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a b s t r a c t

Background: Transperineal prostate brachytherapy is a common outpatient procedure for the treatment
of prostate cancer. Whereas long-term morbidity and toxicities are widely published, rates of short-term
complications leading to hospital revisits have not been well described.
Materials and methods: Patients who underwent brachytherapy for prostate cancer in an ambulatory
setting were identified in the Healthcare Cost and Utilization Project State Ambulatory Surgery Database
for California between 2007 and 2011. Emergency department (ED) visits and inpatient admissions
within 30 days of treatment were determined from the California Healthcare Cost and Utilization Project
State Emergency Department Database and State Inpatient Database, respectively.
Results: Between 2007 and 2011, 9,042 patients underwent brachytherapy for prostate cancer. Within
30 days postoperatively, 543 (6.0%) patients experienced 674 hospital encounters. ED visits comprised
most encounters (68.7%) at a median of 7 days (interquartile range 2e16) after surgery. Inpatient hos-
pitalizations occurred on 155 of 674 visits (23.0%) at a median of 12 days (interquartile range 5e20).
Common presenting diagnoses included urinary retention, malfunctioning catheter, hematuria, and
urinary tract infection. Logistic regression demonstrated advanced age {65e75 years: odds ratio [OR], 1.3
[95% confidence interval (CI) 1.06e1.60, P ¼ 0.01]; >75 years: OR 1.5 [95% CI 1.18e1.97, P ¼ 0.001]},
inpatient admission within 90 days before surgery [OR 2.68 (95% CI 1.8e4.0, P < 0.001)], and ED visit
within 180 days before surgery [OR 1.63 (95% CI 1.4e1.89, P < 0.001)] as factors that increased the risk of
hospital-based evaluation after outpatient brachytherapy. Charlson comorbidity score did not influence
risk.
Conclusions: ED visits and inpatient admissions are not uncommon after prostate brachytherapy. Risk of
revisit is higher in elderly patients and those who have had recent inpatient or ED encounters.
© 2018 Asian Pacific Prostate Society, Published by Elsevier Korea LLC. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer is the most common cancer in men, with an
incidence of more than 180,000 cases per year in the United States.1

Treatment options for men with localized disease include active
surveillance, brachytherapy, external beam radiotherapy (EBRT),
and radical prostatectomy. Transperineal prostate brachytherapy is
yola University Medical Cen-
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a common outpatient procedure for the treatment of low-risk
prostate cancer, which is associated with high rates of overall sur-
vival, disease-free survival, and biochemical control.2,3

Prostate brachytherapy offers certain advantages to radical
prostatectomy and EBRT primarily because of its shorter treatment
and recovery times. It represents an outpatient, minimally invasive
option that allows most patients to return to their normal activities
in 1e2 days.4 Furthermore, compared to EBRT, brachytherapy limits
radiation exposure to the target tissue, with a sharp dose fall-off in
adjacent healthy tissues leading to reduced toxicities.5 As with each
treatment modality, brachytherapy also carries its own set of risks
and complications. The most common early side effects of prostate
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brachytherapy include urinary retention, erectile dysfunction, uri-
nary incontinence, urinary tract infection (UTI), proctitis, hematu-
ria, rectal ulcers, and diarrhea.5e8 In addition, urinary symptoms
have been shown to lead to transurethral resection of the prostate
in up to 8.3% of cases.9 The factors previously shown to be associ-
ated with the development of complications include older age,
nonwhite race, combined treatment with EBRT, and higher Charl-
son comorbidity score.5

Although long-term complications and their risk factors, as
well as future treatment rates, have been well described, the rates
of emergency department (ED) visits and inpatient admissions
after brachytherapy are not as well described. We aim to deter-
mine these rates and the patient-specific factors associated with
early hospital visits after outpatient brachytherapy. With this
knowledge, we will be able to better inform our patients of po-
tential complications and to identify patients who are at risk
preoperatively.
2. Material and methods

2.1. Data source

The Healthcare Cost and Utilization Project (HCUP) State Inpa-
tient Database (SID), State Ambulatory Surgery and Services Data-
base (SASD), and State Emergency Department Database (SEDD) for
the state of California were used for the years 2007e2011. The
HCUP SID includes patient discharge records for all payers within
an individual state; the HCUP SASD includes data from ambulatory
surgeries and outpatient services; and the HCUP SEDD captures
ED visits.10 Patient data are deidentified and include greater than
100 clinical and nonclinical variables. The dataset has unique
linkage variables that allows patients to be followed longitudinally
across outpatient, ED, and inpatient encounters.10,11
Table 1
Baseline patient characteristics.

N (%)

Number of patients 9042
Age (years), median (IQR) 67 (61e72)
Race
Caucasian 5674 (62.8)
Black 423 (4.7)
2.2. Patient selection

We identified patients with a diagnosis of prostate cancer
who underwent outpatient prostate brachytherapy using Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes and Current Procedural Termi-
nology (CPT) codes. We used their unique linkage variables to
follow them up longitudinally in both the inpatient and ED da-
tabases. Hospital admissions and ED visits before the index
procedure were assessed for all patients. Supplementary
Appendix 1 lists the CPT and ICD9-CM codes used in this study.
Hispanic 692 (7.7)
Asian 446 (4.9)
Other/Unknown 1807 (20.0)

Primary insurance provider
Medicare 4554 (50.4)
Medicaid 92 (1.0)
Private 4103 (45.4)
Self-pay 159 (1.8)
Other 134 (1.5)

Medical comorbidities
Diabetes mellitus 825 (9.1)
Congestive heart failure 45 (0.5)
Prior cerebral vascular accident 26 (0.3)
Prior myocardial infarction 183 (2.0)
Chronic lung disease 457 (5.0)
Chronic renal insufficiency 133 (1.5)
Peripheral vascular disease 53 (0.6)
Charlson Comorbidity Index, median (IQR) 2 (0e2)

Prior hospital visit
Emergency department (within 180 days) 617 (6.8)
Inpatient hospitalization (within 90 days) 195 (2.2)

IQR, interquartile range.
2.3. Outcome measures

Patients who underwent prostate brachytherapy were assessed
retrospectively. We identified those patients who had a hospital
encounterdeither an inpatient admission or ED visit within
30 days after brachytherapy, specifically assessing their presenting
diagnoses. Baseline patient characteristics including age, race, and
primary insurance provider and medical comorbidities (diabetes,
heart failure, cerebrovascular accident, myocardial infarction,
chronic lung disease, renal insufficiency, and peripheral vascular
disease) were assessed. Severity of comorbid disease burden was
measured with the Charlson Comorbidity Index. Two additional
variables included in the analysis were prior ED visits within
180 days and prior inpatient admission within 90 days of the pro-
cedure, both derived from previous work that has found the pres-
ence of these factors to place patients at greater risk for 30-day
readmission.
2.4. Statistical analysis

Descriptive statistics were performed. Continuous variables
were reported as medians and interquartile range (IQR), with
Wilcoxon rank-sum test performed to assess significance. For cat-
egorical variables, Chi-square tests were performed. A univariable
logistic regression was performed to identify patient factors and
comorbidities as predictors of hospital evaluation. Those factors
with a P < 0.1 on univariable analysis were included in a multi-
variable logistic regression model to determine independent pre-
dictors for a hospital-based medical evaluation after prostate
brachytherapy. Stata 13 (StataCorp, College Station, TX, USA) was
used for all statistical analysis, with a threshold for statistical sig-
nificance of P < 0.05.

3. Results

Between 2007 and 2011, 9,042 patients underwent brachy-
therapy for prostate cancer. Table 1 describes the baseline charac-
teristics and comorbidities of our patient population. The median
age of our cohort was 67 years. Patients were primarily Caucasian
(62.7%) and had either Medicare (50.3%) or private insurance
(45.4%). Table 2 analyzes encounters within 30 days of the index
procedure. Within 30 days of brachytherapy, 543 (6.0%) patients
experienced 674 hospital encounters. ED visits comprised a ma-
jority (463 visits, 68.7%) at a median time of 7 days from surgery
(IQR 2e16). A total of 155 of 674 (23%) encounters were inpatient
admissions at a median time of 12 days (IQR 5e20) postoperatively.
Common presenting diagnoses included urinary retention (52.8%),
hematuria (11.6%), UTI (11.6%), and malfunctioning of urethral
catheter (39.47%). No additional diagnoses reached individually
reported thresholds of n > 10.

On univariate analysis (Table 3), age [65e75 years: odds ratio
(OR) 1.36, confidence interval (CI) 1.11e1.65, P ¼ 0.003; >75 years:
OR 1.66, CI 1.3e2.13, P < 0.001] and Asian race (OR 2.22, CI
1.61e3.05, P ¼ 0.003) were found to significantly influence the risk
for a hospital-based evaluation within 30 days of brachytherapy.



Table 2
Encounter within 30 days.

N (%)

Total hospital revisits within 30 days 674
Number of patients 543 (6.01)
ED visits within 30 days 463 (5.12)
ED visit, days from surgery (median, IQR) 7 (2e16)
Inpatient hospitalization within 30 days 155 (1.71)
Inpatient, days from surgery (median, IQR) 12 (5e20)
Presenting diagnosisa)

Urinary retention 356 (52.82)
Hematuria 78 (11.57)
UTI 78 (11.57)
Malfunctioning foley 266 (39.47)

ED, emergency department; IQR, interquartile range; UTI, urinary tract infection.
a) Remainder did not reach threshold.
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Similarly, diabetes mellitus (OR 1.38, CI 1.06e1.81, P ¼ 0.018),
congestive heart failure (OR 2.4, CI 1.02e5.75, P ¼ 0.045), ED visits
within 180 days (OR 1.72, CI 1.49e1.99, P < 0.001), and inpatient
admission within 90 days (OR 3.45, CI 2.36e5.06, P < 0.001) pre-
dicted the need for an ED or inpatient evaluation.

To determine independent predictors of hospital revisit within
30 days of brachytherapy, we fit a multivariable model with factors
significant on univariable analysis (Table 3). The multivariate lo-
gistic regression model demonstrated that increasing patient age
was associated with an increased risk of hospital-based medical
evaluation. Patients aged 65e75 years had a 30% increased odds for
a medical evaluation within 30 days of brachytherapy (OR 1.3, CI
1.06e1.60, P ¼ 0.01), while patients aged >75 years had a 50% (OR
1.5 CI 1.18e1.966, P ¼ 0.001) increased odds. Prior inpatient hos-
pitalization within 90 days significantly increased the chances for a
hospital-based medical evaluationwithin 30 days of brachytherapy
(OR 2.68 CI 1.8e4.0, P < 0.001) as well as prior ED visit within
180 days (OR 1.64 CI 1.4e1.9, P < 0.001). None of the medical
comorbidities or Charlson Comorbidity Index increased the risk for
admission or ED visit. Interestingly, those of Asian descent were at
higher risk for a hospital encounterwithin 30 days of our procedure
of interest (OR 2.11, CI 1.5e2.9, P < 0.001).
Table 3
Logistic regression.

Univariate ana

OR 95% CI

Age (years)
<65 (Ref)
65e75 1.36 1.11e1.66
>75 1.66 1.29e2.13

Race
Caucasian (Ref)
African American 1.17 0.78e1.78
Hispanic 1.34 0.98e1.84
Asian 2.22 1.60e3.05
Other/unknown 1.29 1.03e1.60

Comorbidities
Diabetes mellitus 1.38 1.06e1.81
Congestive heart failure 2.4 1.02e5.75
Prior cerebral vascular accident 0.62 0.08e4.62
Prior myocardial infarction 1.6 0.98e2.69
Chronic lung disease 1.14 0.79e1.67
Chronic renal insufficiency 0.87 0.40e1.87
Peripheral vascular disease 0.94 0.29e3.02
Charlson Comorbidity Index, median (IQR) 1.13 1.00e1.29

Prior hospital visit
Emergency department (within 180 days) 1.72 1.49e1.99
Inpatient hospitalization (within 90 days) 3.45 2.36e5.06
4. Discussion

Our study using a large population-based database is the first to
characterize the rates of short-term hospital revisits after prostate
brachytherapy. A prior survey of 262 menwho underwent prostate
cancer treatment revealed that 24.8% of patients felt that side-effect
profile was the primary consideration driving their treatment de-
cision.12 Of patients who underwent brachytherapy alone, 40%
chose this option because of the perceived risks compared with
other modalities. Potential complications of prostate cancer treat-
ment clearly play a critical role in the shared decision-making
process, yet to our knowledge, the rates of hospital revisits due to
complications within the global period have not previously been
published.

We found that the rate of rehospitalization, defined as either an
emergency room visit or inpatient admission, within 30 days of
prostate brachytherapy was 5.8%. The most common presenting
diagnoses were urinary retention, malfunctioning of urethral
catheter, hematuria, and UTI, all attributable to the index proced-
ure. Independent predictors for a hospital revisit were older patient
agedbetween 65 and 75 years or >75 yearsdand an inpatient
admission within 90 days or ED visit within 180 days before the
index surgery. Asian or other/unknown race was an additional
predictor for readmission which may be related to the smaller
demographic but warrants further consideration. Asian race, along
with African American race, was recently shown to be a predictor
for reoperation or readmission after intracranial aneurysm
clipping.13

Our results draw attention to the significance of post-hospital
syndrome, defined by Krumholz as a transient period of increased
medical vulnerability after a hospital discharge.14 Although the
timeframe has not been defined, previous work studying outcomes
of outpatient hernia repairs found that the 30-day risk of adverse
events was significantly higher in patients hospitalized within
90 days leading up to surgery.15 vanWalraven et al16 introduced the
LACE index (Length of stay, Acuity of admission, Charlson comor-
bidity score, Emergency department use), a quantifiable assess-
ment of risk of death or unplanned 30-day readmission after
hospitalization; ED visits in the 180 days before admission are
lysis Multivariate analysis

P OR 95% CI P

0.003 1.3 1.06e1.60 0.01
<0.001 1.5 1.18e1.97 0.001

0.439 1.14 0.74e1.75 0.55
0.069 1.2 0.86e1.65 0.29
<0.001 2.11 1.5e2.9 <0.0001
0.022 1.2 1.2e1.6 0.046

0.018 1.22 0.86e1.75 0.263
0.045 2.2 0.89e5.58 0.086
0.646 0.5 0.07e3.87 0.512
0.610 1.6 0.9e2.9 0.107
0.473 1.15 0.74e1.80 0.537
0.717 0.69 0.26e1.82 0.452
0.916 0.76 0.22e2.59 0.660
0.057 1 0.81e1.24 0.991

<0.001 1.63 1.4e1.89 <0.001
<0.001 2.71 1.82e4.02 <0.001
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included in the score. These risk factors will ultimately alert phy-
sicians to patient groups who are most vulnerable to postoperative
hospitalizations and therefore who may benefit from thorough
preoperative risk assessment.

The 5.8% revisit rate we found after prostate brachytherapy is
consistent with rates previously reported among outpatient sur-
geries of other surgical specialties.17e19 Within outpatient uro-
logical surgery, Hollingsworth et al examined outcomes among
Medicare beneficiaries undergoing 22 common ambulatory pro-
cedures and found the rate of readmission within 30 days to be
7.5e8.7% depending on the type of index facility (hospital outpa-
tient department, ambulatory surgery center, or office).17 Their data
also report increasing age and comorbidities as predictors of
developing postoperative complications, supporting the idea that
preoperative factors may help identify patients who are at greater
risk for a rehospitalization. Compared to rates of 30-day compli-
cations after radical prostatectomy, which have been shown to be
as high as 20.4%, brachytherapy still remains much less.20

Notably, the significance of 30-day readmissions continues to
evolve within the context of the Hospital Readmissions Reduction
Program as part of the Affordable Care Act which was implemented
in October 2012. Changes by the current administration are still to
be determined, but following that policy, hospital reimbursements
were reduced for higher-than-expected 30-day readmissions for
certain medical diagnoses. This policy began to expand to surgical
procedures in 2015, starting with hip and total knee arthroplasties,
followed by coronary bypass graft surgery in 2017.21 At present, the
Centers for Medicare and Medicaid Services is also developing a
Hospital Visits after Outpatient Surgery measure, which will
continue to place more attention towards preventing potential
adverse events and unplanned hospital visits after outpatient
surgery.22

Specific to prostate brachytherapy, outcomes research has
largely focused on the procedure's long-term complications.5,9,23,24

It is well known that brachytherapy shares many of the same side
effects as both radical prostatectomy and external beam radiation,
namely affecting urinary, erectile, or gastrointestinal systems.
Benoit et al23 analyzed the Medicare claims of 2,124 men who
underwent prostate brachytherapy in the year 1991 to understand
the long-term morbidity in a nationwide population. Within 3
years, 8.3% of men required a bladder outlet procedure at an
average of 1.1 years after brachytherapy, 0.2% underwent placement
of an artificial urinary sphincter, 8.4% were newly diagnosed with
erectile dysfunction, and 0.3% required a colostomy for a diagnosis
of prostatic-rectal fistulae, rectal ulcer, or radiation proctitis. Chen
et al5 collected similar data using the National Cancer Institute's
Surveillance, Epidemiology, and End Results registries and their
associated Medicare claims data between 1991 and 1999 and found
the rates and nature of complication or invasive procedure within
2 years of primary brachytherapy to be 32.2% urinary, 17.2% erectile,
and 18.0% bowel. A study analyzing the 5-year cumulative inci-
dence of hospitalizations among 32,465 men treated with either
radical prostatectomy or radiation therapy found that the most
common reasons for hospitalization after radiation (all forms) were
radiation proctitis (41.3%), genitourinary bleeding (14.3%), gastro-
intestinal bleeding (13.7%), followed by urinary obstruction
(12.1%).25

In contrast, our study focuses on short-term complications
requiring emergency room visits or inpatient admission, occurring
within 30 days of undergoing brachytherapy. To our knowledge,
these rates have not previously been reported in the literature. Each
of the most common presenting diagnoses (urinary retention, he-
maturia, UTI, and urethral catheter malfunction) is a complication
of the urinary tract, suggesting a practical target area where further
efforts are needed to reduce hospitalization after brachytherapy.
For example, no randomized controlled trials have studied the
optimal use of perioperative antibiotic prophylaxis for patients
undergoing brachytherapy to prevent the occurrence of UTI or
other infection. Alpha-blocker usage (e.g., type, duration, combi-
nation) continues to be an area of investigation to reduce the
incidence of urinary retention and irritative symptoms after
brachytherapy.26,27

There are limitations of this study related to the use of an
administrative database, which relies on the accurate entry of
diagnosis and procedure codes. Furthermore, these entries do not
permit additional analysis of potentially contributory patient-level
data including voiding symptoms scores, use of alpha-blockers,
gland size, or radiation dosedfactors which have previously
been shown to affect postbrachytherapy morbidity.26,28e30

Ambulatory clinic data are not available, leaving in-office evalua-
tions for brachytherapy-associated complications unaccounted for.
Our data, while benefitting from the large numbers of an admin-
istrative database, are reflective of the state of California only,
where the patterns or practicality of visiting physician offices
versus EDs may differ from others. However, the large cohort size
included in the present study offers a population-based estimation
of morbidity to establish expectations and to provide a snapshot of
contemporary short-term outcomes. Furthermore, it is hospital-
based encounters that are currently emphasized when consid-
ering the impact of readmissions on hospital reimbursement. En-
try of prostate brachytherapy codes also do not distinguish
between highedose rate and lowedose rate brachytherapy. Dif-
ferences in hospital revisits between these techniques have not yet
been reported. Other variations in techniques and practice pat-
terns are institution specific or provider specific and are unavai-
lable for analysis.
5. Conclusions

Rehospitalization after prostate brachytherapy is accounted for
by ED visits or inpatient admissions, occurring at a rate of 5.8%. The
most common reasons for readmission are urinary retention, he-
maturia, malfunctioning of urethral catheter, and UTI. Independent
risk factors for rehospitalization are advanced age and recent
inpatient hospitalizations, identifying patients who may benefit
from thorough preoperative risk assessment.
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