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INTRODUCTION

Background
Emergency department (ED) crowding is a growing global con-

cern that is not limited to Northern America.1-4 ED crowding is 
thought to be caused by an increasing number of patients, a 
shortage of ED and hospital beds, a lack of trained healthcare 
providers, and other socioeconomic issues that influence the 
operation of EDs.5-7 

Many studies have acknowledged that ED crowding is harm-
ful to patients, as it leads to delays in treatment and an increase 
in potential errors.8-11 A compromised ED not only influences 
the hospital, but also affects emergency medical service and 
the community at large.12-14 

The Independent Capacity Protocol (ICP) was introduced 
to enhance the output capacity of the ED and in a previous 
study was found to be effective within a relatively short period 
of time.15 The protocol augmented the potential output capaci-
ty of our ED by including other surrounding community hos-
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pitals. With the ICP, the ED was used as a temporary care unit 
to evaluate and stabilize patients (over a period of about two 
days), followed by inter-facility transfer to multiple community 
hospitals as potential receiving areas. After introduction of the 
ICP, ED length of stay (LOS) decreased without an increase in 
hospital capacity over the limited study period.

Importance
There have been numerous attempts to reduce crowding in 
ED. Among input, throughput, and output factors, interven-
tions aimed at addressing the output factor level seem to be 
the most critical.16-20 However, the sustainability and long-term 
effect of our and other reported protocols have not been re-
ported. Furthermore, inter-facility comparisons have not dem-
onstrated the effectiveness of a single-center protocol in pre-
venting ED crowding. 

Goals of this investigation
In this study, we aimed to determine the long-term effects of 
the ICP on ED crowding metrics. We hypothesized that intro-
duction of the ICP would be associated with a sustainable re-
duction in ED and total hospital LOS. 

MATERIALS AND METHODS

Study design
A before and after study design was used to test the study hy-
pothesis. The study was approved by the Institutional Review 
Board at the study institution and was exempt from informed 
consent. 

Setting
This study was performed at an urban, level-1 emergency cen-
ter that has about 54000 annual visits (2010). The ED has 54 
treatment beds (including 34 beds for adults in an adult area 
and 20 beds for children in a pediatric area), a 30-bed emer-
gency ward on a different floor of the same building, and a 20-
bed emergency intensive care unit (EICU). 

Nationwide there are 16 regional emergency centers that 
serve as level-1 centers, 121 local emergency centers (level-2), 
and about 330 local emergency institutes (level-3). The number 
of regional emergency centers has increased since concluding 
the study. These centers are designated by the Korean Ministry 
of Health and Welfare after meeting specific criteria. Many lev-
el-1 centers are academic hospitals and are staffed with very 
experienced physicians who serve emergency patients as a ter-
tiary center with 24-hour/365-day coverage. Level-1 centers 
should operate EICUs and must respond to disaster in the 
designated region.

The state of emergency medicine in Korea has been de-
scribed in previous articles.11,15,21,22 The National Health Insur-
ance (NHI) Corporation pays for approximately 80% of emer-

gency medicine costs, regardless of which hospital the patients 
choose. Most diseases and injuries are covered by the NHI pro-
gram, with some exclusions, such as motor vehicle accidents 
and intentional injuries that are covered by either private in-
surance or are not covered at all. 

The independent capacity protocol
The ICP was designed to help reduce ED crowding by aug-
menting the output capacity at regional medical centers. This 
protocol gave emergency physicians more responsibility and 
authority over patient disposition. The ICP also converted the 
ED into a temporary, nonspecific ward that can care for any 
patient for a period of up to 48 hours. During this time period 
emergency physicians were assisted by specialists and transfer 
coordinators in determining patient disposition. When no lo-
cal beds were available at the study institution and the patient’s 
condition allowed, patients were transferred to a surrounding 
community hospital based on a case-by case determination 
and inter-facility agreements and protocols. The general prin-
ciples of the ICP are presented in Fig. 1.15 

Selection of participants
The ICP was introduced on July 1, 2007. The before period in-
cluded patients presenting to the ED between January 1, 2005 
to June 31, 2007. The after period included patients presenting 
three months after implementing the ICP from October 1, 2007 
to December 31, 2010. In order to compare the degree of ED 
crowding at the study center to other institutions; crowding in-
dices from other fifteen level-1 centers were collected from 
January 1, 2005 to May 30, 2010 using the national ED informa-
tion system (NEDIS). 

Data collection and processing
The NEDIS is an electronic database that has been collecting 
patient data from about 120 EDs throughout Korea since 2004. 
From the NEDIS, we included patients from sixteen regional 
EDs. We collected clinical data, such as age, sex, diagnosis, and 
treatment. We also gathered data regarding the patients’ insur-
ance status and mode of arrival to the ED. These data were se-
lected because they have been suggested to have an impact on 
ED crowding.1,5 We also collected data on patient outcomes in-
cluding discharge, admission, and in-hospital mortality.

Outcome measures 
The main outcomes that we measured were the ED LOS and 
the LOS of admitted patients. The ED LOS directly reflects the 
ED volume, which is a good indicator of ED crowding. The ED 
LOS also reflects the occupancy rate.23-25 Secondary measures 
included the mean number of monthly ED visits and the rate 
of inter-facility transfers.  

Data analysis
In order to demonstrate changes in outcomes after implement-
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ing the ICP, patient data were converted into time-series data. 
The mean number of monthly ED visits, the rate of inter-facili-
ty transfers from the ED, the mean (standard deviation, SD) 
and median (interquartile range, IQR) ED LOS, and the mean 
(SD) and median (IQR) hospital LOS of admitted patients were 
calculated. Standard descriptive statistics including differenc-
es with 95% confidence intervals (95% CIs) between the be-
fore and after study periods are reported. In order to demon-
strate trends over time, we performed univariate linear 
regression analysis. Linear regression can be a robust model 
with large data size, despite the skewedness of ED LOS.26 We 
also performed a piecewise regression to determine the effect of 
the intervention in a time-series format. A piecewise regression 
is a form of interrupted time series analysis which is to deter-
mine whether an intervention affects a series of observations.27 
The trend is described with differences and 95% CIs of the 
slopes between the two study periods. We also collected data 
regarding LOS at 15 additional level-1 emergency centers not 
using the ICP protocol. The same piecewise regression analysis 
was performed to demonstrate and compare trends at the oth-
er hospitals. We used Stata software (version 12.1, Stata Corpo-
ration, College Station, TX, USA) for all analyses.

RESULTS

General characteristics of the study subjects
A total of 271519 patients were included in the study during 
the 6-year period. Annual visits to the ED increased from 37983 
to 54026 (a 42% increase). Among the study subjects, 46.3% 

were female, 27.2% were children (less than 15 years old), 
20.8% were elderly (more than 65 years old), 91.1% were cov-
ered by the National Health Insurance (NHI), and 16.0% were 
transported to the ED via an ambulance. Additional details are 
described in Table 1.

Table 2 shows the trends in patient outcomes during the 
6-year study period. The rate of discharge from the emergency 
department increased from 65.2% to 71.0% (p<0.001) and the 
transfer rate from emergency room without admission in-
creased from 2.8% to 3.1% (p=0.007). Admissions to the emer-
gency ward increased from 4.3% to 6.4% (p<0.001), which is 
equivalent to an increase in monthly admissions from 162 to 
310. The rate of transfers from the emergency ward to other 
facilities increased from 1.7% to 9.9% (p<0.001). The overall 
hospital mortality decreased from 2.7% to 1.8% (p<0.001).

The changes in ED resources that occurred during the study 
period are presented in Table 3. There was a significant increase 
in the number of physicians until 2008, while little change was 
seen in the number of nurses during the same period.

Main results
Figs. 2–5 summarize the results of the piecewise regression. The 
piecewise regression compares the y-intercept and slope be-
fore and after implementation of the ICP. ED visits increased 
continuously (Fig. 2). After the intervention, the intercept 
changed from 119.1 to 115.1 (difference: 3.39, 95% CI: -1.43 to 
8.21) (p=0.17) and was not statistically significant. The slope in-
creased from 0.146 to 0.205 daily visits/week (difference: 0.060, 
95% CI: 0.004 to 0.116) (p=0.04). The transfer rate from the emer-
gency ward, which implies the community resource utilization 

Fig. 1. Conceptualized emergency department (ED) flow before and after introduction of the independent-capacity protocol. Dashed lines represent 
transfers from specific wards to other hospitals that were not analyzed in this study due to small numbers. Clear arrows represent discharges to 
home (from Cha WC, et al. Acad Emerg Med 2009;16:1277-83).15
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rate, showed an overall increasing trend, as presented in Table 
2. After implementing the ICP, the intercept increased from 
3.21% to 5.50% (difference: 2.29, 95% CI: 0.27 to 4.31) (p=0.03). 
The slope increased from 0.012% to 0.019% per week (differ-
ence: 0.0075, 95% CI: -0.016 to 0.031) (p=0.53) but was not sta-
tistically significant (Fig. 3). The overall ED LOS demonstrated 

a decreasing trend (Fig. 4). After the intervention, the intercept 
dropped from 8.51 to 7.98 hours (difference: 0.52, 95% CI: 0.04 
to 1.01) (p=0.03), and the slope decreased from -0.011 to -0.018 
hours/week (difference: 0.0069, 95% CI: 0.0012 to 0.013) (p=0.02). 
As demonstrated in Fig. 5, a notable change was seen in the 
mean time waiting for admission. After the intervention, the in-

Table 1. Characteristics of the Study Population

Variables
2005 2006 2007 2008 2009 2010

1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half
Total semi-annual ED visits 18380 19063 20045 20818 20908 22148 23470 22737 23714 25670 26315 27711

Females, % 45.8 45.9 46.5 46.5 46.0 45.2 45.2 46.1 46.0 47.3 47.0 47.3 

Age group, %

Pediatric (≤18 yrs) 27.6 27.4 26.8 27.5 25.6 25.4 26.0 26.2 27.4 27.8 29.0 28.9 

Elderly (≥65 yrs) 19.2 18.1 20.2 19.2 20.9 20.1 21.9 21.3 22.6 20.8 22.4 21.6 

Insurance type, %

National health insurance 90.5 89.5 89.0 89.3 89.3 90.2 91.4 91.5 92.2 92.4 93.0 92.6 

Motor vehicle insurance 1.5 2.0 1.9 2.3 2.1 1.8 1.9 2.3 2.0 2.1 1.7 2.1 

Medical aid 5.9 6.4 7.2 6.5 6.6 6.2 5.0 4.5 4.0 3.7 3.6 3.7 

Without insurance 2.1 2.1 1.9 2.2 2.1 1.8 1.6 1.7 1.6 1.5 1.5 1.4 

Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.2 0.3 

Arrival by ambulances, % 15.8 15.3 15.2 16.0 15.5 15.7 15.9 16.5 16.3 16.2 15.5 17.6 

Injury, % 12.8 14.2 14.9 16.5 17.2 16.6 16.5 16.7 15.7 15.2 15.1 15.9 

Presentation with abnormal V/S, %

Systolic blood pressure <90 mm Hg* 1.8 2.5 3.4 3.3 4.3 4.1 3.6 3.8 3.4 3.7 3.7 3.9 

Respiratory rate ≥30 or <10/min* 1.9 1.7 1.9 1.5 2.6 1.8 1.8 1.9 2.0 1.7 1.8 2.2 

Abnormal mental status (verbal response  
  to unresponsive)

4.5 4.4 4.6 4.9 5.0 4.8 5.2 4.7 4.4 3.9 4.3 4.2 

ED, emergency department; V/S, vital sign. 
*Abnormal systolic blood pressure and respiratory rate were compared only for age >18.

Table 2. Disposition of Patient from Emergency Department 

Disposition and outcomes
2005 2006 2007 2008 2009 2010 p for  

trend1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half
From ED

Total, n 18380 19063 20045 20818 20908 22148 23470 22737 23714 25670 26315 27711
Discharge to home, % 65.2 67.2 69.9 70.2 70.9 70.5 71.8 70.6 69.6 71.0 71.4 71.0 <0.001
Transfer to another facility, % 2.8 3.1 3.2 3.4 3.8 1.9 3.0 3.0 2.9 2.6 2.9 3.1 0.007
Admission, overall (a), % 30.7 28.7 25.9 25.6 24.6 26.9 24.5 25.7 26.9 26.0 25.2 25.4 <0.001

To emergency ward (b), % 4.8 4.3 4.8 5.4 6.0 8.8 6.9 7.0 7.0 6.9 6.6 6.4 <0.001
Proportion, % (b/a×100) 15.6 14.8 18.5 20.9 24.3 32.7 28.3 27.0 26.1 26.3 26.2 25.3 
To ICU, % 5.1 4.7 4.2 4.0 4.1 3.9 3.8 3.9 3.8 3.6 3.6 3.6 <0.001
To general ward, % 21.1 19.8 16.9 16.3 14.6 14.1 13.8 14.8 16.1 15.6 15.0 15.5 <0.001

Death in ED, % 1.3 1.0 1.0 0.9 0.8 0.7 0.7 0.7 0.6 0.5 0.5 0.5 <0.001
From emergency ward

Included, n 973 924 1030 1196 1232 2042 1688 1665 1755 1811 1787 1864 
Discharge, % 65.8 66.9 65.1 56.8 61.3 57.3 50.0 60.2 54.5 52.5 54.9 53.2 <0.001
To general ward, % 32.5 32.0 32.1 39.2 37.4 35.5 41.9 36.1 39.8 38.8 39.5 36.8 <0.001
To another hospital facility, % 1.7 1.1 2.8 4.0 1.3 7.2 8.2 3.7 5.7 8.7 5.6 9.9 <0.001

Overall hospital mortality, % 2.7 2.4 2.3 2.4 2.1 2.4 2.0 1.9 1.9 1.7 1.8 1.8 <0.001
ED, emergency department; ICU, intensive care unit.
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nificantly lower than the other centers’ slope of -0.0080 hour/
week (95% CI: -0.012 to -0.0042) (Fig. 6). 

DISCUSSION

Our study has several important limitations. First, this was a sin-
gle-center study, thus it is difficult to extrapolate the results to 
other institutions or countries. For example, the degree of crowd-
ing at the study center was significantly greater than that at the 
other centers, which could have made our center more vulner-
able to any intervention. The successful outcome of this strate-
gy heavily relies on the fact that the study site is output-depen-
dent. However, the trend after initiating the ICP is notable. This 
trend signifies that even with an increasing number and acuity 
of patients, the protocol can still be effective.

Second, this study was a pre- and post-intervention obser-

tercept decreased from 33.6 to 31.1 hours (difference: 2.44, 95% 
CI: 0.84 to 4.05) (p=0.003) and the slope decreased from 0.45 to 
-0.54 hour/week (difference: 0.100, 95% CI: 0.081 to 0.18) (p< 
0.001).

Additional analyses
In order to compare outcomes in the study institution with those 
in the other 15 level-1 centers in the NEDIS database, adminis-
trative data, including ED LOS and admission waiting time, 
were collected. Overall, 2892440 data points were evaluated 
over a duration of 65 months. Similarly, a piecewise regression 
was carried out. Before the intervention, the slope of the study 
hospital was 0.0547 hour/week (95% CI: 0.039 to 0.070). This 
was significantly higher than the slope of the other hospitals, 
which was 0.0064 hour/week (95% CI: 0.0020 to 0.011). How-
ever, after the intervention, the slope of the study hospital was 
-0.0642 hour/week (95% CI: -0.078 to -0.051), which was sig-

Table 3. Comparison of Surrounding Environments and Emergency Department Resources*

ED resources 2005 2006 2007 2008 2009 2010
Hospital space and beds No change
ED equipment, n

CT & MRI No change
Portable US 2 2 3 3 3 3

ED personnel, person-year/daily patients
Physicians 15 21 26 29 30 30
Nurses 53 54 55 54 54 55
Emergency medical technicians 10 10 10 10 10 14

ED, emergency department; CT, computed tomography; MRI, magnetic resonance image; US, ultrasonography.
*All statistics from the government ED evaluation reports (the Ministry of Health and Welfare).

Fig. 2. Emergency department (ED) visits by year. After the intervention, the intercept changed from 119.1 to 115.1 (difference: 3.39, 95% CI: -1.43 to 8.21) 
(p=0.17) and was not statistically significant. The slope increased from 0.146 to 0.205 daily visits/week (difference: 0.060, 95% CI: 0.004 to 0.116) (p=0.04). 
IQR, interquatile range; SD, standard deviation; CI, confidence interval.
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vational study. We did not include specific measures to evalu-
ate the process within the center. Thus we do not know which 
aspect(s) of the protocol contributed most to the success of the 
project. We also did not randomize the patients, which may 
have biased the results. 

Third, we did not evaluate clinical outcomes of the study pa-
tients. The mortality, hospital LOS after admission, and patient 
satisfaction are valuable measures to determine the success of 
the project, but were not included in this study.8 Occupancy 
rate of regional hospitals was not included in this study, which 
could have shown additional information regarding utilization 
of regional resources. This study was more focused on the trends 
and changes after the intervention. However, the ICP did not 
adversely influence the mortality of patients in a previous study, 

Fig. 3. Rate of transfer to community hospital from emergency ward by year (%). After implementing the ICP, the intercept increased from 3.21% to 5.50% 
(difference: 2.29, 95% CI: 0.27 to 4.31) (p=0.03). The slope increased from 0.0119% to 0.0194% per week (difference: 0.0075, 95% CI: -0.0159 to 0.0310) (p=0.53) 
and was not statistically significant. CI, confidence interval; ICP, Independent Capacity Protocol.
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Fig. 4. Mean emergency department (ED) length of stay (LOS) by year. After the intervention, the intercept dropped from 8.51 to 7.98 hours (difference: 0.52, 
95% CI: 0.04 to 1.01) (p=0.03), and the slope decreased from -0.0110 to -0.0179 hour/week (difference: 0.0069, 95% CI: 0.0012 to 0.013) (p=0.02). IQR, interqua-
tile range; SD, standard deviation; CI, confidence interval.
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2005 2006 2007 2008 2009 2010

1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half 1st half 2nd half
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further study is required to prove the safety.15

Last, the sample size of this study is very large, that even with 
clear statistical significance (p-value<0.05), the effect may not 
have clinical significance. One should give caution when inter-
preting the results.

ED crowding is a serious problem in many parts of the world. 
The significance of this problem is increasing despite the dif-
ferences among healthcare systems.4 There are many potential 
causes for this phenomenon, and the input-throughput-out-
put model has been used frequently to help understand the 
problem.28 Though input factors and throughput factors play 
important roles, output factors are thought to be the major 
cause of crowding.5,6 Interventions focusing on ED output have 
been successful, while interventions focusing on other factors 
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have not produced consistent results. For example, in one study, 
expansion of the adult ED capacity from 28 to 53 beds did not 
affect ambulance diversion. Instead, total ED LOS and time to 
admission increased. As a result, ED expansion appears to be 
an insufficient solution to improve diversion without address-
ing other bottlenecks in the hospital.29 A study on expanding 
ED output by transferring ED-boarded admitted patients to an 
inpatient hallway during high ED census did not appear to re-
sult in patient harm.17 Increasing the number of ICU beds avail-
able to emergency patients also showed a decrease in time spent 
on ambulance diversion and appears to have shortened ED 
LOS for ICU patients. However, this intervention had less of an 
effect on other admitted patients and apparently had no effect 
on patients discharged to their home.19 Another study showed 

that ED throughput and diversion status improved with the im-
plementation of an active bed management process coordinat-
ed by hospitalists.20 These studies indicate that ED expansion, 
an increase in ICU beds, and active bed management to increase 
ED output capacity have limitations and may not contribute to 
sustainable, long term solutions for ED crowding.

The 2010 Society for Academic Emergency Medicine con-
sensus conference on regionalization in emergency care began 
with an update on the Institute of Medicine reports on the Fu-
ture of Emergency Care.18,30 Because ED crowding was such a 
prominent focus of this meetings reports and recommenda-
tions, it was disappointing that more progress has not been 
made in eliminating boarding of inpatients at EDs in the United 
States. Promoting regionalization in emergency care was re-

Fig. 5. Waiting time of admitted patients by year. After the intervention, the intercept decreased from 33.6 to 31.1 hours (difference: 2.44, 95% CI: 0.84 to 4.05) 
(p=0.003). The slope decreased from 0.45 to -0.54 hour/week (difference: 0.100, 95% CI: 0.081 to 0.12) (p<0.001). IQR, interquatile range; SD, standard devia-
tion; CI, confidence interval; ED, emergency department; LOS, length of stay.
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Fig. 6. Comparison of trend of admission waiting time between study hospital emergency department and other level-1 emergency departments. The top 
line represents the trend of the study hospital, while the lower line represents the trend of the 15 other level-1 emergency centers. 
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garded as a critical option for accountable emergency care. 
The ICP is a novel model of expanding output capacity using 
regional resources.15,18 Also, the importance of regional hospi-
tals, who receive patients from crowded institutions, play a 
critical role in the ICP. Mutual understanding and partnership 
is essential for the success of a regionalization protocol. Under 
the protocol, emergency physicians in a crowded ED take 
greater responsibility for patient disposition, particularly for 
patients who were admitted to the emergency ward. When the 
hospital capacity reaches its limit, the protocol promotes trans-
ferring patients to other, less crowded hospitals within the re-
gion. Regional sharing of emergency care after patient stabili-
zation is likely to be less harmful than the ambulance diversion 
that occurs prior to patient stabilization. In this study, we eval-
uated the long-term effect of the ICP. The mean ED LOS and 
time waiting for an admission decreased significantly, and an 
increased transfer rate and decreased mortality rate were also 
observed. To the best of our knowledge, no other type of inter-
vention, except the hallway admission protocol, has shown this 
long-term effect.17 Compared to trends in national average 
boarding times, the rate of change was greater for our study in-
stitute (Fig. 6). Most of the other level-1 EDs in Korea have also 
suffered from crowding. However, the strategies adopted by 
other hospitals have been more traditional, including active 
management of inpatient beds or expansion inpatient beds. A 
successful increase in the flow of patients from the ED entrance 
to exit at our institution was seen regardless of increases in 
overall number of patients visiting our hospital. This study 
compared the trends of the study hospital to that of other lev-
el-1 centers. However, caution is needed to interpret the result 
because level-1 centers vary in their performance, and compo-
sition of patients differs among centers significantly.

A major strength of our study was the use of the NEDIS data-
base, a nationwide ED information system, to measure the LOS 
for each observation period. This database began in 2004 with 
19 level-1 EDs and has expanded to include approximately 143 
EDs.31 All patient data points are automatically extracted from 
each of the hospitals’ electronic medical records and trans-
ferred to the national emergency medical center, which is the 
national agency with overall administrative authority. These 
data are used by the government for annual evaluation of ED 
performance and are highly reliable and verifiable. This data-
base allowed us to follow ED crowding over an extended time 
period, which was essential in order to evaluate the long-term 
effects of the ICP. However, in order to strengthen the hypothe-
sis of this observational study, a prospective intervention study 
is required. EDs play a significant role in public health. Region-
alization and resolving overcrowding of EDs will widen access 
to emergency medical systems.

In conclusion, implementation of the ICP was associated 
with sustainable and long-term reduction in ED measures of 
crowding including total ED LOS and time waiting for admis-
sion in admitted patients.  
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