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Abstract

In 2015, the Centers for Medicare & Medicaid Services (CMS) implemented a new benefit called chronic care
management (CCM). A recent CMS-commissioned study of the program showed that CCM is effective in in-
creasing advance care planning and decreasing overall costs. Despite positive effects on care planning, utilization,
and cost, the CCM program remains underutilized. The authors sought to develop a platform to enable scale of the
CCM program, and to report outcomes associated with its use. A technology and integrated clinical staff platform
was built to enable a scalable, evidence-based implementation of the Medicare CCM program. The model created
care management data elements that were used to flag clinical and utilization risks such as falls, mortality,
hospitalization and polypharmacy. In 2018, CCM support was provided for 26,500 patients. Logistic regression
analyses were used to identify risk factors associated with hospitalization. The cohort experienced 2679 hospi-
talizations (184 admissions per 1000 patient months per year). Among patients residing in non-nursing home
settings, a higher Gagne mortality risk was associated with a 32 times greater chance of being hospitalized. Other
positive predictors of hospitalization included being a nursing home resident and being ambulatory without
assistance. Negative predictors of hospitalization included being flagged as having a high hospitalization risk, and
scoring in the low-risk category for falls or polypharmacy. This CCM model is a scalable method of supporting
care management for people with multiple chronic conditions, and can help identify risk factors for hospitalization.
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Introduction

Approximately two thirds of the Medicare fee-for-
service population have ‡2 chronic conditions.1 People

with multiple chronic conditions often have needs and risks
arise in-between their medical provider appointments but,
historically, the Medicare fee-for-service population has not
had an ‘‘in-between visit’’ care management benefit. In
2015, the Centers for Medicare & Medicaid Services (CMS)
implemented a new fee-for-service benefit, called chronic care
management (CCM), that intends to support care management
needs of Medicare beneficiaries with ‡2 chronic conditions
expected to last at least 12 months or until death.2

In 2017, CMS commissioned Mathematica Policy Research
to study the first 18 months of the CCM program to assess the
program’s adoption, characteristics, and impact on utilization

and cost.3 The study showed that, compared to a matched
control group not receiving CCM services, the CCM cohort had
significantly higher rates of advance care planning, more visits
with their primary care physician, and used more home health
care. The CCM group was hospitalized at lower rates than the
non-CCM population, used emergency department services less
often, and, after excluding patients who only received 1 month
of CCM, cost Medicare $95 less per month than patients not
receiving CCM. When accounting for the cost of the CCM
payment itself, the authors estimated that the CCM group
saved CMS more than $38 million. The results were striking,
especially because CCM participating practices used many
different approaches to operationalizing the program.

Although the CMS CCM service elements (Table 1) de-
fine the areas required to be documented for each CCM ep-
isode for billing purposes, to the research team’s knowledge,
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there have been no reports studying a cohort of patients’ care
managed by a single, evidence-based, CCM delivery model.
Despite the positive effects on goal-directed care, utiliza-
tion, and cost, and positive patient and provider feedback, the
CCM program remains grossly underutilized.4–7

The primary aim of this study was to develop a technology
and integrated clinical staff platform (Chronic Care Man-
agement, Inc, Cleveland, OH [CCMI]) to enable a scalable,
evidence-based implementation of the Medicare CCM pro-
gram and to examine factors associated with hospitalization.

Methods

Incorporation of evidence-based assessments
into the technology platform to support
the CCM workflow

In order to support the systematic use of evidence-based
care management within the CCM program, the research
team performed a review of care management studies,
guidelines, and protocols that support an ‘‘in-between visit’’
care management approach. The team selected candidate

Table 1. Centers for Medicare & Medicaid Services Chronic Care Management Service Elements

Service element Description

Initiating Visit Initiation during an AWV, IPPE, or face-to-face E/M visit (Level 4 or 5 visit not
required), for new patients or patients not seen within 1 year prior to the
commencement of CCM services.

Structured Recording of Patient
Information Using Certified
Electronic Health Record (EHR)
Technology

Structured recording of demographics, problems, medications, and medication
allergies using certified EHR technology. A full list of problems, medications, and
medication allergies in the EHR must inform the care plan, care coordination, and
ongoing clinical care.

24/7 Access & Continuity of Care Provide 24/7 access to physicians or other qualified health care professionals or
clinical staff including providing patients/caregivers with a means to make contact
with health care professionals in the practice to address urgent needs regardless of
the time of day or day of week.

Continuity of care with a designated member of the care team with whom the patient
is able to schedule successive routine appointments.

Comprehensive Care Management Care management for chronic conditions including systematic assessment of the
patient’s medical, functional, and psychosocial needs; system-based approaches to
ensure timely receipt of all recommended preventive care services; medication
reconciliation with review of adherence and potential interactions; and oversight
of patient self-management of medications.

Comprehensive Care Plan Creation, revision, and/or monitoring (as per code descriptors) of an electronic
person-centered care plan based on a physical, mental, cognitive, psychosocial,
functional, an environmental (re)assessment and an inventory of resources and
supports; a comprehensive care plan for all health issues with a particular focus on
the chronic conditions being managed.

Must at least electronically capture care plan information, and make this information
available timely within and outside the billing practice as appropriate. Share care
plan information electronically (can include fax) and timely within and outside the
billing practice to individuals involved in the patient’s care. A copy of the plan of
care must be given to the patient and/or caregiver.

Management of Care Transitions Management of care transitions between and among health care providers and
settings, including referrals to other clinicians; follow-up after an emergency
department visit; and follow-up after discharges from hospitals, skilled nursing
facilities, or other health care facilities

Create and exchange/transmit continuity of care document(s) timely with other
practitioners and providers.

Home- and Community-Based Care
Coordination

Coordination with home- and community-based clinical service providers.
Communication to and from home and community-based providers regarding the

patient’s psychosocial needs, and functional deficits must be documented in the
patient’s medical record.

Enhanced Communication
Opportunities

Enhanced opportunities for the patient and any caregiver to communicate with the
practitioner regarding the patient’s care through not only telephone access, but
also through the use of secure messaging, Internet, or other asynchronous non–
face-to-face consultation methods.

Patient Consent Inform the patient of the availability of CCM services; that only one practitioner can
furnish and be paid for these services during a calendar month, and of their right to
stop the CCM services at any time (effective at the end of the calendar month).

Document in the patient’s medical record that the required information was
explained and whether the patient accepted or declined the services.

Medical Decision Making Complex CCM services require and include medical decision making of moderate to
high complexity (by the physician or other billing practitioner).

AWV, annual wellness visit; CCM, chronic care management; E/M, evaluation and management; EHR, electronic health record; IPPE,
initial preventive physical examination.
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assessments and workflow modules for integration into the
new technology platform based on (a) evidence of their
utility in Medicare-age populations and (b) whether it could
support the non–face-to-face nature of the CMS CCM pro-
gram. Criteria that also influenced selection included: (c)
whether or not an assessment tool could provide discrete
data, (d) whether the results of a given assessment could
trigger identification of risk, and (e) whether the results
could trigger an action that could serve to support a patient
in a way that could better align goals of care, increase
quality, or lower avoidable acute care utilization.

Fourteen core care management modules were built into
the core CCM technology-supported workflow (Figure 1a).
Available evidence was used to support assessments of potential
patient risks such as: mortality,8,9 hospitalization,10 falls,11

depression,12,13 goals of care,14 functional status,10 medication
management,10 polypharmacy,15 and unmet social needs.16

Model of supporting medical groups

Medical groups contracted with CCMI for use of CCMI’s
technology and clinical staff to support their patients’ CCM
needs. The medical group identified patients meeting CCM
inclusion criteria, obtained consent, and notified CCMI of
each patient’s enrollment. Medical group practitioners con-
tinued to see enrolled patients for regular medical visits in

their chosen care settings (ambulatory clinic, home visit, long-
term care nursing home visit) throughout the study period.

Clinical staff model

Clinical staff members supported practitioners and their
patients with non–face-to-face support, under the CCM
program’s incident-to, general supervision requirements.
The CCMI workforce included licensed nurses and medical
assistants as primary chronic care coordinators. Each full-
time chronic care coordinator was assigned an average of
400 patients. Chronic care coordinators were grouped into
teams of between 6 and 8, and each team was supervised by
a licensed nurse who was experienced in CCM. The nurse
team leader provided education, scheduling, and quality
review for the coordinators, and served as the main com-
municator between the team and the medical practice.

Data sources

To complete a CCM episode, chronic care coordinators
used several data sources in order to complete the assess-
ments. Access to the medical group’s electronic health re-
cord allowed capture of diagnoses, medications, visit notes,
medical histories, and other clinical data. In settings where
CCM patients had nursing care (assisted living, long-term
care nursing), nursing notes also were incorporated into

FIG. 1. Depiction of the Chronic Care Management, Inc. technology platform used to support evidence-based care
management workflow and patient engagement.
(A) Assessments integrated into a technology platform supporting ‘‘in-between visit’’ chronic care management.

(continued)
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CCM data review. When possible, patient engagement data
(to be described further) also were included as a data source
used to develop the CCM episode.

Patient engagement

A monthly outreach was made to patients able to engage
in care management outreach. Where a valid, short-message
service (SMS)-capable number was provided, outreach was
initiated with ANNA Your Virtual Care Assistant. ANNA is
a technology developed by CCMI to deliver secure content
and questionnaires to patients, initiated by a text message
sent to their phone (Figure 1b). Patients who did not have a
valid SMS-capable number but who could engage in CCM
outreach were contacted by coordinators via telephone.
Coordinators met with the nurse or caregiver of patients who
were unable to engage with outreach attempts directly be-
cause of physical, mental, or cognitive limitation. The core
care management questions shown in Figure 1b were uti-
lized across outreach modalities.

Practitioner engagement

Practitioners were engaged in an initial CCM im-
plementation meeting during which CCM data handling,
triage, and communication preferences were formalized.
When a CCM episode resulted in an identified risk, that data
output was communicated to the medical practice based on
the triage protocol. Practitioners were able to review their

patients’ CCM episode care plans, and could refer patients
to resources that could help address an identified risk
(Figure 2).

Statistical analyses

A binary logistic regression module of SPSS 24.0 statis-
tical software (IBM Corp., Armonk, NY, 2016) was used in
the CCM sample to identify the most robust predictors of
hospitalization. Three groups of predictors were used: (1)
age, sex, ambulatory status, and whether the patient lived in
a long-term care nursing home; (2) presence of an advance
care plan, number of CCM episodes; and (3) risk of hospi-
talization, number of chronic conditions expected to last for
at least 12 months or until death, polypharmacy risk, Johns
Hopkins Falls Risk Assessment ( JHFRA) tool, and mortal-
ity risk within a year. Mortality risk was based on the Gagne
mortality index for community-dwelling patients and
Flacker mortality index for nursing home residents.

Logistic regression was chosen over multiple regression
as the number of hospitalizations > 2 (range 1–6) in a year
accounted for only 4% of all hospitalizations (n = 2679) with
1 hospitalization comprising 82.6% of all hospitalizations.17–20

A backward elimination procedure was used, based on
likelihood ratio test for estimation of individual parameters.
The CCM sample resulted in the total of 25,032 non-missing
data entries for the number of hospitalizations between
January 1 and December 31 of 2018. A total of 2679 patients

FIG. 1. (B) Patient engagement methodology, showing ANNA Your Virtual Care Assistant.
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had at least 1 hospitalization in that time period (10.7% of
the sample).

The research team split the sample of nonhospitalized
CCM patients in 2 equal halves. The team randomly sam-
pled 2679 patients from one half, combined them with the
sample of 2679 hospitalized patients, and developed a lo-
gistic regression model on this training sample. The team
then saved the estimated parameters for the model and ap-
plied them to the testing sample, which contained 2679
patients randomly sampled from the other half of the non-
hospitalized CCM patient pool. Application of the training
model’s parameters to the new sample resulted in estimated
posterior probabilities of group membership in the testing
sample. The team used these probabilities to classify par-
ticipants and assessed the shrinkage of the testing model
compared to the training model.21

Prior to saving logistic regression model parameters for
the training sample, the research team removed all multi-
variate outliers that were identified based on standardized
residual values exceeding 1.96, which is significant at a
0.05. The team followed up the logistic regression analyses
with receiver operating characteristic (ROC) curves on the
most influential predictors in the model to assess how well
individual predictors were able to discriminate between the
2 categories of dependent variable.

Results

Between January 1 and December 31, 2018, CCMI sup-
ported 26,500 patients in the described model (Table 2). The
majority of patients resided in community settings, while

less than 5% lived in nursing homes in long-term care. The
average age of CCM patients was 75 (SD = 13); more than
60% were female. Most patients had ‡6 chronic conditions
expected to last 12 months or until death (Table 2). A pri-
mary circulatory chronic condition was present in 88% of
the CCM sample (n = 23,335), followed by the presence of
an endocrine/metabolic condition (n = 12,162, 46%) and/or
gastroenterological condition (n = 11,687, 44%). In total,
174,612 CCM episodes (CCM patient months) were per-
formed on this cohort (M = 6.6 per patient, SD = 3.9).

Risk assessments were performed using available clini-
cal data during CCM episodes. More than 70% of patients
were ambulatory without assistance (72%), whereas less than
30% either needed assistance with ambulation or were non-
ambulatory (Table 2). More than half of the CCM population
had an advance care plan on file. During 2018, *15% of
patients were flagged as high risk for hospitalization using
the calculator adopted from the OASIS (Outcome and As-
sessment Information Set)-C2 question set.10 Approximately
40% of patients were found to be in the high risk for falls
tier by using the JHFRA tool.11 Nearly 80% of patients were
in the high-risk polypharmacy category (‡7 medications)
(Table 2). There were 2679 hospital admissions during
2018, corresponding to an overall hospitalization rate of 184
per 1000 patient months per year.

Logistic regression analyses

Preliminary diagnostics identified 1006 cases with miss-
ing values for at least 1 of the predictor variables. Ad-
ditionally, 3 cases were identified as multivariate outliers

FIG. 2. Practice engagement methodology.
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and removed from the data set. The resultant training sample
included 4352 patient records (2063 patients hospitalized at
least once in 2018 and 2289 randomly selected from the
nonhospitalized sample). The default null model thus had a
proportional by chance accuracy rate of 50.1% in classifying
patients as hospitalized.

Based on the stepwise backward elimination procedure, 7
of the 10 original predictors were retained in the final model.
The fit of the model did not change significantly after re-
moval of sex (step 1), presence of an advance care plan
(Step 2), and number of chronic conditions expected to last
for at least 12 months or until death. The remaining 7 pre-
dictors accounted for about 11% of the variability in hos-
pitalization data (Nagelkerke R2 = 0.113), which was a
statistically significant improvement in classification accu-
racy compared to the null model (v2 = 386.07; P < 0.01). The
final model had an overall classification accuracy of 62.3%,
which marginally satisfied the 25% criterion. The model did
somewhat better when classifying individuals who were
hospitalized (sensitivity = 67.4%) than when classifying
those who were not (specificity = 56.7%).

Greater likelihood of hospitalization was associated with
younger patient age, independent ambulation status, nursing
home residence, a greater number of CCM episodes, and a
greater 12-month predicted mortality risk. On the other
hand, a lower likelihood of hospitalization was linked to low
polypharmacy risk and low risk of falling as well as
(counterintuitively) to an identified high risk of hospitali-
zation. By far the greatest contributor to the model was the
12-month mortality risk. Patients with higher risk scores on
this index were 17.15 times more likely to be hospitalized.
Nursing home residents were 2.2 times more likely to be
hospitalized compared to community-dwelling CCM pa-
tients. Independent ambulatory status increased chances of
hospitalization by about 25%, while low risk of falling de-
creased this likelihood by approximately 27%. Corre-
spondingly, those in the low-to-moderate polypharmacy risk
categories were about 32% less likely to be hospitalized
compared to the high-risk group. For specific odds ratios
refer to Supplementary Table S1.

The research team followed up the logistic regression
analyses with ROC curves for the most important predictor
in the model (ie, 12-month mortality index) (Figure 3). On
its own, although the predictor was statistically significant
(P < 0.01), it showed modest utility in discriminating be-
tween those CCM patients who were hospitalized in 2018
versus those who were not (AUROC [area under the
ROC] = 0.59; P < 0.01).

Additional logistic regression analyses

Because type of residence and mortality index were the 2
most important predictors of hospitalization, the research
team conducted follow-up logistic regression analyses
within the patient population of each residence type (ie,
community-dwelling or nursing home patients) using their
respective mortality indexes (Gagne and Flacker) as sepa-
rate predictors. Results showed that within the population of
community-dwelling CCM patients included in the analysis
(n = 4159; 2204 hospitalized), the final model was signifi-
cantly improved compared to the null (v2 = 347.28; P < 0.01)
and accounted for approximately 11% of the variance in the
dependent variable (Nagelkerke R2 = 0.11). The proportional
by chance increase in classification accuracy was 23.4%
(from 50% in the null model to 61.7% in the final model).
The model was very similar to the original combined sample
model, with the Gagne mortality index being the most im-
portant predictor of hospitalization. Higher Gagne scores

Table 2. Characteristics of Patients Receiving

Chronic Care Management Services Using

Study Platform Between January 1, 2018,

and December 31, 2018

Patients, n 26,500
Type of Residence, n

Private Home or Senior Living 25,346 (95.6)
Nursing Home 1175 (4.4)

Age, y
Mean (SD) 75 (13)
Median (25th, 75th percentile) 76 (68, 85)

Sex, n
Male (%) 9799 (37.0)
Female(%) 16,701 (63.0)

Number of chronic conditions
2–5 chronic conditions, n (%) 8474 (32.0)
‡6 chronic conditions, n (%) 18,032 (68.0)

CCM patient months 174,612
Number of CCM episodes

Mean (SD) 6.6 (3.9)
Range 1 – 12

Ambulatory status, n
Ambulates without assistance (%) 19,052 (71.9)
Ambulates with assistance

or nonambulatory (%)
7458 (28.1)

ACP or DNR instructions, n
Present 15,117 (57.0)
Absent 11,404 (43.0)

Risk of hospitalization risk flag, n
Low or Medium Risk (%) 22,496 (84.8)
High Risk (%) 4015 (15.1)

John Hopkins Falls Risk Assessment, n
Low Risk (%) 7813 (32.8)
Medium Risk (%) 6375 (26.8)
High Risk (%) 9600 (40.4)

Polypharmacy risk, n
Low Risk (%) 1123 (4.5)
Medium Risk (%) 4216 (16.9)

High Risk (%) 19,619 (78.6)
Gagne 1-year mortality risk (n = 20,965)

Mean (SD) 7.% (7%)
Range 2%–47%

Flacker 1-year mortality risk (n = 796)
Mean (SD) 23% (15%)
Range 7%–86%

Hospitalizations in 2018, n 2679
Number of hospitalizations in a year

Mean 0.13 (0.42)
Range 0–6

Hospitalization Ratea 184

aHospitalization rate is expressed as number of hospital admis-
sions per 1000 CCM patient months per year.

ACP, advance care plan; CCM, chronic care management; DNR,
do not resuscitate; SD, standard deviation.
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increased the risk of hospitalization 32.33 times. The ROC
curve showed modest predictive utility for this risk factor
with the AUCROC = 0.60 and best cutoff scores between
0.04 and 0.06 (Youden’s J = 0.14).

Discussion

The current study reports use of a standardized CCM
workflow, enabled by a technology platform, and outcomes
associated with its use on a cohort of 26,500 patients. The
cohort studied was a multimorbid group, two thirds of whom
had ‡6 chronic conditions – a group noted to be among the
costliest group of Medicare beneficiaries,22 costing a per
capita annual average of more than $32,000. Nearly 30% of
CCM patients required assistance with ambulation, another
high-risk, high-cost group.23 The group had, on average, 6.6
CCM episodes during 2018, a number similar to recent re-
ports on CCM.3 More than half of the cohort had an advance
care plan (57%). Comparatively, the CCM population in
Shurrer’s report3 was reported to have a 10% advance care
planning rate, a number well above the Medicare population
average of only 1%.

These results show that by incorporating evidence-based
risk or gap assessments into CCM workflow, typical gaps
(eg, not having ACP on file) and risks (eg, falls risk) can be
identified and addressed. The research team chose workflow
tools that could be incorporated into the CCM workflow by
clinical staff, with an aim of selecting assessments that
could provide actionable, discrete, risk-stratified data output.
Using the OASIS risk of hospitalization assessment tool,10 it
was found that 15% of patients were flagged to be at high
risk of hospitalization during 2018. For this high-risk group,
the clinical staff team notified the client practice’s physician

or his/her designee. The research team recommended that
the provider schedule a visit or perform non–visit-based care
management outreach to high-risk patients to mitigate risk,
but did not have uniform visibility into the actual process
each client practice used. The team believes that proactive
identification of hospitalization risk and communication of
the risk to the practice may have led to this group being
hospitalized at approximately half the rate of patients not in
this high-risk tier.

A similar approach was taken when CCM patients were
flagged as high risk for falls by the CCMI clinical staff
using the JHFRA tool, where 40% of the CCM population
was high risk. JHFRA was especially useful because of the
visibility of its score components, which provide clinical
targets for practitioners to decrease falls risk.11 For example,
if a patient received 5 points for being on high risk for falls
medications, the practitioner could deprescribe such meds,
thereby decreasing the JHFRA predicted falls risk. Poly-
pharmacy risk was captured simply as the total number of
medications a CCM patient was prescribed, and patients on
‡7 medications, shown to be at an 82% risk of an adverse
medication interaction,15 were flagged as high risk. Twelve-
month predicted mortality rate was calculated using the
Gagne index for patients living in the community,8 and using
the Flacker index for patients living in a long-term care
nursing home setting.9 Although this study was not structured
to compare hospitalization rates experienced by CCM patients
versus a non-CCM control group as Shurrer did, the present
study CCM cohort did experierience low hospitalization
rates (184 admits per 1000 CCM patient months per year).

Overall, the logistic regression model was robust and
moderately useful in identifying CCM patients who are likely
to be hospitalized. The model was about 62.3% accurate in
patient classification and had a sensitivity of 67.4%. The 12-
month mortality index based on the Gagne and Flacker scores
for the respective populations was the biggest contributor to
the model, followed by residence status, risk of falling, and
polypharmacy risk. Interestingly, patients identified at high
risk for hospitalization actually were 49% less likely to be
hospitalized. In addition to the process of communicating
hospitalization risk to client practices mentioned, the follow-
up analyses also demonstrated that those identified at high
risk of hospitalization had significantly (t = -6.87, P < 0.01)
more CCM episodes (M = 8.1, SD = 3.6) than those who were
not listed as ‘‘high risk’’ (M = 7.2; SD = 3.7), which also may
have mitigated the group’s hospitalization rate.

Follow-up logistic regression analyses within each resi-
dence type showed that the greatest predictive power of the
mortality index was driven primarily by the Gagne mortality
risk score in the community-dwelling CCM patients, as the
odds ratio of hospitalization increased in this sample from
17 to 32 when this indicator was analyzed separately. The
Flacker mortality index was not a significant predictor of
hospitalization among nursing home residents. Future studies
are needed to further define other strong predictors of hos-
pitalization. Providers should use predictors of hospitalization
such as the Gagne mortality index, as well as others, in the
context of their clinical judgment and experience.

In conclusion, this model of supporting CCM for
Medicare-age patients is a scalable method of identifying
gaps and risks that people with multiple chronic conditions
commonly experience, and it was effective in identifying

FIG. 3. ROC curve for Gagne mortality risk index predict-
ing hospitalization in community-dwelling CCM patients.
CCM, chronic care management; ROC, receiver operating
characteristic.
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factors associated with hospitalization. Most notably, prac-
tices caring for Medicare-age patients with multiple chronic
conditions who do not reside in nursing home settings
should consider using the Gagne mortality index to stratify
hospitalization risk. Finally, whether or not patients are in
the Medicare fee-for-service CCM program itself, the care
management tactics reported in this study may have broader
applicability to enable high impact population health man-
agement in value-based care programs.
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