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Background. Patients increasingly receive home-based outpatient parenteral antimicrobial therapy (OPAT). Understanding 
which patients might be at higher risk of complications is critical in effectively triaging resources upon and after hospital discharge.

Methods. A prospective cohort of patients discharged from 1 of 2 academic medical centers in Baltimore, Maryland, between 
March 2015 and December 2018 were consented and randomly divided into derivation and validation cohorts for development of 
a risk score for adverse OPAT outcomes. Data from the derivation cohort with the primary outcome of a serious adverse outcome 
(infection relapse, serious adverse drug event, serious catheter complication, readmission, or death) were analyzed to derive the risk 
score equation using logistic regression, which was then validated in the validation cohort for performance of predicting a serious 
adverse outcome.

Results. Of 664 patients in the total cohort, half (332) experienced a serious adverse outcome. The model predicting having a 
serious adverse outcome included type of catheter, time on OPAT, using a catheter for chemotherapy, using a catheter for home par-
enteral nutrition, being treated for septic arthritis, being on vancomycin, being treated for Enterococcus, being treated for a fungal 
infection, and being treated empirically. A score ≥2 on the serious adverse outcome score had a 94.0% and 90.9% sensitivity for 
having a serious adverse outcome in the derivation and validation cohorts, respectively.

Conclusions. A risk score can be implemented to detect who may be at high risk of serious adverse outcomes, but all patients on 
OPAT may require monitoring to prevent or detect adverse events.
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Patients receiving home-based outpatient parenteral antimicro-
bial therapy (OPAT) are at risk of complications of the venous 
catheter, adverse drug events, infection relapse, and hospital re-
admission. Recent OPAT guidelines recommend integrated mul-
tidisciplinary care for all OPAT patients to prevent many of these 
complications [1, 2]. These patients may be at particular risk of 
developing complications within the first 2 weeks postdischarge 
[3], and early follow-up by infectious diseases (ID) physicians 
has been associated with improved outcomes [4].

However, in the United States, the majority of ID physicians 
in a national survey described barriers to appropriate moni-
toring of these complicated patients, such as lack of time, sup-
port staff, and reimbursement [5]. It is possible that certain 
groups of patients may be at higher risk of OPAT complications, 
and therefore require even more attention and resources (eg, 
more frequent ID clinic appointments, phone calls from clinic 
staff, visits by home health nurses, etc.).

We used a prospective cohort to create a risk score to pre-
dict the development of OPAT complications (serious catheter 
complications, serious adverse drug events [ADEs], infection 
relapse, or 30-day hospital readmission) to identify which pa-
tients might be at particularly high risk of poor outcomes and 
benefit from more intensive follow-up.

METHODS

Patient Population and Setting

We analyzed a prospective cohort of patients receiving home 
infusion therapy, expanding a previously described cohort 
[3,6–8]. Eligible patients were ≥18 years of age and discharged 
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from 2 tertiary care academic medical centers in Baltimore, 
Maryland, March 2015–December 2018, to home with assis-
tance from home infusion agencies. Patients were required to 
have peripherally inserted central catheters (PICCs), tunneled 
central venous catheters (tCVCs), or midline catheters for 
OPAT. Patients were ineligible if they were in hospice care. As 
patients orally consented for the study and completed a tele-
phone survey, we excluded patients who did not speak English 
or could not verbally consent. Eligible patients were contacted 
2 weeks after hospital discharge. Three attempts were made to 
contact each patient during business hours. Patients could have 
used any home infusion agency for antimicrobial agents and 
supplies or home nursing agency for training and support in 
catheter care.

Instrument

Consenting patients underwent a 10-minute telephone survey 
focusing on OPAT complications (Appendix). The survey 
instrument was piloted among 10 patients before the study, 
with changes made based on feedback, focusing on OPAT out-
comes [9].

The electronic health record (EHR) was abstracted for dem-
ographic information, CVC characteristics, OPAT indication, 
clinical data, readmissions, catheter complications, and ADEs 
through 1 month after OPAT completion, and infection relapse 
and mortality through 6 months after hospital discharge.

Development of Derivation and Validation Cohorts

As the hospitals implemented interventions to improve the 
quality of OPAT care over time, we elected to use random sam-
pling via a random number generator to divide the total cohort 
into equally sized derivation and validation cohorts.

Variables

Age was dichotomized at 65 years, allowing an assessment of 
the population of Medicare-eligible patients [10]. As few en-
rolled patients were Asian American, Hispanic, or other racial/
ethnic groups, racial/ethnic group was categorized as white 
non-Hispanic, black non-Hispanic, or other. Insurer was char-
acterized as Medicare, Medicaid, private or Veterans Affairs in-
surance, or uninsured. Catheter type was categorized as PICC, 
tCVC, or midline. Charlson comorbidity index (CCI) [11] 
scores were calculated and dichotomized at 2 based on their dis-
tribution with the outcome. OPAT days were calculated as the 
number of days between hospital discharge and documented 
OPAT completion. Gender was categorized as male or female. 
Use of the catheter for chemotherapy or parenteral nutrition was 
documented. Location of infection, pathogen(s), and type and 
number of antimicrobial agents were documented. We counted 
each day of OPAT, no matter the number of antimicrobials re-
ceived, as 1  day of OPAT, and divided this course into 1–13, 
14–27, and ≥28 days.

Indications for OPAT were characterized by infection site and 
causative organism; patients could have had >1 indication and 
>1 causative organism. Only parenteral agents were recorded.

We had 2 potential sources of data about adverse OPAT 
outcomes: patient surveys and the EHR. If a patient listed an 
adverse OPAT outcome that was not noted in the EHR, in-
formation was sought from other sources (eg, admission or 
clinic visit notes from other regional health systems that can 
be pulled into the local health system EHR through a collab-
orative) to verify the adverse OPAT outcome. Only those ad-
verse OPAT outcomes documented in the medical record were 
included in this analysis.

The primary outcome was a serious adverse OPAT outcome. 
This could have been any of a serious adverse drug event (ADE), 
serious catheter complication, or readmission within 1 month 
after completion of OPAT, or death or infection relapse within 
6 months of hospital discharge. Serious ADEs included ADEs 
documented in the EHR by a physician, physician assistant, 
or nurse practitioner, considered by the reviewers to be likely 
caused by the antimicrobial agent, that resulted in (1) a hospital 
admission, (2) change in antimicrobial agent, (3) early termina-
tion of antimicrobial therapy, (4) requiring injected filgastrim, 
or (5) Clostridiodies difficile infection. Serious catheter com-
plications included having a deep vein thrombosis (DVT) or 
pulmonary embolus (PE), central line–associated bloodstream 
infection (CLABSI), or bloodstream infection (BSI) that did not 
meet CLABSI criteria and was not related to the OPAT indi-
cation. Infection relapse within 6 months included a need for 
further surgical or interventional radiology intervention in-
cluding debridement, drainage, or amputation during or after 
the OPAT course, new positive blood cultures or cultures at the 
site of infection with the same organism, or imaging suggesting 
worsening of infection.

As a secondary analysis, we used the outcome of any adverse 
OPAT outcome. This could have been any ADE, any catheter 
complication, readmission, or emergency department (ED) 
visit within 1 month after OPAT completion, or death or infec-
tion relapse within 6 months of hospital discharge. ADEs were 
any ADEs documented in the EHR by a physician, physician as-
sistant, or nurse practitioner and considered by the reviewers to 
be likely caused by the parenteral antimicrobial agent. Catheter 
complications included the serious catheter complications 
above, catheter occlusion requiring tissue plasminogen acti-
vator, and the catheter being inadvertently removed without an 
order from a clinician.

Data Analysis

Descriptive statistics were used for demographic, clinical, and 
outcome data for the derivation and validation cohorts (Stata, 
version 14.0; College Station, TX, USA). Predictors included 
demographic and clinical variables.
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Multivariate logistic regression models were built to esti-
mate predictors of the presence of (1) a serious adverse OPAT 
outcome and (2) any adverse OPAT outcome in the derivation 
cohort. Covariates were considered if the association with the 
outcome was P ≤ .20 (2-sided) and were removed in a step-
wise fashion if the association with the outcome was P > .20 
(2-sided). Once a model was developed in the derivation co-
hort, an integer scoring system was used to generate a score for 
serious adverse OPAT outcomes based on the regression coef-
ficient–based Beta/Schneeweiss scoring system, as it has lower 
Akaike information criteria and a higher McFadden’s adjusted 
R2 than risk ratio–based models and classifies more people into 
the correct strata than risk ratio–based models [12, 13].

Next, the validation cohort was analyzed. Multivariate lo-
gistic regression was performed using the same models for se-
rious adverse OPAT outcome and any adverse OPAT outcome 
as developed in the derivation cohort. We believed that it was 
most important to ensure that those at high risk for adverse out-
comes were captured by the risk score. Therefore we evaluated 
the sensitivity of the risk score. The ability of the multivariate 
logistic regression model to predict sensitivity was compared 
with the model using the integer scoring system. The integer 
scoring system was used to divide the cohort into those at lower 
risk and higher risk for serious adverse OPAT events.

A total of 660 patients in the combined derivation and vali-
dation cohort were needed to estimate the sensitivity of the pre-
diction model at 90% with a precision of 3.3%.

The study was approved as expedited with oral consent by 
the Johns Hopkins University School of Medicine Institutional 
Review Board.

RESULTS

A total of 664 patients were enrolled in the study—332 in the 
derivation cohort and 332 in the validation cohort—of 1272 eli-
gible patients (52.2%) (Appendix). Patients enrolled in the study 
were similar to those not enrolled in the study on race/ethnicity, 
gender, and 30-day hospital readmission. More patients were on 
OPAT for ≥28 days in the derivation cohort than the validation 
cohort (Table 1). More patients in the derivation cohort than 
the validation cohort had methicillin-resistant Staphylococcus 
aureus (MRSA) infections. Otherwise, the 2 cohorts were sim-
ilar in demographic characteristics and characteristics of the 
infection.

Poor outcomes were common among enrolled participants 
(Table 2; Appendix Table 2). Half of participants experienced 
a severe adverse OPAT outcome: 16.0% experienced a serious 
ADE, 7.5% experienced a serious catheter complication, 24.3% 
experienced an infection relapse within 6 months of initiating 
OPAT, 32.4% were readmitted while on OPAT (74.9% of these 
were related to OPAT), and 1.4% were deceased within 6 months 
of initiating OPAT. Meanwhile, 60.2% of patients experienced 

any adverse OPAT outcome: 17.0% had any ADE, 20.9% had 
any catheter complication, and 28.2% had an ED visit while 
on OPAT.

We first developed a multivariate logistic regression model 
for any serious outcome using the derivation cohort (Table 3). 
In the adjusted model, having a midline catheter was associ-
ated with an increased odds of a serious outcome when com-
pared with having a PICC (adjusted odds ratio [aOR], 4.55; 95% 
confidence interval [CI], 1.47–14.04). Use of the catheter for 
chemotherapy was also associated with increased odds of a se-
rious outcome (aOR, 2.83; 95% CI, 1.17–6.89), as was receiving 
vancomycin (aOR, 2.33; 95% CI, 1.34–3.94), being treated for 
Enterococcus (aOR, 3.47; 95% CI, 1.27–9.52), or being treated 
for a fungal infection (aOR, 5.80; 95% CI, 1.22–27.47). We did 
not include MRSA in the model due to collinearity with receipt 
of vancomycin and as the model was more predictive of the out-
come with vancomycin receipt included.

We then transformed the coefficients associated with the 
regression model for a serious adverse OPAT outcome to a 
risk score (Table 4, Figure 1). In the derivation cohort, the 
AUC for the risk score equation was 0.74, and a serious ad-
verse OPAT outcome risk score ≥2 provided a sensitivity of 
94.0% and a specificity of 15.2% for predicting a serious ad-
verse OPAT outcome. We then applied the logistic regression 
model and risk score equation to the validation cohort. In 
the validation cohort, the risk score equation AUC was 0.74, 
and a serious adverse OPAT outcome score ≥2 had a sen-
sitivity of 90.9% and a specificity of 18.0% for predicting a 
serious adverse outcome. Those in the low-risk group (<2) 
had a 28.6% risk of a serious adverse outcome, while those 
in the high-risk group (≥2) had a 52.9% risk of a serious ad-
verse outcome.

We also investigated predictors for any adverse OPAT out-
come using the derivation cohort (Table  3). Patients aged 
≥65 years were less likely to have any adverse outcome (aOR, 
0.55; 95% CI, 0.32–0.96). Patients with a midline catheter had 
increased odds of any adverse outcome when compared with 
those with a PICC (aOR, 3.44; 95% CI, 1.10–10.83). Patients 
on OPAT ≥28  days also had higher odds of any adverse out-
come than patients on OPAT <14  days (aOR, 2.27; 95% CI, 
1.26–4.09). In addition, patients on vancomycin had increased 
odds of any adverse outcome (aOR, 3.41; 95% CI, 1.90–6.14). 
Patients being treated empirically had decreased odds of any 
adverse outcome (aOR, 0.52; 95% CI, 0.27–0.98). We did not 
include MRSA in the model due to collinearity with receipt of 
vancomycin and as the model was more predictive of the out-
come with vancomycin included.

We then transitioned the coefficients associated with the re-
gression model for any adverse OPAT outcome to a risk score 
(Table 4). In the derivation cohort, an any adverse OPAT out-
come score ≥0 provided a sensitivity of 94.6% and a specificity 
of 12.6%, and the AUC for the risk score equation was 0.71. 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa178#supplementary-data
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When we applied the same process to the validation cohort, an 
any adverse OPAT outcome score ≥0 had a sensitivity of 94.4% 
and a specificity of 13.9%, and the risk score equation produced 

an AUC of 0.62. Those in the low-risk (risk score < 0) and high-
risk (≥0) groups had 40.7% and 63.6% risk of any adverse OPAT 
outcome, respectively.

Table 1. Demographics and Clinical Characteristics of Patients in the Validation and Derivation Cohorts at Time of Discharge

Characteristic Derivation Cohort, No. (% of 332) Validation Cohort, No. (% of 332) Total, No. (% of 664) Pdifference

Aged ≥65 y 84 (25.3) 74 (22.3) 158 (23.8) .068

Race/ethnicity: white 226 (68.1) 242 (72.9) 468 (70.5) .36

 Black 83 (25.0) 72 (21.7) 155 (23.3) .38

 Hispanic or other 22 (6.6) 19 (5.7) 41 (6.2) .38

Gender: female 146 (44.0) 169 (50.9) 315 (47.4) .074

Insurance: private, Veterans Administration, or military 201 (60.5) 194 (58.4) 395 (59.5) .93

 Medicaid 40 (12.1) 42 (12.7) 82 (12.4) —

 Medicare 89 (26.8) 93 (28.0) 182 (27.4) —

 None or self-pay 2 (0.6) 3 (0.9) 5 (0.75) —

Type of catheter: PICC 226 (68.1) 243 (73.2) 469 (70.6) .34

 Tunneled central venous catheter 89 (26.8) 76 (22.9) 165 (24.9) —

 Midline catheter 17 (5.1) 13 (3.9) 30 (4.5) —

Time on OPAT <14 d 87 (26.2) 79 (23.8) 166 (25.0) .014

 14–27 d 64 (19.3) 96 (28.9) 160 (24.1) —

 ≥28 d 181 (54.5) 157 (47.3) 338 (50.9) —

Using catheter for chemotherapy 31 (9.3) 29 (8.7) 60 (9.0) .79

Using catheter for parenteral nutrition 9 (2.7) 13 (3.9) 22 (3.3) .39

Solid organ transplant 31 (9.6) 33 (9.6) 64 (9.6) .79

Charlson comorbidity index ≥2 214 (64.5) 191 (57.5) 405 (61.0) .067

Bacteremia 71 (21.4) 66 (19.9) 137 (20.6) .63

Meningitis 32 (9.6) 34 (10.2) 66 (9.9) .80

Osteomyelitis 102 (30.7) 102 (30.7) 204 (30.7) 1.00

Septic arthritis 31 (9.3) 26 (7.8) 57 (8.6) .49

Hardware infection 60 (18.1) 53 (16.0) 113 (17.0) .47

Pneumonia, empyema, or lung abscess 38 (11.5) 49 (14.5) 87 (13.1) .21

Abdominal infection 30 (9.0) 30 (9.0) 60 (9.0) 1.00

Cellulitis 22 (6.6) 17 (5.1) 39 (5.9) .41

Endovascular infection or endocarditis 28 (8.4) 29 (8.7) 57 (8.6) .89

Discitis or epidural abscess 19 (5.7) 24 (7.2) 43 (6.5) .43

Vancomycin 101 (30.4) 80 (24.1) 181 (27.3) .067

Any beta-lactama 248 (74.7) 255 (76.8) 503 (75.6) .53

Aminoglycosidesb 16 (4.8) 27 (8.1) 43 (6.5) .083

Daptomycin 7 (2.1) 6 (1.8) 13 (2.0) .78

Antifungalc 10 (3.9) 12 (3.6) 22 (3.3) .67

Antiviral (ganciclovir = 19, acyclovir = 12) 14 (4.2) 17 (5.1) 31 (4.7) .58

>1 OPAT agent 67 (20.2) 68 (20.5) 135 (20.3) .92

Methicillin-resistant Staphylococcus aureus 39 (11.8) 23 (6.9) 62 (9.3) .033

Methicillin-sensitive Staphylococcus aureus 47 (14.2) 44 (13.3) 91 (13.7) .74

Coagulase-negative Staphylococcus 39 (11.8) 38 (11.5) 77 (11.6) .90

Enterococcus 23 (6.9) 22 (6.6) 45 (6.8) .88

Borrelia 11 (3.3) 12 (3.6) 23 (3.5) .83

Anaerobe 11 (3.3) 11 (3.3) 22 (3.3) 1.00

Gram-negative bacilli 80 (24.1) 89 (26.8) 169 (25.5) .42

Fungi (Candida = 14, Cryptococcus = 1, other = 12) 14 (4.2) 12 (3.6) 26 (3.9) .69

Viruses (HSV = 7, VZV = 4, CMV = 18) 13 (3.9) 16 (4.8) 29 (4.3) .57

Empiric 65 (19.6) 63 (19.0) 128 (19.3) .84

Polymicrobial infection 77 (23.2) 79 (23.8) 156 (23.5) .86

Abbreviations: CMV, Cytomegalovirus; HSV, Herpes simplex virus; OPAT, outpatient parenteral antimicrobial therapy; PICC, peripherally inserted central catheter; VZV, Varicella zoster virus.
aAny beta-lactam: oxacillin = 52, nafcillin = 4, piperacillin-tazobactam = 50, penicillin = 37, ampicillin = 14, ampicillin-sulbactam = 41, cefazolin = 27, ceftriaxone = 96, cefepime = 53, 
ceftaroline = 3, ceftazidime = 28, ceftolozane-tazobactam = 1, meropenem = 35, imipenem = 7, ertapenem = 59.
bAminoglycosides: gentamicin = 5, tobramycin = 30, amikacin = 8.
cAntifungals: micafungin = 15, fluconazole = 1, liposomal amphotericin = 6.
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DISCUSSION

We developed a risk score to determine who may be at higher 
risk for serious outcomes among patients receiving OPAT in the 
home after hospital discharge. We found that a model including 
age <65 years, type of catheter, using the catheter for chemo-
therapy, length of time on OPAT, treatment for septic arthritis, 
Enterococcus infection, fungal infection, and treatment with 
vancomycin could be used to predict the risk of a serious out-
come such as readmission, severe ADE, severe catheter compli-
cation, death, or infection relapse. Clinicians could use this risk 
score, containing variables available before hospital discharge, 
to evaluate who might benefit from closer follow-up.

Half of patients had a serious adverse OPAT outcome, and 
more than half had any adverse OPAT outcome. These values 
are higher than in other studies that have focused solely on 
readmissions, ADEs, infection relapse, or catheter complica-
tions [4, 6, 14, 15]. Our data suggest that studying these adverse 
OPAT outcomes in isolation do not present the true picture of 
serious events among patients receiving OPAT. Readmissions 
included any readmissions within 30  days of OPAT comple-
tion (which often exceeded the standard 30-day readmission 
measures) as we wished to capture all treatment complications. 
Readmissions also included all hospital readmissions, even 
those not necessarily associated with OPAT, as readmissions for 
non-OPAT reasons may also indicate patients who may need 
closer monitoring.

With half of this patient population experiencing serious ad-
verse OPAT outcomes, it is clear that close monitoring of pa-
tients on OPAT is needed. Early ID physician evaluation (within 
1 to 2 weeks of hospital discharge) of OPAT patients reduces 

readmissions [4, 16, 17]. In addition, home health agencies 
and home infusion companies may use these data in deter-
mining who may need more frequent evaluations, that is, more 
than weekly.

The highest-risk group of patients had a 52.9% risk of a se-
rious adverse OPAT outcome and may benefit the most from 
close follow-up. With such a high risk of serious adverse out-
comes, preventing all events may not be possible, so we should 
also focus our efforts on mitigating the impact of serious ad-
verse outcomes. For example, perhaps this group of patients 
may benefit from more frequent laboratory testing to detect 
and mitigate ADEs before they result in a hospital readmission, 
that is, more than weekly. Alternatively, this group may benefit 
from close attention to choice of less toxic antimicrobial agents 
[18]. This group may also benefit from enhanced training when 
they are first learning how to access the catheter and perform 
infusions [19, 20].

It is important to note that this population did not include 
patients receiving skilled nursing facility (SNF)–based OPAT. 
Patients receiving OPAT at SNFs may have higher readmis-
sion rates [14, 21, 22]; may perform more poorly on process 
measures including receipt of laboratory test results, follow-up, 
and receiving the appropriate antibiotic [5, 21]; and may report 
lower satisfaction or increased safety concerns [22]. The impli-
cations of high-risk patients receiving OPAT at SNFs deserves 
further study.

Interestingly, in this study, older patients were less likely to 
have a poor outcome, adding to other studies demonstrating 
that providing OPAT to older adults is safe [1, 23–25]. It is pos-
sible that younger patients may be less compliant with therapy 

Table 2. Outcomes

Outcome
Derivation Cohort, No.  

(% of 332)
Validation Cohort, No.  

(% of 332)
Total, No.  
(% of 664) P

Serious adverse outcomes 167 (50.3) 165 (49.7) 332 (50.0) .88

Any serious adverse drug event 50 (15.1) 56 (16.9) 106 (16.0) .53

Serious catheter complication: thromboembolic event 14 (4.2) 7 (2.1) 21 (3.2) .12

 Central line–associated bloodstream infection 11 (3.3) 9 (2.7) 20 (3.0) .65

 Bloodstream infection 7 (2.1) 4 (1.2) 11 (1.7) .36

 Any serious catheter complication 30 (9.0) 20 (6.0) 50 (7.5) .14

Infection relapse within 6 mo of hospital discharge 72 (21.7) 89 (26.8) 161 (24.3) .12

Readmission while on OPATa 110 (33.1) 105 (31.6) 215 (32.4) .68

 Readmission within 30 d of hospital discharge 68 (20.5) 63 (19.0) 131 (19.7) .63

Death while on OPAT 4 (1.2) 5 (1.5) 9 (1.4) .74

Any adverse outcome 205 (61.8) 195 (58.7) 400 (60.2) .43

Any adverse drug event 59 (17.8) 54 (16.3) 113 (17.0) .61

Catheter complication: occlusion requiring alteplase 43 (13.0) 39 (11.8) 82 (12.4) .64

 Inadvertent removal of catheter 9 (2.7) 10 (3.0) 19 (2.9) .81

 Any catheter complication 74 (22.3) 65 (19.6) 139 (20.9) .39

Emergency department visit while on OPAT 95 (28.6) 92 (27.7) 187 (28.2) .80

 Emergency department visit within 30 d of hospital discharge 61 (18.4) 763 (19.0) 124 (18.7) .84

Abbreviations: OPAT, outpatient parenteral antimicrobial therapy.
aOne hundred sixty-one readmissions were related to OPAT.
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[26], such as the complicated steps required for OPAT, or have 
less support at home. In addition, those who received empiric 
therapy were less likely to have a poor outcome, possibly as 
these patients may have had a lower burden of infectious or-
ganisms that resulted in their cultures not being revealing, and 
as they may have been given lower doses of antibiotics in the 
presence of not having revealing cultures.

Patients with PICCs were at lower risk of poor outcomes 
than patients with tCVCs. Other studies have pointed to 

PICCs as having poor outcomes when compared with tCVCs 
[27]. Several factors may lead to this discrepancy. In our hos-
pitals, choosing a tCVC may be a marker of the team being 
concerned about the patient needing a longer length of 
therapy, which may indicate a sicker patient. Alternatively, in 
our setting, patients with tCVCs require a separate visit to an 
interventional radiology suite for removal, while home health 
nurses or clinic staff remove PICCs. With the additional need 
for a scheduled interventional radiology visit, the tCVC may 

Table 4. Sensitivity and Specificity of Risk Score Equation in Predicting Outcomes

Risk Score Equation for Outcome 
Derivation Cohort:  

Sensitivity (95% CI), %
Derivation Cohort: 

Specificity (95% CI), %
Validation Cohort:  

Sensitivity (95% CI), %
Validation Cohort: 

Specificity (95% CI), %

Any adverse outcome ≥0 94.6 (90.6–97.3) 12.6 (7.4–19.7) 94.4 (90.1–97.2) 13.9 (7.4–19.1)

Serious adverse outcome score ≥2 94.0 (89.3–97.1) 15.2 (10.1–21.5) 90.9 (85.4–94.8) 18.0 (13.0–25.3)

Abbreviation: CI, confidence interval.

Table 3. Development of a Model Using the Derivation Cohort (n = 332); for Serious Outcome

Characteristic
OR for Serious Outcome 

(95% CI)
Adjusted OR for  

Serious Outcome (95% CI)
OR for Any Out-
come (95% CI)

Adjusted OR for Any  
Outcome (95% CI)

Aged ≥65 y 0.87 (0.53–1.42) Not included 0.63 (0.38–1.05) 0.55 (0.32–0.96)

Race/ethnicity: white — Not included — Not included

 Black 0.85 (0.51–1.41) Not included 1.01 (0.60–1.70) Not included

 Hispanic or other 0.59 (0.24–1.41) Not included 0.66 (0.28–1.56) Not included

Gender: female 1.13 (0.73–1.75) Not included 0.99 (0.64–1.55) Not included

Type of catheter: PICC — — — Not included

 Tunneled central venous catheter 1.36 (0.83–2.23) 1.34 (0.78–2.30) 1.08 (0.65–1.80) 1.18 (0.66–2.11)

 Midline catheter 2.04 (0.73–5.70) 4.55 (1.47–14.0) 1.17 (0.42–3.27) 3.44 (1.10–10.8)

Time on OPAT <14 d — — — —

 14–27 d 1.56 (0.81–2.98) 1.99 (0.98–4.04) 1.43 (0.74–2.74) 1.73 (0.85–3.53)

 ≥28 d 1.39 (0.83–2.33) 1.59 (0.90–2.84) 2.07 (1.23–3.50) 2.27 (1.26–4.09)

Also receiving chemotherapy 2.23 (1.02–4.89) 2.83 (1.17–6.89) 1.88 (0.81–4.34) 3.25 (0.97–6.60)

Also receiving home parenteral nutrition 2.01 (0.49–8.18) Not included 2.21 (0.45–10.8) Not included

Charlson comorbidity score ≥2 1.26 (0.80–1.97) Not included 1.17 (0.74–1.86) Not included

Osteomyelitis 1.09 (0.69–1.72) Not included 0.99 (0.62–1.58) Not included

Septic arthritis 1.64 (0.77–3.49) 1.76 (0.79–3.93) 0.98 (0.46–2.09) Not included

Hardware infection 0.99 (0.56–1.72) Not included 0.84 (0.48–1.48) Not included

Endovascular infection or endocarditis 0.72 (0.33–1.58) Not included 0.81 (0.37–1.78) Not included

Discitis or epidural abscess 0.56 (0.21–1.45) Not included 0.54 (0.21–1.36) 0.46 (0.17–1.23)

Vancomycin 1.91 (1.18–3.07) 2.33 (1.34–3.94) 2.99 (1.75–5.13) 3.41 (1.90–6.14)

Any beta-lactam 0.57 (0.34–0.94) Not included 0.52 (0.30–0.90) Not included

Aminoglycosides 1.29 (0.47–3.54) Not included 1.03 (0.37–2.92) Not included

>1 OPAT agent 1.38 (0.81–2.37) Not included 1.46 (0.82–2.59) Not included

Methicillin-resistant Staphylococcus aureus 2.16 (1.07–4.36) Not included 4.85 (1.85–12.8) Not included

Methicillin-sensitive Staphylococcus aureus 1.04 (0.56–1.92) Not included 1.00 (0.53–1.88) Not included

Coagulase-negative Staphylococcus 1.68 (0.85–3.33) Not included 1.67 (0.80–3.48) Not included

Enterococcus 3.00 (1.15–7.82) 3.47 (1.27–9.52) 1.82 (0.70–4.75) 2.01 (0.70–5.72)

Other gram-positive cocci 0.61 (0.19–1.89) Not included 0.52 (0.17–1.57) Not included

Anaerobe 4.64 (0.99–21.82) Not included 6.46 (0.82–51.1) Not included

Fungi 7.17 (0.87–58.98) 5.80 (1.22–27.5) 3.89 (0.86–17.7) 3.71 (0.78–17.7)

Viruses 0.61 (0.19–1.89) Not included 0.37 (0.12–1.16) 0.43 (0.13–1.47)

Empiric 0.81 (0.47–1.40) 0.63 (0.34–1.17) 0.78 (0.45–1.35) 0.52 (0.27–0.98)

Polymicrobial infection 1.64 (0.98–2.76) Not included 1.62 (0.93–2.80) Not included

Gram-negative bacilli 1.20 (0.72–1.99) Not included 1.20 (0.71–2.03) Not included

Abbreviations: CI, confidence interval; OPAT, outpatient parenteral antimicrobial therapy; OR, odds ratio; PICC, peripherally inserted central catheter. 
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remain in place longer than needed, increasing the risk of 
complications.

Patients with septic arthritis had more serious adverse out-
comes than other groups. In our population of patients with 
septic arthritis, most were treated for prosthetic joint infec-
tions. It is possible that these patients have a higher risk of in-
fection relapse [28] than other groups. The vast majority (86%, 
data not shown) of patients with septic arthritis were treated 
for an organism recovered in culture, so it is unlikely that em-
piric treatment caused the higher risk of serious adverse out-
comes in this group. In fact, those being treated empirically 
had a decreased risk of adverse outcomes, perhaps related to 
a decreased burden of organisms or decreased antimicrobial 
agent doses.

Patients being treated for Enterococcus or fungal infections 
were at higher risk for serious adverse outcomes. Patients with 
serious Enterococcus or fungal infections may be more ill than 
those with other infections. In addition, fungal infections or 
Enterococcus infections may be more likely to relapse [29], and 
Enterococcus infections may be more likely to be treated with >1 
antibiotic, increasing the likelihood of ADEs [30].

Vancomycin receipt was associated with a higher risk of a 
serious adverse OPAT outcome. Studies have pointed to the 
higher rates of ADEs among patients on vancomycin for OPAT 
[15, 31–33]. In addition, our practice had been to monitor van-
comycin troughs rather than AUC, and many of the vanco-
mycin ADEs were related to nephrotoxicity. Our data support 
recent guidelines recommending close laboratory monitoring 
of patients receiving vancomycin for OPAT [1] and suggest ju-
dicious use of vancomycin in OPAT. In addition, it is possible 
that with recent guidelines recommending vancomycin ther-
apeutic drug monitoring with AUC instead of troughs, ADEs 
related to vancomycin may decrease [34].

We used a large prospective cohort with complete records 
of patient follow-up to identify risk factors for inclusion in the 
risk score. The data points used are those available at the time 
of hospital discharge to aid in risk score calculation. However, 
our study had several limitations. Patients had to consent to en-
roll in the cohort. It is possible that patients who were sicker 

were less likely to consent, so the number of patients with ad-
verse outcomes may be even higher. The study was performed 
at 2 medical centers in 1 American city and would need to be 
repeated in other settings. However, challenges experienced 
by the 2 hospitals, such as perceived need for more resources 
and improved care coordination, are common throughout the 
United States [5]. We used chart reviews and were able to cap-
ture readmissions and most clinic visits throughout the state 
and local region, but we may have underestimated poor out-
comes that occurred outside of the region. We also focused on 
documented adverse OPAT outcomes as we felt these would be 
more accurate, but there were other outcomes that were only 
reported by patients [3]. Therefore, our rates of adverse OPAT 
outcomes may be an underestimation. We did not use labora-
tory definitions or signs or symptoms in defining ADEs, but felt 
that the increased capture of ADEs possible in our approach 
outweighed any loss in accuracy of our definition. In addition, 
the OPAT clinic structures at the 2 hospitals evolved over time. 
We attempted to address these changes by having random as-
signment of the patients to the cohorts. We were able to identify 
the date of OPAT completion for all patients, but it is possible 
that patients after this period may have had adverse outcomes 
(especially infection relapse) not noted in the medical record. 
Although we believe that the majority of these patients would 
have presented for management of these adverse outcomes, 
missing data could have also led to an underestimation of ad-
verse OPAT outcomes. Finally, our risk scores had a relatively 
low specificity. However, we felt that it was more important to 
capture patients at high risk of adverse outcomes to mitigate 
these outcomes, even at the cost of also capturing some patients 
at lower risk.

We have developed a risk score for poor outcomes in patients 
with OPAT. Half of the patients experienced a serious OPAT 
adverse outcome, emphasizing the need for close follow-up of 
all OPAT patients. Those with the highest risk scores should 
be considered for even closer monitoring, with more frequent 
nursing visits and more frequent physician visits. Further work 
should focus on how to improve quality of care and mitigate 
these poor outcomes in this rapidly growing area of health care.

Serious adverse outcome

Any adverse outcome

Risk score = –2 * age ≥65 + 1* tunneled CVC + 4* midline + 3* use of  the catheter for chemotherapy + 2* on OPAT 14-
27 days + 3* on OPAT ≥28 days – 3* discitis, epidural abscess, or vertebral osteomyelitis + 2* treating Enterococcus
+ 4* treating a fungal infection – 3* treating a viral infection – 2* treating empirically + 4* using vancomycin

Risk score = 1 * tunneled CVC + 5* midline catheter + 3* using the catheter for chemotherapy + 2* on OPAT 14-27
days + 2* on OPAT ≥28 days + 2* being treated for septic arthritis + 4* Enterococcus + 5 *fungal infection +
3* vancomycin

Figure 1. Risk score equations for an outpatient parenteral antimicrobial therapy (OPAT)–related serious adverse outcome and any OPAT-related adverse outcome, 
respectively.
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