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Bundle in the Bronx: Impact of a Transition-of-Care
Outpatient Parenteral Antibiotic Therapy Bundle on AllCause 30-Day Hospital Readmissions
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Matthew Palombelli,2 Vinnie Frank Pierino,2 Vanessa Parsons,2 Amy Ehrlich,3 Belinda Ostrowsky,1 Marilou Corpuz,1 and Liise-anne Pirofski1,5
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Division of Infectious Diseases, Department of Medicine, 2Department of Medicine, and 3Division of Geriatrics, Department of Medicine, Montefiore Medical Center, 4Division of Biostatistics,
Department of Epidemiology and Population Health and 5Department of Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, New York; 6New York City Department of
Health and Mental Hygiene, Division of Disease Control, Bureau of STD Prevention and Control, New York; and 7Division of Infectious Diseases and Health Policy Research Institute, University of
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Background. A streamlined transition from inpatient to outpatient care can decrease 30-day readmissions. Outpatient parenteral antibiotic therapy (OPAT) programs have not reduced readmissions; an OPAT bundle has been suggested to improve outcomes.
We implemented a transition-of-care (TOC) OPAT bundle and assessed the effects on all-cause, 30-day hospital readmission.
Methods. Retrospectively, patients receiving postdischarge intravenous antibiotics were evaluated before and after implementation of a TOC-OPAT program in Bronx, New York, between July, 2015 and February, 2016. Pearson’s χ2 test was used to compare
30-day readmissions between groups, and logistic regression was used to adjust for covariates. Time from discharge to readmission
was analyzed to assess readmission risk, using log-rank test to compare survival curves and Cox proportional hazards model to
adjust for covariates. Secondary outcomes, 30-day emergency department (ED) visits, and mortality were analyzed similarly.
Results. Compared with previous standard care (n = 184), the TOC-OPAT group (n = 146) had significantly lower 30-day
readmissions before (13.0% vs 26.1%, P < .01) and after adjustment for covariates (odds ratio [OR] = 0.51; 95% confidence interval
[CI], 0.27–0.94; P = .03). In time-dependent analyses, TOC-OPAT patients were at significantly lower risk for readmission (log-rank
test, P < .01; hazard ratio = 0.56; 95% CI, 0.32–0.97; P = .04). Propensity-matched sensitivity analysis showed lower readmissions
in the TOC-OPAT group (13.6% vs 24.6%, P = .04), which was attenuated after adjustment (OR = 0.51; 95% CI, 0.25–1.05; P = .07).
Mortality and ED visits were similar in both groups.
Conclusions. Our TOC-OPAT patients had reduced 30-day readmissions compared with the previous standard of care. An
effective TOC-OPAT bundle can successfully improve patient outcomes in an economically disadvantaged area.
Keywords. bundle; outpatient parenteral antibiotic therapy; readmission; transitional care model.

Outpatient parenteral antibiotic therapy (OPAT), administered
in the home or other outpatient settings, has been increasingly
used since the 1970s as a cost-effective alternative to prolonged
hospitalization for management of patients with infectious conditions [1–6]. The use of OPAT has made it possible to discharge
patients from the hospital earlier with many complex conditions that require prolonged intravenous (IV) antimicrobial
therapy (endocarditis, osteomyelitis, prosthetic joint infections,
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complicated skin and soft tissue infections, intra-abdominal
abscesses, etc) [1]. However, readmissions due to treatment
failure, antibiotic-related adverse events, and IV-access complications are common [7–13]. As a result, current guidelines
recommend close outpatient monitoring of patients receiving
OPAT by a multidisciplinary team [14, 15].
In 2013, Muldoon et al [16] proposed an OPAT bundle as an
evaluation tool for “an active performance improvement program” outlined in the Infectious Diseases Society of America
OPAT guidelines [14]. They recommended a 6-part bundle
comprised of patient selection, infectious diseases (ID) consultation, patient/caregiver education, discharge planning, outpatient monitoring/tracking, and a program outcomes review for
quality improvement and optimization of OPAT care [16]. To
date, few studies have evaluated the use of the proposed bundle
and effect on clinical outcomes, such as 30-day readmissions.
Since 2012, the Affordable Care Act has required the Center
for Medicaid and Medicare Services to reduce payments to
hospitals with excess 30-day readmissions under the Hospital
Readmissions Reduction Program [17]. Several studies have
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demonstrated the benefits of inpatient ID consultation on
patient outcomes including 30-day readmissions [18, 19].
However, limited available data have not demonstrated a significant reduction in readmissions for OPAT programs [20, 21].
In contrast, studies in primary care settings have shown that
a transitional care model incorporating phone calls to patients
after hospital discharge, early outpatient physician follow-up
visits, and clear communication between the inpatient and outpatient treatment teams are associated with improved 30-day
readmissions [22–25].
A study evaluating infection-related 30-day readmissions
found that hospitals serving a high proportion of patients living
in a federal poverty area had higher all-cause and infection-related readmission rates [26]. Among more than 300 acute care
hospitals studied, those with higher all-cause readmissions had
a higher proportion of nonwhite, noncommercially insured
patients from crowded homes in poor zip codes. The study’s
findings highlight the challenge of improving infection-related
outcomes in disadvantaged patients in poverty-affected areas.
The Bronx is New York City’s (NYC) poorest borough, with
a median household income of $33 079 compared with $57 255
in New York State (NYS) [27, 28]. Several Bronx neighborhoods
are seated in the nation’s poorest Congressional district [28]. As
of 2014, 30.7% of the 1.4 million Bronx County residents live
below poverty level [27]. Approximately 80% of adult Bronx residents have health insurance and a regular healthcare provider,
but mortality rate per 100 000 exceeds that of all other counties
in the city [27]. In addition, emergency department (ED) visit
rate and hospitalization rate per 10 000 exceed that of both NYC
and NYS [27]. The Bronx is also the least healthy county in NYS
with the highest proportion of adult patients who are diabetic,
obese, actively smoke, and have poor mental health [29].
The Montefiore Health System is the largest healthcare provider network serving the Bronx, with 1512 inpatient beds and
296 614 ED visits in 2015. In 2013, 51% of Bronx residents had
Medicaid claims [30], and 2014 Medicare spending in Bronx
County was $15 209 per capita vs $9501 nationally [31]. In 2013,
Montefiore ranked first among Bronx Hospitals in percentage of
providers serving Medicaid beneficiaries [30].
To address the needs of our complex patient population,
transitional care models and the proposed OPAT bundle were
adapted to design and pilot a multidisciplinary OPAT service at
Montefiore Medical Center. The Transition-of-Care Outpatient
Parenteral Antibiotic Therapy (TOC-OPAT) Program was initiated in July 2015. We aimed to assess its impact on hospital
readmissions, ED use, and mortality in an economically disadvantaged setting.
METHODS
Study Design

We conducted a retrospective study of patients who received
inpatient ID consultation and IV antibiotics after hospital
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discharge. We compared those enrolled in the Montefiore TOCOPAT program and discharged between July 2015 and February
2016 with those receiving the previous standard of care that
were discharged from January 2015 to June 2015. Clinical data
were extracted using the TOC-OPAT program registry and
Montefiore’s electronic medical record system using healthcare
surveillance software (Clinical Looking Glass [CLG]; Emerging
Health Information Technology, Yonkers, NY) and chart review.
The Institutional Review Board of Montefiore Medical Center
approved the study.
Inclusion and Exclusion Criteria

Patient selection and exclusions are summarized in Figure 1.
Patients were included if they were aged 18 years and older and
discharged from the hospital to either home or skilled-nursing
facility after ID consultation with IV antibiotics. Patients were
excluded if they expired before hospital discharge, were transferred to the inpatient rehabilitation unit or outside hospitals,
did not receive inpatient ID consultation to assess the appropriateness of outpatient IV antibiotics, or did not ultimately receive
IV antibiotics after hospital discharge.
Baseline Assessment

We examined age, gender, race, ethnicity, insurance type,
Charlson comorbidity score, admitting service, discharge
disposition, discharge diagnosis based on International
Classification of Diseases, Ninth Revision (ICD-9) or ICD-10
code (Supplementary Table 1), length of initial hospital stay
(LOS), antibiotics prescribed, and prior hospitalizations in the
preceding 12 months for both groups.
Transition-of-Care Outpatient Parenteral Antibiotic Therapy

Based on the OPAT bundle components proposed by Muldoon
et al [16], we developed a TOC-OPAT model described in Table
1, using existing personnel and leveraging ID, antimicrobial
stewardship, quality improvement, and programmatic expertise at the Montefiore Medical Center. Inpatient ID consultants identified adult patients requiring IV antibiotic therapy
post-discharge, and referral was placed to our program. Our
multidisciplinary team evaluated patients for optimal disposition plan (home versus skilled nursing facility). Patients and
caregivers were educated on risks and benefits of therapy, line
maintenance, and antibiotic infusion where appropriate.
The program administrator scheduled an outpatient appointment within 2 weeks of the anticipated discharge and relayed
details to referring provider. The inpatient ID consultant completed an electronic transition note with a comprehensive treatment plan accessible to all inpatient and outpatient providers.
The treatment plan was also shared with the patient, receiving homecare agency, or nursing facility and included in the
patient’s discharge summary.
Patients were contacted shortly after hospital discharge to
discuss new concerns and to confirm the upcoming OPAT

Control
Patients age ≥ 18 years old
discharged on intravenous
antibiotics (January-June 2015)
(N = 431)

TOC-OPAT
Patients enrolled in TOC-OPAT
Program (July 2015-February 2016)
(N = 179)

Excluded (n = 33)

Excluded (N = 247)

–No antibiotics after discharge (n = 5)

–No ID consult (N = 246)

–Only oral antibiotics after discharge
(N = 26)
–Transfer to inpatient rehab or
outside hospital (N = 2)

–Transfer to inpatient rehab or
outside hospital (N = 1)

Control Included
(N = 184)

TOC-OPAT Included
(N = 146)

Figure 1. Patient selection and exclusions for control and Transition-of-Care Outpatient Parenteral Antibiotic Therapy (TOC-OPAT) groups. For the control group, 431
patients age 18 and older who were discharged from the hospital to their home or a skilled nursing facility from January 1, 2015 to June 30, 2015 and received intravenous
(IV) antibiotics after discharge were identified retrospectively using Clinical Looking Glass software (Emerging Health Information Technology, Yonkers, NY). Of those, patients
were excluded if they did not receive an Infectious Diseases (ID) consult before hospital discharge to assess the appropriateness of outpatient IV antibiotics (n = 246) or
were transferred to an outside hospital or to the inpatient rehabilitation (rehab) unit (n = 1). The remaining 184 patients were included in the control group analysis. For the
TOC-OPAT group, 179 patients (all age 18 or older) were referred to the program by inpatient ID providers and subsequently discharged from the hospital to their home or
a skilled nursing facility between July 1, 2015 and February 29, 2016. Of those, patients were excluded (1) if they did not receive any antibiotics (n = 5) or exclusively oral
antibiotics (n = 26) after discharge or (2) if they were transferred to an outside hospital or the inpatient rehabilitation unit (n = 2). The remaining 146 patients were included
in the TOC-OPAT group analysis.

appointment. The OPAT physicians saw patients at regular intervals during their treatment course, and all changes in care plan
were coordinated with the homecare agency or nursing facility.
At the conclusion of IV antibiotic therapy, the OPAT physician
arranged for IV line removal as appropriate. Attendance at
TOC-OPAT appointments was not required for inclusion into
the TOC-OPAT cohort; the OPAT team reviewed and acted on
available test results and communicated with homecare agencies and nursing facilities for patients who were referred but did
not attend appointments. The TOC-OPAT registry was created
for surveillance and program auditing. Data were presented at
quarterly OPAT performance improvement meetings.
Control Group

Under the previous standard of care, inpatient ID consultants
evaluated patients in the hospital and recommended IV antimicrobial regimens after hospital discharge. Patients were
referred for home infusion with contracted agencies or skilled
nursing facilities based on insurance coverage, patient preference, living conditions, and caregiver support. A member of
the primary team signed homecare orders and IV antimicrobial prescriptions upon hospital discharge. The primary team
was often responsible for arranging ID outpatient follow up
and documenting details in the discharge summary. Infectious
diseases appointments were not guaranteed within 2 weeks of
hospital discharge, and no specific outreach to patient was performed before ID appointment. Outpatient laboratory testing

was inconsistently performed, and results were sent back to the
inpatient attending of record. There was no consistent procedure for IV line removal at completion of therapy.
Clinical Outcomes

Primary outcome was all-cause, 30-day hospital readmission.
Secondary outcomes were all-cause, 30-day ED visit and allcause, 30-day mortality. We examined the reason for rehospitalization, including whether the admission was related to the
infection or treatment and whether it was planned. We compared outpatient ID follow up before and after implementation
of the TOC-OPAT program. We also examined adverse events
and clinical failures during IV therapy for the TOC-OPAT
group, including whether those events were associated with a
readmission or ED visit. Adverse events and failures could not
be accurately assessed for the control group due to poor clinical
follow up and lack of documentation.
Statistical Methods

Baseline characteristics were compared between the TOC-OPAT
and previous standard care groups using Wilcoxon-MannWhitney tests for continuous variables and Pearson’s χ2 tests or
Fisher’s exact tests for categorical variables. Pearson’s χ2 test was
used to compare the proportion of patients with a readmission
within 30-days of index hospital discharge, and multivariate logistic regression was used to adjust for covariates (see below for the list
of covariates). For time-dependent analysis, time to readmission
Transition-of-Care OPAT Bundle Reduced 30-Day Readmissions • OFID • 3

Table 1.
Bundle

Transition-of-Care Outpatient Parenteral Antibiotic Therapy

Bundle Components

Description

Multidisciplinary OPAT team • Inpatient social work team
• ID physicians
• OPAT nurse coordinator
• Program administrator
• Data manager
• Homecare infusion liaisons
• SNFs
Patient disposition screening • Discussion of risks and benefits
• Evaluation of home environment/support
network
• Insurance authorization of home-OPAT vs
SNF
• Patient engagement with plan
Patient and family education • Home-OPAT patients: training on aseptic
technique for IV antibiotic infusion and line
maintenance
• Medication side effects and potential
complications
• Trouble-shooting strategies
• Contact numbers for medical providers and
infusion nurses
Inpatient ID consultation

Care transition

• Referral to OPAT program via email
• Transition note in EMR:
o Hospital course
o Surgical procedures
o Microbiology results
o Radiology results
o Duration of IV antibiotics
o Frequency of lab monitoring
o Time, date, and location of outpatient ID
appointment
o Outpatient ID provider phone number
o OPAT fax number
• Plan relayed to inpatient provider team
• Inpatient providers coordinate discharge with
inpatient social workers and order necessary
monitoring laboratory tests based on IDSA
OPAT guidelines [14]
• OPAT plan documented in discharge summary and communicated to patient and outpatient providers

Outpatient care coordination • OPAT nurse contacts patient or caregiver after
hospital discharge to address concerns and
provide appointment reminder
• OPAT physicians evaluate patients in clinic
at regular intervals and monitor laboratory
results
• OPAT physicians communicate with homecare agencies or SNFs with updates to
treatment plan
• OPAT physician arranges for IV line removal at
the end of treatment
• OPAT nurse continues patient outreach and
elicits program feedback
OPAT program measures

• Patient data and outcomes recorded in TOCOPAT program registry
oReadmissions
oED visits
oAdverse events
oTreatment failures
oAppointment adherence
• Quarterly performance improvement
meetings

Abbreviations: ED, emergency department; EMR, electronic medical record; ID, infectious
diseases; IDSA, Infectious Diseases Society of America; IV, intravenous; OPAT, outpatient
parenteral antibiotic therapy; SNF, skilled nursing facility; TOC, transition of care.
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was defined as the time from hospital discharge to the date of
readmission; patients who were not readmitted within 30 days
were censored on the date of death or at 30 days, whichever came
first. Log-rank tests were used to compare Kaplan-Meier survival
curves between the 2 groups, whereas Cox proportional hazards
models were used to adjust for covariates. Emergency department visits and mortality within 30 days were analyzed similarly
as 30-day readmission. For both logistic and cox regressions,
we first assessed each of the following variables in univariable
models: age, gender, race/ethnicity, language, insurance, admission service, disposition, diagnosis group, length of hospital stay,
Charlson comorbidity score, and number of hospitalizations in
the 12 months preceding the index admission. Charlson comorbidity score, and not individual comorbid conditions, was used
to compare the 2 groups as an aggregate measure of comorbid
disease to render the model more parsimonious. The final multivariate logistic regression model included variables with a P value
of <.25 in the univariable model. As a sensitivity analysis, we used
propensity score (PS) matching to match the 2 groups. The variables used in matching included age, gender, race/ethnicity, insurance, admission service, diagnosis group, length of hospital stay,
disposition, Charlson score, and number of hospitalizations in the
12 months preceding the index admission. Matched datasets were
then analyzed similarly as the full dataset.
RESULTS

There were 146 patients in the TOC-OPAT program and 184
patients in the control group (Table 2). The 2 groups were similar in age, gender, race/ethnicity, Spanish as primary language,
insurance, length of hospital stay of the index visit, antibiotic
drug class received, and number of prior hospitalizations. The
OPAT group included a lower proportion of patients admitted
to the medical service and a higher proportion admitted to a
surgical service during the index hospital admission. There
were differences in discharge diagnosis categories between the
control and TOC-OPAT groups (P < .01) and a higher proportion of patients in the TOC-OPAT than the control group discharged to home (58% vs 45%, P = .02).
At baseline, Charlson comorbidity scores were lower in the
TOC-OPAT group (median 3 [interquartile range {IQR}, 1–5]
vs 5 [IQR, 3–7], P < .01). When comparing individual comorbidities, the TOC-OPAT group had a lower proportion of
patients with myocardial infarction or congestive heart failure
(P < .01), cerebrovascular disease (P < .01), chronic pulmonary
disease (P = .02), liver disease (P = .046), hemi- or paraplegia
(P < .01), and renal disease (P < .01). Other individual comorbidities were similar for the 2 groups.
Primary Outcome: 30-Day Readmission

The proportion of patients with 30-day readmissions was significantly lower in the TOC-OPAT group compared with the

Table 2. Baseline Characteristics for TOC-OPAT and Previous Standard
of Care Groups at the Time of Index Hospital Discharge
Baseline Patient
Characteristics

TOC-OPAT
(n = 146)

Standard Care
(n = 184)

Age, mean (SD), years

59.9 (14)

P Valuea

61.7 (16.4)

.11

62 (42)

81 (44)

.78

Hispanic or Latino

35 (24)

47 (26)

Non-Hispanic white

29 (20)

19 (10)

Non-Hispanic black

51 (35)

65 (35)

Non-Hispanic other

9 (6)

12 (7)

22 (15)

41 (22)

English

115 (79)

147 (80)

Spanish

25 (17)

32 (17)

5 (3)

5 (3)

Public

111 (76)

147 (80)

Private

35 (24)

37 (20)

Medicine

96 (66)

144 (78)

Surgical

50 (34)

40 (22)

Female, n (%)
Race/ethnicity, n (%)

Unknown

.12

Language n, (%)

Other

Disposition: P = .02 when excluding 1 patient with unknown disposition.

.01

Antibiotic Class Received, n (%)b
Beta-Lactam

106 (73)

128 (70)

.55

Glycopeptide

51 (35)

72 (39)

.43

Lipopeptide

4 (3)

8 (4)

.56

Aminoglycoside

2 (1)

9 (5)

.12

Fluoroquinolone

2 (1)

0 (0)

Lincosamide

1 (< 1)

1 (< 1)

Azole

1 (< 1)

0 (0)

ICD groups, n (%)
Bone and joint infection

57 (39)

16 (9)

4 (3)

25 (14)

Diabetes-related infection

8 (6)

13 (7)

Septicemia

42 (29)

63 (34)

Skin and soft tissue
infection

11 (8)

6 (3)

Other

24 (16)

61 (33)

10 (7,15)

10 (7,15)

Hospital length of stay, days,
median (IQR)

.44

Home

85 (58)

82 (45)

Facility

61 (42)

101 (55)

0

1 (< 1)

3 (1,5)

5 (3,7)

<.01

MI or CHF

31 (21)

83 (45)

<.01

PVD

37 (25)

64 (35)

.06

CVD

15 (10)

44 (24)

<.01

Charlson score, median (IQR)
Individual Comorbidities, n (%)

Dementia

8 (5)

13 (7)

.56

44 (30)

78 (42)

.02

Rheumatologic disease

5 (3)

7 (4)

1.00

PUD

8 (5)

11 (6)

.85
.046

Chronic pulmonary disease

Liver disease

24 (16)

47 (26)

DM

85 (58)

103 (56)

.68

6 (4)

24 (13)

<.01

Renal disease

42 (29)

88 (48)

<.01

Malignancy

20 (14)

35 (19)

.20

3 (2)

11 (6)

.10

Hemi/paraplegia

HIV/AIDS
Number of prior hospitalizations, median (IQR)

1 (0,3)

1 (0,2)

control group receiving the previous standard of care (13.0% vs
26.1%, P < .01) (Table 3). Adjusting for age, gender, Charlson
comorbidity score, and prior hospitalizations, patients in the
TOC-OPAT group were still significantly less likely to be readmitted as indicated by the following: adjusted odds ratio (OR)
of 0.51 and 95% confidence interval (CI), 0.27–0.94 (P = .03)
(Table 4).
Kaplan-Meier curves are plotted in Supplementary Figure 2.
Time-dependent analysis results showed that the risk of readmission was also significantly lower in the TOC-OPAT group
(log-rank test, P < .01). When adjusting for age, gender, comorbidity, and prior hospitalizations, TOC-OPAT patients were
still at significantly lower risk for readmission as indicated by
the following: adjusted hazard ratio (HR) of 0.56 and 95% CI,
0.32–0.97 (P = .04) (Table 4).
In the sensitivity analysis, the PS-matched datasets included
110 patients per group. Thirty-day readmission was significantly lower in the OPAT group, 13.6% vs 24.6% (P = .04). The
risk for readmission was also lower in the OPAT group (logrank P = .04). When adjusting for age, gender, Charlson score,
and prior hospitalizations, these associations were attenuated:

.87
.02c

Disposition, n (%)

Unknown

.20
1.00
<.01

Cardiovascular infection

a
Wilcoxon-Mann-Whitney tests were used to compare continuous variables between the
2 groups, whereas Pearson’s χ2 tests or Fisher’s exact tests were used for comparing
categorical variables.

c

.40

Admission service, n (%)

Continued

Abbreviations: AIDS, acquired immune deficiency syndrome; CHF, congestive heart
failure; CVD, cerebrovascular disease; DM, diabetes mellitus; HIV, human immunodeficiency virus; ICD, International Classification of Diseases; IQR, interquartile range; MI,
myocardial infarction; PUD, peptic ulcer disease; PVD, peripheral vascular disease; SD,
standard deviation; TOC-OPAT, Transition-of-Care Outpatient Parenteral Antibiotic Therapy
Program.

b
Some patients received more than 1 antibiotic. TOC-OPAT group: no patients received
3 antibiotics, 22 received 2 antibiotics, and 124 received 1 antibiotic. Control group: 5
patients received 3 antibiotics, 37 received 2 antibiotics, and 142 received 1 antibiotic.

.94

Insurance n, (%)

Table 2.

.22

Table 3. All-Cause 30-Day Readmission, All-Cause 30-Day Emergency
Department Visit, and All-Cause 30-Day Mortality in the TOC-OPAT Group
Compared With Previous Standard of Care Group

Outcome

TOC-OPAT
(n = 146)

Standard Care
(n = 184)

P Valuea

30-day readmission, n (%)

19 (13.0)

48 (26.1)

<.01

30-day ED visit, n (%)

35 (24.0)

56 (30.4)

.19

1 (0.7)

3 (1.6)

30-day all-cause mortality, n (%)

.63

Time to readmissionb, days, median
(IQR)

30 (30–30)

30 (25–30)

Time to ED visitc, days, median (IQR)

30 (30–30)

30 (20.5–30)

.18

Time to deathd, days, median (IQR)

30 (30–30)

30 (30–30)

.43

<.01

Abbreviations: ED, emergency department; IQR, interquartile range; TOC-OPAT, Transitionof-Care Outpatient Parenteral Antibiotic Therapy Program.
a
Pearson’s χ2 tests or Fisher’s exact tests were used for comparing categorical variables
between the 2 groups. Time-dependent variables were compared using log-rank test.
b
Time to readmission was defined as the time from hospital discharge to the date of readmission; patients who were not readmitted within 30 days were censored on the date of
death or at 30 days, whichever came first.
c

Time to ED visit was defined similarly as time to readmission.

d

Time to death was defined as the time from hospital discharge to the date of death;
patients who had not died within 30 days were censored at 30 days.
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Table 4. Effects of TOC-OPAT Intervention Compared With Previous Standard of Care on All-Cause 30-Day Readmissions and Days to Readmission While
Adjusting for Covariates
Logistic Regression Results for 30-Day Readmission
Effect

OR

OR 95% CI

Cox Regression Results for Days to Readmission

P Value

HR

HR 95% CI

P Value

TOC-OPAT vs standard care

0.51

0.27

0.94

.03

0.56

0.32

0.97

.04

Age, every additional year of age

1.02

1.00

1.04

.11

1.01

1.00

1.03

.14

Female vs male

0.49

0.27

0.89

.02

0.55

0.33

0.92

.02

Charlson score, every additional
point in the score

1.04

0.95

1.14

.38

1.03

0.96

1.11

.40

Prior hospitalizations, every additional hospitalization

1.22

1.07

1.40

<.01

1.21

1.09

1.34

<.01

Abbreviations: CI, confidence intervals; HR, hazard ratio; OR, odds ratio; TOC-OPAT, Transition-of-Care Outpatient Parenteral Antibiotic Therapy Program.

OR = 0.51 (95% CI, 0.25–1.05), P = .07 and HR = 0.57 (95% CI,
0.30–1.08), P = .09.
Secondary Outcomes: 30-Day Emergency Department Visit and Mortality

Mortality was low in both groups and not significantly different (Table 3). Emergency department visits were not different
between the groups (Table 3). Kaplan-Meier curves were similar
for both outcomes (Supplementary Figure 2).
Additional Outcomes: Reason for Readmission, Outpatient Infectious
Diseases Follow-up Rates, Adverse Events, and Treatment Failures

Reason for readmission is summarized in Table 5. There were 2
planned readmissions in the TOC-OPAT group and 1 planned
readmission in the control group, all of which were for staged
surgical procedures related to the index infection. There were
no significant differences in the causes for readmission between
the TOC-OPAT group and standard of care group.
In the TOC-OPAT group, 67% attended an ID follow-up
visit within 30 days of discharge compared with 18% in the
control group (P < .01). In the TOC-OPAT group, attendance
of ID outpatient appointments improved from 70% in the first
month of the intervention period to 81% in the last month of
the intervention period. There were 31 reported adverse events
occurring in 27 patients (18.5% of patients) in the TOC-OPAT
group (Table 6). The most commonly reported adverse events
were IV access-related problems (deep vein thrombosis, displacement, malfunction, or infection) and renal failure. Of the
Table 5. Reasons for Readmission in TOC-OPAT and Previous Standard
of Care Groups

Reason for Readmissiona

TOC-OPAT
(n = 19)

Standard Care
(n = 48)
P Value

Related to index infection, n (%)

7 (36.8%)

19 (39.6%)

.84

Complication of treatment, n (%)

5 (26.3%)

14 (29.2%)

1.00

Unrelated to index infection or treatment, n (%)

7 (36.8%)

17 (35.4%)

.91

Planned admission, n (%)

2 (10.5%)

1 (2.1%)

.19

Abbreviation: TOC-OPAT, Transition-of-Care Outpatient Parenteral Antibiotic Therapy
Program.
a
Two patients in the standard care group had a readmission that was both related to the
index infection and due to complication of the treatment. All planned admissions in both
groups were staged surgical procedures and considered related to the index infection.
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31 adverse events, 9 (29%) required an ED visit and 7 (23%)
required hospital admission for management. Only 1 patient
developed Clostridium difficile colitis in the TOC-OPAT cohort.
Additional operative management or a major change in antimicrobial management for treatment failure was required in 16
(11.0%) TOC-OPAT patients.
DISCUSSION

Patients in the TOC-OPAT program had significantly fewer allcause, 30-day readmissions than those who received the previous standard of care, despite similar inpatient length of stay,
ED use, and an adverse event rate of 18.5%. The TOC-OPAT
patients also had a higher rate of outpatient ID follow-up.
Readmission reduction using a TOC bundle approach for
high-risk patients with infectious diseases has the potential for
broad impact, considering that infection-related readmissions
account for approximately one third of all readmissions, and
other similarly socioeconomically disadvantaged patient populations have demonstrated a high risk for rehospitalization [26].
Antibiotic- or IV access-related adverse events were observed
in the TOC-OPAT patient cohort at a rate similar to that
described in previously published studies [5, 9]. Although
18.5% of patients experienced an adverse event in the TOCOPAT group, less than one third of those events necessitated an
ED visit, and less than one quarter of the events required a hospital readmission. Overall ED use was similar in both groups,
but the TOC-OPAT patients were less likely to be readmitted to
the hospital. We hypothesize that adverse events or problems in
TOC-OPAT patients are detected sooner due to active surveillance and close follow-up and can be managed on an outpatient
basis when detected early with support from a multidisciplinary
team of providers, enabling safe ED discharge and avoiding
readmission.
Our study is novel in demonstrating a significant reduction
in readmission in OPAT patients using a TOC bundle. Our
findings are particularly relevant given that OPAT patients
have 30-day readmission as high as 50% in some populations
[10]. A similar 2013 study evaluated the impact of an ID transition service on OPAT patient readmissions and ED visits. This

Table 6. Adverse Events in TOC-OPAT Patients

Adverse Events
Total

Incidence N (% of All Adverse
Events)

Required ED Visit N (% of All Adverse
Events)

Required Readmission N (% of All Adverse
Events)

31 (100)

9 (29)

7 (23)

IV access-related

9 (29)

6 (19)

4 (13)

Renal failure

8 (26)

2 (7)

2 (7)

GI

4 (13)

0 (0)

0 (0)

Rash

3 (10)

0 (0)

0 (0)

Cytopenia

2 (7)

0 (0)

0 (0)

Transaminitis

1 (3)

0 (0)

0 (0)

Drug fever

1 (3)

0 (0)

0 (0)

Rhabdomyolysis

1 (3)

0 (0)

0 (0)

Altered mental status

1 (3)

1 (3)

1 (3)

Pruritis

1 (3)

0 (0)

0 (0)

Abbreviations: ED, emergency department; GI, gastrointestinal symptoms; IV, intravenous; TOC-OPAT, Transition-of-Care Outpatient Parenteral Antibiotic Therapy Program.

study also evaluated secondary process measures such as antimicrobial prescribing errors, laboratory monitoring frequency,
and completion of ID follow up within 60 days. However, the
authors did not observe a significant difference in readmissions
or ED visits, although an improvement in secondary process
measures was observed [18]. Our data support implementation of a comprehensive OPAT bundle, as recommended by
Muldoon et al [16], for enhanced quality of OPAT care. Our
model is widely applicable to complex, urban, economically disadvantaged patient populations.
A TOC-OPAT model offers significant cost-savings potential
by reducing hospital readmissions. Based on internal auditing,
a total of 931 adult patients were discharged on IV antibiotics
from Montefiore Medical Center in 2015. Based on our hazard
ratio of 0.56, if 30-day readmissions among patients at our medical center are reduced by 44% using the OPAT transitional care
model, 97 readmissions could be averted per year. Data from
the Agency for Healthcare Research and Quality shows that the
average cost of a nonmaternal adult 30-day readmission ranges
across payers from $8600 to $15 700 [32]. Therefore, the potential hospital-based cost savings of this program ranges from
$834 200 to $1 522 900 per year.
Our study has several limitations. Patient data extracted from
CLG were limited to conditions documented in the electronic
health record, which could underestimate the prevalence of
comorbidities, although this presumably impacted the control
and TOC-OPAT groups equally. Adverse events could not be
evaluated for the control group due to lack of available data
as a result of inadequate documentation and poor clinical follow-up; thus, it is unclear whether the adverse event rate was
different in the control group and whether a bundle could have
mitigated the risk of adverse event-related readmissions in this
group. Duration of anticipated OPAT was often vague (a wide
range or not well documented by clinicians) in both groups;
thus, we were unable to evaluate the effect of this variable on
readmission rates. There were clinical differences between the

groups for admitting service, discharge diagnosis, disposition,
and Charlson scores. Admitting service, discharge diagnosis,
and disposition were not associated with 30-day readmission
in the univariable logistic regression analysis (P = .82, P = .35,
and P = .58, respectively) and therefore not considered confounders. Although Charlson score was associated with 30-day
readmission in the univariable logistic regression (OR = 1.12;
95% CI, 1.04–1.21; P < .01), the adjusted analysis still shows
fewer readmissions in the TOC-OPAT group. Although below
the threshold for statistical significance, analysis of PS-matched
data shows a similar trend to the unmatched adjusted analysis, and failure to meet statistical significance may indicate
lack of power and small sample size rather than a lack of difference between outcomes. However, it is also possible that the
lack of significance in the propensity-matching analysis is due
to the fact that baseline differences between the intervention
and control groups account for the difference in readmission
rates. Review of previous studies examining factors associated
with readmission in OPAT patients suggests that some characteristics, such as prior hospitalization and anticipated duration of OPAT, are consistently associated with readmission in
different studies, whereas others, such as age and Charlson
score, are variable, and different studies draw discordant conclusions. A prediction model for 30-day hospital readmissions
in OPAT patients developed by Allison et al [33] found that
age, aminoglycoside use, resistant organisms, and prior hospitalization in the preceding 12 months were associated with
readmission, whereas Charlson score was not. Means et al [12]
studied predictors of readmission in OPAT patients and found
that prior hospitalization, longer planned OPAT duration, and
history of lymphoma were associated with readmission. Huck
et al [11] examined the impact of laboratory test result availability and readmission and found that nonavailability of laboratory tests, longer anticipated OPAT duration, and Charlson
score were associated with readmission, whereas age was not.
Further study of different OPAT populations could be helpful in
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understanding the impact of different contributing factors for
rehospitalization and in identifying ways to improve the bundle
to assist patients at high risk.
CONCLUSIONS

Overall, we observed significantly fewer 30-day hospital readmissions in a high-risk urban setting, using a transition-of-care
OPAT bundle. We highlight the importance of a multidisciplinary OPAT team of social workers, ID physicians, a nurse coordinator, an administrator, home infusion teams, and skilled nursing
facilities. More importantly, the program was developed using
existing resources and personnel. Based on our early successes,
we have implemented sustaining measures such as hiring of a
full-time nurse coordinator and an additional ID physician to
better accommodate the expanding needs of our patients. In the
future, evaluation of TOC-OPAT patient experience and satisfaction will be incorporated into our care bundle to guide further
programmatic improvements. Further study of high-risk OPAT
patients is needed to guide readmission prevention efforts.
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