9 to develop strategies to ad-
dress patient and system needs. We used patient narratives 
to foster alignment and prioritized areas in which integration 
could improve quality and costs. We assumed we would pe-
tition OHSU and/or Medicaid CCOs to finance efforts and 
saved potentially challenging budget discussions for later, 
when partnerships would be more developed. Our task force 
attended more than 3 large-group meetings and numerous 
small-group meetings to develop IMPACT.

RESULTS
Needs Assessment
Between September 2014 and April 2015, a research assistant 
approached 326 patients. Of these, 235 (72%) met study in-
clusion criteria, and 185 (78%) agreed to participate (Table 1).  
Of people who reported any substance use within the pre-
ceding 3 months, 58% of alcohol users and 67% of drug us-
ers said they were interested in cutting back or quitting. Fif-
ty-four percent of participants with moderate- to high-risk 
opioid use and 16% with moderate- to high-risk alcohol use 
reported strong interest in MAT. In qualitative interviews, 
participants described inadequately treated withdrawal, the 
importance of trust and choice, and long wait times as a bar-
riers to entering treatment after hospital discharge.20

Administrative data revealed high rates of hospital re-

admissions and longer than expected LOS (Figure). Mean 
LOS was 10.26 days—4 days more than medicine patients’. 
Mean LOS was high among participants who required long-
term IV antibiotics, particularly those with endocarditis or 
osteomyelitis (21.75 days; range, 1.00-51.00 days). We ex-
cluded one outlier with a 116-day hospitalization.

Intervention Design
Mapping needs to intervention components. We mapped needs 
assessment findings to 3 main IMPACT components: inpa-
tient addiction medicine consultation service, pathways to 
posthospital SUD treatment, and medically enhanced resi-
dential treatment (MERT) (Table 2).

Inpatient addiction medicine consultation service. We devel-
oped this service to address patients’ report of high readiness 
to change and interest in starting MAT in the hospital. Com-
munity partners highlighted the need for peers to increase 
engagement and trust. Therefore, we included a physician, 
a social worker, and two peers on our team. The inpatient 
service engages patients, advises on withdrawal and pain, per-
forms SUD assessments, initiates MAT, and provides coun-
seling and treatment.

Pathways to posthospital SUD treatment. As pathways from 
hospital to community SUD treatment were lacking, and 
long administrative wait times limited access to communi-
ty treatment, we employed “in-reach” liaisons—community 
SUD treatment staff who perform in-hospital assessments to 
triage and coordinate care across systems. Given that patients 

TABLE 1. Needs Assessment Participant 
Characteristics

Substance Use n (%)

Total participants 185 

Any alcohol use in the past 3 months 109/185 (59)

Any opioid use in the past 3 months 68/185 (37)

Any druga use in the past 3 months 137/185 (74)

Interest in cutting back or quitting 

   Alcohol

   Drugs

 
63/109 (58)

92/137 (67)

Moderate – high risk substance use 

   Alcohol

   Amphetamines

   Opioids

   Cocaine

82/185 (44)

74/185 (40)

72/185 (39)

23/185 (12)

Past 3 month polysubstance use 113/185 (61)

Interest in MAT for alcohol use disorder  among moderate-high risk users  13/82 (16)

Interest in MAT for opioid use disorder among moderate-high risk users

   Any MAT

   Methadone

   Buprenorphine

39/72 (54)

26/72 (36)

23/72 (32)

aCocaine, amphetamines, inhalants, sedatives, hallucinogens, opioids.

NOTE: Abbreviation: MAT, medications for addiction treatment.
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value having treatment choices, we linked pathways to an 
array of MAT and abstinence-based treatments, including of-
fice-based, intensive outpatient and residential levels of care. 
For patients who live outside the Portland area, we developed 
relationships with rural stakeholders and engaged the help of 
the Oregon State Opioid Authority in introducing our pro-
gram to SUD treatment providers around the state.

Medically Enhanced Residential Treatment (MERT). In 
many cases where patients required prolonged courses of IV 
antibiotics, hospital stays were longer for two reasons: At-
home central-line self-administration of antibiotics was 
deemed unsafe, and patients were denied admission to a 
skilled nursing facility due to history of substance use. These 

long LOS create an opportunity to initiate and engage pa-
tients in treatment, and to render savings by shifting care to 
a residential addiction treatment setting that can accommo-
date IV antibiotic administration and MAT. We increased 
residential staffing and collaborated with a home infusion 
pharmacy to administer daily infusions on site. 

Funding the Intervention
We used administrative data to estimate potential savings 
and tailored a business case to CCO and hospital payers. The 
CCO business case centered on hospitalization as an oppor-
tunity to engage out-of-treatment adults and potentially 
reduce high-cost readmissions by managing physical and be-
havioral health needs. Working within budgeting time lines, 
we used data from the first 165 participants. These partici-
pants had 137 readmissions over a mean observation period 
of 4.5 months. Mean charge per readmission was $31,157 
(range, $699-$206,596) and was highest for people with en-
docarditis (mean, $55,493; range, $23,204-$145,066) and 
osteomyelitis (mean, $68,774; range, $29,359-$124,481). 
We estimated that a 10% reduction in 6-month readmis-
sions could avoid $674,863 in charges.

For the hospital, the primary financial incentive was reduced 
LOS. Given the possibility of shortening hospitalization through 
MERT, we estimated a 20% mean LOS reduction; for budget-
ing, we estimated a conservative 10% reduction. A 10% mean 
LOS reduction would free 205 bed-days (10% × 10.26 days mean 
LOS × 200 patients) and create space for another 32 inpatient 
admissions in year 1, assuming no change from medical patients’ 

TABLE 2. Key IMPACT Elements, Including Year 1 Enrollment Targets, Staff Descriptions and Roles, and 
Allocated Resources

Key Findings of
Needs Assessment

Program Element and
Year 1 Enrollment Target Staff Descriptions and Roles

Allocated Resource and
Staffing Rationale

Hospitalization provides reachable 
moments

OHSU lacked expertise to 
assess, engage, and initiate SUD 
treatment

Engagement and trust are key

Hospital-based addiction 
medicine consultation 
service
200 patients

Social worker performs ASAM assessment, uses motivational interview-
ing to engage patients, initiates evidence-based SUD treatment, and 
coordinates posthospital addiction care 

Physician advises on withdrawal and pain management and initiates MAT 

Peers support patient engagement in hospital and across transition to 
community SUD care

0.5 FTE physician—half-day weekday coverage 
based on projection that half the patients would need 
physician consultation and MAT

1.0 FTE social worker—expected case load of about 
6-8 patients/day

1.4 FTE peer mentors—peers would be present 7 
days/week, including some evening hours

No pathways from hospital to 
outpatient addiction treatment

Long community wait times

“In-reach” liaison supports 
rapid-access pathways to 
community SUD care after 
hospital discharge
100 patients

CADCs from partner organizations “reach in” to hospital, describe 
community treatment options, support triage and linkage, and serve 
as points of contact as patients transition across hospital, jail, skilled 
nursing facility, and community SUD treatment

0.5 FTE CADC—at each partner site

Patients who require long courses 
of IV antibiotics have very long 
hospital stays

Residential SUD treatment  
programs not equipped for 
medically complex patients

Medically Enhanced 
Residential Treatment brings 
IV antibiotics and nursing care into 
residential addiction setting 

30 patients

Home infusion pharmacy administers daily IV antibiotics and performs 
weekly central catheter dressing changes 

Registered nurse supports care coordination and on-site infusion, basic 
wound care, and other nursing needs

Physician prescribes MAT in residential program and provides oversight 
for medically complex patients 

Residential program coordinator manages bed flow to support timely 
access to residential beds 

Infectious disease team uses video technology to conduct weekly virtual 
bedside rounds

Payment for 6 days/week home infusion pharmacy 
costs (insurance plans cover once-weekly home 
infusion)

0.7 FTE registered nurse 

0.1 FTE community addiction physician

0.2 FTE residential program coordinator

Hospital infectious disease team supports 30 minutes/
week telehealth rounds

NOTE: Abbreviations: ASAM, American Society of Addiction Medicine; CADC, certified alcohol and drug counselor; FTE, full-time equivalent; IMPACT, Improving Addiction Care Team; IV, intravenous; MAT, medication for addiction 
treatment; OHSU, Oregon Health & Science University; SUD, substance use disorder.

FIG. Hospital LOS among needs assessment patients. 

NOTE: Abbreviations: GMLOS, geometric length of stay; LOS, length of stay.
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6.26 days mean LOS. The future of bundled payments further 
bolstered our business case, as did the potential to improve care 
quality, reduce nonproductive staff time, and increase institu-
tional learning about SUD. Overall program costs approximated 
projected savings, and the hospital and a local CCO agreed to 
equally share the costs of the intervention (Table 2).

DISCUSSION 
We have described an innovative approach to developing an 
SUD intervention for hospitalized adults. Using a process of 
broad stakeholder engagement, data-driven understanding 
of population needs, and analysis of financial incentives, we 
built consensus and secured funding for a multicomponent 
intervention across hospital and post–acute care settings. 
Other studies have demonstrated the feasibility and effica-
cy of starting a single medication for a specific indication7-9 
(eg, methadone for opioid use disorder), yet strategies for ex-
panding SUD services in hospitals and facilitating posthospi-
tal treatment linkages remain scarce.21 Our model addresses 
a widespread need and could be adapted to other hospitals, 
SUD treatment organizations, and Medicaid payers.

Our experience has several limitations. First, it took place 
at a single academic medical center in Oregon, a Medicaid ex-
pansion state. Second, our needs assessment involved a conve-
nience sample of limited racial/ethnic diversity. Third, almost 
all patients had insurance, which could limit generalizability. 
Fourth, to secure funding, it was essential we had a clinical 

champion who was persuasive with hospital and CCO leader-
ship; though increasing disease burden and skyrocketing costs2 
may drive administrators’ increased demand for ways to address 
SUD in hospitalized adults.

Our experience has several key implications. First, diverse 
partners were vital at all stages of program design, suggesting 
hospitals should look beyond traditional healthcare partners 
to address the SUD epidemic. Second, an interprofessional 
team that includes physicians, social workers, and peers may 
better engage patients and address complex system needs. 
Finally, a planned IMPACT evaluation will assess effects on 
substance use, healthcare use, and costs.

The United States faces a burgeoning SUD epidemic. Our 
experience describes an innovative care model and supports 
the idea that hospitals may play a leading role in conven-
ing partners, providing treatment, and driving population 
health improvements for adults with SUD.
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The “Things We Do for No Reason” series reviews practices 
which have become common parts of hospital care but which 
may provide little value to our patients. Practices reviewed in the 
TWDFNR series do not represent “black and white” conclusions 
or clinical practice standards, but are meant as a starting place for 
research and active discussions among hospitalists and patients. 
We invite you to be part of that discussion.

Acute interstitial nephritis (AIN) is an important cause of 
acute kidney injury (AKI) in the hospital setting. However, 
the diagnosis of AIN is challenging because of its nonspecific 
clinical manifestations and the invasiveness of kidney biop-
sy, the gold standard for diagnosis. Urine eosinophils (UEs) 
emerged several decades ago as a noninvasive alternative for 
diagnosing AIN. Initial studies found UEs had a significant 
diagnostic value, but these studies had small sample sizes, and 
the diagnosis of AIN was made on clinical grounds only, with-
out biopsy confirmation. In this article, we review the litera-
ture on the diagnostic value of UEs in the diagnosis of AIN.

CASE REPORT
A 62-year-old woman with type 2 diabetes mellitus, system-
ic hypertension, coronary artery disease, and obesity is ad-
mitted for AKI found on routine laboratory testing. She has 
been taking amoxicillin and doxycycline for left leg cellulitis 
the past 5 days, but improvement has been minimal. On ad-
mission, blood pressure is 120/74 mm Hg, and heart rate is 89 
beats per minute. Serum creatinine level is increased, from 
0.7 mg/dL at baseline to 3.6 mg/dL on admission. Complete 
urinalysis reveals 1+ protein and presence of white blood 
cells and isormorphic red blood cells. No casts or crystals are 
seen. Given the possibility of AIN, UE testing is ordered. UEs 
are positive at 25%. Does this result significantly increase 
the patient’s posttest probability of having AIN?

WHY YOU MIGHT THINK ORDERING URINE EOSIN-
OPHILS IN THE EVALUATION OF AIN IS HELPFUL
AKI occurs in more than 1 in 5 hospitalizations and is as-
sociated with a more than 4-fold increased likelihood of 

in-hospital mortality at 21 days.1 AIN is an important cause 
of AKI and has been found in 6% to 30% of AKI patients 
who had biopsies performed.2-4 AIN is characterized by in-
filtration of inflammatory cells in the kidney interstitium 
and is more commonly caused by drugs, especially beta-
lactam antibiotics, and less commonly by autoimmune or 
systemic diseases and infections. As the signs and symp-
toms of AIN are nonspecific, and the gold-standard test is 
renal biopsy, diagnosticians have sought a noninvasive test,  
such as UEs.

In 1978, Galpin et al.5 found that UEs comprised 10% 
to 60% of urine white blood cells in 9 of 9 patients with 
methicillin-induced interstitial nephritis; 6 of the 9 had bi-
opsy-proven AIN. In 1980, Linton et al.6 found UEs in 6 of 9 
patients with drug-induced AIN; 8 of the 9 had biopsy-prov-
en AIN. In 1986, Nolan et al.7 reported that, compared with 
Wright stain, Hansel stain was more sensitive in visualizing 
UEs; they did not use biopsy for confirmation. Wright-stain 
detection of UEs is limited by the variable staining charac-
teristics of “eosinophilic” granules in body fluids other than 
blood. With Hansel stain, UEs are readily identified by their 
brilliant red-pink granules. These 3 small studies helped 
make UEs the go-to noninvasive test for assessing for AIN.8

WHY THERE IS LITTLE REASON TO ORDER URINE 
EOSINOPHILS IN PATIENTS WITH SUSPICION  
FOR AIN
While initial studies indicated UEs might be diagnostical-
ly helpful, subsequent studies did not. In 1985, Corwin et 
al.9 used Wright stain and found UEs in 65 of 470 adults 
with AKI. Only 9 (14%) of the 65 had a diagnosis of AIN, 
which was made mostly on clinical grounds. These findings 
showed that UEs were produced by other renal or urinary 
tract abnormalities, such as urinary tract infections, acute 
tubular necrosis, and glomerulonephritis. In a second study, 
Corwin et al.10 found that Hansel stain (vs Wright stain) 
improved the sensitivity of UEs for AIN diagnosis, from 
25% to 62.5%. Sensitivity was improved at the expense of 
specificity, as Hansel stain was positive in other diagnoses as 
well. The AIN diagnosis was not confirmed by kidney biopsy 
in the large majority of patients in this study. Lack of con-
firmation by biopsy, the gold-standard diagnostic test, was a 
methodologic flaw of this study and others.

Sutton11 reviewed data from 10 studies and found AIN 
could not be reliably excluded in the absence of UEs (only 
19 of 32 biopsy-confirmed AIN cases had UEs present). In 
addition, Ruffing et al.12 used Hansel stain and concluded 
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that the positive predictive value of UEs was inadequate in 
diagnosing AIN. Only 6 of their 15 patients with AIN had 
positive UEs. Urine eosinophils were also present in patients 
with other diagnoses (glomerulonephritis, chronic kidney 
disease, acute pyelonephritis, prerenal azotemia). Like many 
other investigators, Ruffing et al. made the AIN diagnosis on 
clinical grounds in the large majority of cases. 

Muriithi et al.13 reported similarly negative results in their 
retrospective AKI study involving 566 Mayo Clinic patients 
and spanning almost 2 decades. The study included patients 
who underwent both Hansel-stain UE testing and kidney bi-
opsy within a week of each other. Only 28 (30%) of 91 bi-
opsy-proven AIN cases were positive for UEs. Using the 1% 
cutoff for a positive UE test yielded only 30.8% sensitivity and 
68.2% specificity. Using the 5% cutoff increased specificity to 
91.2%, at the expense of sensitivity (19.2%); positive predic-
tive value improved to only 30%, and negative predictive val-
ue remained relatively unchanged, at 85.6%. In short, Muriithi 
et al. found that UE testing had no utility in AIN diagnosis.

In summary, initial studies, such as those by Corwin et 
al,9,10 supported the conclusion that UEs are useful in AIN 
diagnosis but had questionable validity owing to method-
ologic issues, including small sample size and lack of biopsy 
confirmation of AIN. On the other hand, more recent stud-
ies, such as the one conducted by Muriithi et al.,13 had larger 
sample sizes and biopsy-proven diagnoses and confirmed the 
poor diagnostic value of UEs in AIN.

The poor sensitivity and specificity of UE tests can have 
important consequences. A false positive test may cause the 
clinician to incorrectly diagnose the patient with AIN and 
prompt the clinician to remove medications that may be vi-
tally important. The clinician may also consider treating the 
patient with steroids empirically. A false negative test may 
inappropriately reassure the clinician that the patient does 
not have AIN and does not need cessation of the culprit 
drug. This may also lead the clinician to forego a necessary 
kidney biopsy.

WHAT YOU SHOULD DO INSTEAD
A history of recent exposure to a classic offending drug 
(eg, beta-lactam, proton pump inhibitor, nonsteroidal 

anti-inflammatory drug) in combination with the classic 
triad of fever, rash, and peripheral eosinophilia suggests 
an AIN diagnosis. However, less than 5% to 10% of pa-
tients present with this triad.14,15 Regardless of the triad’s 
presence, if other causes of AKI have been excluded, 
stopping a potential offending agent and monitoring for 
improvement are recommended. If a culprit drug cannot 
be safely discontinued, renal biopsy may be necessary for 
confirmation of the diagnosis. Moreover, if kidney func-
tion continues to deteriorate, a nephrology consultation 
may be warranted for guidance on the risks and benefits of 
performing a kidney biopsy to confirm the diagnosis and/
or the use of corticosteroids. 

RECOMMENDATIONS
• Urine eosinophils should not be used in the diagnosis  

of AIN.
• The clinical diagnosis of drug-associated AIN should be 

based on excluding other possible likely etiologies of AKI 
and confirming the history of drug exposure. This is rein-
forced when kidney function improves upon discontinua-
tion of offending agent. 

• Kidney biopsy is the gold standard for AIN and should 
be performed if the clinical picture is unclear or the renal 
function is not improving upon discontinuation of offend-
ing agent.

CONCLUSION
Since the mid-1980s, studies have found that UEs are too 
insensitive and nonspecific to confirm or exclude the diagno-
sis of AIN in patients with AKI (Table). UEs are seen in other 
AKI etiologies, such as pyelonephritis, acute tubular necrosis, 
atheroembolic renal disease, and glomerulonephritis. Current 
evidence-based medicine does not support use of UEs as a 
biomarker for AIN. False-positive and false-negative results 
confuse the overall picture and result either in discontinua-
tion of important medications and unnecessary steroid treat-
ment or in delayed removal of a culprit medication.16

Our case’s positive UE test does not affect the posttest prob-
ability that our patient has AIN. Presence of a culprit drug 
and absence of clinical data suggesting an alternative diag-

TABLE. Urine Eosinophils in the Diagnosis of Acute Interstitial Nephritis

Study Year
Sample 
Size, N

AIN ≥1% Urine Eosinophils for the Diagnosis of AIN

Diagnosis Etiology Prevalence, % Stain Sensitivity, % Specificity, % PPV, % NPV, % LR+ LR–

Corwin et al.9 1985 65 Clinicala NS 13.8 Wright 88.9 51.8 22.9 96.7 1.8 0.2

Nolan et al.7 1986 92 Clinicala Drugs 12 Hansel 90.9 85.2 45.5 98.6 6.1 0.1

Corwin et al.10 1989 183 Clinicala NS 4.4 Hansel 62.5 91.4 25 98.2 7.3 0.4

Ruffing et al.12 1994 51 Clinicala Variousb 29.4 Hansel 40 72.2 37.5 74.3 1.4 0.8

Muriithi et al.13 2013 566 Biopsy Drugsc 16.1 Hansel 30.8 68.2 15.6 83.7 0.97 1.01

aIn large majority of patients, diagnosis of AIN was made on clinical grounds only.
bNonsteroidal anti-inflammatory drugs and other drugs not specified.
cIn 80% of patients.

NOTE: Abbreviations: AIN, acute interstitial nephritis; LR+, likelihood ratio positive; LR–, likelihood ratio negative; NPV, negative predictive value; NS, not specified; PPV, positive predictive value.
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nosis would lead most clinicians to change antibiotic thera-
py and observe for improvement in renal function.

Disclosure: Nothing to report.

Do you think this is a low-value practice? Is this truly a “Thing We Do for No Reason?” 
Share what you do in your practice and join in the conversation online by retweeting it on 
Twitter (#TWDFNR) and Liking It on Facebook. We invite you to propose ideas for other 
“Things We Do for No Reason” topics by emailing TWDFNR@hospitalmedicine.org.
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A Practical Framework for Understanding and Reducing Medical Overuse: 
Conceptualizing Overuse Through the Patient-Clinician Interaction
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Overuse of medical services is an increasingly recog-
nized driver of poor-quality care and high cost. A prac-
tical framework is needed to guide clinical decisions and 
facilitate concrete actions that can reduce overuse and 
improve care. We used an iterative, expert-informed, evi-
dence-based process to develop a framework for concep-
tualizing interventions to reduce medical overuse. Given 
the complexity of defining and identifying overused care in 
nuanced clinical situations and the need to define care ap-
propriateness in the context of an individual patient, this 

framework conceptualizes the patient–clinician interaction 
as the nexus of decisions regarding inappropriate care. 
This interaction is influenced by other utilization drivers, 
including healthcare system factors, the practice environ-
ment, the culture of professional medicine, the culture of 
healthcare consumption, and individual patient and clini-
cian factors. The variable strength of the evidence support-
ing these domains highlights important areas for further 
investigation. Journal of Hospital Medicine 2017;12:346-
351. © 2017 Society of Hospital Medicine

Medical services overuse is the provision of healthcare ser-
vices for which there is no medical basis or for which harms 
equal or exceed benefits.1 This overuse drives poor-quality 
care and unnecessary cost.2,3 The high prevalence of over-
use is recognized by patients,4 clinicians,5 and policymakers.6 
Initiatives to reduce overuse have targeted physicians,7 the 
public,8 and medical educators9,10 but have had limited im-
pact.11,12 Few studies have addressed methods for reducing 
overuse, and de-implementation of nonbeneficial practices 
has proved challenging.1,13,14 Models for reducing overuse 
are only theoretical15 or are focused on administrative de-
cisions.16,17 We think a practical framework is needed. We 
used an iterative process, informed by expert opinion and 
discussion, to design such a framework.

METHODS 
The authors, who have expertise in overuse, value, medi-
cal education, evidence-based medicine, and implementa-
tion science, reviewed related conceptual frameworks18 and 
evidence regarding drivers of overuse. We organized these 
drivers into domains to create a draft framework, which we 
presented at Preventing Overdiagnosis 2015, a meeting of cli-
nicians, patients, and policymakers interested in overuse. We 
incorporated feedback from meeting attendees to modify 
framework domains, and we performed structured searches 
(using key words in Pubmed) to explore, and estimate the 

strength of, evidence supporting items within each domain. 
We rated supporting evidence as strong (studies found a 
clear correlation between a factor and overuse), moderate 
(evidence suggests such a correlation or demonstrates a cor-
relation between a particular factor and utilization but not 
overuse per se), weak (only indirect evidence exists), or ab-
sent (no studies identified evaluating a particular factor). All 
authors reached consensus on ratings. 

Framework Principles and Evidence
Patient-centered definition of overuse. During framework de-
velopment, defining clinical appropriateness emerged as the 
primary challenge to identifying and reducing overuse. Al-
though some care generally is appropriate based on strong 
evidence of benefit, and some is inappropriate given a clear 
lack of benefit or harm, much care is of unclear or variable 
benefit. Practice guidelines can help identify overuse, but 
their utility may be limited by lack of evidence in specific 
clinical situations,19 and their recommendations may apply 
poorly to an individual patient. This presents challenges to 
using guidelines to identify and reduce overuse. 

Despite limitations, the scope of overuse has been estimated 
by applying broad, often guideline-based, criteria for care appro-
priateness to administrative data.20 Unfortunately, these esti-
mates provide little direction to clinicians and patients partner-
ing to make usage decisions. During framework development, 
we identified the importance of a patient-level, patient-specific 
definition of overuse. This approach reinforces the importance 
of meeting patient needs while standardizing treatments to re-
duce overuse. A patient-centered approach may also assist pro-
fessional societies and advocacy groups in developing action-
able campaigns and may uncover evidence gaps.

Centrality of patient-clinician interaction. During framework 
development, the patient–clinician interaction emerged as 
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the nexus through which drivers of overuse exert influence. 
The centrality of this interaction has been demonstrated 
in studies of the relationship between care continuity and 
overuse21 or utilization,22,23 by evidence that communication 
and patient–clinician relationships affect utilization,24 and 
by the observation that clinician training in shared deci-
sion-making reduces overuse.25 A patient-centered frame-
work assumes that, at least in the weighing of clinically 
reasonable options, a patient-centered approach optimizes 

outcomes for that patient.
Incorporating drivers of overuse. We incorporated drivers of 

overuse into domains and related them to the patient–clini-
cian interaction.26 Domains included the culture of health-
care consumption, patient factors and experiences, the prac-
tice environment, the culture of professional medicine, and 
clinician attitudes and beliefs.

We characterized the evidence illustrating how drivers 
within each domain influence healthcare use. The evidence 

TABLE 1. Factors That Contribute to Each Domain of the Framework for Overuse Of Carea

Domain Factors Evidence Specific Impact
Likely Magnitude of 
Effect on Overuse

Culture of healthcare 
consumption

Consumerism and advocating for one’s own health

Information found on the internet and through the media

General expectations about the appropriate amount and 
type of care

Belief that you get what you pay for

Strength: weak

None related to specific factors.

Evidence related to: 

Variations in care27,55 

General enthusiasm for screening56

Likely leads to more general 
utilization, overuse, and use of 
costlier alternatives 

Moderate

Patient factors and 
experiences

Prior healthcare experiences (patient and family)

Demographic factors and education

Health literacy and numeracy

Patient interactions with health center staff

Patient interactions with other clinicians

Strength: weak to strong

Evidence related to:

Impact of race/ethnicity  on overuse and 
underuse57,58  

Patient  expectations59,60 

Patient  desire for investigation and answers61 

Variable; can contribute to overuse  
or protect against overuse

Moderate

Interventions related to with 
patient demographics not 
defined

Culture of 
professional  
medicine

Influence of broad regulations and metrics

Value placed on finding answers, certainty

Value placed on doing things

Discomfort with discussing/admitting diagnostic 
uncertainty to others (strong vs. weak)

Fear of missing diagnoses

New high tech solutions more valued and reimbursed.

Strength: absent to moderate

No evidence exploring role of most individual 
factors.

Evidence related to:

Association between local culture and  
overuse62-64 (moderate evidence)

Physician factors and  geographic variations65

Overuse performance measures 
can limit overuse  but measures 
for preventing underuse may lead 
to overuse

Emphasis on certainty, technology 
and active intervention likely 
contribute to overuse

Moderate to high

Clinician attitudes  
and beliefs

Personality and personal biases

Poor numeracy and knowledge of evidence

Past experiences with other patients with the same 
condition

Knowledge of and attitudes toward particular patient

Fear of litigation (defensive medicine)

Clinician-clinician interactions

Clinician-staff interactions

Comfort with discussing cost or other issues

Discomfort with diagnostic uncertainty

Strength: weak

Evidence related to:

Physician beliefs  and geographic variations28

Variation in utilization based on  specific physician 
characteristics66-68

Self-reported drivers of physician  overuse26

Traditionally mostly push toward 
more care 

Poor numeracy, lack of knowledge, 
discomfort with uncertainty, 
sampling biases from past 
experiences, interactions with other 
clinicians, fear of litigation, and 
some personality traits likely lead 
to overuse

Patient continuity helps prevent 
overuse

High

Practice  
environment

Financial incentives

Practice norms within the group and expectations from 
the affiliated health system 

Structures which influence specific practices

Risk of lawsuits

Performance metrics may encourage overuse

Strength: weak

Practice norms not well studied 

Evidence related to:

Local  cultural norms and aggressive care69-71

Residency training and utilization29,72,73

Financial  incentives41,74 (weak evidence)

General influence of  practice setting75

Quality metrics may encourage too much care and 
overuse76,77

Local cultural norms are influential 
(including local training culture)

Other factors vary based on 
specifics

High

The patient-clinician  
interaction

Specific communication styles

Concordance of culture, race, language, and gender

Prior experiences with each other

Visit priorities

Strength: moderate for shared decision making, 
continuity, weak for other factors

Evidence related to:

Continuity  of care and overuse21

Continuity of care  and utilization22,23

Communication24

Shared decision making and  overuse25

Continuity of care likely reduces 
overuse

Shared decision making likely 
reduces overuse

Unclear impact of culture and 
language

High

aLikely magnitude of effect on overuse was determined by author consensus based on strength and breadth of evidence and other factors.
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for each domain is listed in Table 1.

RESULTS
The fi nal framework is shown in the Figure. 
Within the healthcare system, patients are 
infl uenced by the culture of healthcare con-
sumption, which varies within and among 
countries.27 Clinicians are infl uenced by 
the culture of medical care, which varies 
by practice setting,28 and by their training 
environment.29 Both clinicians and patients 
are infl uenced by the practice environment 
and by personal experiences. Ultimately, 
clinical decisions occur within the specif-
ic patient–clinician interaction.24 Table 1 
lists each domain’s components, likely im-
pact on overuse, and estimated strength of 
supporting evidence. Interventions can be 
conceptualized within appropriate domains 
or through the interaction between patient 
and clinician.

DISCUSSION
We developed a novel and practical con-
ceptual framework for characterizing driv-
ers of overuse and potential intervention 
points. To our knowledge, this is the fi rst 
framework incorporating a patient-specifi c approach to 
overuse and emphasizing the patient–clinician interaction. 
Key strengths of framework development are inclusion of a 
range of perspectives and characterization of the evidence 
within each domain. Limitations include lack of a formal 
systematic review and broad, qualitative assessments of ev-
idence strength. However, we believe this framework pro-
vides an important conceptual foundation for the study of 
overuse and interventions to reduce overuse.

Framework Applications
This framework, which highlights the many drivers of 
overuse, can facilitate understanding of overuse and help 
conceptualize change, prioritize research goals, and inform 
specifi c interventions. For policymakers, the framework can 
inform efforts to reduce overuse by emphasizing the need for 
complex interventions and by clarifying the likely impact of 
interventions targeting specifi c domains. Similarly, for clini-
cians and quality improvement professionals, the framework 
can ground root cause analyses of overuse-related problems 
and inform allocation of limited resources. Finally, the rela-
tively weak evidence on the role of most acknowledged driv-
ers of overuse suggests an important research agenda. Specif-
ically, several pressing needs have been identifi ed: defi ning 
relevant physician and patient cultural factors, investigating 
interventions to impact culture, defi ning practice environ-
ment features that optimize care appropriateness, and de-
scribing specifi c patient–clinician interaction practices that 
minimize overuse while providing needed care.

Targeting Interventions 
Domains within the framework are infl uenced by different 
types of interventions, and different stakeholders may target 
different domains. For example:

• The culture of healthcare consumption may be infl uenced 
through public education (eg, Choosing Wisely® patient 
resources)30-32 and public health campaigns. 

• The practice environment may be infl uenced by initia-
tives to align clinician incentives,33 team care,34 electronic 
health record interventions,35 and improved access.36

• Clinician attitudes and beliefs may be infl uenced by audit and 
feedback,37-40 refl ection,41 role modeling,42 and education.43-45

• Patient attitudes and beliefs may be infl uenced by edu-
cation, access to price and quality information, and in-
creased engagement in care.46,47

• For clinicians, the patient–clinician interaction can 
be improved through training in communication and 
shared decision-making,25 through access to information 
(eg, costs) that can be easily shared with patients,48,49 and 
through novel visit structures (eg, scribes).50

• On the patient side, this interaction can be optimized 
with improved access (eg, through telemedicine)51,52 or 
with patient empowerment during hospitalization.

• The culture of medicine is diffi cult to infl uence. Change 
likely will occur through:
○   Regulatory interventions (eg, Transforming Clinical 

Practice Initiative of Center for Medicare & Medicaid 
Innovation).

FIG. Framework for understanding and reducing overuse.
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○   Educational initiatives (eg, high-value care curricula 
of Alliance for Academic Internal Medicine/American 
College of Physicians53).

○   Medical journal features (eg, “Less Is More” in JAMA 
Internal Medicine54 and “Things We Do for No Reason” 
in Journal of Hospital Medicine).

○   Professional organizations (eg, Choosing Wisely®).

As organizations implement quality improvement initia-
tives to reduce overuse of services, the framework can be 
used to target interventions to relevant domains. For ex-
ample, a hospital leader who wants to reduce opioid pre-
scribing may use the framework to identify the factors that 
encourage prescribing in each domain—poor understanding 
of pain treatment (a clinician factor), desire for early dis-
charge encouraging overly aggressive pain management (an 
environmental factor), patient demand for opioids com-
bined with poor understanding of harms (patient factors), 
and poor communication regarding pain (a patient–clini-
cian interaction factor). Although not all relevant factors 
can be addressed, their classification by domain facilitates 
intervention, in this case perhaps leading to a focus on clini-
cian and patient education on opioids and development of a 
practical communication tool that targets 3 domains. Table 
2 lists ways in which the framework informs approaches to 
this and other overused services in the hospital setting. Note 
that some drivers can be acknowledged without identifying 
targeted interventions.

Moving Forward
Through a multi-stakeholder iterative process, we developed 
a practical framework for understanding medical overuse 
and interventions to reduce it. Centered on the patient–cli-

nician interaction, this framework explains overuse as the 
product of medical and patient culture, the practice envi-
ronment and incentives, and other clinician and patient 
factors. Ultimately, care is implemented during the patient–
clinician interaction, though few interventions to reduce 
overuse have focused on that domain.

Conceptualizing overuse through the patient–clinician 
interaction maintains focus on patients while promoting 
population health that is both better and lower in cost. This 
framework can guide interventions to reduce overuse in im-
portant parts of the healthcare system while ensuring the 
final goal of high-quality individualized patient care.
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CLINICAL CARE CONUNDRUMS

Rendered Speechless
The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an 

approach typical of a morning report. Similarly to patient care, sequential pieces of information are provided to the clinician, who is 
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

 This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.
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Brian J. Harte, MD5, S. Andrew Josephson, MD6
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Neurology, University of California, San Francisco, California.

A 63-year-old man at an inpatient rehabilitation cen-
ter was transferred to an academic tertiary care center 

for evaluation of slurred speech and episodic confusion. 
He was accompanied by his wife, who provided the histo-
ry. Three weeks earlier, the patient had fallen, sustaining 
a right femur fracture. He underwent surgery and was dis-
charged to rehabilitation on postoperative day 3. During 
the second week of rehabilitation, he developed a cough 
and low-grade fevers, which prompted treatment with cef-
podoxime for 5 days for presumed pneumonia. The day 
after completing antimicrobial therapy, he became con-
fused and began to slur his words.

Confusion is a nonspecifi c symptom that typically has a 
diffuse or multifocal localization within the cerebral hemi-
spheres and is unlikely to be caused by a single lesion. Slurred 
speech may accompany global metabolic dysfunction. How-
ever, slurred speech typically localizes to the brainstem, the 
cerebellum in the posterior fossa, the nuclei, or the course of 
cranial nerves VII, X, or XII, including where these nerves 
pass through the subarachnoid space. 

It seems this patient’s new neurologic symptoms have 
some relationship to his fall. Long-bone fractures and altered 
mental status (AMS) lead to consideration of fat emboli, 
but this syndrome typically presents in the acute period after 
the fracture. The patient is at risk for a number of compli-
cations, related to recent surgery and hospitalization, that 
could affect the central nervous system (CNS), including 
systemic infection (possibly with associated meningeal in-
volvement) and venous thromboembolism with concom-
itant stroke by paradoxical emboli. The episodic nature 

of the confusion leads to consideration of seizures from 
structural lesions in the brain. Finally, the circumstances 
of the fall itself should be explored to determine whether 
an underlying neurologic dysfunction led to imbalance and 
gait diffi culty.

Over the next 3 days at the inpatient rehabilitation 
center, the patient’s slurred speech became unintelli-

gible, and he experienced intermittent disorientation to 
person, place, and time. There was no concomitant fever, 
dizziness, headache, neck pain, weakness, dyspnea, diar-
rhea, dysuria, or change in hearing or vision.

Progressive dysarthria argues for an expanding lesion in 
the posterior fossa, worsening metabolic disturbance, or 
a problem affecting the cranial nerves (eg, Guillain-Barré 
syndrome) or neuromuscular junctions (eg, myasthenia gra-
vis). Lack of headache makes a CNS localization less likely, 
though disorientation must localize to the brain itself. The 
transient nature of the AMS could signal an ictal phenom-
enon or a fl uctuating toxic or metabolic condition, such as 
hyperammonemia, drug reaction, or healthcare–acquired 
delirium.

His past medical history included end-stage liver dis-
ease secondary to nonalcoholic steatohepatitis status 

post transjugular intrahepatic portosystemic shunt (TIPS) 
procedure three years prior, hepatic encephalopathy, diabe-
tes mellitus type 2, hypertension, previous melanoma exci-
sion on his back, and recurrent Clostridium dif� cile colitis. 
Two years prior to admission he had been started on an 
inde� nite course of metronidazole 500 mg twice daily 
without any recurrence. The patient’s other medications 
were aspirin, furosemide, insulin, lactulose, mirtazapine, 
pantoprazole, propranolol, spironolactone, and zinc. At the 
rehabilitation center, he was prescribed oral oxycodone 5 
mg as needed every 4 hours for pain. He denied use of to-
bacco, alcohol, and recreational drugs. He previously 
worked as a funeral home director and embalmer. 
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Hyperammonemia and hepatic encephalopathy can present 
with a fl uctuating mental state that often correlates to di-
etary protein intake or the frequency of bowel movements; 
the previous TIPS history places the patient at further risk. 
Use of oxycodone or another narcotic commonly leads to 
confusion, , especially in patients who are older, have pre-
existing cognitive decline, or have concomitant medical 
comorbidities.  Mirtazapine and propranolol have been as-
sociated more rarely with encephalopathy, and therefore a 
careful history of adherence, drug interactions, and appro-
priate dosing should be obtained. Metronidazole is most of-
ten associated neurologically with a peripheral neuropathy; 
however, it is increasingly recognized that some patients can 
develop a CNS syndrome that features an AMS, which can 
be severe and accompanied by ataxia, dysarthria, and char-
acteristic brain magnetic resonance imaging (MRI) fi ndings, 
including hyperintensity surrounding the fourth ventricle 
on T2-weighted images.

Embalming fl uid has a high concentration of formalde-
hyde, and a recent epidemiologic study suggested a link be-
tween formaldehyde exposure and increased risk for amyo-
trophic lateral sclerosis (ALS). ALS uncommonly presents 
with isolated dysarthria, but its bulbar form can, usually over 
a much longer course than is demonstrated here. Finally, the 
patient’s history of melanoma places him at risk for stroke 
from hypercoagulability as well as potential brain metastases 
or carcinomatous meningitis.

Evaluation was initiated at the rehabilitation facility at 
the onset of the patient’s slurred speech and confusion. 

Physical examination were negative for focal neurologic de� -
cits, asterixis, and jaundice. Ammonia level was 41 µmol/L 
(reference range, 11-35 µmol/L). Noncontrast computed 
tomography (CT) of the head showed no signs of acute 
infarct or hemorrhage. Symptoms were attributed to hepat-
ic encephalopathy; lactulose was up-titrated to ensure 2 or 
3 bowel movements per day, and rifaximin was started.

Hyperammonemia is a cause of non-infl ammatory relapsing 
encephalopathy, but an elevated level is neither a sensitive 
nor specifi c indicator of hepatic encephalopathy. Levels of 
ammonia can fl uctuate widely during the day based on the 
frequency of bowel movements as well as dietary protein in-
take. In addition, proper handling of samples with prompt 
delivery to the laboratory is essential to minimize errors.

The ammonia level of 41 µmol/L discovered here is only 
modestly elevated, but given the patient’s history of TIPS as 
well as the clinical picture, it is reasonable to aggressively 
treat hepatic encephalopathy with lactulose to reduce am-
monia levels. If he does not improve, an MRI of the brain 
to exclude a structural lesion and spinal fl uid examination 
looking for infl ammatory or infectious conditions would be 
important next steps. Although CT excludes a large hemor-
rhage or mass, this screening examination does not visualize 
many of the fi ndings of the metabolic etiology and the other 
etiologies under consideration here.

Despite 3 days of therapy for presumed hepatic en-
cephalopathy, the patient’s slurred speech worsened, 

and he was transferred to an academic tertiary care center 
for further evaluation. On admission, his temperature was 
36.9°C, heart rate was 80 beats per minute, blood pres-
sure was 139/67 mm Hg, respiratory rate was 10 breaths 
per minute, and oxygen saturation was 99% on room air. 
He was alert, awake, and oriented to person, place, and 
time. He was not jaundiced. He exhibited a moderate dys-
arthria characterized by monotone speech, decreased vol-
ume, decreased breath support, and a hoarse vocal quality 
with intact language function. Motor control of the lips, 
tongue, and mandible were normal. Motor strength was 
5/5 bilaterally in the upper and lower extremities with the 
exception of right hip � exion, which was 4/5. The patient 
exhibited mild bilateral dysmetria on � nger-to-nose exam-
ination, consistent with appendicular ataxia of the upper 
extremities. Re� exes were depressed throughout, and 
there was no asterixis. He had 2+ pulses in all extremities 
and 1+ pitting edema of the right lower extremity to the mid 
leg. Pulmonary examination revealed inspiratory crackles at 
the left base. The rest of the examination � ndings were 
normal.

The patient’s altered mental state appears to have resolved, 
and the neurological examination is now mainly character-
ized by signs that point to the cerebellum. The description of 
monotone speech typically refers to loss of prosody, the vari-
able stress or intonation of speech, which is characteristic 
of a cerebellar speech pattern. The hoarseness should be ex-
plored to determine if it is a feature of the patient’s speech or 
is a separate process. Hoarseness may involve the vocal cord 
and therefore, potentially, cranial nerve X or its nuclei in 
the brainstem. The appendicular ataxia of the limbs points 
defi nitively to the cerebellar hemispheres or their pathways 
through the brainstem.

Unilateral lower extremity edema, especially in the con-
text of a recent fracture, raises the possibility of deep vein 
thrombosis. If this patient has a right-to-left intracardiac or 
intrapulmonary shunt, embolization could lead to an isch-
emic stroke of the brainstem or cerebellum, potentially caus-
ing dysarthria.

Laboratory evaluation revealed hemoglobin level of 
10.9 g/dL, white blood cell count of 5.3×109/L, 

platelet count of 169×109/L, glucose level of 177 mg/
dL, corrected calcium level of 9.0 mg/dL, sodium level 
of 135 mmol/L, bicarbonate level of 30 mmol/L, creati-
nine level of 0.9 mg/dL, total bilirubin level of 1.3 mg/
dL, direct bilirubin level of 0.4 mg/dL, alkaline phos-
phatase level of 503 U/L, alanine aminotransferase lev-
el of 12 U/L, aspartate aminotransferase level of 33 
U/L, ammonia level of 49 µmol/L (range, 0-30 µmol/L), 
international normalized ratio of 1.2, and troponin level 
of <0.01 ng/mL. Electrocardiogram showed normal si-
nus rhythm.
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Some patients with bacterial meningitis do not have a leu-
kocytosis, but patients with meningitis caused by seeding 
from a systemic infection nearly always do. In this patient’s 
case, lack of a leukocytosis makes bacterial meningitis very 
unlikely. The elevated alkaline phosphatase level is expect-
ed, as this level peaks about 3 weeks after a long-bone frac-
ture and returns to normal over a few months.

Non-contrast CT scan of the head performed on ad-
mission demonstrated no large vessel cortical-based 

infarct, intracranial hemorrhage, hydrocephalus, mass ef-
fect, midline shift, or extra-axial � uid. There was mild 
cortical atrophy as well as very mild periventricular white 
matter hypodensity.

The atrophy and mild white-matter hypodensities seen on re-
peat noncontrast CT are nonspecifi c for any particular entity 
in this patient’s age group. MRI is more effective in evaluating 
toxic encephalopathies, including metronidazole toxicity or 
Wernicke encephalopathy, and in characterizing small infarcts 
or infl ammatory conditions of the brainstem and cerebellum, 
which are poorly evaluated by CT due to the bone surrounded 
space of the posterior fossa. An urgent lumbar puncture is not 
necessary due to the slow pace of illness, lack of fever, nuchal 
rigidity, or serum elevated white blood cell count. Rather, per-
forming MRI should be prioritized. If MRI is nondiagnostic, 
then spinal fl uid should be evaluated for evidence of an infec-
tious, autoimmune, paraneoplastic, or neoplastic process.

MRI was subsequently performed. It showed symmet-
ric abnormal T2 hyperintensities involving dentate nu-

clei (Figure 1), left inferior olivary nuclei (Figure 2), resti-
form bodies, pontine tegmentum, superior cerebellar 
peduncles, oculomotor nuclei, and subthalamic nuclei. The 
most prominent hyperintensity was in the dentate nuclei.

The clinical and radiographic features confi rm a diagnosis 
of metronidazole-associated CNS neurotoxicity. The rea-

son for the predilection for edema in these specifi c areas of 
the brainstem and midline cerebellum is unclear but likely 
is related to selective neuronal vulnerability in these struc-
tures. The treatment is to stop metronidazole. In addition, 
the fl uctuating mental status should be evaluated with elec-
troencephalogram to ensure concomitant seizures are not 
occurring.

These MRI � ndings were consistent with metronida-
zole toxicity. Metronidazole was discontinued, and 2 

days later the patient’s speech improved. Two weeks after 
medication discontinuation, his speech was normal. There 
were no more episodes of confusion.

DISCUSSION
Metronidazole was originally developed in France during the 
1950s as an anti-parasitic medication to treat trichomonas 
infections. In 1962, its antibacterial properties were discov-
ered after a patient with bacterial gingivitis improved while 
taking metronidazole for treatment of Trichomonas vaginalis.1

Since that time metronidazole has become a fi rst-line treat-
ment for anaerobic bacteria and is now recommended by the 
Infectious Diseases Society of America2 and the American 
College of Gastroenterology3 as a fi rst-line therapy for mild 
and moderate C diffi cile infections.

Common side effects of metronidazole are nausea, vom-
iting, decreased appetite, diarrhea, headaches, peripheral 
neuropathy, and metallic taste; less common is CNS toxic-
ity. Although the incidence of CNS toxicity is unknown, a 
systematic review of the literature found 64 cases reported 
between 1965 and 2011.4 CNS toxicity most often occurs 
between the fi fth and sixth decades of life, and about two 
thirds of the people affected are men.4 CNS adverse effects 
characteristically fall into 4 categories: cerebellar dysfunc-
tion (eg, ataxia, dysarthria, dysmetria, nystagmus; 75%), 
AMS (33%), seizures (13%), and a combination of the fi rst 
3 categories.4 

The exact mechanism of metronidazole CNS toxici-

FIG 1. Magnetic resonance imaging shows T2 hyperintensity of dentate nuclei 

bilaterally.

FIG 2. Magnetic resonance imaging shows T2 hyperintensity of left inferior 

olivary nuclei.
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ty is unknown, but vasogenic or cytotoxic edema may be 
involved.5,6 Other potential etiologies are neural protein 
inhibition, reversible mitochondrial dysfunction, and 
modifications of the inhibitory neurotransmitter gamma-
aminobutyric acid receptor in the cerebellum.7,8 There is no 
known genetic predisposition. Although the risk for CNS 
toxicity traditionally is thought to correlate with therapy 
duration and cumulative dose,7,9 in 2011 a systemic review 
found no significant correlation.4 In fact, 26% of patients 
with CNS toxicity were treated with metronidazole for less 
than 1 week at time of diagnosis.4

Brain CT is typically normal. On brain MRI, lesions most 
commonly appear as bilateral symmetric T2 hyperintensities, 
most often in the cerebellar dentate nuclei (85%) and less 
often in the midbrain (55%), the splenium of the corpus cal-
losum (50%), the pons (35%), and the medulla (30%).4,10 
Radiographic changes have been noted as early as 3 days 
after symptom onset. Based on damage severity and area 
affected (white or gray matter), vasogenic edema and cyto-
toxic edema may in combination be contributing to MRI 
abnormalities.6,10 Hyperintensities of the bilateral dentate 
nuclei can help in distinguishing metronidazole-induced en-
cephalopathy from other potential disease processes, such as 
Wernicke encephalopathy.10

The prognosis for patients with metronidazole-induced 
neurotoxicity is favorable if metronidazole is discontinued. 
Approximately two-thirds of patients will have complete 
resolution of symptoms, which is more commonly observed 
when patients present with seizures or altered mental status. 
Approximately one-third will show partial improvement, 
particularly if the symptoms are due to cerebellar dysfunc-
tion. It is rare to experience permanent damage or death.4 
Neurologic recovery usually begins within a week after med-
ication discontinuation but may take months for complete 
recovery to occur.6,8,9,11 Follow-up imaging typically shows 
reversal of the original lesions, but this does not always cor-
relate with symptom improvement.4,10

Despite its frequent use and long history, metronidazole 
can have potentially severe toxicity. When patients who 
are taking this medication present with new signs and 
symptoms of CNS dysfunction, hospitalists should include 
metronidazole CNS toxicity in the differential diagnosis 
and, if they suspect toxicity, have a brain MRI performed. 
Hospitalists often prescribe metronidazole because of the 
increasing number of patients being discharged from acute-
care hospitals with a diagnosis of C difficile colitis.12 Brain 
MRI remains the imaging modality of choice for diagnosis. 
Discontinuation of metronidazole is usually salutary in re-
versing symptoms. Being keenly aware of this toxicity will 

help clinicians avoid being rendered speechless by a pa-
tient rendered speechless.

TEACHING POINTS
• CNS toxicity is a rare but potentially devastating side  

effect of metronidazole exposure.
• Metronidazole CNS adverse effects characteristically fall 

under 4 categories:
○  Cerebellar dysfunction, such as ataxia, dysarthria,  

dysmetria, or nystagmus (75%).
○ AMS (33%).
○ Seizures (13%).
○ A combination of the first 3 categories.

• Typically lesions indicating metronidazole toxicity on 
brain MRI are bilateral symmetric hyperintensities on 
T2-weighted imaging in the cerebellar dentate nuclei, 
corpus callosum, midbrain, pons, or medulla.

• Treatment of CNS toxicity is metronidazole discontinua-
tion, which results in a high rate of symptom resolution.

Disclosure: Nothing to report.
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BACKGROUND: Urinary tract infections (UTIs) in nursing 
homes are common, costly, and morbid. 

PURPOSE: Systematic literature review of strategies to re-
duce UTIs in nursing home residents.

DATA SOURCES: Ovid MEDLINE, Cochrane Library, CINAHL, 
Web of Science and Embase through June 22, 2015.

STUDY SELECTION: Interventional studies with a compari-
son group reporting at least 1 outcome for: catheter-associ-
ated UTI (CAUTI), UTIs not identified as catheter-associated, 
bacteriuria, or urinary catheter use.

DATA EXTRACTION: Two authors abstracted study design, 
participant and intervention details, outcomes, and quality 
measures. 

DATA SYNTHESIS: Of 5794 records retrieved, 20 records de-
scribing 19 interventions were included: 8 randomized con-
trolled trials, 10 pre-post nonrandomized interventions, and 1 
nonrandomized intervention with concurrent controls. Quali-
ty (range, 8-25; median, 15) and outcome definitions varied 

greatly. Thirteen studies employed strategies to reduce cathe-
ter use or improve catheter care; 9 studies employed general 
infection prevention strategies (eg, improving hand hygiene, 
surveillance, contact precautions, reducing antibiotics). The 
19 studies reported 12 UTI outcomes, 9 CAUTI outcomes, 
4 bacteriuria outcomes, and 5 catheter use outcomes. Five 
studies showed CAUTI reduction (1 significantly); 9 studies 
showed UTI reduction (none significantly); 2 studies showed 
bacteriuria reduction (none significantly). Four studies showed 
reduced catheter use (1 significantly). 

LIMITATIONS: Studies were often underpowered to assess 
statistical significance; none were pooled given variety of in-
terventions and outcomes.

CONCLUSIONS: Several practices, often implemented in bun-
dles, such as improving hand hygiene, reducing and improving 
catheter use, managing incontinence without catheters, and 
enhanced barrier precautions, appear to reduce UTI or CAU-
TI in nursing home residents. Journal of Hospital Medicine 
2017;12:356-368. © 2017 Society of Hospital Medicine

Given the limited number of geriatricians in the U.S., hos-
pitalists commonly manage nursing home residents admitted 
for post-acute care.1-4 Urinary tract infection (UTI) is one of 
the most common infections in nursing homes, often lead-
ing to sepsis and readmission to acute care.5 Inappropriate 
use of antibiotics to treat asymptomatic bacteriuria is both 
common and hazardous to nursing home residents.6 Up to 
10% of nursing home residents will have an indwelling uri-
nary catheter at some point during their stay.7-9 Residents 
with indwelling urinary catheters are at increased risk for 
catheter-associated urinary tract infection (CAUTI) and 
bacteriuria, with an estimated 50% of catheterized residents 
developing symptomatic CAUTI.5 While urinary catheter 

prevalence is lower in nursing homes than in the acute care 
setting, duration of use is often prolonged.7,10 In a setting 
where utilization is low, but use is prolonged, interventions 
designed to reduce UTI in acutely ill patients11 may not be as 
helpful for preventing infection in nursing home residents.

Our objective was to review the available evidence to 
prevent UTIs in nursing home residents to inform both 
bedside care and research efforts. Two types of literature re-
view and summary were performed. First, we conducted a 
systematic review of individual studies reporting outcomes 
of UTI, CAUTI, bacteriuria, or urinary catheter use after 
interventions for reducing catheter use, improving insertion 
and maintenance of catheters, and/or general infection pre-
vention strategies (eg, improving hand hygiene, infection 
surveillance, contact precautions, standardizing UTI diag-
nosis, and antibiotic use). Second, we performed a narrative 
review to generate an overview of evidence and published 
recommendations in both acute care and nursing home set-
tings to prevent UTI in catheterized and non-catheterized 
older adults, which is provided as a comprehensive reference 
table for clinicians and researchers choosing and refining in-
terventions to reduce UTIs. 
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METHODS
The systematic review was performed according to the crite-
ria of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis recommendations. The protocol was reg-
istered at the PROSPERO International Prospective Register 
of Systematic Reviews, (CRD42013005787). The narrative 
review was performed using the articles obtained from the 
systematic search and a targeted literature review by topic 
for a comprehensive list of interventions, including other in-
terventions summarized in published reviews and guidelines. 

Eligibility Criteria Review
Study Design. To address the breadth and depth of literature 
available to inform interventions to prevent UTI in nursing 
homes, broad eligibility criteria were applied with the expec-
tation of varied designs and outcomes. All included studies 
for the systematic review were published manuscripts report-
ing a comparison group. We included randomized controlled 
trials as well as nonrandomized trials (pretest/posttest, with 
or without concurrent or nonconcurrent controls), with any 
duration of postintervention follow-up. Observational and 
retrospective studies were excluded. 

Participants. We were interested in interventions and out-
comes reported for nursing homes, defined as facilities pro-
viding short-stay skilled nursing care and/or rehabilitation, 
as well as long-term care. We also included evidence derived 
from rehabilitation facilities and spinal cord injury programs 
focused on reducing CAUTI risk for chronically catheter-
ized residents. We excluded long-term acute care hospitals, 
hospice, psychiatric/mental health facilities, pediatric, and 
community dwelling/outpatient settings. 

Interventions. We included interventions involving uri-
nary catheter use such as improving appropriate use, aseptic 
placement, maintenance care, and prompting removal of 
unnecessary catheters. We included infection prevention 
strategies with a particular interest in hand hygiene, barrier 
precautions, infection control strategies, infection surveil-
lance, use of standardized infection definitions, and inter-
ventions to improve antibiotic use. We included single and 
multiple interventions. 

Outcomes
1. Healthcare-associated urinary tract infection: UTI oc-

curring after admission to a healthcare facility, not identi-
fied specifically as catheter-associated. We categorized UTI 
outcomes with as much detail as provided, such as whether 
the reported outcome included only noncatheter-associated 
UTIs, the time required after admission (eg, more than 2 
days), and whether the UTIs were defined by only laborato-
ry criteria, clinically diagnosed infections, symptomatic, or 
long-term care specific surveillance definitions. 

2. Catheter-associated urinary tract infection: UTI oc-
curring in patients during or immediately after use of a uri-
nary catheter. We noted whether CAUTI was defined by 
laboratory criteria, clinical symptoms, provider diagnosis, 
or antimicrobial treatment for case identification. We were 
primarily interested in CAUTI developing after placing an 

indwelling urinary catheter, commonly known as a Foley, 
but also in CAUTI occurring with other catheter types such 
as intermittent straight catheters, external or “condom” 
catheters, and suprapubic catheters. 

3. Bacteriuria: We included the laboratory-based defini-
tion of bacteriuria as an outcome to include studies that re-
duced asymptomatic bacteriuria. 

4. Urinary catheter use measures: This includes measures 
such as urinary catheter utilization ratios (catheter-days/pa-
tient-days), prevalence of urinary catheter use, or percent-
age of catheters with an appropriate indication.

Study Characteristics for Inclusion. Our systematic search 
included published papers in the English language. We did 
not exclude studies based on the number of facilities includ-
ed or eligible, residents/patients included (based on age, gen-
der, catheter use or type, or antibiotic use), intervention de-
tails, study withdrawal, loss to follow-up, death, or duration 
of pre-intervention and postintervention phases. 

Data Sources and Searches
The following data sources were searched: Ovid MEDLINE 
(1950 to June 22, 2015), Cochrane Library via Wiley (1960 
to June 22, 2015), CINAHL (1981 to June 22, 2015), Web 
of Science (1926 to June 22, 2015), and Embase.com (1946  
to June 22, 2015). Two major systematic search strategies 
were performed for this review (Figure). Systematic search 1 
was designed broadly using all data sources described above 
to identify interventions aimed at reducing all UTI events 
(defined under “Outcomes” above) or urinary catheter use 
(all types), focusing on interventions evaluated in nursing 
homes. Systematic search 2 was conducted in Ovid MED-
LINE to identify studies to reduce UTI events or urinary 
catheter use measures for patients with a history of long-
term or chronic catheter use, including nursing homes and 
other post-acute care settings such as rehabilitation units or 
hospitals and spinal cord injury programs, which have large 
populations of patients with chronic catheter needs. To in-
form the completeness of the broader systematic searches, 
supplemental systematic search strategies were performed 
for specific topics including hydration (supplemental search 
1), published work by nursing home researchers known 
to the authors (supplemental search 2), and contact pre-
cautions (supplemental search 3). Search 1 is available at 
http://www.crd.york.ac.uk/PROSPERO/display_record.as-
p?ID=CRD42013005787. Full search strategies for search 2 
and supplemental searches are available upon request. 

Study Selection
One author performed an initial screen of all records retrieved 
by the systematic searches by title and abstract and applied 
the initial exclusions (eg, non-human, no outcomes of in-
terest), identified duplicate records, and assigned potentially 
relevant studies into groups such as review articles, epidemi-
ology, interventions, and articles requiring further text review 
before categorization (Figure). After initial screening, Dr. 
Meddings reviewed the records by title/abstract. Reference 
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lists were reviewed for potential articles for inclusion. Full-
text article review informed the selection of those for dual 
abstraction and quality scoring performed by 2 authors, with 
discrepancies resolved by a third author. We requested addi-
tional information from authors from whom our search had 
generated only an abstract or brief report, or when additional 
information such as pre-intervention data was needed.12-18

Data Extraction and Quality Assessment
Relevant data regarding study design, participants, inclusion/
exclusion criteria, outcomes, and quality criteria were ab-
stracted independently by 2 authors. Methodological qual-

ity scores were assigned using a modification of the Quality 
index checklist developed by Downs and Black appropriate 
for assessing both randomized and nonrandomized studies of 
healthcare interventions.19 We also reviewed study funding 
sources and other potential quality concerns. 

Data Analysis
Due to large trial heterogeneity among these studies about 
interventions and outcomes reported, outcome data could 
not be combined into summary measures for meta-analysis 
to give overall estimates of treatment effects. 
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4697 records identified 
through search 1

519 records remaining  
after initial screening by 
title/abstract excluded 

2452 records 

714 potential articles remaining after screen by title/abstract by clinician author

226 full text of articles requested for further review as potential interventions

22 records (describing 21 studies) remain for potential inclusion, before dual-abstraction

20 records (describing 19 studies) summarized in detail as included studies

462 records excluded by review of title/abstract by clinician-author 

204 exclusions by full-text review 
18 records excluded as duplicates (eg, abstract and published paper) 
143  records excluded for not describing an eligible intervention, wrong clinical setting, or ineligible outcomes
14  records excluded because full text not available as of July 24, 2015, including 6 with abstracts describing eligible  

interventions, settings, and outcomes 
29  records excluded from dual-abstraction for detailed review because intervention recognized as recently summarized  

in systematic reviews, but briefly summarized in results

2 exclusions after dual-abstraction; 3 authors in agreement
1 record excluded because clinical setting/patient population too different for applicability to NHs
1 record excluded because study design clarified as observational study, not designed as intervention

41 records excluded as review articles (narrative and systematic) regarding UTI, CAUTI prevention, or urinary catheter  
interventions because not individual intervention studies to abstract but had full text and bibliographies reviewed as additional 
source for 77 records needing further review by clinician-author as potential intervention studies (with 62 excluded by abstract) 

15 new records added because they were identified as potential interventions from reference review requiring full-text review  
by clinician-author

909 records identified  
through search 2 

after exclusion of records  
found in search 1 

123 records remaining  
after initial screening  

by title/abstract excluded  
754 records 

188 records identified through supplementary searches 1-3:
Supplemental search 1 (hydration): n = 72
Supplemental search 2 (known NH researchers): n = 100
Supplemental search 3 (contact precautions): n = 8

72 records remaining after initial screening by title/abstract  
and readily available full-text excluded 81 records 

2971 records remaining 
after 1726 duplicates 

removed 

877 records remaining  
after 32 duplicates removed 153 records remaining after 35 duplicates removed

FIG. Study Flow Diagram. 

NOTE: Abbreviations: CAUTI, catheter-associated urinary tract infection; NH, nursing home; UTI, urinary tract infection.

Continued on page 360
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TABLE 1. Characteristics of Included Studies

First Author, Year, Country Study Design
Participants/Setting 
Total N if provided

Interventions to Reduce UTI, CAUTI or Urinary Catheter Usea
Reported  
Outcomes  

Typesb

Strategies to reduce or 
improve catheter use

Infection prevention  
strategies Other strategies

Studies including participants who could be with or without urinary catheterization (ie, not limited to catheterized patients only)

Ahlbrecht, 1999, U.S.20 Pre-post NRT Residents of a 220-bed 
community nursing home

Maintenance Antibiotic review, hand 
hygiene, infection control, 
standardize UTI diagnosis, 
surveillance

Improve resident/patient 
hygiene

UTI

Brownhill, 2013, United 
Kingdom15

Pre-post NRT Residents of 47 care 
homes

Maintenance, catheter se-
curement, standard supplies, 
incontinence care, other: 
more leg/night bag sizes, 
improve urine sampling

Antibiotic use review, 
standard UTI diagnosis 
definitions

Programs to reduce falls and 
pressure ulcers

UTI, CAUTI

Cools, 1988, The Netherlands21 Pre-post NRT 320-bed skilled nursing 
facility

Appropriate indications, 
prompt removal, inconti-
nence care

Antibiotic guide, hand 
hygiene, infection control, 
standardize UTI definitions, 
surveillance.

Weekly data and new 
patient review by physicians; 
improve ventilation by chairs, 
exercise, physiotherapy

UTI, catheter use

Fendler, 2002, U.S.22 NRT with concurrent 
internal and external 
controls

Residents of a 275-bed 
extended care facility 
providing rehabilitation 
and subacute care

None specified Hand hygiene None specified CAUTI

Klay, 2005, U.S.23 Pre-post NRT of same 
patients

42 female residents with 
urinary incontinence in  
1 extended care facility

Incontinence care None specified Family education on 
incontinence

UTI

Lin, 2013, Taiwan24 Pre-post NRT with 
external controls

Incontinent residents of  
6 nursing homes

None specified None specified Increase hydration Bacteriuria

McConnell, 1984, U.S.25 Pre-post NRT 102 residents of nursing 
home

Appropriate indications, 
prompt removal

Incontinence care

None specified Increase hydration, ambula-
tion program

UTI

Mentes, 2003, U.S.26 RCT-cluster (random-
ized at facility level)

42 elderly residents from 
4 nursing homes (2 VA 
nursing homes, 2 com-
munity nursing homes)

None specified None specified Increase hydration UTI

Miller, 2014, U.S.27 Pre-post NRT panel 
survey of stratified 
proportionate random 
sample of nursing 
directors and admin-
istrators compared to 
resident outcomes

824 nursing homes in 
large study on implemen-
tation of culture change 
between 2005-2010

Comprehensive “culture 
change program” anticipated 
to improve measures includ-
ing percentage on bladder 
training programs and 
reduction of UTI events

None specified Introduction of “culture 
change practices,” as quan-
tified by a culture change 
practice score reflecting 
3 domains: nursing home 
environment, resident-cen-
tered care involving bladder 
training programs, staff 
empowerment

UTI

Stuart, 2015, Australia28 Pre-post NRT Residents in 2 urban aged 
care facilities; 130 beds

None specified Nurse-led antibiotic stew-
ardship program, infection 
control, and surveillance 
programs

Nurse-physician commu-
nications about antibiotics 
and data

UTI

Van Gaal, 2011, The Nether-
lands29,30

RCT-cluster (random-
ized at ward level)

392 residents from 10 
wards in 6 nursing homes

Hand hygiene/gloves for 
catheter/bag contact, 
appropriate indications, 
standard catheter supplies, 
maintenance, catheter se-
curement, prompt removal, 
incontinence care

Surveillance Fall, pressure ulcer, UTI 
prevention programs with 
nurse education/feedback

UTI 

Catheter use

Yeung, 2011, China31 RCT-cluster (random-
ized at facility level), 
unblended

1268 elderly residents in 
6 nursing homes

None specified Hand hygiene None specified UTI

Studies including only catheterized participants or in settings where very high urinary catheterization rates expected 

Darouiche, 2006, U.S.32 RCT

single-blind

127 adults with spinal 
cord injury with long-term 
indwelling catheters, 4 
hospitals

Catheter securement by 
StatLock device (C.R. Bard, 
Inc., Covington, Georgia)

None specified None specified CAUTI

Evans, 2013, U.S.33 Pre-post NRT 22 VA acute care spinal 
cord injury units 

None specified MRSA bundle of surveillance, 
contact precautions, hand 
hygiene

Institutional culture change UTI

Continued on page 360
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RESULTS
Systematic Search Results and Study Selection
As detailed in the study flow diagram (Figure), 5794 total 
records were retrieved by systematic search 1 (4697 studies), 
search 2 (909 studies), and supplemental searches (188 stud-
ies). Hand searching of reference lists of 41 reviews (includ-
ing narrative and systematic reviews) yielded 77 additional 
studies for consideration. Twenty-nine records on interven-
tions that were the focus of systematic reviews, including 
topics of cranberry use, catheter coatings, antimicrobial 
prophylaxis, washout/irrigation strategies, and sterile versus 
clean intermittent straight catheterization, were excluded 
from dual abstraction. Two records were excluded after team 
discussion of the dual-abstraction results, because 1 study 
did not meet criteria as an intervention study and 1 study’s 
setting was not applicable in nursing homes. A total of 20 re-
cords15,20-38 (in which 19 studies were described) were select-
ed for final inclusion for detailed assessment and reporting 
for the systematic review. 

Characteristics of Included Studies 
Table 1 describes the 19 intervention studies in terms of 
design, participants, setting, and whether the study includ-
ed specific categories of interventions expected to decrease 
UTI or catheter use. These studies included 8 randomized 
controlled trials (4 with cluster-randomization at the facili-
ty or unit level), 10 pre-post nonrandomized interventions, 
and 1 nonrandomized intervention with concurrent con-

trols. Twelve studies included participants with or without 
catheters (ie, not limited to catheterized patients only) in 
nursing homes.15,20-31 Seven32-38 studies included catheterized 
patients only or settings with high expected catheterization 
rates; settings for these studies included spinal cord units 
(n=3), nursing homes (n=2), rehabilitation ward (n=1) and 
VA hospital (n=1), including acute care, nursing home, 
and rehabilitation units. Total quality scores for the studies 
ranged from 8 to 25 (median, 15), detailed in Supplemental 
Table 1.

As detailed in Table 1 and Supplemental Table 2, 7 stud-
ies22,24,26,31,32,35,36 involved single interventions and 12 stud-
ies15,20,21,23,25,27-30,33,34,37,38 included multiple interventions. In-
terventions to impact catheter use and care were evaluated in 
13 studies, including appropriateness of use,21,25,29,30 improv-
ing catheter maintenance care,15,20,29,30 securement,15,29,30,32 
prompting removal of unnecessary catheters,21,25,29,30 improv-
ing incontinence care,15,21,23,25 bladder scanners,37,38 catheter 
changes,35and comparing alternatives (condom catheter or 
intermittent straight catheter) to use of an indwelling cath-
eter.36,38 None focused on improving aseptic insertion. Gen-
eral infection control practices studied included improving 
hand hygiene,20-22,29-31,33,34 improving antibiotic use,15,20,21,28,34 
initiation of infection control programs,20,21,28 interventions 
to improve identification of UTIs/CAUTIs using infection 
symptom/sign criteria,15,20,21,34 infection surveillance as an 
intervention,28-30,33,34 and barrier precautions,33,34 including 

TABLE 1. Characteristics of Included Studies (continued)

First Author, Year, Country Study Design
Participants/Setting 
Total N if provided

Interventions to Reduce UTI, CAUTI or Urinary Catheter Usea
Reported  
Outcomes  

Typesb

Strategies to reduce or 
improve catheter use

Infection prevention  
strategies Other strategies

Mody, 2015, U.S.34 RCT-cluster (random-
ized at facility level)

418 residents with devic-
es (catheters or feeding 
tubes) in 12 community 
nursing homes

Hand hygiene promotion 
including gown/gloves when 
working with indwelling 
devices

Standardize UTI diagnosis, 
hand hygiene/gown/gloves 
with morning/evening patient 
care, splashing activity, 
MDRO-active surveillance, 
pre-emptive barrier precau-
tions if device

Staff program education CAUTI

Priefer, 1982, U.S.35 RCT 17 male residents with 
indwelling catheters in 1 
VA nursing home 

Scheduled catheter change 
(monthly + for block/infec-
tion) compared to change 
only for block/infection

None specified None specified CAUTI

Saint, 2006, U.S.36 RCT

unblinded

75 men >40 years  
requiring a urinary 
collection device in 1 VA 
hospital’s units (medicine, 
neuro, rehab, nursing 
home)

Condom catheterization vs. 
indwelling Foley catheter-
ization

None specified None specified Bacteriuria, and 
composite of 
bacteriuria or 
CAUTI or death

Suardi, 2001, Italy37 Pre-post NRT, for 
same patients

20 spinal cord injury 
rehab patients with neu-
rogenic bladder with inter-
mittent catheterization 

Time-volume dependent 
catheterization using bladder 
scanner

None specified None specified Catheter use

Tang, 2006, China38 RCT 81 females with urinary 
retention in geriatric 
rehab ward 

Comparing intermittent vs. 
indwelling catheters, bladder 
scan protocol

None specified None specified CAUTI,

bacteriuria

aSupplemental Table 2 provides details of the interventions, duration of study, and measure collection details. 
bUTI: urinary tract infection not identified specifically as catheter-associated; bacteriuria: bacteriuria, not otherwise identified as UTI or CAUTI; outcome results provided in Table 2.

NOTE: Abbreviations: CAUTI: catheter-associated urinary tract infection; MDRO, multidrug resistant organism; MRSA, methicillin-resistant Staphylococcus aureus; NRT, nonrandomized trial; RCT, randomized controlled trial; VA, Veterans Affairs.

Continued on page 365
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TABLE 2. Summary of Outcomes from Included Studies

First Author, Year
UTI, CAUTI,  
Bacteriuria measures Comparison Group Intervention

Urinary Catheter 
Use Measures Comparison Group Intervention

Studies including participants who could be with or without urinary catheterization (ie, not limited to catheterized patients only)

Ahlbrecht, 199920 Overall UTI rate/1000 
resident days

UTIs in nonambulatory 
females without indwelling 
catheters/1000 resident 
days

1.18 (CI: 0.36, 2.01) 

2.40 (CI: 1.96, 2.84)

1.14 (CI: 0.94, 1.34), P  = 
0.65

3.06 (CI: 2.19, 3.93), P = 
0.05

None reported 

Not applicable

Brownhilla, 201315 Mean UTI/month

Mean CAUTI/month

55 UTIs

18.3 CAUTIs

18.8 UTIs 

4.3 CAUTIs 

Not reported

Not reported

Cools, 198821 UTIs treated with antimi-
crobials (includes with and 
without catheters)

0.49 (256 UTIs in 515 
residents) in 

year 1

0.125 (66 UTIs in 527 
residents in year 6

Prevalence (%)  
of indwelling  
catheters 

Year 1=21% (109/515) Year 6=10% (52/527)

Fendler, 200222 CAUTIs per 1000 pa-
tient-days, by symptomatic 
infection, 1991 McGeer 
criteria42

0.77 (133 CAUTIs per 
172,897 patient-days)

0.63 (51 CAUTIs per 81,036 
patient-days)

Not reported

Klay, 200523 Number of UTIs (not de-
fined further by symptom 
or catheter-association)

31 UTIs 6 UTIs Not reported

Lin, 201324 Asymptomatic bacteriuria 
in patients without indwell-
ing catheters

Control group

Baseline: 

16.7% (n=5 of 30) 

Follow-up:

10% (n=3 of 30) 

Intervention group 

Baseline: 

38.6% (n=17 of 44) 

Post-intervention:

22.7% (n=10 of 44)

Not reported

No significant bacteriuria for either group

McConnell, 198425 Number of UTIs (unclear if 
restricted to symptomatic; 
population seems to 
include both those with 
and without catheters)

Monthly rates of 3-9 UTIs 
in months June-November 
1982 (before full imple-
mentation in December 
1982) 

Monthly rates of 1-3 UTI 
in December-June 1982 
(after December 1982 full 
implementation)

Not reported

Mentes, 200326 Hydration-linked event 
of UTI diagnosed by 
a provider (unclear if 
symptoms, catheter use, or 
other criteria), proceeded 
by urine specific gravity of 
≥ 1.010 and decreased 
fluid intake

1 UTI (4.1% of 24 control 
patients)

0 UTI (0% of 25 treatment 
patients)

Not reported

Miller, 201427 Percentage of residents 
with UTI in last 30 days 
reported in Minimum 
Data Set:

531 NHs in bottom 3 
quartiles of culture change 
composite score 

Baseline period: 
8.4%±5.6 (SD)

Follow-up period:  
8.9%±5.4 (SD)

207 NHs in top quartile of 
culture change composite 
score

Baseline period: 
8.8%±4.9 (SD)

Follow-up period:  
8.6%±5.1 (SD)

Not reported

Coefficient +0.72 (SE, 
0.28), meaning higher UTI 
rates, P = 0.01

Coefficient -0.06 (SE, 0.54), 
P = 0.92

Stuart, 201528 UTI rates form surveillance 
data using McGeer’s 
criteria

Data not provided, but text indicates surveillance infection 
rates surveillance data remained stable over the 2 data 
collection periods

Not reported

Van Gaal, 

201129,30

Symptomatic UTI 
confirmed by physician, 
reported as incidence rate 
per patient per week

Baseline period: 
n=28 UTIs for 127 pa-
tients, occurring at rate of 
0.03 per patient per week

Follow-up period: 
n=57 UTIs for 196 pa-
tients, occurring at rate of 
0.02 per patient per week

Baseline period: 
n=23 UTIs for 114 patients, 
occurring at rate of 0.03 per 
patient per week

Follow-up period: 
n=58 UTIs for 196 patients, 
occurring at rate of 0.02 per 
patient per week

Patients with indwelling 
catheters with a correct 
indication (%)

Usual care

Baseline: 6%

Follow-up: 34%

Intervention

Baseline: 34%

Follow-up: 32%

Overall UTI outcome for this study, reported as ratio of UTIs 
in intervention versus usual care group: 0.85 with 96% CI: 
0.43-1.67

Continued on page 362
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TABLE 2. Summary of Outcomes from Included Studies (continued)

First Author, Year
UTI, CAUTI,  
Bacteriuria measures Comparison Group Intervention

Urinary Catheter 
Use Measures Comparison Group Intervention

Yeung, 201131 UTIs requiring hospital-
ization, unclear if with or 
without catheters

Baseline period:  
3 UTIs per 32,726 resi-
dent-days, calculated as 

0.09 per 1000 resi-
dent-days

Follow-up period: 
22 UTIs per 81,177 
resident-days, calculated 
as 0.27 per 1000 resi-
dent-days, P = 0.06

Baseline period: 
6 UTIs per 21,862 resi-
dent-days, calculated as 0.27 
per 1000 resident-days

Follow-up period: 
8 UTIs per 50,441 resi-
dent-days, calculated as 0.16 
per 1000 resident-days), P 
= 0.30

Not reported

Studies including only catheterized participants or in settings where very high urinary catheterization rates expected

Darouiche, 

200632

Number of symptomatic 
CAUTIs in patients with 
Foley or suprapubic 
catheters

14 CAUTIs (24.1% of 58 
patients followed)

8 CAUTIs (13.3% of 60 
patients followed). RR=0.55, 
95% CI: 0.25-1.22; P = 0.16

Not reported

Symptomatic CAUTI rate 
as CAUTIs per 1000 device 
days

4.9 CAUTI per 1000 device 
days

2.7 CAUTI per 1000 device 
days, P = 0.16

but study not powered to 
detect significant change

Not reported

Evans, 201333 MRSA hospital-associated 
UTIs

Actual Ns and rates were 
not provided in report

Quarterly UTI rates declined by 
33% (P = 0.07)

Not reported

Mody, 201534 Clinically-defined (symp-
tomatic) first new CAUTIs 
per 1000 device-days

10.0 CAUTIs per 1000 
device-days

5.2 CAUTIs per 1000 de-
vice-days (HR, 0.54; (95% CI: 
0.30, 0.97), P = 0.04b

Not reported

Clinically-defined (symp-
tomatic) all new CAUTIs 
(includes recurrent) per 
1000 device-days

9.2 CAUTIs per 1000 
device-days

5.9 CAUTIs per 1000 
device-days

(HR, 0.69 (95% CI: 0.49, 
0.99), P = 0.045b

Not reported

Priefer, 198235 Number (%) of patients 
with symptomatic CAUTI 
in patients with indwelling 
catheters

Control group: 

6 of 7 (83%) men

Experimental 

3 of 10 (30%) men

Not reported

Number of symptomatic 
CAUTIs per patient in 
6 months in indwelling 
catheter patients

Control group: 

1.0 ±0.6

Experimental: 

0.4 ±0.7 

P  > 0.05

Not reported

Saint, 200636 Number with bacteriuria 
(≥103 CFUs per mL of sin-
gle/predominant species)

Indwelling catheters: 

n=17 (SE, 41.5)

Condom catheter group:

n=13 (SE, 38.2)

Not reported

Bacteriuria per 1000 
patient-days (95% CI)

Indwelling catheters: 
111/1000 patient-days, 
95% CI (69-178)

Condom catheter group:

61/1000 patient-days with 
95% CI (35-104), P = 0.11

Not reported

Composite outcome: 
number with bacteriuria 
or CAUTI (defined by bac-
teriuria and ≥ 1 UTI sign/
symptom) or death

Indwelling catheters:

n=20 (48.8%)

Condom catheter group:

n=15 (44.1%)

Not reported

HR, 2.11 (95% CI, 1.03-4.31), P = 0.04 comparing this 
event in those with indwelling vs. condom catheters

Composite outcome: com-
bined event (bacteriuria or 
CAUTI or death) per 1000 
patient-days

Indwelling catheters:

131 per 1000 patient-days 
with 95% CI (85-203)

Condom catheter group:

70 per 1,000 patient-days 
with 95% CI (42-116),  
P = 0.07

Not reported

Suardi, 200137 Not reported Number of intermittent 
catheterizations and 
indwelling catheters 
used

No Ns reported No Ns reported. By 
text, reduced indwelling 
catheters, P  < 0.001b

Tang, 200638 Symptomatic CAUTI by 
day 14

Indwelling catheter 
group: 0

Intermittent catheter group: 1. 
P  = 0.400

Days to become 
catheter-free

Indwelling catheters:

9.2±4.0 days

Intermittent catheters: 

8.6±3.3 days P = 0.609

Bacteriuria by day 14 Indwelling catheter group: 

21 of 34 (61.8%) P=0.888

Intermittent catheter group:

14 of 22 (63.6%)

Number patients 
catheter-free by day 14 
with postvoid residual 
<150 mL

Indwelling catheters: 

27 of 39 (69.2%),

Intermittent catheters:

16 of 27 (59.3%)

P = 0.403

aStudy author provided outcome data not in published article.
bResult statistically significant, P < .05.

NOTE: Abbreviations: CAUTI: catheter-associated urinary tract infection; CFU, colony-forming units; CI, 95% confidence intervals; UTI, urinary tract infection not specified as catheter-associated; HR, hazard ratio;  
MRSA, methicillin-resistant Staphylococcus aureus; NH, nursing home; SD, standard deviation. SE, standard error. 
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TABLE 3. Comprehensive List of Interventions Considered for Prevention of UTI and CAUTI
This table includes a comprehensive list of potential interventions that have been considered for prevention of UTI or CAUTI (including those in acute and long-term settings), as summarized from this evi-
dence report, and prior comprehensive narrative43-57 or systematic reviews.11,58-68 Blue-shaded cells describe interventions that are not recommended based on available evidence or rationale. Nonshaded 
cells describe interventions that have some evidence of benefit (not always from controlled-intervention studies) for certain populations and settings.

Interventions General Summary of Available Evidence and Recommendations Provided

Interventions for Patients Regardless of Urinary Catheter Status

Hand hygiene Interventions to improve hand hygiene have been studied as single interventions22,31 and part of bundles12,21,33,34 for prevention of UTI and CAUTI in 
LTC settings with decreased (without statistical significance) CAUTI rates22 with no clear benefit in UTIs require hospitalization31 marked decrease in 
MRSA UTIs33 and CAUTIs34 in a multi-intervention studies33,34 including contact precaution interventions 

Encourage fluid intake/hydration to reduce infection Studied as single interventions24,26 and part of bundles25 for the LTC setting with no significant benefits demonstrated regarding infection prevention 

Improve general patient hygiene to reduce infection Studied only as part of CAUTI bundles in the LTC setting including 1 with marked decreases in unspecified CAUTIs without statistical significance 
noted12 and 120 without improvement in symptomatic UTIs 

Cranberry product as prophylaxis The use of cranberry-containing products (eg, juice, capsules/tablets, extracts) has been assessed in recent systematic reviews and meta-analy-
ses,58,59,69 evaluating a total of 14 heterogeneous studies in multiple settings (outpatient, hospital, LTC, spinal cord injury). Both recent meta-anal-
yses58,59 demonstrated similar nonsignificant pooled risk ratios for symptomatic UTIs, although 1 meta-analysis found a significant protection for 
subgroups such as women with recurrent UTIs59 that was seen in the other meta-analysis.58 Of note, individual studies in the LTC setting have 
reported mixed results on bacteriuria outcomes70-72 and UTIs.73-75 Cranberry studies in spinal cord injury patients76,77 did not reduce either bacte-
riuria or UTI outcomes. A very recent abstract78 regarding a double-blind placebo-controlled RCT published regarding effectiveness of twice daily 
cranberry capsules in LTC suggested reduced rates of clinically defined UTIs with treatment effect of 0.79 (95% CI, 0.60-1.03) among patients 
at high risk for UTI (long-term catheterization, diabetes, ≥1 UTI in prior year) and 0.83 (95% CI, 0.60-1.16) among patients at low risk for UTI, but 
not likely to be cost effective.79 In contrast, another very recently published double-blinded placebo-controlled RCT regarding the effectiveness of 2 
oral cranberry capsules once daily resulted in no significant difference in the presence of bacteriuria plus pyruria over 1 year among older women 
residing in nursing homes.80

Vitamin/mineral supplement as UTI prophylaxis Ineffective in RCT81 for prevention of symptomatic UTIs per 1000 resident-days in LTC setting

Treatment of atrophic vaginitis as UTI prophylaxis Treatment of atrophic vaginitis with topical vaginal estrogens in postmenopausal women with recurrent UTIs (in outpatient setting) has been 
supported by RCTs (single blind82 and double-blind52 and by a respective chart review of a case series83 of female LTC nursing home residents with 
recurrent UTI. 

Interventions to improve management of urinary 
incontinence

Studied as educational strategies21,23,25,29,30,38,39 and protocols regarding incontinence care for staff and residents/family, in addition to interventions 
of incontinence specialists,23,39 providing individualized treatment plans to LTC residents, which can include a variety of interventions such as pelvic 
floor exercises, medical treatment for specific types of incontinence including avoidance of exacerbating medication and treatment of atrophic 
vaginitis

Implementation of effective infection control program Infection control program implementation often includes several interventions including hand-hygiene programs, and surveillance of nosocomial 
infections including UTI with the potential as feedback20 to motivate reductions in unnecessary catheter use and improved catheter care. Such 
interventions have been studied in the LTC setting in studies20,21 including other specific interventions targeting CAUTIs (including infection control 
“walk rounds” for CAUTI detection, fed back daily to nurses).20

Interventions to Reduce Unnecessary Indwelling Urinary Catheter Placement:  
Disrupting Lifecycle Stages 1 and 4 of Urinary Catheters

Education regarding the hazards of urinary catheters Educational interventions aiming to improve staff knowledge of CAUTI and urinary catheter risks are common components in multi-intervention 
studies implemented in both acute and LTC settings. Of note, in the LTC setting, educational strategies studied have included modules specific 
for all healthcare workers (unlicensed and licensed) who care for catheters with separate modules for nurses who insert catheters, with multiple 
formats including online,84,85 small-group teaching sessions and case reviews, and education of patients/residents13,25,29 and families.13,29 

Education and/or policies regarding appropriate 
indications for indwelling catheters

Education and policies regarding appropriate (and inappropriate) indications for indwelling catheters have been common in the acute care setting,11 
often as part of a bundle of CAUTI preventive strategies, implementing the HICPAC list86 of appropriate indications. These lists have also been 
implemented in the LTC setting13,39 with either modifications of lists from acute care or LTC.87

Requiring physician order with appropriate indication 
before placing indwelling catheters

Requiring physician orders for catheter placement has been studied in both acute care11 and LTC settings13,84

Requiring documentation of staff who insert the 
catheters with reason for catheter placement

Requiring nurses to document insertion with indication has been an intervention employed specifically in the emergency setting84 where catheters 
were placed without electronic orders and in settings where nurses are empowered to remove catheters by criteria 

Education and supplies for alternatives to indwelling 
catheters such as external catheters, ISCs, and  
noncatheter strategies for managing incontinence

Facilitating use of alternatives to indwelling catheters is recommended86 and supported by either lower UTI or other complication rates in patients 
treated with external catheters,36 intermittent catheters, and noncatheter88 strategies compared to indwelling Foley catheters 

Urinary retention protocols for ISC and/or bladder 
scanner use before indwelling catheters requested

Bladder scanners have been used in acute care (postprocedure and floor settings) and in the rehabilitation setting37,38 to confirm sufficient urinary 
retention prior to catheterization, to reduce the number of catheterizations. 

Interventions to Improve Catheter Insertion Technique:  
Disrupting Lifecycle Stage 1 of Urinary Catheters

Education for aseptic insertion of indwelling  
catheters

Although not confirmed as effective by limited evidence,89 aseptic (as opposed to clean non-sterile) insertion of indwelling catheters is the accepted 
and recommended86,90 practice in all settings. Nurse education regarding urinary catheter avoidance, maintenance, insertion, and removal that 
included one-on-one teaching is preferred, and resulted in higher adherence to CAUTI prevention bundle elements over online education alone.91

Hands-on training/competency assessments  
regarding aseptic indwelling catheter insertion

Catheter placement by “only properly trained persons” using aseptic technique is recommended.86 The use of competency assessments in LTC 
has been studied12,13,85 in CAUTI bundles, although the individual impact of competency training interventions cannot be assessed from available 
studies. The CDC evidence-based guideline86 recommends that healthcare personnel and others who care for catheters be given periodic in-service 
training regarding techniques and procedures for catheter insertion, maintenance, and removal.

Options regarding intermittent catheterization Clean vs. sterile, and single-use vs. multi-use intermittent catheterization has also been studied including several studies in the LTC and rehabilita-
tion settings,92-95 with a systematic review60 indicating no evidence that UTI rates are impacted by these options, in agreement with evidence-based 
guidelines86,90 indicating that clean (non-sterile) ISC is acceptable for patients requiring chronic ISC, with guidelines still recommending aseptic 
insertion for indwelling catheters, although the limited evidence89 regarding this is not convincing.

Continued on page 364
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TABLE 3. Comprehensive List of Interventions Considered for Prevention of UTI and CAUTI (continued)
Interventions General Summary of Available Evidence and Recommendations Provided

Standardizing catheter-placement supplies/kit Catheter kit standardization (aiming to standardize catheter placement by making the necessary supplies readily available) is occurring in some 
acute care settings similar to prior “kit” interventions for prevention of blood-stream infections. Some LTC setting studies13 mention interventions 
regarding selection of catheter products but have not been specific regarding use of a catheter kit as opposed to individual catheter products. 

Interventions to Improve Catheter Insertion Technique:  
Disrupting Lifecycle Stage 1 of Urinary Catheters

Type of catheterization Comparing different types of catheterization (indwelling catheters vs. ISCs vs. external catheters) has also been the subject of systematic reviews. 
One62 systematic review had zero studies meeting the inclusion criteria. Another66 systematic review focused on suprapubic catheters, with the 
available evidence of 14 studies (no RCTs, 1 prospective nonrandomized study with a comparator, 8 retrospective reviews with comparators, a case 
series, and qualitative/descriptive assessments of quality of life) reports no evidence of differences between symptomatic UTI outcomes between 
suprapubic and urethral catheters, although the evidence is limited by varied UTI definitions applied for outcomes. However, a Cochrane systematic 
review96 comparing short-term (<14 days) of indwelling urethral urinary catheters to suprapubic urinary catheters found that groups with indwelling 
urinary catheters had more cases of bacteriuria (RR 2.6, 95% CI, 2.12, 3.18) and significantly more patient discomfort (RR 2.98; 95% CI, 2.31, 
3.85). Evidence-based guidelines86 recommend ISC use is preferable to indwelling suprapubic or urethral catheters for bladder-emptying dysfunc-
tion, based on decreased rates of symptomatic UTIs and unspecified UTIs in select patient populations. Despite some evidence of lower CAUTI rates 
for external catheters and ISC compared to indwelling catheters, no catheter is preferable because of increased rates97,98 of symptomatic UTI even 
with nonindwelling catheters by observational studies.

Catheter coating/materials Different options in catheter coatings (such as hydrophilic-coated, antiseptic or antibiotic-impregnated) and materials (latex, PVC, silicone) have 
been studied. 
Systematic reviews suggest either insufficient evidence for recommendation99 or no evidence that UTI rates are impacted by these options; the 
CDC86 targeted systematic review suggesting antimicrobial/aseptic catheters may be useful if CAUTI rates are not decreasing with other strategies. 
A more recent RCT in the acute care setting demonstrated no benefit of antimicrobial catheters.100 
Although prior evidence-based guidelines were mixed86,90 regarding routine use of hydrophilic catheters for ISC, a 2013 systematic review and 
meta-analysis61 of hydrophilic catheters in the spinal cord injury population indicate these may be preferable (compared to standard nonhydrophilic 
catheters) for intermittent straight catheterization, with a significantly lower incidence of symptomatic or treated UTIs (OR, 0.36; 95% CI, 24%-54%; 
P < 0.001).

Catheter tip options Different options in catheter tip configurations for catheters used for intermittent catheterization (such as straight, coude, olive tip, or introducer-tip)  
are discussed in narrative reviews citing potential benefits for certain patient populations (such as using coude catheters for men with enlarged 
prostates). These types of recommendations may be valid clinically and are choices sometimes recommended by urologists in cases of difficult 
placement.56 There is insufficient evidence to recommend specific catheter tips as a general CAUTI bundle component for the average patient.

Catheter size The smallest bore catheter possible with consistent good drainage is recommended to avoid black neck and urethral mucosa trauma.54,86

Catheter length Narrative reviews suggest than the optimal catheter length varies by gender54 (45 cm, males; 25 cm, females) to avoid kinking. Specific recommen-
dations regarding catheter length have not been provided by recent evidence-based reviews, although keeping the catheter free from kinking to 
maintain unobstructed urine flow is recommended.86,90

“Closed” drainage systems Evidence-based guidelines86,90 recommend the use of closed catheter drainage systems to reduce CAUTI in patients with indwelling catheters. 
Closed drainage systems for intermittent straight catheters also exist but with limited evidence56 regarding benefit.

Catheter securing devices Properly securing indwelling catheters after insertion is recommended to decrease movement and urethral trauma and has been studied as part 
of a bundle85 in the rehabilitation setting. The use of a specific device (StatLock) was studied in the spinal cord injury acute care setting with a 
marked reduction (without meeting statistical significance) in symptomatic CAUTI rates;32 the implications of this study have been mixed with some 
interpreting it as evidence for supporting use of this type of catheter-securing device, and other86 reviews interpreting as not evidence for using 
these devices given no significant difference in CAUTI or meatal erosion. 

Maintenance/Care of Patients with Catheters:  
Disrupting Lifecycle Stage 2 of Urinary Catheters

Handwashing, gloving before and after  
catheter/bag care

Hand hygiene is recommended86 immediately before and after insertion or any manipulation of the urinary catheter or site. Gloves should be worn 
during any manipulation of catheterized patients or when providing intimate care. Gown use should be considered during catheter insertions, ma-
nipulation, and when providing assistance during activities of daily living. These strategies are useful regardless of a resident’s colonization status 
with multidrug resistant organisms.

Keeping drainage bag below bladder Keeping the collecting bag below the level of the bladder at all times without placement of the bag on the floor is recommended by evidence-based 
guidelines.86

Routine perineal cleaning strategies with antiseptics Evidence-based guidelines86,90,101 recommend against cleaning the periurethral area with antiseptics to prevent CAUTI while the catheter is in place. 
Routine hygiene (cleansing of the meatal surface during daily bathing) is appropriate.90 

Irrigations, washouts, and instillations The practice of irrigating or washing out long-term indwelling urinary catheters has also been assessed by systematic reviews65,102 including 
reviews of various solutions (eg, saline, acidic solutions, antiseptic, and antibiotic solutions) have summarized 5 studies in multiple settings that 
were noted to be of poor quality and also did not appear to support these interventions as effective at either reductions of symptomatic CAUTIs or 
time to requiring first catheter change. Our own systematic search strategy identified several studies involving these interventions that either had 
been evaluated for the previously published systematic reviews (as included103,104 or excluded105 studies). Washout and irrigation strategies have 
also been assessed at length by a recent CDC-targeted systematic review,86 with agreement that bladder irrigation and catheter drainage bag 
instillations are not recommended, given no differences in symptomatic UTI and mixed results in bacteriuria outcomes.

Catheter replacement issues Catheter replacement at routine, fixed intervals is not recommended by evidence-based guidelines86 and did not decrease UTIs in the study 
reviewed in detail in this systematic review.35 A recent integrative review on catheter change intervals concluded there was insufficient evidence 
to support or refute the common practice of routine catheter changes but is a pre-emptive strategy employed in those who encrust and develop 
recurrent blockage.106

Avoid equipment sharing between catheterized 
patients 

This has been recommended in narrative reviews45,107 and is reasonable and recommended by the CDC guideline86 with regard to not sharing 
catheter-care supplies (such as devices used to empty catheter bags).

Spatial separation of catheterized patients Spatial separation has been recommended by a case-control study,108 but further research is needed to assess the benefit of spatial separation of 
catheterized patients.86

Continued on page 365
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preemptive precautions for catheterized patients.34 Hydra-
tion was assessed in 3 studies.24-26

Outcomes of Included Studies 
Table 2 describes the studies’ outcomes reported for UTI, 
CAUTI, or bacteriuria.15,20-38 The outcome definitions of 
UTI and CAUTI varied widely. Only 2 studies22,39 reported 
UTI outcomes using definitions specific for nursing home 
settings such as McGeer’s criteria40 a detailed review and 
comparison of published CAUTI definitions used clinically 
and for surveillance in nursing homes is provided in Supple-
mental Table 3. Two studies reported symptomatic CAUTIs 
per 1000 catheter-days.32,34 Another study22 reported symp-
tomatic CAUTIs per 1000 resident-days. Three reported 
symptomatic CAUTIs as counts.35,38 Saint et al36 reported 
CAUTIs as part of a combined outcome (ie, bacteriuria, 
CAUTI, or death). 

The 19 studies (Table 2) reported 12 UTI out-
comes,15,20,21,23,25-31,33 9 CAUTI outcomes,15,22,32,34,35,38 4 bacte-
riuria outcomes,24,36,38 and 5 catheter use outcomes.21,29,30,37,38 
Five studies showed CAUTI reduction15,22,32,34,35 (1 signifi-
cantly34);  9 studies showed UTI reduction13,18,19,21,23-25,27,28,31 
(none significantly); 2 studies showed bacteriuria reduction 
(none significantly). One study36 reported 2 composite out-
comes including bacteriuria or CAUTI or death, with sta-
tistically significant improvement reported for 1 composite 
measure. Four studies reported catheter use, with all show-
ing reduced catheter use in the intervention group; however, 
only 1 achieved statistically significant reduction.37

Synthesis of Systematic Review Results
Overall, many studies reported decreases in UTI, CAUTI, 
and urinary catheter use measures but without statistical 
significance, with many studies likely underpowered for our 
outcomes of interest. Often, the outcomes of interest in this 
systematic review were not the main outcome for which 
the study was designed and originally powered. The inter-
ventions studied included several currently implemented as 
part of CAUTI bundles in the acute care setting, such as 
improving catheter use, and care and infection control strat-
egies. Other included interventions target common chal-
lenges specific to the nursing home setting such as removing 
indwelling catheters upon admission to the nursing home 
from an acute-care facility21,25 and applying interventions to 
address incontinence by either general strategies21,23,25,30,38 or 
the use of an incontinence specialist23 to provide individual 
treatment plans. The only intervention that demonstrated a 
statistically significant reduction in CAUTI in chronically 
catheterized patients employed a comprehensive program to 
improve antimicrobial use, hand hygiene (including hand 
hygiene and gloves for catheter care), and preemptive pre-
cautions for patients with devices, along with promotion of 
standardized CAUTI definitions and active multidrug resis-
tant organism surveillance.34 

Narrative Review Results
Table 3 includes a comprehensive list of potential interven-
tions that have been considered for prevention of UTI or 
CAUTI (including those in acute care and nursing home 

TABLE 3. Comprehensive List of Interventions Considered for Prevention of UTI and CAUTI (continued)
Interventions General Summary of Available Evidence and Recommendations Provided

Maintenance/Care of Patients with Catheters:  
Disrupting Lifecycle Stage 2 of Urinary Catheters

Prophylaxis with systematic antimicrobials The use of antimicrobial prophylaxis for chronically catheterized patients studied in several studies109-112 yielded by our search strategy has also 
been reviewed in a recent systematic review68 (of 8 studies, including indwelling catheters and ISCs) and systematic review and meta-analysis67 (of 
15 studies involving ISCs) systematic reviews67,68 and meta-analyses67 with no benefit seen in patients with either chronic catheters or ISCs (with 
increased resistance67 suggested in ISC patients), in agreement with a recent CDC86 targeted systematic review. Our search did reveal a very recent 
study64 supporting the use of antimicrobial prophylaxis when short-term catheters are removed in the acute care setting; however, other studies 
indicate that prophylactic antimicrobials are not routinely indicated for changes of chronic catheters due to little morbidity45,113,114 reported with 
chronic catheter changes.

Other systemic chemoprophylaxis The evidence for methenamine IN preventing CAUTI is limited for use in both short-term catheterizations (studied only for postoperative gynecologic 
surgery) and long-term catheterizations, and not recommended for routine use for patients with long-term intermittent or long-term indwelling 
urethral or suprapubic catheterization according to evidence-based guidelines.86,90

Bacterial interference interventions Novel interventions are being studied115 regarding the feasibility and potential benefit of “bacterial interference” interventions involving urinary 
colonization with benign bacteria, with the goal to reduce symptomatic infections by pathologic bacteria.

Prompting Removal of Unnecessary Catheters:  
Disrupting Lifecycle Stage 3 of Urinary Catheters

Trial removal of indwelling catheters present at  
admission to LTC setting

This practice has been studied as a bundle component21,25,39 in LTC settings, and functions as a type of stop-order by prompting a trial removal 
of all indwelling catheters upon admission to LTC setting. This type of intervention may function similarly to stop-orders studied in the acute care 
setting. Studies reporting this type of intervention are advised to assess and report potential adverse events to patients, similar to acute care 
interventions using reminders and stop-orders.11

Urinary catheter reminders, reminding staff that 
patient/resident has a catheter to consider removing

The use of reminders and/or stop-orders has been demonstrated by a recent systematic review and meta-analysis11 focused on the acute care 
setting to reduce CAUTIs per 1000 catheter-days by more than 50%; these studies often included reminders/stop-orders as part of a CAUTI 
prevention bundle. Reminder types included use of daily checklists, electronic reminders, and the use of catheter patrols. Similar interventions have 
also been implemented in a few LTC studies including the use of catheter audit tools,39 daily assessment for continued catheter need,13 electronic 
removal reminder systems14 with some studies reporting decreased infections or catheter use, although most studies were underpowered to detect 
statistical significance of these interventions in the LTC setting.

Urinary catheter stop-orders, requiring removal of 
catheter unless specific clinical criteria are met

NOTE: Abbreviations: CAUTI, catheter-associated urinary tract infection; CDC, Centers for Disease Control and Prevention; CI, confidence interval; HICPAC, Healthcare Infection Control Practices Advisory Committee; ISC, intermittent 
straight catheterization; LTC, long-term care; OR, odds ratio; PVC, polyvinyl chloride; RCT, randomized controlled trial; RR, relative risk; UTI, urinary tract infection.
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settings), as summarized from this systematic review and pri-
or narrative or systematic reviews.43-115

DISCUSSION
We performed a broad systematic review of strategies to de-
crease UTI, CAUTI, and urinary catheter use that may be 
helpful in nursing homes. While many studies reported de-
creased UTI, CAUTI, or urinary catheter use measures, few 
demonstrated statistically significant reductions perhaps be-
cause many were underpowered to assess statistical signifi-
cance. Pooled analyses were not feasible to provide the expect-
ed impact of these interventions in the nursing home setting. 

This review confirms that bundles of interventions for pre-
vention of CAUTI have been implemented with some evidence 
of success in nursing home settings, with several components 
in common with those implemented in the acute care setting, 
such as hand hygiene and strategies to reduce and improve 
catheter use.41 Some studies focused on issues more common 
in nursing homes such as chronic catheterization and incon-
tinence. A nursing home CAUTI bundle should be designed 
with the resources and challenges present in the nursing home 
environment in mind, and with recognition that, although 
the number of patients with catheters is less than in acute care, 
there will be more patients with chronic catheterization needs  
and incontinence. 

Although catheter utilization in nursing homes is low, 
further reductions in catheter days and CAUTIs can be 
achieved. Catheter removal reminders and stop orders have 
demonstrated a greater than 50% reduction in CAUTIs in 
acute care settings;11 an example of a stop-order intervention 
in nursing homes is trial removal of indwelling catheters pres-
ent at facility admission without clear urologic need present at 
the time of admission.25 Nursing home interventions to avoid 
catheter placement should include incontinence programs, 
discussion of alternatives to indwelling urinary catheters 
with patients, families, and frontline personnel, and urinary 
retention protocols. Programs to reduce CAUTI should in-
clude education to improve aseptic insertion, and to maintain 
awareness and proper care of catheters in place by regular as-
sessment of catheter necessity, securement, hand hygiene, and 
preemptive barrier precautions for catheterized patients. In-
terventions that focus on improving appropriate use of urine 
tests and antibiotics to treat UTIs can also significantly affect 
the rates of reported symptomatic CAUTIs, with the poten-
tial to decrease unnecessary antibiotic use.20,21 

The main limitation of this review is that many studies 
provided little information about their intervention and  
definition of outcomes. The strength of this review is the 
detailed and broad search strategy applied with generous 
inclusion of interventions and outcomes to highlight the 
available evidence and details of interventions that have 
been studied and implemented. 

CONCLUSION
This review synthesizes the current state of evidence and 
proposes strategies to reduce UTIs in nursing homes. Inter-

ventions that motivate catheter avoidance and catheter re-
moval to prevent CAUTI in acute care11 and nursing home 
settings are supported by the strongest available evidence, 
although the strength of that evidence is less in the nursing 
home setting. Limitations notwithstanding, interventions 
such as incontinence care planning and hydration programs 
can reduce UTI in this population and is important for over-
all wellbeing. 
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The United States is experiencing an epidemic of nonmed-
ical opioid use and opioid overdose-related deaths. As a 
result, there have been a number of public health interven-
tions aimed at addressing this epidemic. However, these 
interventions fail to address care of individuals with opioid 
use disorder during hospitalizations and, therefore, miss a 
key opportunity for intervention. The role of hospitalists in 

managing hospitalized patients with opioid use disorder is 
not established. In this review, we discuss the inpatient man-
agement of individuals with opioid use disorder, including 
the treatment of withdrawal, benefits of medication-assist-
ed treatment, and application of harm-reduction strategies. 
Journal of Hospital Medicine 2017;12:369-374. © 2017 Soci-
ety of Hospital Medicine

The United States is experiencing an epidemic of nonmed-
ical opioid use. A concerted effort to better address pain in-
creased the provision of prescription narcotics in the late 
1990s and early 2000s.1 Since then, there has been signif-
icant growth of opioid use and a corresponding increase in 
overdose-related deaths.1-3 Public health officials have re-
sponded with initiatives to secure the opioid supply and im-
prove outpatient treatment resources. However, the role of 
hospitalists in addressing opioid use disorder (OUD) is not 
well established. The inpatient needs for these individuals 
are complex and require a collaborative approach with input 
from outpatient clinicians, inpatient clinicians, addiction 
specialists, social workers, and case managers. Hospitals are 
often under-resourced to provide such comprehensive ser-
vices. This frequently results in the hospitalist bearing signif-
icant responsibility for inpatient addiction management de-
spite often insufficient addiction education or experience.4,5 

Therefore, there is a need for hospitalists to become lead-
ers in the inpatient management of OUD. In this review, we 
will discuss the hospitalist’s role in the inpatient manage-
ment of individuals with OUD. 

INPATIENT MANAGEMENT  
OF OPIOID USE DISORDER
Opioid use disorder is a medical illness resulting from neu-
robiological changes that cause drug tolerance, dependence, 
and cravings.6 It should be considered a treatable chronic 
medical condition, comparable to hypertension or diabetes,7 

which requires a multifaceted treatment approach, includ-
ing psychosocial, educational, and medical interventions. 

Psychosocial Interventions 
Individuals with OUD often have complicated social issues 
including stigmatization, involvement in the criminal jus-
tice system, unemployment, and homelessness,5,8-10 in addi-
tion to frequent comorbid mental health issues.11,12 Failure to 
address social or mental health barriers may lead to a lack of 
engagement in the treatment of OUD. The long-term man-
agement of OUD should involve outpatient psychotherapy 
and may include individual or group therapy, behavioral 
therapy, family counseling, or support groups.13 In the in-
patient setting, hospitalists should use a collaborative ap-
proach to address psychosocial barriers. The authors recom-
mend social work and case management consultations and 
consideration of psychiatric consultation when appropriate. 

Management of Opioid Withdrawal 
The prompt recognition and management of withdrawal 
is essential in hospitalized patients with OUD. The signs 
and symptoms of withdrawal can be evaluated by using the 
Clinical Opiate Withdrawal Scale or the Clinical Institute 
Narcotics Assessment, and may include lacrimation, rhinor-
rhea, diaphoresis, yawning, restlessness, insomnia, piloerec-
tion, myalgia, arthralgia, abdominal pain, nausea, vomiting, 
and diarrhea.4 Individuals using short-acting opioids, such as 
oxycodone or heroin, may develop withdrawal symptoms 8 
to 12 hours after cessation of the opioid. Symptoms often 
peak on days 1 to 3 and can last for up to 10 days.14 Indi-
viduals taking long-acting opioids, such as methadone, may 
experience withdrawal symptoms for up to 21 days.14

While the goal of withdrawal treatment is to reduce the 
uncomfortable symptoms of withdrawal, there may be ad-
ditional benefits. Around 16% of people who inject drugs 
will misuse drugs during their hospitalization, and 25% to 
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30% will be discharged against medical advice.15,16 In hos-
pitalizations when patients are administered methadone for 
management of withdrawal, there is a significant reduction 
in discharges against medical advice.16 This may suggest that 
treatment of withdrawal has the added benefit of preventing 
discharges against medical advice, and the authors postulate 
that treatment may decrease surreptitious drug use during 
hospitalizations, although this has not been studied.

There are 2 approaches to treating opioid withdrawal—
opioid substitution treatment and alpha2-adrenergic ago-
nist treatment (Table 1).4,17-20 Of note, opioid substitution 
treatment, especially when using buprenorphine, should 
be started only when a patient has at least mild withdrawal 
symptoms.20 

An important exception to the treatment approach listed 

in Table 1 occurs when a patient is already taking meth-
adone or buprenorphine maintenance therapy. In this cir-
cumstance, the outpatient dose should be continued after 
confirmation of dose and timing of last administration with 
outpatient clinicians. It is important that clear communica-
tion with the patient’s addiction clinician occurs at admis-
sion and discharge to prevent an inadvertently duplicated, 
or missed, dose. 

Factors to consider when selecting a withdrawal treatment 
regimen include comorbidities, anticipated length of stay, 
anticipated discharge setting, medications, interest in long-
term addiction treatment, and other patient-specific factors. 
In general, treatment with methadone or buprenorphine is 
preferred, because they are better tolerated and may be more 
effective than clonidine.21-24 The selection of methadone or 
buprenorphine is often based on physician or patient pref-
erence, presence of contraindications, or formulary restric-
tions, as they have similar efficacy in the treatment of opioid 
withdrawal.23 In cases where opioid replacement therapy is 
contraindicated, such as in an individual who has received 
naltrexone, clonidine should be used.24 

Methadone and buprenorphine are controlled substances 
that can be prescribed only in outpatients by certified clini-
cians. Therefore, hospitalists are prohibited from prescribing 
these medications at discharge for the treatment of OUD. 
However, inpatient clinicians are exempt from these regu-
lations and may provide both medications for maintenance 
and withdrawal treatment in the inpatient setting.  

As such, while a 10 to 14-day taper may be optimal in 
preventing relapse and minimizing withdrawal, patients are 
often medically ready to leave the hospital before their ta-
per is completed. In these cases, a rapid taper over 3 to 5 
days can be considered. The disadvantage of a rapid taper 
is the potential for recrudescence of withdrawal symptoms 
after discharge. Individuals who do not tolerate a rapid taper 
should be treated with a slower taper, or transitioned to a 
clonidine taper.

Many hospitals have protocols to help guide the inpatient 
management of withdrawal, and in many cases, subspecialist 
consultation is not necessary. However, the authors recom-
mend involvement of an addiction specialist for patients in 
whom management of withdrawal may be complicated. Fur-
ther, we strongly encourage hospitalists to be involved in cre-
ation and maintenance of withdrawal treatment protocols.

Medication-Assisted Treatment
It is important to recognize that treatment of withdrawal is 
not adequate to prevent long-term opioid misuse.25 The op-
timal long-term management of OUD includes the use of 
medication-assisted treatment (MAT). The initiation and 
titration of MAT should always be done in conjunction with 
an addiction specialist or buprenorphine-waivered physician 
who will ensure continuation of MAT as an outpatient. This 
means that, while hospitalists may be critical in facilitating 
linkage to MAT, in general, they will not have a significant 
role in the long-term management of OUD. However, hos-

TABLE 1. Treatment Options for Opioid Withdrawal4,17-20

Opioid substitution treatment

Methadone

• Initial dose: 10 to 20 mg of oral, or 10 mg of intramuscular, methadone

• Reassess and re-dose: reassess the patient every 2 to 4 hours; if the patient has withdrawal 
symptoms, give an additional 10 mg of oral methadone; if the symptoms are controlled or 
the patient is somnolent, do not give additional doses; the maximum first day dose of oral 
methadone is 40 mg.

• Taper: reduce the daily dose by 10% to 20% daily; the taper duration will last approximately 
10 to 14 days.

• Monitoring: EKG before and after methadone administration

• Selected adverse effects: sedation, constipation, prolonged QTc, torsades de pointes

Buprenorphinea 

• Initial dose: 4 mg of sublingual buprenorphine

• Reassess and re-dose: reassess the patient in 2 to 4 hours; if the patient has withdrawal 
symptoms, give an additional 4 mg of sublingual buprenorphine; if the symptoms are controlled 
or the patient is somnolent, do not give additional doses; the day 1 maximum dose is 8 mg of 
sublingual buprenorphine; uptitrate as needed for withdrawal symptoms over the next 3 days; 
day 2 maximum dose is 12 mg of sublingual buprenorphine, day 3 maximum dose is 16 mg of 
sublingual buprenorphine.

• Taper: reduce the daily dose by 1 to 2 mg daily; the taper duration will last approximately  
10 to 14 days.

• Selected adverse effects: sedation, headache, constipation, insomnia

Alpha2-adrenergic agonist treatment

Clonidine

• Initial dose: 0.1 to 0.3 mg of oral clonidine

• Reassess and re-dose: reassess the patient every 2 to 4 hours; if the patient has withdrawal 
symptoms, give an additional 0.1 to 0.3 mg of oral clonidine; if the patient is hypotensive, 
somnolent, or with other signs of clonidine toxicity, do not give additional doses; typical doses 
are 0.1 to 0.3 mg every 6 to 8 hours.

• Taper: reduce the daily dose of clonidine by 0.1 to 0.2 mg per day; the taper duration will last 
approximately 10 to 14 days.

• Selected adverse effects: sedation, headache, hypotension, bradycardia

Adjunctive medications

• Diarrhea: anti-motility agents such as loperamide

• Nausea/vomiting: anti-emetics such as ondansetron

• Abdominal cramps: antispasmodics such as dicyclomine

• Muscle and joint aches: analgesics such as acetaminophen or ibuprofen

• Muscle spasms: antispasmodics such as cyclobenzaprine or baclofen

• Anxiety, irritability, and restlessness: anxiolytics such as lorazepam

• Insomnia: sleeping medication such as trazodone

a Buprenorphine-naloxone can be used instead of buprenorphine; buprenorphine can result in opioid withdrawal 
and should be used only in patients with clear evidence of opioid withdrawal.

NOTE: Abbreviation: EKG, electrocardiogram.
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pitalists should be knowledgeable about MAT because it is 
relatively common and can complicate hospitalizations.

There are two types of MAT: opioid-agonist treatment 
(OAT) and opioid-antagonist treatment.  Opioid-agonist 
treatment involves the use of methadone, a long-acting opi-
oid agonist, or buprenorphine, a long-acting partial opioid 
agonist. These medications decrease the amount and sever-
ity of cravings and limit the euphoric effects of subsequent 
opioid use.17 Compared to abstinence-based treatment, OAT 
has been associated with increased retention in addiction 
treatment and employment, and reductions in incarceration, 
human immunodeficiency virus transmission, illicit drug use, 
opioid-overdose events, and mortality.26-32An alternative to 
OAT is naltrexone, an opioid antagonist. Naltrexone for 
OUD is administered as a monthly depot injection that pre-
vents the user from experiencing opioid intoxication or de-
pendence, and is associated with sustained abstinence.17,33,34 

The authors strongly recommend that hospitalists discuss the 
benefits of MAT with hospitalized individuals with OUD. In 
addition, when appropriate, patients should receive consul-
tation with, or referral to, an addiction specialist.

Adverse Effects of Methadone, Buprenorphine,  
and Naltrexone
The benefits of MAT are substantial, but there are adverse 
effects, potential drug-to-drug interactions, and patient-spe-
cific characteristics that may impact the inpatient manage-
ment of individuals on MAT. Selected adverse effects of 
OAT are listed in Table 1. The adverse effects of naltrex-
one include nausea, vomiting, and transaminitis. It should 
also be noted that the initiation of buprenorphine and nal-
trexone may induce opioid withdrawal when administered 
to an opioid-dependent patient with recent opioid use. To 
avoid precipitating withdrawal, buprenorphine should be 
used only in individuals who have at least mild withdrawal 
symptoms or have completed detoxification,20 and naltrex-
one should be used only in patients who have abstained from 
opioids for at least 7 to 10 days.35

Opioid-agonist treatments are primarily metabolized 
by the cytochrome P450 3A4 isoenzyme system. Medica-
tions that inhibit cytochrome P450 3A4 metabolism such 
as fluconazole can result in OAT toxicity, while medica-
tions that induce cytochrome P450 3A4 metabolism such 
as dexamethasone can lead to withdrawal symptoms.18 If 
these interactions are unavoidable, the dose of methadone 
or buprenorphine should be adjusted to prevent toxicity or 
withdrawal symptoms. The major drug interaction with nal-
trexone is ineffective analgesia from opioids.  

Another major concern with MAT is the risk of over-
dose-related deaths. As an opioid agonist, large doses of 
methadone can result in respiratory depression, while bu-
prenorphine alone, due to its partial agonist effect, is unlike-
ly to result in respiratory depression. When methadone or 
buprenorphine are taken with other substances that cause 
respiratory depression, such as benzodiazepines or alcohol, 
the risk of respiratory depression and overdose is significant-

ly increased.36,37 Overdose-related death with naltrexone 
usually occurs after the medication has metabolized and re-
sults from a loss of opioid tolerance.38

Special Populations
Medication-assisted treatment in individuals with acute pain. 
Maintenance treatment with OAT does not provide suffi-
cient analgesia to treat episodes of acute pain.39 In patients 
on methadone maintenance, the maintenance dose should 
be continued and adjunctive analgesia should be provided 
with nonopioid analgesics or short-acting opioids.39 The 
management of acute pain in individuals on buprenorphine 
maintenance is more complicated since buprenorphine is 
a partial opioid agonist with high affinity to the opioid re-
ceptor, which limits the impact of adjunctive opioids. The 
options for analgesia in buprenorphine maintenance treat-
ment include 1) continuing daily dosing of buprenorphine 
and providing nonopioid or opioid analgesics, 2) dividing 
buprenorphine dosing into a 3 or 4 times a day medication, 
3) discontinuing buprenorphine and treating with opioid 
analgesics, 4) discontinuing buprenorphine and starting 
methadone with nonopioid or opioid analgesics.39 In cases 
where buprenorphine is discontinued, it should be restarted 
before discharge upon resolution of the acute pain episode. 
An individual with acute pain on naltrexone may require 
nonopioid analgesia or regional blocks. In these patients, 
adequate pain control may be challenging and require the 
consultation of an acute pain specialist.

Pregnant or breastfeeding individuals. Opioid misuse puts 
the individual and fetus at risk of complications, and abrupt 
discontinuation can cause preterm labor, fetal distress, or fe-
tal demise.40 The current standard is to initiate methadone 
in consultation with an addiction specialist.40 There is ev-
idence that buprenorphine can be used during pregnancy; 
however, buprenorphine-naloxone is discouraged.18,40 Of 
note, use of OAT in pregnancy can result in neonatal ab-
stinence syndrome, an expected complication that can be 
managed by a pediatrician.40 

Methadone and buprenorphine can be found in low 
concentrations in breast milk.41 However, according to the 
Academy of Breastfeeding Medicine’s clinical guidelines, 
women on stable doses of methadone and buprenorphine 
should be encouraged to breastfeed.41 Naltrexone enters 
breast milk and has potential adverse effects for the new-
born. Either the mother should discontinue naltrexone or 
should not breastfeed.35

Treatment of polysubstance misuse. Individuals with OUD 
may also misuse other substances. The concomitant use of 
opioids and other central nervous system depressants, such 
as alcohol and benzodiazepines, is especially worrisome as 
they can potentiate respiratory depression. The presence 
of polysubstance misuse does not preclude the use of MAT 
for the treatment of OUD. In those with comorbid alcohol 
use disorder, the use of naltrexone may be appealing as it 
can treat both alcohol use disorder and OUD. Given the 
complexities of managing polysubstance misuse, addiction 
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specialists should be involved in the care of these patients.42 
In addition, patients should be educated on the risks of poly-
substance misuse, especially when it involves 2 central ner-
vous system depressants. 

Comorbid medical disease. In general, medical comorbidities 
do not significantly affect the treatment of OUD; however, 
dysfunction of certain organ systems may necessitate a dose 
reduction or discontinuation of MAT. Severe liver disease may 
result in decreased hepatic metabolism of OAT.35,42 Prolonged 
QTc, or history of arrhythmia, may preclude the use of meth-
adone.17,35,42 In addition, chronic hypercapnic respiratory fail-
ure or severe asthma may be contraindications for the use of 
methadone in an unmonitored setting.35 Kidney failure is not 
known to be a contraindication to MAT, and there is no con-
sensus on the need for dose reduction of MAT with decreasing 
glomerular filtration rate; however, some authors recommend 
a 25% to 50% dose reduction of methadone when the glomer-
ular filtration rate is less than 10 milliliters per minute.43 There 
is no such recommendation with buprenorphine, although it 
has not been adequately studied in individuals with renal fail-
ure. Close monitoring for evidence of toxicity is prudent in 
individuals on MAT with acute or chronic renal failure.35

Rural or resource-limited areas. There is a significant short-
age of addiction treatment options in many regions of the 
United States. As of 2012, there were an estimated 2.3 mil-
lion individuals with OUD; however, more than 1 million of 
these individuals do not have access to treatment.44 As a re-
sult, many addiction treatment programs have wait lists that 
can last months or even years.45 These shortages are especial-
ly apparent in rural areas, where individuals with OUD are 
particularly reliant upon buprenorphine treatment because 
of prohibitive travel times to urban-based programs.46 To ad-
dress this problem, new models of care delivery are being 
developed, including models incorporating telemedicine to 
support rural primary care management of OUD.47 

The Future of Medication-Assisted Treatment
Currently, MAT is initiated and managed by outpatient ad-
diction specialists. However, evidence supports initiation of 
MAT as an inpatient.48 A recent study compared inpatient 
buprenorphine detoxification to inpatient buprenorphine 
induction, dose stabilization, and postdischarge linkage-of-
care to outpatient opioid treatment clinics. Patients who 
received inpatient buprenorphine initiation and linkage-of-
care had improved buprenorphine treatment retention and 
reported less illicit opioid use.48 The development of partner-
ships between hospitals, inpatient clinicians, and outpatient 
addiction specialists is essential and could lead to significant 
advances in treating hospitalized patients with OUD. 

The initiation of MAT in hospitalized patients with im-
mediate linkage-of-care shows great promise; however, at 
this point, the initiation of MAT should be done only in 
conjunction with addiction specialists in patients with con-
firmed outpatient follow-up. In cases where inpatient MAT 
initiation is pursued, education of staff including nurses and 
pharmacists is essential.  

Harm Reduction Interventions
Ideally, management of OUD results in abstinence from 
opioid misuse; however, some individuals are not ready for 
treatment or, despite MAT, have relapses of opioid misuse. 

TABLE 2. Harm Reduction Strategies50

Safer injection education

1. Find a safe environment and a partner to monitor for signs of opioid overdose.

2. Wash hands and sterilize work surfaces.

3. Place heroin into sterile cooker or spoon.

4. Use sterile water to dissolve heroin.

• If sterile water is not available, boil water for 10 minutes before using. If this is not an 
option, then use bottled water or water from a clean tap. Do not use standing water, such 
as from a toilet bowl or puddle.

5. Heat cooker or spoon to dissolve heroin.

• Sometimes acidification is necessary to fully dissolve the heroin; if so, use citric acid or 
ascorbic acid powder. Do not use lemon juice as this can lead to a fungal infection.

6. Place a dense cotton pellet into the dissolved heroin to serve as a filter.

• Do not use cigarette filters as they contain glass particulates. Do not reuse or share cotton 
pellets.

7. Insert sterile needle into dense cotton pellet and draw back.

• Use a sterile needle and syringe with every injection. Do not use another person’s needles 
or share needles.

8. Clean the injection site with alcohol swab.

• Do not lick the needle or skin prior to injecting.

9. Inject heroin.

10. Safely dispose of used supplies including needles and syringes.

Opioid overdose education

1. Recognize the signs of opioid overdose.

• Deep sleeping that does not respond to shaking or attempts to wake up

• Snoring, gurgling, or choking

• No breathing or slow breathing (less than 1 breath per 5 seconds)

• Blue or gray lips or fingernails

• Pale, clammy skin

2. Contact emergency medical services. Tell emergency medical services that the person has 
overdosed on opioids. Alert emergency medical services if the person is not breathing

3. Administer naloxone.a Naloxone can be prescribed in different preparations (intramuscular 
and intranasal).

• Intramuscular naloxone, 0.4 mg (1 mL)
○   Remove cap from naloxone vial, insert needle through rubber plug, pull 1 mL of naloxone 

into syringe, inject into a large muscle (upper arm, upper thigh, or buttocks), and safely 
dispose of syringe.

• Intramuscular auto-injector naloxone (Evzio®), 0.4 mg
○   Visual and voice instructions help prompt through injection process; remove auto-injec-

tor from outer case, pull red safety guard, place the black end against the middle of the 
outer thigh (all right to go through clothing), and hold firmly in place for 5 seconds. There 
will be a click and a hiss sound meaning that naloxone has been administered. The 
needle will automatically retract into the case after use.

• Intranasal naloxone, 2 mg 
○   Pull off both end caps of syringe barrel, screw atomizer onto tip of syringe barrel, pull 

off end cap of naloxone cartridge and screw naloxone cartridge into syringe barrel, and 
insert into nose; push naloxone cartridge and empty half of cartridge into one nostril, 
then empty the rest of cartridge into the other nostril.

• Intranasal naloxone (Narcan®), 4 mg
○   Remove nasal spray from package, place tip into nostril, and press plunger to release 

full dose into nostril.

4. Perform cardiopulmonary resuscitation and/or rescue breathing if needed.

5. Stay with the person until emergency medical services arrive.

a After 3 to 5 minutes, if there is no response to naloxone, another dose of naloxone can be administered. 
Naloxone should be kept on the person at all times. It should be stored at room temperature to avoid extreme 
temperatures (heat or cold) and light.

NOTE: Other illicit drugs can be injected and processes may vary. 
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Given this, a secondary goal in the management of OUD is 
the reduction of harm that can result from opioid misuse.

Many individuals inject opioids, which is associated with 
increased rates of viral and bacterial infections secondary to 
nonsterile injection practices.49 Educating patients on ster-
ile injection methods (Table 2),50 including the importance 
of sterile-injecting equipment and water, and cleaning the 
skin prior to injection, may mitigate the risk of infections and 
should be provided for all hospitalized people who inject drugs. 

Syringe-exchange programs provide sterile-injecting 
equipment in exchange for used needles, with a goal of in-
creasing access to sterile supplies and removing contami-
nated syringes from circulation.51 While controversial, these 
programs may reduce the incidence of human immunodefi-
ciency virus, hepatitis C virus, and hepatitis B virus.51 

In addition, syringe-exchange programs often provide ad-
diction treatment referrals, counseling, testing, and preven-
tion education for human immunodeficiency virus, hepatitis 
C virus, and sexually transmitted infections.49 In the United 
States, there are 226 programs in 33 states (see https://nasen.
org/directory for a list of programs and locations. Inpatient 
clinicians should provide a list of local resources including 
syringe-exchange programs at the time of discharge for any 
people who inject drugs. In addition, individuals with OUD 
are at increased risk for overdose, especially in the postdis-
charge setting due to decreased opioid tolerance.52 In 2014, 
there were 28,647 opioid overdose-related deaths in the Unit-
ed States.2 To address this troubling epidemic, opioid overdose 
education and naloxone distribution has been championed to 
educate patients at risk of opioid overdose and potential first 
responders on how to counteract an overdose by using nalox-
one, an opioid antagonist (see Table 2 for more information 
on opioid overdose education). The use of opioid overdose 
education and naloxone distribution has been observed to re-
duce opioid overdose-related death rates.53

Hospitalists should provide opioid overdose education and 

naloxone to all individuals at risk of opioid overdose (includ-
ing those with OUD), as well as potential first responders 
where the law allows (more information including individual 
state laws can be found at http://prescribetoprevent.org).20

Considerations at Discharge
There are a number of considerations for the hospitalist at 
discharge (see Table 3 for a recommended discharge check-
list). In addition, it is important to appreciate, and mini-
mize, the ways that hospitalists contribute to the opioid 
epidemic. For instance, prescribing opioids at discharge in 
opioid-naïve patients increases the risk of chronic opioid 
use.54 It is also essential to recognize that increased doses of 
opioids are associated with increased rates of opioid over-
dose-related deaths.55 As such, hospitalists should maximize 
the use of nonopioid analgesics, prescribe opioids only when 
necessary, use the smallest effective dose of opioids, limit the 
number of opioid pills distributed to patients, and check pre-
scription-monitoring programs for evidence of misuse.

CONCLUSION
Hospitalization serves as an important opportunity to address 
addiction in individuals with OUD. In addressing addiction, 
hospitalists should identify and intervene on psychosocial 
and mental health barriers, treat opioid withdrawal, and 
propagate harm reduction strategies. In addition, there is a 
growing role for hospitalists to be involved in the initiation 
of MAT and linkage-of-care to outpatient addiction treat-
ment. If hospitalists become leaders in the inpatient man-
agement of OUD, they will significantly improve the care 
provided to this vulnerable patient population.
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Pain management is a core competency of hospital medi-
cine, and effective acute pain management should be a goal 
for all hospital medicine providers. The prevalence of opioid 
use in the United States, both therapeutic and non-medical 
in origin, has dramatically increased over the past decade. 
Although nonopioid medications and nondrug treatments are 
essential components of managing all acute pain, opioids 

continue to be the mainstay of treatment for severe acute 
pain in both opioid-naïve and opioid-dependent patients. In 
this review, we provide an evidence-based approach to ap-
propriate and safe use of opioid analgesics in treating acute 
pain in hospitalized patients who are opioid-dependent. 
Journal of Hospital Medicine 2017;12:375-379. © 2017 Soci-
ety of Hospital Medicine

Up to 40% of Americans experience chronic pain of some 
kind.1 In the United States, opioid analgesics are the most 
prescribed class of medications,2 with 245 million prescrip-
tions filled in 2014 alone. Thirty-five percent of these pre-
scriptions were for long-term therapy.3 It is now apparent 
that opioid pain medication use presents serious risks. In 
2014, 10.3 million persons reported using prescription opi-
oids for nonmedical reasons.4 Between 1999 and 2014, more 
than 165,000 people in the United States died of overdose 
related to opioid medication.5 In addition, heroin use in the 
United States has increased over the past decade.6 Opioid 
agonist maintenance therapy is also increasingly used to 
treat patients with opioid use disorder.

Given the prevalence of opioid use in the United States, 
it is important for hospitalists to be able to appropriately and 
safely manage acute pain in patients who have been exposed 
long-term to opioids, whether it is therapeutic or non-medi-
cal in origin. Although nonopioid medications and nondrug 
treatments are essential components of managing all acute 
pain, opioids continue to be the mainstay of treatment for 
severe acute pain in both opioid-naïve and opioid-depen-
dent patients.

Given the paucity of published trials meeting the typical 
criteria, we did not perform a structured meta-analysis but, 
instead, a case-based narrative review of the relevant pub-
lished literature. Our goal in performing this review is to 
guide hospitalists in the appropriate and safe use of opioid 

analgesics in treating acute pain in hospitalized patients who 
are opioid-dependent. 

DEFINITIONS
When managing acute pain in patients with opioid depen-
dence it is important to have a clear understanding of the 
definitions related to opioid use. Addiction, physical depen-
dence and tolerance have been defined by a joint consensus 
statement of the American Society of Addiction Medicine, 
American Academy of Pain Medicine, and American Pain 
Society7: Addiction is a primary, chronic, biological disease, 
with genetic, psychosocial and environmental factors influ-
encing its development and manifestations. It is character-
ized by behaviors that include one or more of the following: 
impaired control over drug use, compulsive use, continued 
use despite harm, and craving.

Physical Dependence is a state of adaptation that is mani-
fested by a drug class specific withdrawal syndrome that can 
be produced by abrupt cessation, rapid dose reduction, de-
creasing blood level of the drug, and/or administration of an 
antagonist.

Tolerance is the state of adaptation in which exposure to 
a drug induces changes that result in a diminution of one or 
more of the drug’s effects over time.

Opioid use disorder (OUD) is defined as a problematic pat-
tern of opioid use leading to clinically significant impair-
ment or distress with symptoms including a strong desire for 
opioids, inability to control or reduce use of opioids, contin-
ued use despite adverse consequences, and development of 
tolerance and withdrawal symptoms.8 

PATHOPHYSIOLOGY 
Physical dependence and tolerance are common consequenc-
es of long-term opioid use. In contrast, OUD has been re-
ported to affect only 2% to 6% of individuals exposed to 
opioids.9 The underlying mechanisms that lead an individu-
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al to abuse or become addicted to opioids largely due to the 
effects opioids have on endogenous μ-opioid receptors. As 
analgesics, opioids exert their effects by binding primarily to 
these μ-opioid receptors, with a large concentration in the 
brain regions regulating pain perception.10,11 There is also a 
large concentration of μ-opioid receptors in the brain reward 
regions, leading to perceptions of pleasure and euphoria. Re-
peated administration of opioids conditions the brain to a 
learned association between receiving the opiate and eupho-
ria.12,13 This association becomes stronger as the frequency 
and duration of administration increases over time, ulti-
mately leading to the desire or craving of the opioid’s effect. 

The effect of tolerance also contributes to the pathophys-
iology of opioid abuse as it leads to a decrease in opioid po-
tency with repeated administration.14-16 To achieve analgesia 
as well as the reward effect, opioid dosage and/or frequency 
must be increased, strengthening the association between 
receipt of opioid and reward. Tolerance to the reward effect 
occurs quickly, whereas tolerance to respiratory depression 
occurs much more slowly.17  This mismatch in tolerance of 
effect may lead to increase in opioid doses to maintain an-
algesia or euphoria, and also places patients at a higher risk 
of overdose.18 

ACUTE PAIN MANAGEMENT
Clinical Example: Heroin User
A 47-year-old man is admitted with fever, chills, and severe 
mid-back pain and receives a diagnosis of sepsis. The pa-
tient admits to using intravenous heroin 500 mg (five 100 
mg “bags”) on a daily basis. He is admitted, fluid resuscitated 
and started on broad spectrum antibiotics. Blood cultures 
quickly grow Staphylococcus aureus. Magnetic resonance 
imaging of the spine shows cervical vertebral osteomyelitis. 
On examination, the patient is diaphoretic and complains 
of diffuse myalgias and diarrhea. The patient’s back pain is 
so severe that he cannot ambulate. What is the best way to 

manage this patient’s acute pain and communicate with him 
about his pain management?

Managing acute pain in a patient using heroin can be chal-
lenging for many reasons. First, both physicians and pharma-
cists report a lack of confidence in their ability to prescribe 
opioids safely or to treat patients with a history of opioid 
abuse.19 Second, there is a paucity of evidence in treating 
acute pain in heroin users. Finally, due to the clandestine 
manufacturing of illicit drugs, the actual purity of the drug 
is often unknown making it difficult to assess the dose of 
opioids in heroin users. Drug Enforcement Agency seizure 
data indicate a wide range of heroin purity: 30% to 70%.20

In the hospital setting, acute pain is often undertreated in 
patients with a history of active opioid abuse. This may be 
due to providers’ misconceptions regarding pain and behav-
ior in opioid addicts, including worrying that the patient’s 
pain is exaggerated in order to obtain drugs, thinking that 
a regular opioid habit eliminates pain, believing that opi-
oid therapy is not effective in drug addicts, or worrying that 
prescribing opioids will exacerbate drug addiction.21 Data 
demonstrates that the presence of opioid addiction seems to 
worsen the experience of acute pain.22 These patients also 
often have a higher tolerance and thus require higher dos-
ages and more frequent dosing of opioids to adequately treat 
their pain.23  

Converting daily heroin use to morphine equivalents is 
necessary to establish a baseline analgesic requirement and to 
prevent withdrawal. It is challenging to convert illicit hero-
in to morphine equivalents however, as one must take into 
account the wide variation in purity and understand that the 
stated use of heroin (e.g. 500 mg daily) reflects weight and 
not dosage of heroin.20  

In these patients, treatment of acute pain should be indi-
vidualized according to presenting illness and comorbidities. 
Previous data and an average purity of 40% suggest that the 
parenteral morphine equivalent to a bag of heroin (100 mg) is 
15 to 30 mg.20,24,25 Common equianalgesic doses of opioid med-
ications are listed in Table 1. Because of increased tolerance, 
the frequency of administration should be shortened, from ev-
ery 4 hours to every 2 or 3 hours. Except for a shorter onset of 
action, there has not been a difference shown in superiority 
between oral and parenteral routes of administration. Finally, 
patients should receive both long-acting basal and short-act-
ing as-needed analgesics based on their daily use of opioids.23

In our clinical example, IV heroin 500 mg daily converts to 
parenteral morphine 75 to 150 mg every 24 hours. We recom-
mend initiating IV morphine 10 mg every 3 hours as needed 
for pain and withdrawal symptoms, with early reassessment 
regarding need for a higher dose or a shorter frequency based 
on symptoms. Nonopioid analgesics should also be adminis-
tered with the goal of decreasing the opioid requirement. As 
soon as possible, the patient should be changed to oral basal 
and short-acting opioids as needed for breakthrough pain. 
The appropriate dose of long acting basal analgesia can be 
determined the following day based on the patient’s total 
daily dose (TDD) of opioids. An example of converting from 

TABLE 1. Equianalgesic Doses of Opioid Medications
Medication Oral Dose, mg Parenteral Dose, mg

Morphine 30 10

Hydrocodone 30 NA

Hydromorphone 7.5 1.5

Diacetylmorphine (heroin) NA 4

Fentanyl NA 0.1

Buprenorphine 2 0.4

Methadone Morphine equivalents

to methadone 

<100 mg - 3:1

101-300 mg - 5:1

301-600 mg - 10:1

601-800 mg - 12:1

801-1000 mg - 15:1

>1000 mg - 20:1

10

NOTE: Abbreviation: NA, not available.
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intravenous PRN morphine to oral basal and short acting 
opioids is shown in Table 2. 

In communicating with a patient with opioid-use disorder 
with acute pain, it is best to outline the pain management 
plan at admission including: the plan to effectively treat the 
patient’s acute pain, prevent opioid withdrawal symptoms, 
change to oral opioid analgesics as soon as possible, discus-
sion of non-opioid and non-drug treatments, reinforcement 
that opioids will be tapered as the acute pain episode re-
solves, and a detailed plan for discharge Later in this article, 
we describe discharge planning.

Clinical Example: Patient on Chronic Opioid Therapy  
for Chronic Pain
A 64 year-old man was involved in a motorcycle accident 
and suffered a right distal tibia-fibula fracture and several 
broken ribs with a secondary pneumothorax. The patient’s 
past medical history is significant for chronic low back pain 
for which he states he takes morphine sustained release 30 
mg orally every 8 hours and morphine immediate release 15 
mg orally four times daily for breakthrough pain. The pa-
tient states his pain is much worse than prior to the acci-
dent. Trauma surgery requests recommendations on appro-
priate pain management. What is the best way to manage 
this patient’s acute pain and communicate with him about 
his pain management? 

When treating acute pain in patients with chronic pain 
on opioid therapy, it is vital to establish the patient’s baseline 
pain level and to accurately reconcile the patient’s outpatient 
daily opioid use. The patient’s prescription record should be 
verified in the state’s prescription drug monitoring program. 
On admission, a urine drug test should be obtained to assess 
for use of other potential illicit substances (eg, cocaine). Pa-
tients who test positive for illicit substances are at high risk 
for a substance use disorder. Management and discharge 
plans should be as outlined in the above case. It is import-

ant to know that the first-tier immunoassay urine toxicology 
screens used by hospitals test for natural opioids (morphine, 
codeine, heroin). Semi-synthetic (example, oxycodone) or 
synthetic (example, fentanyl) opioids are unlikely to be de-
tected and thus the urine drug screen may not be helpful 
to determine adherence to certain prescription opioids. Gas 
chromatography/mass spectrometry is the most sensitive and 
specific type of urine screen and can be ordered to confirm a 
prescribed opioid if needed.26

Pain management should begin with calculating the TDD 
of oral opioids that the patient was taking prior to admission, 
and converting to morphine equivalents. For moderate acute 
pain, TDD can be increased by 25% to 50%. The revised TDD 
can then be prescribed as a long-acting opioid every 8 to 12 
hours to provide basal analgesia. The dose of additional imme-
diate-release medication available throughout the day to man-
age breakthrough pain is determined by dividing the new TDD 
into every 3 to 4 hours as-needed dosing (Table 2).

If severe pain is anticipated, patient controlled analgesia 
(PCA) is an effective alternative to deliver opioids. The 
use of PCA allows self-titration, on demand analgesia, and 
minimizes the likelihood of under-dosing the patient.27  The 
revised TDD is a useful starting point when calculating the 
PCA dosage regimen. Ideally, the revised TDD should be 
prescribed as a long acting oral opioid medication every 8 
to 12 hours for basal analgesia, with PCA administered as 
an as-needed bolus. If a patient cannot tolerate oral medica-
tions, PCA can provide continuous infusion of medication 
to provide basal analgesia, though the risk of oversedation 
and respiratory depression is increased.28

For our clinical example, we recommend increasing the 
preadmission TDD of opioids (180 mg morphine equiva-
lents) by 25% (225 mg) and administering as morphine 75 
mg sustained-release every 8 hours to provide baseline anal-
gesia and prevent withdrawal symptoms. The acute pain can 
be managed by initiating morphine PCA without continu-

TABLE 2. Conversion of Parenteral Opioid Medications to Basal and Short-Acting Oral Regimen

Step Patient Example

1. Add all opioid doses (1 time only, PRN, scheduled) within past 24 hours and convert to oral 
MEQs. To convert parenteral morphine dose to oral MEQs, multiply by a factor of three.  
Calculate TDD. 

1. Within past 24 hours, patient received these orders:

•  IV morphine 6 mg × 6 doses

•  Acetaminophen/hydrocodone 325/7.5 mg × 2 doses

•  IV morphine 4 mg × 1 dose

•  IV morphine 40 mg = 120 mg oral MEQs

•  Hydrocodone 15 mg = 15 mg oral MEQ

•  TDD = 135 mg oral MEQ

2. Divide TDD into oral MSSR or similar long-acting opioid equivalent every 8-12 hours. 2. Start oral MSSR regimen:

45 mg Q8, or 60 mg Q12

3. Divide TDD into short-acting, oral, PRN medication: TDD/8 for Q3 dosing, or TDD/6 for Q4 3. Calculate short-acting PRN regimen:

135 mg/8 = 15 mg MSIR) Q3 PRN pain

4. Assess analgesia using institutional specific protocol and adjust both basal and short-acting 
medications. If there is no pain relief, increase TDD by 25% to 50%; if patient is too sedated, 
decrease TDD by 25% to 50%.

4. Next day, patient still complains of pain (9/10) and inadequate analgesia, despite taking all scheduled 
and PRN medications.

•  Increase TDD by 25% to 50%: 168-202 mg

•  Change Basal to 60 mg MSSR Q8

•  Change short acting to 30 mg MSIR Q4 PRN pain

NOTE: Abbreviations: IV, intravenous; MEQ, morphine equivalents; MSIR; morphine sulfate immediate-release; MSSR, morphine sulfate sustained-release; PRN, as needed; TDD, total daily dose.
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ous infusion at 0.5 mg bolus every 8 minutes as needed for 
breakthrough pain or oral morphine 30 mg immediate-re-
lease tablets every 3 hours as needed for pain. The patient 
should be assessed frequently, and naloxone kept readily 
available. In addition, nonopioid and nondrug treatments 
should be optimized.

When communicating with patients with underlying 
chronic pain on chronic opioid therapy, it is important to 
discuss the treatment plan early, including addressing that 
they will likely not be pain free during their hospitalization, 
but rather goals of pain relief and improved function should 
be established. The plan to change to oral opioid analgesics 
as soon as possible and importance of multi-modal treatment 
should be emphasized. The patient should be informed that 
medication changes are for the short-term only and that the 
underlying chronic pain will likely remain unchanged. 

Clinical Example: Patient on Medication-Assisted Therapy
A 42-year-old woman presents with acute epigastric pain and 
receives a diagnosis of acute gallstone pancreatitis. She states 
that her pain is very severe and appears uncomfortable. Her 
past medical history is significant for heroin addiction, but 
she has been successfully treated for opioid-use disorder with 
buprenorphine 16 mg daily for the past three years. What is 
the best way to manage this patient’s acute pain and commu-
nicate with her about her pain management? 

Medication-assisted therapies (MATs) for treatment of opi-
oid abuse, which include methadone and buprenorphine (Ta-
ble 3), have been shown to be effective in helping patients re-
cover in opioid-use disorder, are cost-effective and reduce the 
risk of opioid overdose.29 However, treatment for acute pain 
in patients who are receiving methadone or buprenorphine 
MAT is a challenge because of pharmacokinetic changes that 
occur with prolonged use. It is important to know that patients 
receiving opioid agonist MAT are usually treated with 1 dose 
every 24 to 48 hours and do not receive sustained analgesia.30

In the case of patients on methadone as MAT, the meth-
adone should be continued at the prescribed daily dose and 
additional short-acting opioid analgesics given to provide 
appropriate pain relief.27,31 Because of opioid tolerance, 
patients receiving MAT often require increased and more 
frequent doses of short-acting opioid analgesics to achieve 
adequate pain control.

Buprenorphine is a mu-opioid receptor partial agonist. 

The partial agonist properties of buprenorphine result in a 
“ceiling effect” that limits maximal analgesic and euphoric 
potential. Buprenorphine’s high affinity for the mu receptor 
also may result in competition with full opioid agonist anal-
gesics, creating a challenge in treating acute pain. Because 
of the erratic dissociation of buprenorphine from the mu re-
ceptor, naloxone should be available and patients should be 
frequently monitored when the two agents are administered 
together. Recommendations regarding acute pain manage-
ment in patients being treated with buprenorphine are large-
ly based on expert opinion. Treatment options include32-34:
• Continue maintenance therapy with buprenorphine and 

treat acute pain with short acting opioid agonists. Higher 
doses of opioid agonists and more frequent dosing may be 
needed to provide adequate pain relief since they compete 
with buprenorphine at the mu receptor. Opioids with high-
er affinity for the mu receptor (morphine, hydromorphone, 
fentanyl) may be more efficacious. 

• Discontinue buprenorphine and treat the patient with 
scheduled full opioid analgesics, titrating the dose initially 
to try to avoid withdrawal and then to provide pain relief. 
The partial agonism of the mu-receptor from buprenor-
phine and the blockade of other opioids can persist for as 
long as 72 hours. During this period, close monitoring and 
keeping naloxone available are important. When acute 
pain resolves, discontinue full opioid agonist therapy and 
resume buprenorphine using an induction protocol.
For our clinical example, we recommend continuing bu-

prenorphine at 16 mg daily, optimizing nonopioid treatment 
strategies, and using a higher dose parenteral full opioid ag-
onist every 3 hours as needed to achieve adequate analge-
sia. The patient should be frequently monitored for adverse 
effects, and naloxone kept available. Full opioid analge-
sics should be tapered and discontinued as the acute pain 
resolves. The patient should be reassured that there is no 
evidence that using opioids to treat acute pain episodes in-
creases the risk of relapse and that untreated acute pain is a 
more likely trigger for relapse. The patient’s buprenorphine 
provider should be contacted at admission to verify dose as 
well as at discharge. 

DISCHARGE PLANNING AND MANAGEMENT
Early discharge planning is essential for appropriate and 
safe management of acute pain in hospitalized patients 

TABLE 3. Methadone and Buprenorphine Pharmacology
Methadone Buprenorphine

Mechanism of action Mu receptor agonist, weak NMDA receptor antagonist Mu receptor partial agonist, kappa receptor antagonist

Duration of analgesia Short term (<5-7 d): 4-8 h 

Long term (>1-2 wk): 22-48 h

Parenteral: 4-8 h

Sublingual: 24-36 h

Half-life 35-48 h (range, 9-87 h) Parenteral: 2-3 h

Sublingual: 27-37 h

Starting dose 10-30 mg divided Q8-12 h Sublingual: 4-8 mg daily

Maintenance dose 50-80 mg daily 16-24 mg daily

NOTE: Abbreviation: NMDA, N-methyl-D-aspartate.
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with opioid dependence. The major goals are to treat acute 
pain effectively, improve function, and return care to the 
patient’s usual treating physician or methadone clinic. Pa-
tients on chronic opioid therapy often have a written opioid 
treatment agreement specifying only 1 prescriber. Therefore, 
verbal communication with the patient’s authorized pre-
scriber at admission and at discharge is essential, particularly 
given that the discharge summary may not be available at 
follow-up. Additional or higher doses of opioids should not 
be prescribed at discharge unless discussed with the patient’s 
authorized prescriber. If it is believed necessary to provide 
opioid medication at discharge it should only be provided for 
a short period: 3 to 7 days.35 Patients with OUD should be 
referred for addiction treatment, including MAT, and should 
be educated on harm-reduction strategies, including safe in-
jecting, obtaining clean needles, and recognizing, avoiding, 
and treating opioid overdose. Prescribing intranasal nalox-
one should be strongly considered for patients with OUD 
and for patients who are taking more than 50 mg oral mor-
phine equivalents for chronic pain.34

CONCLUSION
Management of acute pain in opioid-dependent patients 
is a complex and increasingly common problem encoun-
tered by hospitalists. In addition, given the OUD epidemic 
in the United States, safe opioid prescribing has become a 
paramount goal for all physicians. Although acute pain man-
agement will be individualized and will encompass clinical 
judgment, this review provides an evidence-based guide to 
effective and safe acute pain management and optimal opioid 
prescribing for hospitalized opioid-dependent patients.

Disclosure: Nothing to report.
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In this issue of the Journal of Hospital Medicine,  Lusica et al.1 

discuss the utility of urine eosinophils (UEs) in evaluating 
for acute interstitial nephritis (AIN) in patients with acute 
kidney injury (AKI), an important and oft-confused concern 
in medicine. I can’t think of a more appropriate topic for the 
“Things We Do for No Reason” (TWDFNR) series. Numer-
ous tests are ordered in the evaluation of AKI.2 Many, such 
as batteries of serological tests, are unnecessary and add little 
diagnostic information. Some, such as UEs and fractional 
excretion of sodium (FENa), provide misinformation. And 
others, such as contrast-enhanced computed tomography 
scans, are potentially harmful.2 In a previous TWDFNR ar-
ticle, the limitations of FENa in the evaluation of AKI were 
reviewed.3 There are common threads linking the shortcom-
ings of UEs and FENa and even new diagnostic tests. What 
are the lessons from these studies, and how might clinicians 
best apply them in their practice? 

As reviewed in this issue, UE testing is employed in AKI 
to evaluate for hospital-acquired AIN. Small initial studies 
led to widespread use of this test, despite methodological 
flaws.4 A later, definitive study involving 566 patients who 
had both UEs and kidney biopsies performed within the 
same week demonstrated that UEs offered no diagnostic val-
ue in AKI.5 The same pattern occurred in the increased use 
of FENa to distinguish prerenal azotemia from acute tubular 
necrosis in AKI patients.3 Small studies in highly select pa-
tients supported its use for this purpose.6 Subsequently, larger 
studies in more diverse populations noted that FENa was as-
sociated with many false positive and negative results,6 likely 
due to more widespread use of this test in disease states such 
as cirrhosis, congestive heart failure, chronic kidney disease, 
and diabetes, which were not included in initial studies. 

It is apparent that clinicians have been led astray by small, 
flawed positive studies employed in highly selected popula-
tions. These initial positive studies based on excessively large 
effect size estimates were subsequently shown to be negative 
in larger studies with more plausible effect sizes. Examples 
of this error are seen in publications involving prophylactic 
measures to reduce contrast nephrotoxicity.7 Early studies on 
N-acetylcysteine administration prior to radiocontrast expo-
sure showed positive results. Examination of these studies, 

however, demonstrates 2 key problems: 1) inclusion of small 
numbers of patients due to power calculations based on ex-
cessively large effect sizes, and 2) use of clinically unimport-
ant endpoints such as serum creatinine changes.7 The same 
issue complicates studies evaluating isotonic sodium bicar-
bonate vs. normal saline for contrast prophylaxis.7

The past 10-plus years have seen a proliferation of studies 
evaluating the utility of novel biomarkers for early diagno-
sis and prognosis in AKI. Have we fallen down the same 
rabbit hole in evaluating these new diagnostic tests for 
AKI? There is reason for concern if we examine published 
studies of novel biomarkers in other areas of medicine. To 
this point, many highly cited novel biomarker studies used 
for various diagnostic purposes (eg, cancer, infection, car-
diovascular disease) employed excessively large effect size 
estimates for postulated associations that resulted in small, 
underpowered studies with initially positive results.8 Subse-
quent large studies and meta-analyses reported negative or 
modestly positive test results when examining these same 
associations.8 But we may be moving in the right direction. 
An early urine biomarker publication from a small, single 
center study9 revealed overly optimistic results (area under 
the curve [AUC], 0.998; sensitivity, 100%; specificity, 98%) 
for AKI prediction. Subsequent large, multicenter biomark-
er studies showed only modest improvement in their dis-
criminative value when compared with traditional clinical 
models.10 These results precluded U.S. Food and Drug Ad-
ministration (FDA) approval of most novel biomarkers for 
clinical practice and they were not adopted. In 2014, the 
FDA approved the point-of-care urinary biomarker TIMP-2/
IGFBP7 (NephroCheck®) for predicting risk of AKI based 
on fairly rigorous testing using larger numbers of patients, 
heterogeneous populations, and important clinical end-
points.11 In a 522-patient discovery cohort, this biomarker 
had an AUC of 0.80 for AKI prediction, which was vali-
dated in a 722-patient cohort and subsequently followed 
by a 420-patient multicenter cohort study revealing similar 
test characteristics (AUC, 0.82; sensitivity, 92%; specifici-
ty, 46%).11 A study involving 382 critically ill AKI patients 
noted that this biomarker had a hazard ratio of 2.16 (95% 
confidence interval [CI] 1.32 to 3.53) for predicting dialysis 
requirement or death.11 And while this test has yet to find 
its clinical niche, its operating characteristics are well-stud-
ied and likely valid. While predicting AKI earlier does not 
currently result in effective therapy, it may allow more time-
ly discontinuation or avoidance of potentially nephrotoxic 
medications, ultimately reducing the severity of AKI and its 
consequences.
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In summary, clinicians should be aware of the strengths 
and limitations of diagnostic tests ordered in AKI patients, 
as seen with the overly optimistic results in small, flawed 
UE and FENa studies. While we have taken a step in the 
right direction with diagnostic and prognostic biomarkers 
for AKI, we must apply rigorous study design to diagnostic 

tests under evaluation before adopting them into clinical 
practice. Only then can we move the field forward and im-
prove patient care.
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We both attend on the Infectious Disease consult team in 
Veterans Affairs (VA) Hospitals, and predictably the con-
versation on afternoon rounds often revolves around antibi-
otics. When we have those discussions, our focus is not on a 
need to “preserve antibiotics” so they might be available to 
some unknown patient in the future. Rather, we are working 
with the primary team to provide the very best treatment 
for the patient entrusted to our care in the bed right in front 
of us. We believe it is in this context—providing optimal 
patient care—that the current efforts in the United States 
to improve antibiotic use should be viewed.

The growing challenges posed by antibiotic-resistant in-
fections and the related threat of Clostridium difficile infec-
tion combine to sicken more than 2 million people each year 
and contribute to the deaths of more than 25,000 patients.1 
Improving antibiotic use through antibiotic stewardship is 
often proposed to hospitalists as an important part of stem-
ming this tide. While this is true, even as infectious disease 
specialists with strong interests in antimicrobial stewardship 
we do not find that pitch compelling when we are on clinical 
service.

What motivates us to optimize antibiotic use for our pa-
tients is the evidence that doing so will have direct and im-
mediate benefits to the patients under our care. Improving 
antibiotic use has been proven to decrease a patient’s risk of 
acquiring C. difficile infection or an antibiotic-resistant in-
fection not at some ill-defined time in the future, but during 
their current hospital stay.2,3 Even more important, support 
from antibiotic stewardship programs has been proven to 
improve infection cure rates and reduce the risk of treat-
ment failure for hospitalized patients.4 The bottom line of 
antibiotic stewardship is better patient care. Sometimes that 
means narrowing or stopping antibiotics to reduce the risks 
of adverse events. In other cases, like in the treatment of sus-
pected sepsis, it means ensuring patients get broad spectrum 
antibiotics quickly.

The patient care benefits of improving antibiotic use led 
the Centers for Disease Control and Prevention (CDC) 

to issue a call in 2014 for all hospitals to have antibiotic 
stewardship programs, and to the development of The Core 
Elements of Hospital Antibiotic Stewardship Programs to 
support that effort. As of January 1, 2017, antibiotic stew-
ardship programs that incorporate all the CDC core ele-
ments became an accreditation requirement of The Joint 
Commission, and the Centers for Medicare and Medicaid 
Services has proposed making the same requirement of all 
hospitals that participate in their payment programs.

This means the question is no longer whether we should 
have antibiotic stewardship efforts in hospitals, but how we 
can do this most effectively. As the physicians who provide 
the most care in hospitals, hospitalists are best positioned 
to turn stewardship theories into practice. The article from 
Graber et al.5 in this issue of the Journal of Hospital Med-
icine provides some important information that can help 
busy hospitalists incorporate stewardship into daily practice. 
The authors reviewed their experience with implementing 
stewardship efforts in VA hospitals to see which specific in-
terventions were most likely to translate into improved anti-
biotic use. Based on their findings, we offer some suggestions 
for three conditions: pneumonia, urinary tract infection 
(UTI), and skin and soft tissue infection (SSTI). Together, 
these conditions drive roughly two-thirds of all antibiotic 
use in US hospitals.6

STEWARDSHIP IN PRACTICE: PNEUMONIA
The literature on treatment of pneumonia is increasingly 
demonstrating that shorter use of antibiotics is often bet-
ter.7 Even though current guidelines recommend 5 to 7 
days of antibiotics for uncomplicated community-acquired 
pneumonia, average durations of therapy are often longer.8 
Previous work published in the Journal of Hospital Medicine 
focused on improving antimicrobial documentation as well 
as access to local clinical guidelines and implementing a 72-
hour antimicrobial “time out” by hospitalists.9 When these 
multimodal interventions tailored for hospitalists were in 
place, utilization of antibiotics improved. Graber et al.5 also 
found that facility educational programs for prudent antimi-
crobial use and frequency of de-escalation review were asso-
ciated with decreased overall antimicrobial use. Providing 
vague recommendations on antibiotic course, or none at all, 
at discharge or sign-out can lead to unnecessary antibiotics 
or an extended course of them. Pneumonia-specific inter-
ventions could target duration by outlining antibiotic course 
in hospitalist progress notes and at hand-off.
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STEWARDSHIP IN PRACTICE: UTI
Misuse of antibiotics in UTI often stems from overtreatment 
of asymptomatic bacteriuria or unneeded diagnostic testing. 
Often, the pivotal step in avoiding unnecessary treatment 
lies in the ordering of the urine culture.10 Graber et al.5 
showed that order sets were associated with decreased an-
timicrobial use. In the case of UTI, hospitalists could work 
with the stewardship team to design order sets that guide 
providers to appropriate reasons for ordering a urine culture. 
Order sets could also help providers recognize important pa-
tient-specific risks for certain antibiotics, such as the risk of 
C. difficile with fluoroquinolones in an elderly patient. Tar-
geting different steps in overutilization of antibiotics would 
encompass more prescribers and could lead to reducing other 
unnecessary testing, which is a current focus for many hos-
pitalists.

STEWARDSHIP IN PRACTICE: SSTI
Skin and soft tissue infections (SSTI) also offer a specif-
ic disease state to use order sets and education to improve 
duration of antibiotics, decrease overuse of broad spectrum 
antibiotics, and reduce unnecessary diagnostic studies. For 
example, gram negative and/or anaerobic coverage are rarely 
indicated in treating SSTIs but are often used. SSTI-specific 
order sets and guidelines have already been shown to im-
prove both diagnostic work-up and antibiotic treatment.11 
As the providers who manage most of these infections in 
hospitals, hospitalists are ideally positioned to inform the 
development of SSTI order sets and pathways. The work by 
Graber et al.5 provides some important insights into how we 
can effectively implement interventions to improve antibi-
otic use. These insights have never been more important as 
more hospitals move toward starting or expanding antibi-

otic stewardship programs. As leaders in patient safety and 
quality, and as the most important antibiotic prescribers in 
hospitals, hospitalists must play a central role in stewardship 
if we are to make meaningful progress.

Disclosure: Nothing to report. 
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Hospitalist
Successful, collegial, expanding Hospitalist practice in 
beautiful Bucks County is looking for a fulltime Internal 
Medicine specialist. Hospitalists enjoy a fl exible schedule. 
Our Hospitalists provide a variety of services such as ED 
unassigned and primary care coverage, subspecialist 
consultation, ICU and observation coverage and pre and 
post management consultations. Successful candidate 
must be Board Certifi ed or Board eligible. 

We offer a competitive salary, bonus and benefi ts package.

Part time Moonlighting positions also available.

Apply on line at www.doylestownhealth.org/careers

We are “Cape-able” at Cape Fear Valley 
Health System

Join One of the Oldest and Largest Hospitalist Teams in the Nation!

We are seeking BE/BC Internal Medicine or Family Medicine providers 
for growth to a well-established Hospitalist Program. Staff positions 
and dual teaching opportunities are available in our newest residency 
program. Physician leadership with team leads and sub specialty support 
is available.

Our competitive bene� ts and compensation package includes:
• New Generous Compensation Package with Sign-on Bonus 

and Base Guarantee
• Nocturnist Opportunities available
• Managed ICU; Intensivist Staff
• Multiple Locations Offer Practice Options for everyone 

with maximum � exibility
• 15 Shifts/Month
• Relocation Package
• Paid Malpractice Insurance with Tail Coverage
• Health, Dental, 403b and 457b match

Fayetteville is a vibrant, cosmopolitan Southern Community in North 
Carolina. We are one hour from Raleigh, an easy drive east to the 
beaches, and west to the mountains. Fayetteville offers big city amenities, 
low cost of living, regional airport making the location a plus!

Please Contact Cynthia Edelman, Physician Recruiter for more details 
at (910) 615-1888 or cedelman@capefearvalley.com. 

Hospitalist - Maine
Hospitalist position in Picturesque Bridgton, Maine: Bridgton 
Hospital, part of the Central Maine Medical Family, seeks a BC/
BE Internist to join its well-established Hospitalist program. 
Candidates may choose part-time (7/8 shifts/month) to full-time 
(15 shifts/month) position. Located 45 miles west of Portland, 
Bridgton Hospital is located in the beautiful Lakes region of Maine 
and boasts a wide variety of outdoor activities, including boating, 
kayaking, � shing, and skiing. Bene� ts include medical student 
loan assistance, competitive salary, highly quali� ed colleagues and 
excellent quality of life. For more information visit our website at 
www.bridgtonhospital.org. 

Interested candidates should contact Julia Lauver, 
CMMC Physician Recruitment, 300 Main Street, Lewiston, ME 
04240; email LauverJu@cmhc.org; call 800/445/7431; 
fax 207/755-5854. 

Tri County Hospitalists  
Board Certi� ed/Eligible 

Internal Medicine and Family Medicine
Hospitalists and Nocturnists

Tri County Hospitalists LLC, a physician owned and 
physician run group seeks motivated physicians to join a 
dynamic team of 40+ providers at more than four locations 
in Philadelphia region. 

Highlights:
•  Full-time or part-time Hospitalist positions
•  Day or night shifts available 
•  Flexible scheduling 
•  Teaching opportunities with residents, NP/PA students
•  Emphasis on patient experience, quality and safety
•  Average encounter number of 14-18/day
•  Secure employment with low physician turnover
•  Potential for career advancement in administrative, quality 

or educational roles

Employment Eligibility:
Must be Board Certifi ed/Eligible in Internal or Family Medicine.

Contact: 
Navneet K Sharma,MD
Phone: 2676645742
E-mail: tricountyhospitalists@gmail.com
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Hospitalist/Nocturnist Opportunities
Cambridge Health Alliance (CHA) is a well respected, nationally 
recognized and award-winning public healthcare system, which receives 
recognition for clinical and academic innovations. Our system is 
comprised of three campuses and an integrated network of both primary 
and specialty care practices in Cambridge, Somerville and Boston’s 
Metro North Region. CHA is a teaching af� liate of both Harvard 
Medical School (HMS) and Tufts University School of Medicine and 
opportunities for teaching medical students and residents are plentiful. 

We are currently recruiting BC/BE Hospitalist/Nocturnist to join 
our division of approximately 20 physicians to cover inpatient services 
at both our Cambridge and Everett campuses. This position has 
both day and night clinical responsibilities. Ideal candidates with be 
FT (will consider PT), patient centered, posses excellent clinical/
communication skills and demonstrate a strong commitment to work 
with a multicultural, underserved patient population. Experience and 
interest in performing procedures, as well as resident and medical 
student teaching is preferred. All of our Hospitalists/Nocturnist hold 
academic appointments at Harvard Medical School. At CHA we offer 
a supportive and collegial environment, a strong infrastructure, a fully 
integrated electronic medical record system (EPIC) and competitive 
salary/bene� ts package.

Please send CV’s to Deanna Simolaris, Department of Physician 
Recruitment, Cambridge Health Alliance, 1493 Cambridge Street, 
Cambridge, MA 02139, via e-mail: dsimolaris@challiance.org, via fax 
(617) 665-3553 or call (617) 665-3555. www.challiance.org. We are 
an equal opportunity employer and all quali� ed applicants will receive 
consideration for employment without regard to race, color, religion, 
sex, sexual orientation, gender identity, national origin, disability status, 
protected veteran status, or any other characteristic protected by law.
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