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Abstract

Background.—Improvements in survival after burns have resulted in more patients being 

discharged home after severe injury. However, the postdischarge health care needs of burn 

survivors are not well understood. We aimed to determine the rate and causes of unplanned 

presentation to acute care facilities in the 5 years after major burn injury.

Methods.—Data derived from several population-based administrative databases were used to 

conduct a retrospective cohort study. All patients aged ≥16 years who survived to discharge after a 

major burn injury in 2003–2013 were followed for 1–5 years. All emergency department visits and 

unplanned readmissions were identified and classified by cause. Factors associated with 

emergency department visits were modeled using negative binomial generalized estimating 

equations. Factors associated with readmission were modeled using multivariable competing risk 

regression.

Results.—We identified 1,895 patients who survived to discharge; 68% of patients had at least 

one emergency department visit and 30% had at least one readmission. Five-year mortality was 

10%. The most common reason for both emergency department visits and readmissions was 
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traumatic injury. After risk adjustment, patients who received their index care in a burn center 

experienced significantly less need for subsequent unplanned acute care, fewer emergency 

department visits (relative risk 0.61, 95% confidence interval, 0.52–0.72), and fewer hospital 

readmissions (hazard ratio 0.77, 95% confidence interval, 0.65–0.92).

Conclusion.—Acute health care utilization is frequent after burn injury and is most commonly 

related to traumatic injuries. Burn-related events are uncommon beyond 30 days after discharge, 

suggesting low rates of burn recidivism. Patients treated at burn centers have significantly reduced 

unplanned health care utilization after their injury.

Despite an overall reduction in burn incidence, hundreds of thousands of patients continue to 

be admitted to hospital each year for the treatment of major burn injury.1 Improvements in 

burn-related mortality have occurred such that most patients survive to discharge.2–4 While 

the nature of burn injury suggests that some patients will have ongoing complex care needs 

after discharge, the post-acute health care needs of burn survivors are not well understood.

Burn care is largely provided in specialized burn centers,5,6 despite a lack of evidence to 

suggest that care in these centers results in lower mortality.7,8 However, burn centers might 

have resources that facilitate improved care transitions, resulting in reduced post-acute 

health care use. Given that readmissions and emergency department (ED) visits might 

represent gaps in the transition of care from the hospital setting, they are increasingly being 

utilized as quality indicators.9 Rates of these events might therefore be an indicator of the 

utility and quality of burn center care. Furthermore, an understanding of the rate and causes 

of acute health care use after discharge might inform the development of targeted 

interventions to improve long-term outcomes after burn injury.

The objective of this study was to determine the rate and principal causes of unplanned 

readmissions and emergency department visits in the 5 years after major burn injury. 

Furthermore, we sought to identify the patient and/or injury factors associated with each of 

these events. We hypothesized that treatment at a burn center would be associated with lower 

rates of post-acute unplanned health care utilization.

METHODS

Study design.

We conducted a population-based, retrospective cohort study in Ontario, Canada, using 

health administrative data. This study was approved by the Research Ethics Board at 

Sunnybrook Health Sciences Centre.

Data sources.

Data were derived from several administrative databases: (1) the Discharge Abstract 

Database (DAD), which contains demographic, diagnostic (including burn injury 

characteristics), procedural, hospital, and discharge information for all hospital admissions 

in the province of Ontario; (2) the National Ambulatory Care Reporting System (NACRS), 

which captures demographic, diagnostic, hospital, and discharge information for all 

emergency department visits in the province of Ontario; (3) the Registered Persons 
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Database, which contains vital statistics data for all residents of the province of Ontario who 

are alive and eligible for health care coverage; (4) the Office of the Register General—

Deaths database, which contains information on date and cause of death for all residents 

eligible for health care coverage in Ontario. These datasets were linked using unique 

encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences. Similar to 

other Canadian provinces, the government of Ontario administers a single payer health care 

system that universally funds all hospital, laboratory, and physician services for eligible 

residents. Therefore, these datasets include information for all eligible residents in the 

province. Diagnostic information in these datasets is recorded according to the Canadian 

version of the 10th revision of the International Classification of Diseases and Related 
Health Problems. We previously have validated diagnoses codes for the identification and 

characterization of major burn injury.10

Study population.

We used the DAD to identify all patients aged ≥16 years who were admitted to the hospital 

for the treatment of major burn injury between April 1, 2003, and March 31, 2013, and 

survived to discharge. Major burn injury was defined in accordance with the American Burn 

Association criteria for referral to a burn center11: any burn resulting in (1) 10% total body 

surface area (TBSA) burn, or (2) full-thickness burns to the face, feet, hands, and perineum, 

or (3) any burn with inhalation injury. Individuals lacking a valid Ontario health card or who 

sustained concurrent major trauma with their burn were excluded.

Exposure of interest.

We hypothesized that patients who received their initial burn care at a regional burn center 

might have reduced postdischarge acute health care utilization compared with those treated 

outside of burn centers. In Ontario, specialized burn care is provided at 2 adult regional burn 

centers, one of which is verified by the American Burn Association. We have previously 

demonstrated that in Ontario, ≈30% of patients with ≥20% TBSA burns receive care outside 

of burn centers.12

Outcomes.

The primary outcomes of interest were ED visits and unplanned readmissions during the 5 

years after discharge from the index burn admission. Emergency department visits were 

identified in NACRS and categorized according to the main reason for the visit. All 

readmissions were identified in the DAD, where each readmission is categorized as urgent or 

elective. To focus on modifiable events, we included only unplanned readmissions, 

recognizing that elective readmissions are often an appropriate management strategy for 

burns in the course of burn reconstruction. Similarly, we hypothesized that ED visits and 

readmissions occurring within 72 hours of discharge might be distinct from those occurring 

later after discharge, in that they likely represent ongoing sequelae of the index admission, 

so these were excluded. To mitigate overlap between ED visits and readmissions, ED visits 

leading to readmission were considered only as a readmission and not counted as ED visits. 

All patients had a minimum follow-up of 1 year.
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We considered deaths occurring during the 5 years after discharge as a secondary outcome. 

All deaths were captured through Office of the Register General—Deaths and classified as 

in-hospital if associated with a DAD record, as in ED if associated with a NACRS record 

alone, and as occurring out of hospital if there was no associated DAD or NACRS record.

Covariates.

We considered several patient characteristics as potential confounders. These included age, 

sex, preinjury comorbidity burden, socioeconomic status, and urban/rural residence. 

Comorbidity burden was estimated using the resource utilization band of the Johns Hopkins 

Adjusted Clinical Groups case mix system, which assigns patients to 1 of 6 morbidity 

categories based on the rate and severity of prior health care utilization.13 For the purposes 

of our analysis, we collapsed categories 0 and 1, representing non-healthy and healthy users, 

into a single category. Using each patient’s postal code, the median neighborhood income 

was determined; income quintiles then were used as a marker of socioeconomic status. 

Patient residence was classified as urban or rural based on the Rurality Index of Ontario, 

where a score ≥45 is considered rural; this considers population density as well as the 

distance each patient must travel to the nearest basic and advanced referral center.14

We also considered several injury-specific variables as potential confounders. These were 

derived from diagnoses codes in the DAD pertaining to the index admission, and included 

total body surface area (TBSA) burned, presence of inhalation injury, and mechanism of the 

burn (flame, electrical, or contact). We also considered the disposition of each patient’s 

index admission, classified as discharge to: home, home with homecare, another inpatient 

facility, rehabilitation or long-term care facility, or other. Patients discharged home with 

homecare receive in-home nursing visits for wound or other care (eg, intravenous 

antibiotics). We were unable to differentiate between discharge to a rehabilitation or long-

term care facility in these datasets.

Statistical analysis.

Descriptive statistics were calculated for the entire study population. We compared patient 

and injury characteristics between patients with and without an ED visit, as well as with and 

without a readmission. The Wilcoxon rank-sum test was used to compare non-normally 

distributed continuous variables, while the χ2 test was used for categorical variables. Crude 

rates of ED visits and readmissions per 100 person years were estimated.

Separate modeling approaches were undertaken to determine the factors associated with the 

risk of ED visits and readmission. Given the greater frequency of ED visits relative to 

readmissions, and the rarity of death preceding ED visits, these were modeled as a count 

outcome, using negative binomial generalized estimating equations. A negative binomial 

distribution was utilized given the significant overdispersion in the ED visit count. To 

account for varying follow-up times, each patient’s total follow-up time was log-transformed 

and included in the model as an offset term. Follow-up time was calculated as the time from 

index discharge to the end of follow up; follow-up ended at March 31, 2014, or death, 

whichever came first. Generalized estimating equations were used to account for the 

clustering of patient outcomes at the hospital level. Variables were chosen a priori for 
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inclusion in the model, based on clinical relevance, and differences identified on univariate 

analysis.

In choosing the best approach to model readmissions after discharge, we considered the 

presence of the competing risk of death, and the likelihood that readmissions and mortality 

are not independent events, which limits application of traditional survival analysis. A 

competing risk is an event whose occurrence precludes the occurrence of the event of 

interest.15 As such, readmission hazards were estimated using a time-to-event approach that 

explicitly accounted for the competing risk of death. The cumulative incidence of 

readmission by 5 years was estimated, and factors associated with the time to first 

readmission were identified using Fine and Gray multivariable risk regression.16 Patients 

were censored at the end of follow-up or 5 years, whichever came first. To determine the 

impact of accounting for the competing risk, the subdistribution hazards were compared 

with cause-specific hazards derived from a Cox Proportional hazards model. Variables were 

chosen a priori for inclusion in the model, based on clinical relevance and differences 

identified in the cumulative incidence of readmission among patient and injury subgroups. 

Proportionality of hazards was confirmed by visually examining the cumulative hazards 

versus time plot, and by using interaction terms. Where the proportionality assumption was 

violated, interaction terms were included in the model and re-examined. All analyses were 

conducted using SAS version 9.4 (Cary, NC).

RESULTS

We identified 1,895 patients who survived to discharge after a major burn injury. Patients 

were most commonly young, urban-dwelling males, of lower median income with moderate 

preinjury comorbidity (Table I). The median TBSA burned was 15% (interquartile range, 5–

25). Most sustained flame burns, and 9% sustained an inhalation injury. Approximately half 

of all patients were treated at a burn center, and the majority were discharged home: 39% 

with homecare, and 39% without.

The cumulative incidence of readmission, ED visits, and mortality during follow-up are 

presented in Fig 1. After discharge, we identified 8,210 ED visits among 1,290 patients; 

overall, 68% of patients had at least one ED visit (interquartile range, 0–5). Eleven percent 

of patients had 5 or more ED visits per year. The overall rate of ED visits during follow-up 

was 104 per 100 patient years. Sixteen percent of all ED visits (n = 6,899) resulted in 

readmission. Compared with patients without an ED visit, those with a visit also had higher 

levels of preinjury health care use and fewer received burn center care (49 vs 57%) (Table I).

Of all ED visits, 23% were related to traumatic injury, 11% were related to mental illness, 

and 11% were related to post-treatment complications (Table II). Among traumatic injury 

visits, only 4% were burn-related.

We identified 1,473 readmissions among 571 patients; overall, 30% of patients had at least 

one unplanned readmission during the 5 years after discharge (range, 1–61). The rate of 

unplanned readmissions during follow-up was 19 per 100 patient years. Compared with 

patients without a readmission, those readmitted were significantly older, of lower 
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socioeconomic status, and had higher levels of preinjury comorbidity (Table I). The 

cumulative incidence of readmission by age group is presented in Fig 2. Fewer readmitted 

patients received care at a burn center compared with those not readmitted (43 vs 55%) (Fig 

3), and readmitted patients were less likely to have been discharged home after the index 

admission (66 vs 83%).

Consistent with ED visits, traumatic injury was also the leading cause of unplanned 

readmissions (16%) (Table II). The other most common causes were cardiovascular, 

respiratory, and gastrointestinal disease (Table II). Among the readmissions attributed to 

injury, 29% were burn-related. Mortality at 5 years was 10%; most patients had both an ED 

visit (86%) and readmission (72%) prior to death.

After adjustment for patient and injury characteristics, patients treated at a burn center 

experienced significantly fewer ED visits (relative risk 0.61, 95% confidence interval [CI], 

0.52–0.72) than patients treated at non-burn centers (Table III). Factors associated with a 

greater number of ED visits included discharge to a rehabilitation or long-term care facility 

after the index burn admission and younger age. Patients with the highest level of preinjury 

comorbidity had a 9-fold higher rate of ED visits than those with minimal comorbidity. No 

injury-specific factors were significantly associated with ED visits.

Similarly, burn center patients were 23% less likely to experience an unplanned readmission 

during follow-up (hazard ratio [HR] 0.77, 95% CI, 0.65–0.92) compared with those treated 

at non-burn centers (Table IV). Factors associated with an increased risk of readmission 

were increasing age, lower socioeconomic status, and discharge to a rehabilitation or long-

term care facility after the index admission (Table IV). Patients with the highest level of 

preinjury comorbidity had a 4-fold greater risk of readmission during follow-up compared 

with patients with minimal comorbidity, as illustrated in Fig 4.

DISCUSSION

In this population-based, longitudinal cohort study of burn survivors, we found that 68% of 

patients had an ED visit and 30% experienced an unplanned readmission after their burn 

admission. Traumatic injuries, mental illness, and respiratory disease were common causes 

for both ED visits and readmissions, while burn-related ED visits and readmissions were 

uncommon beyond 30 days after discharge. The infrequency of burn-related visits beyond 

30 days after discharge suggests a low rate of burn recidivism. Patients who received burn 

care in a burn center experienced 40% fewer ED visits and were almost 25% less likely to 

have an unplanned readmission compared to patients treated outside of burn centers.

Few studies have examined the health care utilization of burn survivors after discharge, 

reflecting the challenges associated with capturing these events and after patients long-term. 

As a result, most studies, in both burn and other cohorts, have focused on reporting 30-day 

readmission rates.9,17–19 Health administrative databases offer an opportunity for 

longitudinal examination of health care utilization and are increasingly used for this purpose.
20–22 Using one such database, Mandell et al followed burn survivors for 2 years and found 

that principal causes of readmission were rehabilitation, sepsis, and mental illness and that 
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burn-related readmissions were uncommon beyond 30 days.23 Forty-five percent of patients 

in their study experienced a readmission, compared with 30% of patients in our study. Two 

differences in study design likely explain this difference: (1) we included all adult patients, 

while Mandell et al included only those ≥45 years, representing an older cohort who might 

be expected to have higher hospitalization rates related to chronic illness24; and (2) we 

included only unplanned readmissions, while Mandell et al included all types of 

readmission, including planned reconstruction, likely accounting for the observed 

differences in admission reasons—chiefly, that rehabilitation was the principal reason for 

readmission in their study. Several population-based studies using administrative data in 

Australia, with ≥15 years follow-up, have demonstrated high rates of readmissions after burn 

injury, related to cardiovascular, infectious, and gastrointestinal diseases.21,22,25 This group 

identified significantly increased readmissions for each of these diseases compared to an 

age- and sex-matched uninjured cohort, consistent with our findings that medical 

readmissions are common over the longer term after discharge.

The key strength of our study is the utilization of administrative data, which offers the ability 

to follow patients longitudinally after discharge with minimal loss to follow-up. Patients are 

lost to follow-up only if they become ineligible for health coverage or move out of the 

province; census data estimates that <5% of Ontarians moved out of the province during a 5-

year period.26 Furthermore, Canada’s single-payer health care system facilitates capture of 

all health care visits for all insured persons. As a result, our data represent near complete 

follow-up during the 5 years after burn injury. Furthermore, the availability of data regarding 

timing and causes of death allowed us to account for the competing risk of death in the 

readmission analyses; failure to account for this competing risk can result in overestimation 

of the hazard ratio.27

Our findings are limited by the lack of an uninjured comparator group; as a result, we are 

only able to report absolute, rather than relative rates of health care use. The use of 

administrative data limits our ability to understand the factors that contribute to a lower risk 

of emergency health services use among patients who received their care in a burn center. 

Furthermore, factors that might be important in risk of readmission or ED visits, such as 

functional status, home supports, and access to a family physician, are unavailable in 

administrative data. We have not captured whether or not patients had outpatient visits prior 

to their ED visit and/or readmission, which limits our ability to determine whether or not 

events may have been preventable. We are also unable to evaluate patients’ specific preinjury 

health care utilization, beyond accounting for their comorbidity. This limits our ability to 

understand how health care utilization changes after burn injury. For example, while injury-

related health care utilization was common among burn survivors, we are unable to 

characterize their preburn rates of injury. Similarly, while we have accounted for preinjury 

comorbidity in our analyses, we have not specifically accounted for the type of comorbidity 

present; as a result, we are unable to determine whether visits related to medical illness 

represent the development of new disease after injury. Ultimately, we think these 

unmeasured factors are unlikely to be differentially distributed at burn versus non-burn 

centers, and as such, are unlikely to bias our observation that burn center care was associated 

with reduced rates of ED visits and readmissions.
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Many quality improvement programs have identified the transition from inpatient to 

outpatient care as a target for improving outcomes, given the costs associated with avoidable 

ED visits and readmissions.28 However, evidence regarding the effectiveness of 

interventions aimed at reducing readmissions and ED visits is mixed, and no single 

intervention has consistently been demonstrated to be effective.29–31 In contrast, 

multifaceted interventions have been successful in reducing readmissions among medical 

patients.29,32,33 Our data suggest that perhaps these care transitions occur more successfully 

in burn centers, as evidenced by reduced rates of acute health care utilization after discharge. 

Though most postburn health care utilization in our study was not directly burn-related, our 

observation that patients treated in a burn center had lower rates of acute health care use 

after discharge suggests that at least some of these visits might be preventable. This might 

reflect a combination of early discharge planning, patient education, multidisciplinary input 

in disposition decisions (eg, social work, nursing, physiotherapy), and direct access to a burn 

nurse by telephone or to same or next-day clinic. However, we are unable to compare 

follow-up practices between burn and non-burn centers. The specific processes of care that 

contribute to successful care transitions for burn survivors remain to be characterized; this 

work would facilitate identification of the most cost-effective processes of care, and offer 

future targets for quality improvement programs.

Transitions to outpatient care should be focused on helping patients achieve the best possible 

level of health and functioning after burn. In our study, more than one-third of patients had a 

high comorbidity burden at the time of their injury, and readmissions for medical diseases 

were common. Future investigation should focus on identifying whether opportunities for 

primary or secondary health prevention measures might exist during the index 

hospitalization or transition to outpatient care that might ultimately improve long-term 

health. For example, the index burn admission might represent an extended opportunity for 

patients to be connected with primary care providers or specialists, or to have their home 

medications reassessed. The high rate of ED use in our study suggests that some patients 

might be using the ED for primary care; 11% of patients had 5 or more ED visits per year. 

Prior work has identified that 4 or more visits per year is the most common threshold to 

consider patients “high users.”34 Therefore, efforts to ensure patients have a primary care 

provider at the time of discharge are warranted. The high rate of injury-related ED visits and 

readmissions after burn injury suggests an opportunity for targeted injury prevention efforts. 

Given that mental illness is both a risk factor for unintentional injury and injury recidivism35 

and a common cause of visits after burn injury, the role of mental health care in injury 

prevention efforts should not be overlooked.

Ultimately, our data expand our knowledge of the longer-term health care needs of burn 

survivors. These patients require longitudinal follow-up for potential burn sequelae, such as 

wound contractures, but also require ongoing management of chronic diseases, including 

mental illness and prevention of subsequent trauma-related injury. Our findings suggest that 

burn centers may be best positioned to help transition patients to this complex and 

multidisciplinary follow-up care. Ultimately, the role of burn centers in the delivery of care 

after the acute phase remains to be characterized; nonetheless, our data suggest that further 

efforts regionalize burn care might reduce postburn acute health care utilization.
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In conclusion, burn survivors have high rates of post-acute care health utilization that persist 

up to 5 years after discharge. Patients treated in burn centers have a significantly reduced 

rate of unplanned health care utilization. These data demonstrate the potential benefits of 

burn center care, and can inform the delivery of post-acute health service delivery for burn 

survivors.
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Fig 1. 
Cumulative incidence of readmission, ED visits, and death during follow-up. ED visits 

include visits leading to readmission.
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Fig 2. 
Cumulative incidence of readmission during follow-up by age group.
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Fig 3. 
Cumulative incidence of readmission by location of index burn care.
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Fig 4. 
Cumulative incidence of readmission by preinjury comorbidity.
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Table II.

Principal causes of ED visits and readmissions

Principal causes * of ED visits N (%)

ED visits not resulting in admission 6,899

External cause of injury 1,604 (23)

 Falls 417

 Self-harm 231

 Contact with sharp objects 178

 Transport-related 132

 Assault 129

 Foreign body entering skin or natural orifice 123

 Struck or crushed by object 118

 Other unspecified cause of injury 103

 Burns, frostbite, corrosions 64

 Poisoning 29

Visit related to prior operative treatment 790 (11)

 Attention to sutures and dressings 280

 Repeat prescription 184

 Intravenous antibiotics 133

 Examination for operative follow-up 106

 Complication of operative procedure 87

Mental health 734 (11)

 Disorders related to psychoactive substance use 431

 Neurotic and stress-related disorders 139

 Mood disorders 80

Principal causes† of readmissions

Unplanned readmissions 1,473

External cause of injury 234 (16)

 Burns, frostbite, corrosions 68

 Falls 46

 Self-harm 20

 Assault 14

 Poisoning 14

 Transport-related 11

Respiratory disease 185 (13)

 Chronic lower respiratory diseases 106

 Influenza and pneumonia 40

Cardiovascular disease 162 (11)

 Ischemic heart disease 56

 Heart failure 36

Gastrointestinal disease 149 (10)

 Liver and biliary disease 59
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*
As defined by ICD-10CA diagnosis codes (NACRS).

†
As defined by ICD-10CA diagnosis codes (DAD).
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Table III.

Factors associated with emergency department visits

Adjusted rate ratio (95% CI*)

Index burn center care 0.61 (0.52–0.72)

Age group

 16–29 y Ref

 30–44 y 0.67 (0.58–0.76)

 45–59 y 0.70 (0.58–0.83)

 60–75 y 0.54 (0.43–0.68)

 ≥75 y 0.55 (0.38–0.81)

Female 0.96 (0.81–1.13)

Comorbidity band†

 1 (Lowest) Ref

 2 1.55 (1.11–2.17)

 3 2.03 (1.51–2.72)

 4 4.08 (3.00–5.56)

 5 (Highest) 9.17 (6.53–12.89)

% Total body surface area burn

 <20 Ref

 20–39 0.86 (0.76–0.98)

 40–59 1.16 (0.79–1.70)

 ≥60 0.89 (0.71–1.12)

Inhalation injury 0.97 (0.83–1.14)

Burn mechanism

 Flame Ref

 Contact 0.78 (0.70–0.88)

 Electrical 0.72 (0.52–1.00)

Index discharge disposition

 Home Ref

 Home with support 0.96 (0.81–1.15)

 Rehabilitation or long-term care 1.28 (1.05–1.55)

 Other inpatient 1.21 (0.91–1.60)

 Other 1.32 (0.84–2.08)

*
Confidence interval.

†
Measure of comorbidity burden based on healthcare utilization in 2 years prior to injury.
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