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Abstract

Background Although peritonitis causes significant morbidity and mortality in children receiving chronic peritoneal dialysis
(CPD), little is known about costs associated with treatment.

Methods We analyzed 246 peritonitis-related hospitalizations in the USA, linked by the Standardized Care to Improve Outcomes
in Pediatric End Stage Renal Disease (SCOPE) and Pediatric Health Information Systems (PHIS) databases. Multivariable
logistic regression was used to assess the relationship between high-cost hospitalizations (at or above the 75th percentile) and
patient characteristics. Multivariable modeling was used to assess differences in the service-line specific geometric mean between
(1) high- and low-cost (below the 75th percentile) hospitalizations and (2) fungal versus other types of peritonitis. Wage-adjusted
hospitalization charges were converted to estimated costs using reported cost-to-charge ratios to estimate the cost of
hospitalization.

Results High-cost hospitalizations were associated with the following: age 3—12 years, Hispanic ethnicity, intensive care unit
(ICU) stay, length of stay (LOS), and fungal peritonitis. Whereas absolute standardized cost by service line was significantly
different when comparing high- and low-cost hospitalizations, the percentage of total cost by service line was similar in the two
groups. Cost per case for fungal peritonitis was higher (p < 0.001) in every service line except pharmacy when compared to other
peritonitis cases. The median (IQR) cost of hospitalization for the treatment of peritonitis was $13,655 ($7871, $28434) USD.

Conclusions Hospitalization-related costs for peritonitis treatment are substantial and arise from a variety of service lines. Fungal
peritonitis is associated with high-cost hospitalization.

Keywords Peritoneal dialysis-related infection - Cost-to-chargeratio - Wage-adjusted charges - Service line - Pediatric peritonitis -
Direct cost

Introduction
SCOPE Investigators: complete list of participating centers available in
Table 3 in the Appendix The most common dialysis modality for children with end
stage kidney disease (ESKD) throughout the world is chronic
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1-year adjusted mortality rate reported by the USRDS was still
highest in pediatric PD patients when compared to HD and
transplant patients [2]. Furthermore, reports from the North
American Pediatric Renal Trials and Collaborative Studies
(NAPRTCS) and the International Pediatric Peritonitis
Network (IPPN) have both shown that peritonitis is a leading
cause of dialysis modality change [3, 4].

The fiscal impact of ESKD management is also substantial,
with the annual cost of ESKD care in the USA now exceeding
30 billion dollars [2]. In the case of ESKD patients on CPD,
there are unique fiscal implications pertaining to the develop-
ment and treatment of peritonitis. Clinical issues range from
brief hospitalizations for initiation of antibiotic therapy to the
need for PD catheter removal and transition to HD, dependent
on the severity of the infection and the responsiveness of the
patient to therapy. Although peritonitis rates in children are
generally higher than those experienced in adults and are in
turn, associated with a substantial cost for the pediatric CPD
population, only a single study from Canada out of a regional
tertiary care center and published more than two decades ago
has addressed the issue of cost associated with peritonitis in
pediatric patients [5]. While the authors of this study were able
to examine costs associated with hospitalization for peritoni-
tis, they only reported on what was attributed to direct costs
and hospital-level overhead costs and were not able to report
on what factors contributed to higher cost hospitalizations.

The Standardized Care to Improve Outcomes in Pediatric
End Stage Renal Disease (SCOPE) Collaborative is a quality
improvement initiative coordinated by the Children’s Hospital
Association (CHA) and is comprised of a group of pediatric
dialysis programs in the USA working together to reduce peri-
tonitis rates in pediatric CPD patients by implementation of
standardized PD catheter care bundles [6]. Through this effort,
the collaborative has been able to demonstrate a statistically
significant reduction in the rate of peritonitis [7]. At the same
time, the collection of data pertaining to the treatment of peri-
tonitis by the participating sites, coupled with information
collected in the Pediatric Health Information Systems
(PHIS) database, has made it possible to describe factors as-
sociated with high-cost hospitalizations and to estimate the per
patient cost of the inpatient management of peritonitis in pe-
diatric CPD patients in the USA.

Methods
SCOPE Collaborative

The SCOPE Collaborative is a partnership between the CHA
and their quality improvement resources, a multi-disciplinary,
multi-institutional core faculty, and the physicians, nurses, and
staff from 45 participating pediatric dialysis programs
throughout the USA. Data collected between October 1,

@ Springer

2011 and September 30, 2015 were included in this analysis.
There were 30 hospitals participating in SCOPE during this
time, listed in Table 3. Details of the structure of the collabo-
rative and the quality improvement process used to assist
teams in the implementation of standardized catheter care
practices have been previously described [6]. The SCOPE
Collaborative and its participating centers follow the
Declaration of Helsinki. The SCOPE protocol was reviewed
by an Institutional Review Board (IRB) at each center.

Pediatric Health Information System

PHIS is an administrative database maintained by the CHA
(Lenexa, KS) that contains discharge data (demographics, di-
agnosis codes, procedure codes) and billing data from 49 ter-
tiary pediatric hospitals in the USA. Professional and ambu-
latory charges are not captured in PHIS. Data warehousing for
PHIS is managed by IBM Watson/Truven Health Analytics
(Ann Arbor, MI), and data are subjected to validity and reli-
ability checks prior to incorporation into the PHIS database.
Whereas data are de-identified, all children in the database are
assigned a unique, encrypted patient identifier so that they can
be followed across multiple encounters.

Measures and data

Patients were entered into the SCOPE database following the
insertion of a PD catheter for the performance of chronic di-
alysis. Demographic data collected from all patients entered
into the SCOPE database included the following: age, race
(White, Black, Hispanic, or other), sex, and cause of ESKD.
Data on the number of catheters, number and microbiology of
peritonitis episodes, outcome of peritonitis episodes, and com-
pliance with SCOPE recommended catheter care bundle ele-
ments were collected at monthly intervals following the col-
laborative launch. Infection-related costs were obtained by
linking the SCOPE data with the PHIS database.
Twenty-five of the 30 hospitals participating in SCOPE
during the study period were also participating in PHIS and
had information available for analysis. Peritonitis episodes
from SCOPE were successfully linked to PHIS hospitaliza-
tions from 23 of these 25 centers (Fig. 1). A peritonitis episode
was defined as an index peritonitis infection as well as any
related relapses. The criteria used to diagnose peritonitis and a
relapsing infection were as described in the 2012 update to the
Consensus Guidelines for the Prevention and Treatment of
Catheter-related Infections and Peritonitis in Pediatric
Patients Receiving Peritoneal Dialysis, published by the
International Society for Peritoneal Dialysis (ISPD) [8].
Peritonitis episodes from SCOPE-participating centers
were linked indirectly with administrative and billing data
from hospitalizations recorded in PHIS on the basis of the
following: month of birth, year of birth, sex, date of peritonitis
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Fig. 1 Linkage of SCOPE and PHIS hospitals for peritonitis analysis

episode, and date of hospital admission. PHIS hospitalization
records were required to have a diagnosis code indicating
ESKD. The date of admission in PHIS was required to be
within £ 30 days of the peritonitis infection date reported in
SCOPE. Only SCOPE peritonitis episodes that could be
uniquely linked to a PHIS hospitalizations based on the
criteria described above were included in the analysis; perito-
nitis episodes that could potentially be linked to hospitaliza-
tions for more than one patient were excluded.
Hospitalizations for both index peritonitis infections and re-
lapses were included. Peritonitis episodes occurring during a
PHIS hospitalization, but more than 48 h after admission were
excluded from the analysis as peritonitis was not considered
the cause of the hospitalization.

Statistical considerations

Frequencies and percentages were used to summarize categor-
ical descriptive statistics; medians, first quartiles (Q1), and
third quartiles (Q3) were used to summarize continuous de-
scriptive statistics. Low-cost hospitalizations (below the 75th
percentile) for treatment of peritonitis were compared with
high-cost hospitalizations (at or above the 75th percentile)
for treatment of peritonitis. The cost of hospitalization for
treatment of fungal peritonitis was compared with the cost of
hospitalization related to the treatment of all other (bacterial
and culture negative) episodes of peritonitis. Costs by service
line were examined in the following categories: pharmacy,
lab, imaging, supply, clinical (includes dialysis-related costs),
and other (room and board and intensive care unit).
Categorical characteristics were compared using a chi-square
test of association and continuous data were compared using a
Wilcoxon rank-sum test. Multivariable logistic regression was
used to assess the relationship between high-cost hospitaliza-
tions and patient characteristics. We also modeled the geomet-
ric mean of service-line costs using multivariable modeling
techniques to compare differences in cost between (1) high-
cost versus low-cost hospitalization and |(2) fungal versus
other types of peritonitis. All multivariable models included

arandom hospital effect to account for clustering of peritonitis
episodes within hospital. All analyses were performed using
SAS, Version 9.4 (SAS Institute, Cary, NC), and p values <
0.05 were considered statistically significant.

Outcome

The outcome measure for this analysis was cost of hospitali-
zation for peritonitis in pediatric CPD patients participating in
a multi-center quality improvement collaborative. Charges in
PHIS are adjusted for the wage and price index (published
annually in the Federal Register) to account for cost-of-
living-differences; wage-adjusted hospitalization charges in
PHIS were converted to estimated costs using reported cost-
to-charge ratios either collected from a hospital’s Medicare
cost report or reported directly by the hospital to CHA. This
costing methodology has been described previously by
Schwartz et al. [9]. Service-line level clinical charges were
used to estimate hospital costs whenever possible. For hospi-
talizations in which clinical charges were missing (N =32),
aggregated charges were used to estimate costs.

Results

Overall, 553 peritonitis episodes were reported by SCOPE
during the period of observation and 266 of those peritonitis
episodes were linked with 278 PHIS hospitalizations. Of these
278 hospitalizations, specific service-line clinical charges
were reported for 246 (V=180 low-cost; N =66 high-cost);
32 hospitalizations with missing clinical charges were omitted
from the service-line analysis. See Fig. 2 for schematic expla-
nation of hospitalizations included in cost analysis.

Cost of hospitalization for peritonitis and factors
associated with high-cost hospitalizations

The median (IQR) cost of hospitalization for the treatment of
peritonitis was $13,655 ($7871, $28434) USD. By univariate
analysis, factors significantly associated with high-cost

533

Episodes of peritonitis reported
to SCOPE during study period

Episodes of peritonitis linked
to PHIS hospitalizations

266

Number of PHIS
hospitalizations

278
246

Fig. 2 Explanation of hospitalizations included in cost analysis

PHIS hospitalizations with service
line-specific charges reported
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hospitalizations were as follows: patient age between 3 and
12 years, Hispanic race, intensive care unit (ICU) stay, and
fungal peritonitis (Table 1). These factors remained signifi-
cantly associated with high-cost hospitalizations even after
adjustment in multivariable logistic regression modeling
(p<0.005 for all factors). Figure 3 shows a cost distribution
of those factors. Additionally, length of stay (LOS) correlated
with high-cost hospitalization. The median (Q1, Q3) LOS
among high-cost hospitalizations was 13 (9, 25.5) days,
whereas it was 4 (2, 5) days in low-cost hospitalizations
(p<0.001).

Services associated with high-cost hospitalization
for peritonitis

High-cost (n = 66) and low-cost (n = 180) hospitalizations for
peritonitis were compared by service line, and standardized
costs were found to be significantly different (p <0.001) in
every service line (Table 2). Despite these differences in ab-
solute cost, the percentage of total costs by service line was
similar for the high-cost and low-cost hospitalizations for the
following: pharmacy (17 vs 15%, p =0.63), lab (6 vs 7%, p =
0.30), imaging (3 vs. 3%, p=0.85), supply (3 vs. 3%, p=
0.98), clinical (26 vs. 30%, p =0.33), and other (44 vs. 47%,
p=0.18). Hospitalization cost per case of fungal peritonitis
was significantly higher than for all other causes of peritonitis
for every service line except pharmacy (Fig. 4).

Discussion

In this analysis we found the following factors to be as-
sociated with high-cost hospitalization: age between 3 and

400,000+

300,000+

200,000 - --Overall Median Cost

Cost ($)

100,000+

[E

Fig. 3 Factors contributing to high-cost hospitalization

12 years, Hispanic race, ICU stay, length of stay, and
fungal peritonitis. When hospitalizations were broken
down by service line, we found that although the absolute
cost per service line was significantly different in all cat-
egories when low- and high-cost hospitalizations were
compared, the percentage of costs by service line was
the same between the two groups. Noteworthy is the find-
ing that hospitalization cost per case of fungal peritonitis
was significantly higher in every service line examined
except pharmacy, likely due to a more prolonged hospi-
talization, a higher acuity necessitating an ICU stay, the
need for removal of the PD catheter and placement of an
HD catheter, and in-hospital hemodialysis costs that are
typically associated with management of fungal peritoni-
tis. The association of Hispanic ethnicity with high-cost
hospitalization was also unique and further study is re-
quired to delineate factors that may contribute to this find-
ing. We found the median cost of hospitalization for treat-
ment of peritonitis in a pediatric PD patient in the USA to
be $13,655 ($7871, $28434) USD.

Our findings represent one of only two studies to date
that have analyzed the costs associated with peritonitis in

Table 1 Factors associated with

high-cost hospitalization for Total Lower 75th percentile Upper 25th percentile p value
treatment of peritonitis—
comparison of upper 25th per- Hospitalizations, n 278 206 72
centile by cost with lower 75th Age at admission, n (%) 0.005
percentile by cost 3-12 years 70 (25.2) 43 (20.9) 27 (37.5)
All other ages 208 (74.8) 163 (79.1) 45 (60.5)
Race, n (%) 0.008
White 108 (38.8) 83 (40.3) 25 (34.7)
Black 64 (23) 52 (25.2) 12 (16.7)
Hispanic 82 (29.5) 50 (24.3) 32 (44.4)
Other 24 (8.6) 21(10.2) 34.2)
ICU stay, n (%) 36 (12.9) 15(7.3) 21(29.2) <0.001
Peritonitis episodes, 266 200 66
Causative organism, 1 (%) <0.001
Fungal 259.4) 12 (6) 13 (19.7)
Other 241 (90.6) 188 (94) 53 (80.3)

ICU intensive care unit
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Table 2 Comparison of
standardized cost per case by Lower 75th percentile ~ Upper 25th percentile p value
service line in low- vs. high-cost -
hospitalization for peritonitis Hospitalizations (n)* 180 66
Service line
Pharmacy $1191 ($1012, $1400)  $5426 (34168, $7065) <0.001
Lab $663 (8592, $740) $2853 ($2380, $3420) <0.001
Imaging $186 (8151, $229) $708 ($543, $923) <0.001
Supply $269 (8211, $342) $1355 ($969, $1894) <0.001
Clinical (includes dialysis-related costs) ~ $2280 ($1935, $2686)  $11,456 ($8903, $14,741) <0.001
Other (includes room & board) $2227 ($1579) $10,002 ($7042, $14, 205)  <0.001

* Thirty-two hospitalizations missing service line level charges were omitted from analysis

pediatric CPD patients. Coyte et al. published an econom-
ic evaluation of the two types of ambulatory dialysis pro-
vided to pediatric patients in Canada (hospital-based am-
bulatory HD and home-based PD, including both CCPD
and CAPD) in which they reported an annualized increase
in the cost of care per patient due to peritonitis to be
roughly ~$2546 USD. This cost estimate differs from
those presented in our analysis as their estimates repre-
sented the financial burden on their entire CPD popula-
tion, in contrast to our figure which was determined by
using costs pertaining only to those patients who were
hospitalized for treatment of peritonitis. Whereas the anal-
ysis by Coyte et al. limited cost of care data to those
patients over the age of 2 years and those weighing more
than 20 kg, our analysis included patients of all ages and
did not have a weight cutoff. The Canadian study includ-
ed both direct and indirect costs and derived their estimate
using data from a single tertiary care center collected over
only 1 year, while our analysis was more representative of
the spectrum of costs associated with the treatment of
peritonitis as we included data from 23 pediatric dialysis
programs over a period of 4 years and evaluated only
direct costs. Most importantly, our estimate included costs
of inpatient dialysis while theirs did not. Finally, their
costs estimates are over 20 years old, were not based on

$30,000- .
Fungal Infection p<0.001
3 3 Other Infection T
] ]
£ $20,000
[
w
S
@
o
§ $10,000+ 0=0.06 5<0.001 p<0.001
o E' - p<0.001  P<0.001 ;
soLL | | = FE bl
Pharmacy Imaging Supply Room HD

Service Line

Fig. 4 Hospitalization cost per case of fungal peritonitis versus all other
causes of peritonitis by service line

patient-level utilization, and were not based on charges,
while our cost estimates were based on the ratio of cost to
charge (RCC) methodology and reflect patient-level utili-
zation of resources across multiple service lines during a
hospitalization [5, 9].

In addition to our analysis and the analysis by Coyte
et al., two studies examining the economic impact of peri-
tonitis in adults have been published. In 1990, Piraino
et al. estimated the median total cost per hospitalization
for peritonitis with associated exit site or tunnel infections
at $5122 USD. This study looked at all of the patients in
one US center’s dialysis program over a 6-month period;
in this timeframe, 12 of their patients were diagnosed with
peritoneal dialysis catheter-related infections, 4 of whom
were hospitalized with peritonitis [10]. Costs were deter-
mined using charge data from billing records and patient
charts. Only direct costs were included in this analysis
and it is explicitly stated that dialysis-related costs (which
made up a substantial proportion of the costs in our anal-
ysis, especially in the high-cost cases) were excluded. The
largest expenses attributable to their peritonitis cases were
those related to hospitalization and diagnostic testing,
which is similar to our analysis.

In the most recent study of costs associated with peri-
tonitis, Makhija et al. described fiscal data associated with
their peritoneal dialysis continuous quality improvement
program in Colombia and found that the cost per case of
peritonitis was ~$250 USD. This analysis included both
hospitalized and ambulatory patients. To generate their
cost estimate, the authors used patient-level data available
for all patients seen at Renal Therapy Services (RTS)
Clinics, comparing 200 cases with peritonitis and 200
controls without peritonitis, from 2006 to 2014; this anal-
ysis only included patients 18 years of age or older. As
RTS records do not include hospital visits, a subset of
patients from RTS that were also in the Coomeva EPS
(public health insurance provider) were identified and
linked to obtain data related to hospitalizations. Costs
were determined using a case control (199 cases and
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199 controls) analysis by subtracting the weekly cost of
care for patients without peritonitis from the weekly cost
of care for patients with peritonitis, converting to a per
episode cost based on the average duration of peritonitis,
which was based on antibiotic prescription information.
Of the costs attributable to peritonitis, 68% were related
to hospitalization. The largest components of hospitaliza-
tion costs were pharmacy, supplies, and PD solutions.
Data were not available regarding what proportion of pa-
tients were hospitalized [11].

As can be seen from the three previously published studies
reported above, there is considerable variation in the reported
economic impact of peritonitis depending on what service
lines are included in the analysis, whether direct and/or indi-
rect costs are included, and how costs are determined. Other
factors that make cost comparisons from the published data
difficult are the varying sizes of the patient numbers included
in each analysis, as well as the recognition that some of the
analyses were single-center over short timeframes and some
were multi-center over longer time frames. Despite these dif-
ferences, our analysis found hospitalization-related costs and
pharmacy costs to be significant contributors to total cost,
which is similar to the findings from other studies described
above.

Our contribution to the literature is unique for several rea-
sons. First, our data provide an estimate of the cost of hospi-
talization due to peritonitis derived from patient-level data
from multiple pediatric centers, over multiple years.
Additionally, since delivery of hemodialysis is generally more
expensive than delivery of peritoneal dialysis, our data on
costs related to dialysis of patients hospitalized with peritonitis
helps to account for one of the larger expenditures related to
peritonitis that was not necessarily accounted for in the other
studies. Finally, but very importantly, our study is the first to
describe factors associated with high-cost hospitalization for
peritonitis. While these findings are likely applicable to pedi-
atric dialysis care outside the USA as well, further study of the
economics of peritonitis management in children in other geo-
graphic regions should be encouraged.

Our study has several limitations. Matching of SCOPE
cases of peritonitis with PHIS hospitalizations was done
on the basis of month of birth, year of birth, sex, and
dates of peritonitis episode and hospital admission.
There was also a requirement for the PHIS hospitalization
to have the diagnosis code of ESKD in order to be includ-
ed in the analysis, which might have led to missed cases,
as the incidence of errors in clinical coding is well docu-
mented in the literature and is widespread [12, 13].
Indirect linkage between SCOPE peritonitis cases and
PHIS hospitalizations could potentially result in missed
matches (which would mean missed cases) or mismatches
(cases of peritonitis matched with an incorrect hospital
encounter). Data routinely captured by SCOPE suggests
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that 62% of all peritonitis cases require hospitalization.
Therefore, for 553 episodes of peritonitis reported during
the study period, approximately 342 hospitalizations
would be anticipated. Given that this analysis includes a
total of 278 hospitalizations, we were able to capture
roughly 80% of expected peritonitis-related hospitaliza-
tions. Although the RCC cost methodology is well-de-
scribed, does well with estimating average costs per diag-
nosis related group (DRG), and also has good reliability
in comparing relative costs for patients in a DRG in one
hospital to the average cost of patients in the same DRG
in a group of hospitals, it can over- or under-estimate
costs by up to 10% of the gold standard of RVU-
calculated costs. Additionally, RCC cost methodology
has found to be inaccurate for predicting costs of a single
hospitalization, but has been shown to perform well when
estimating average costs [9]. Finally, cost estimates in-
cluded in this study are generalizable only within the
USA. Differences in healthcare models, access to care,
and services covered by insurance between the USA and
other healthcare markets preclude any generalization of
our cost estimates to other countries.

Despite the fact that the costs we reported are specific to
the US health care system, we believe, as noted above, that
our findings on factors associated with high-cost hospital-
ization are generalizable. In summary, the considerable ad-
ditional cost of hospitalization due to the treatment of peri-
tonitis highlights the importance of continued peritonitis
prevention efforts in both the inpatient and outpatient set-
ting, and provides justification for the cost of quality ini-
tiatives aimed at decreasing peritonitis like those conduct-
ed by SCOPE and the Colombian health care system.
Fungal peritonitis in particular has substantial clinical con-
sequences and is likely associated with a much higher cost
than other types of peritonitis in countries besides the USA
given the its association with hemodialysis and longer hos-
pital stay. Additional efforts should thus be directed at re-
ducing this specific type of peritonitis, which if successful
would not only reduce the cost of care per patient in a PD
population, but would also reduce overall ESKD manage-
ment costs, given that patients with fungal peritonitis more
commonly need to abandon peritoneal dialysis. Further
investigation should be conducted to delineate factors that
may contribute to the association of higher cost hospitali-
zation with Hispanic race and in the non-infant age group.
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Appendix

Table 3  Participating centers that contributed data to the SCOPE
Collaborative

Boston Children’s Hospital

Cincinnati Children’s Hospital Medical Center
Phoenix Children’s Hospital

Mattel Children’s Hospital UCLA

UCSF Benioff Children’s Hospital

Ann & Robert H. Lurie Children’s Hospital
Johns Hopkins Children’s Center

Children’s Mercy Hospitals and Clinics
American Family Children’s Hospital
Children’s Medical Center Dallas

University of lowa Children’s Hospital

Seattle Children’s Hospital

Children’s Hospital of Wisconsin

Nationwide Children’s Hospital

Children’s Hospital Los Angeles

St. Louis Children’s Hospital

Vidant Children’s Hospital

Children’s National Medical Center

Arkansas Children’s Hospital

The Children’s Hospital at Montefiore

Kosair Children’s Hospital

Texas Children’s Hospital

Rainbow Babies and Children’s Hospital

The Children’s Hospital of Philadelphia
Alfred I Du Pont Hospital for Children

Steven and Alexandra Cohen Children’s Medical Center
Lucile Packard Children’s Hospital at Stanford
Levine Children’s Hospital

Children’s Hospital New Orleans

Driscoll Children’s Hospital

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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