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Structured Abstract

Objective—To evaluate the effect of Medicare Shared Savings Program ACOs on hospital
readmission after common surgical procedures.

Summary Background Data—Hospital readmissions following surgery lead to worse patient
outcomes and wasteful spending. Accountable care organizations (ACOs), and their associated
hospitals, have strong incentives to reduce readmissions from two distinct Centers for Medicare
and Medicaid Services (CMS) policies.

Methods—We performed a retrospective cohort study using a 20% national Medicare sample to
identify beneficiaries undergoing one of seven common surgical procedures—abdominal aortic
aneurysm repair, colectomy, cystectomy, prostatectomy, lung resection, total knee arthroplasty, and
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total hip arthroplasty—between 2010 and 2014. The primary outcome was 30-day risk-adjusted
readmission rate. We performed difference-indifferences analyses using multilevel logistic
regression models to quantify the effect of hospital ACO affiliation on readmissions following
these procedures.

Results—Patients underwent a procedure at one of 2,974 hospitals, of which 389 were ACO
affiliated. The 30-day risk-adjusted readmission rate decreased from 8.4% (95% ClI, 8.1%-8.7%)
to 7.0% (95% ClI, 6.7%—7.3%) for ACO affiliated hospitals (p<0.001) and from 7.9% (95% ClI,
7.8%-8.0%) to 7.1% (95% ClI, 6.9%—7.2%) for non-ACO hospitals (p<0.001). The difference-in-
differences of the two trends demonstrated an additional 0.52% (95% Cl, 0.97%-0.078%) absolute
reduction in readmissions at ACO hospitals (p=0.021), which would translate to 4,410
hospitalizations avoided.

Conclusion—Readmissions following common procedures decreased significantly from 2010 to
2014. Hospital affiliation with Shared Savings ACOs was associated with significant additional
reductions in readmissions. This emphasis on readmission reduction is one mechanism through
which ACOs improve value in a surgical population.

Introduction

Reducing hospital readmissions is a priority for payers, policymakers and clinical leaders.
Though some may be necessary, avoidable readmissions are emblematic of poor quality,
leading to worse patient outcomes and wasteful spending.1 =6 It is estimated that
readmissions cost the Centers of Medicare and Medicaid Services (CMS) up to $17 billion
annually.® To address this issue, CMS has implemented two policies that leverage
readmission rates as a measure of hospital quality: the Hospital Wide Readmission Measure
and the Hospital Readmission Reduction Program.”:8 The Hospital Wide Readmission
Measure was developed in 2012 and began reporting outcomes publically in 2013.79 This
measure has also been incorporated as a care coordination performance metric for Shared
Savings Program Accountable Care Organizations (ACOs).10 ACOs meeting readmission
thresholds for this measure receive points towards the shared savings reward. Concurrently,
CMS began penalizing all hospitals with readmission rates greater than the national average
following discharges for acute myocardial infraction, pneumonia and congestive heart
failure though the Hospital Readmissions Reduction Program.8 This policy expanded in
2014 to include chronic obstructive pulmonary disease and elective total knee and hip
arthroplasty. Under this policy, penalties as high as 3% of total Medicare payments have
been levied against three-quarters of hospitals in 2016, totaling over $420 million.11.12

Taken together, these policies provide strong financial incentives for ACOs to reduce
readmissions. Since Medicare Shared Savings Program ACOs receive bonus payments for
achieving quality and spending benchmarks, focusing on readmission reduction addresses
both of these targets. Lower overall readmission rates increase the likelihood of receiving
shared savings rewards by contributing to the ACO quality measure benchmarks and by
decreasing per beneficiary spending. Furthermore, by reducing readmissions for conditions
targeted by the Hospital Readmissions Reduction Program, ACO with affiliated hospitals
avoid readmission penalties. Prior analyses have shown that hospitals participating in ACOs
reduce readmissions from both skilled nursing facilities'3 and after discharges for medical
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conditions targeted by the Hospital Readmission Reduction Program.14 Whether or not
similar reductions can be accomplished after major surgery is unclear. In contrast to
readmissions following medical discharges, which often result from exacerbation of chronic
conditions or failure of care coordination, those after surgery are frequently a consequence
of procedure-related complications.1>-18 Consequently, the reasons for readmission differ
from medical conditions, as does the degree to which they are preventable.1920 Thus,
interventions targeting improvements in care coordination— discharge navigators, care
transition programs and medication reconciliation?1-23—may be less effective in patients
recovering from surgery.

We evaluated the effect of hospital participation in a Shared Savings ACO on 30-day
readmission rates following major surgery. Since spending related to surgical care totals
$500 billion annually,24 even minor improvements have the potential to lead to substantial
savings.

Study Population

Outcomes

We performed a retrospective cohort study using a 20% national Medicare sample of fee-for-
service beneficiaries undergoing one of seven major surgical procedures between January 1,
2010 and November 30, 2014: abdominal aortic aneurysm (AAA) repair, colectomy,
cystectomy, prostatectomy, lung resection, total knee arthroplasty and total hip arthroplasty
(Supplemental Digital Content Table 1). We selected these procedures as they are common
and frequently used in evaluating policy effects,20:25.26 span the spectrum of readmission
rates (4.4% following total knee arthroplasty?’ to 25% following cystectomy?28), severity
(90-day mortality rates ranging from 1.9 to 6.92:20.28.29 and reflect multiple surgical
disciplines (vascular, urology, colorectal, thoracic, and orthopedic). The inclusion of knee
and hip arthroplasty, two procedures targeted by the Hospital Readmission Reduction
Program,® also allows us to investigate the influence of this policy on our overall results. We
restricted our cohort to patients age 66 years or older to facilitate risk adjustment. We
included patients with continuous enroliment in both Medicare Part A and B one year prior
to the procedure through 30 days after discharge. We excluded patients in Medicare
Advantage plans due to the absence of complete claims and because they are ineligible to be
assigned to ACOs.30 We further limited our sample to patients treated in acute care or
critical access hospitals. Hospital participation in Medicare Shared Savings Program ACOs
was determined using the 2014 Provider-level Research Identifiable File provided by the
CMS. This was performed by using the last four digits of the Medicare provider number.
This number is available in both Medicare data as well as the ACO provider file. If the last
four digits were less than 1000 (acute care) or 13001399 (critical access) then the provider
was included as a hospital.3! Hospital characteristics were obtained from the 2014 CMS
Provider of Service file and the American Hospital Association Annual Survey.

Our outcome was the risk-adjusted readmission rate within 30 days of discharge following
one of the index procedures. Only the first readmission was included in the analysis. Patients
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dying during the hospital stay for the index procedure were censored from readmission
calculations. To further investigate how each procedure contributed to the overall outcome,
we also estimated procedure-specific readmission rates.

We assessed differences in patient and hospital characteristics among beneficiaries treated at
ACO and non-ACO affiliated hospitals before and after implementation using chi-squared
tests. We measured level of comorbidity using the Hierarchical Condition Category risk
score32 and socioeconomic class was determined at the ZIP code level using established
methods.33

Next, we implemented our difference-in-differences analysis.3* This approach allows us to
estimate changes in readmissions among ACO hospitals from the pre- to the post-ACO
implementation period, and quantify the difference between these hospitals and those not
affiliated with an ACO. Further, this method allows us to account for other contemporaneous
efforts to reduce readmissions,®9:3> which would be reflected in the trends seen among non-
ACO hospitals. In this context, we first defined whether a hospital was affiliated or non-
affiliated with an ACO. We then specified a time variable indicating whether a hospital
discharge occurred before or after implementation of Shared Savings ACOs. Since ACO
enrollment occurred at multiple time points during our study period (April 1, 2012, July 1,
2012, and January 1, 2013, January 1, 2014), we defined two periods (pre-implementation
and post-implementation) to reflect all time before or after the start of the ACO contract.
ACO affiliated hospitals were included in the post-implementation time period based on the
specific ACO’s date of enrollment. Non-ACO affiliated hospitals were included in the post-
implementation time period on January 1, 2013 since this was the median date of ACO
enrollment in our sample. We then used a multilevel logistic regression model to calculate
the rate of readmission for ACO and non-ACO affiliated hospitals in the pre- and post-
implementation periods. The model was adjusted for age, sex, race, Hierarchical Condition
Category risk score, socioeconomic class, index surgery type and hospital characteristics
including size, teaching status, urban or rural location, for profit status and procedure
volume. Robust standard errors were used to account for clustering within hospitals. The
model also included an interaction term between hospital ACO participation and time
period, which allowed us to estimate how adjusted readmission rates varied between ACO
and non-ACO aligned hospitals in both the pre- and post-implementation periods. The
difference-in-differences of the adjusted readmission rates is the effect of ACO alignment,
controlling for secular trends.36-38 We then calculated the procedure specific readmission
rates using similar adjusted logistic regression models. We confirmed that trends in
readmissions were parallel for ACO and non-ACO affiliated hospitals prior to ACO
implementation (Supplemental Digital Content Figure 1).

Sensitivity Analyses

We performed several sensitivity analyses to test the robustness of our findings. First, in our
primary analysis, we excluded patients who died during the initial hospitalization as these
patients cannot be readmitted. Since it is possible that hospitals may have lower readmission
rates if they have high mortality rates, we performed our analysis without excluding these
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patients. Second, since interventions aimed at reducing readmissions may take some time to
operationalize, we performed a sensitivity analysis allowing for a three month “transition
period” from the ACO implementation date and calculated differences in readmission rates
for procedures occurring outside this period. Third, given the potential for differences
between markets adopting early ACO contract and those that did not, we included a fixed
effect for Hospital Referral Regions (HRR). Lastly, we included a fixed effect for calendar
year to account for the variable length of the ACO exposure among ACO hospitals that
arises from the differences in contract start dates.

All analyses were carried out in SAS 9.4 (Cary, NC) and Stata 14 (College Station, TX). All
tests were two-tailed and the probability of Type 1 error was set at 0.05. The study protocol
was judged to be exempt by the institutional review board of the University of Michigan.

We identified 429,275 patients undergoing one of our index procedures (Table 1). A total of
2,974 hospitals were included, of which 389 were affiliated with an ACO. Compared to non-
ACO hospitals, patients treated at ACO affiliated hospitals were similar in age but differed in
sex, race/ethnicity, and comorbidity; however, these differences were small and unlikely to
be of clinical significance. More patients treated at ACO hospitals had high socioeconomic
class (38% vs. 31%, p <0.001) and resided in large metropolitan counties (51% vs. 42%,
p<0.001). ACO affiliated hospitals were larger (38% vs. 25% with >500 beds, p<0.001),
more likely to be teaching (25% vs. 17%, p<0.001), located in urban areas (94% vs. 88%,
p<0.001) and less likely to have for-profit status (5% vs. 17%, p<0.001). Mortality rates at
ACO and non-ACO affiliated hospitals did not differ significantly (2.6 vs. 2.7, p=0.12).

Figure 1 shows the changes in the readmission rate for ACO and non-ACO affiliated
hospitals. Prior to ACO implementation, the rate of readmission for hospitals that eventually
became ACO affiliated was 8.4% (95% ClI, 8.1%-8.7%) compared to 7.9% (95% CI, 7.8%—
8.0%) for non-affiliated hospitals. This difference of 0.48 percentage points was statistically
significant (p=0.008). Post-ACO implementation, readmission rates decreased in both
groups. For ACO hospitals, the rate decreased to 7.0% (95% Cl, 6.7%-7.3%), a significant
absolute change of 1.4 percentage points and relative change of 17% (p<0.001). For non-
ACO hospitals, the rate decreased to 7.1% (95% ClI, 6.9%—7.2%), which also represented a
significant decrease of 0.83 percentage points (p<0.001). This 11% relative decrease
compared to the pre-implementation period among non-ACO hospitals is representative of
the ACO independent trends in readmissions. We found a significant effect for ACO
affiliation (i.e., the difference in the readmission rate changes between our two cohorts) of
-0.52 percentage points (p=0.021). This difference translates to 882 fewer readmissions in
the 20% Medicare sample or 4,410 fewer readmission among all Medicare beneficiaries
during the post-ACO implementation period.

There were significant temporal changes in the procedure-specific rates of readmission
(Table 2). We noted decreases in readmissions from the pre- to post-ACO implementation
period for both ACO and non-ACO hospitals following AAA repair (3.2%, p=0.001; 2.4%,
p<0.001), colectomy (2.1%, p=0.004; 0.9%, p-0.004), and total knee arthroplasty (1.5%,
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p<0.001; 0.6% p<0.001), respectively. Readmissions following total hip arthroplasty
decreased significantly for non-ACO hospitals only (0.9%, p<0.001). There were no
significant changes in readmission following cystectomy, prostatectomy or lung resection.

In the procedure specific analyses, ACO affiliation significantly reduced readmissions,
relative to nonaffiliated hospitals, only following total knee arthroplasty. For this procedure,
hospital ACO affiliation was associated with an absolute decrease in the readmission rate of
0.91% (p<0.001) which translates to 736 fewer readmissions during the post-ACO
implementation period in the 20% sample, or 3,683 Medicare beneficiaries overall. ACO
affiliation was associated with non-significant differential decreases in readmissions
following abdominal aortic aneurysm repair (0.84%, p=0.46), colectomy (0.94%, p=0.23),
cystectomy (0.12%, p=0.98) and lung resection (0.75%, p=0.90). Readmissions increased at
ACO hospitals following prostatectomy (1.1%, p=0.34) and total hip arthroplasty (0.33%,
p=0.42), however neither of these changes were statistically significant.

The results of all sensitivity analysis confirmed the primary finding. By including patients
that died during the initial hospitalization, ACO affiliated hospitals were associated with a
0.51 percentage point reduction in 30- day readmissions (p=0.24). Exclusion of procedures
performed during the three month “transition period” following the ACO implementation
date resulted in an additional 0.56 percentage point reduction in 30-day readmission rates
(p=0.023) for ACO affiliated hospitals. Adjusting for regional differences (i.e. HRR) and
calendar year resulted in a 0.46 percentage point (p=0.036) and 0.60 percentage point
(p=0.013) for ACO affiliated hospitals, respectively.

Discussion

We found that one in ten fewer patients are readmitted after major surgery in the post-ACO
implementation period compared to the pre-ACO implementation period. Over the first three
years of the Medicare Shared Savings Program, ACO affiliation was associated with an
additional 0.52 absolute percentage point reduction in readmissions, translating into 4,400
fewer readmissions among Medicare beneficiaries undergoing these procedures. This added
impact of ACO affiliation was a result, in large part, of reductions in readmission following
total knee arthroplasty.

Our results suggest that readmission reduction is one mechanism through which ACOs
improve quality and decrease spending in surgical patients. This finding is not surprising
given the strong financial incentives to reduce readmissions both through the Shared Savings
and Hospital Readmission Reduction Programs. Additionally, this focus on readmissions is
substantiated by evidence that hospitals affiliated with ACOs are more likely to use multiple
quality improvement tools to identify and track readmissions compared with those not
participating in the Shared Savings Program.3° Though our analysis is the first to
demonstrate an effect of ACO affiliation on readmission in surgical populations, our results
align with prior work demonstrating that Pioneer or Shared Savings ACOs hospitals were
associated with larger decreases in all-cause readmissions from skilled nursing facilities
among Medicare beneficiaries.13 Our findings do, however, contrast early reports which
found no difference in all-cause 30 day readmissions among all beneficiaries aligned with
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Pioneer®0 or Shared Savings*! ACOs. Potential reasons for these differences include
conflation of both medical and surgical discharges or a limited exposure time in those
studies. Indeed, evaluation of the first four years of ACO participation demonstrated
additional reductions in readmission of 0.6-0.9% following discharges for pneumonia,
congestive heart failure and acute myocardial infarction at ACO affiliated.14

An alternative explanation may be that our findings highlight a selection bias regarding
which hospitals became ACOs. Prior to ACO implementation, hospitals destined to become
ACO affiliated had higher rates of readmission compared to non-ACO hospitals. In the post-
ACO implementation period, both groups reduced readmission to similar levels.
Participation in the Shared Savings Program is voluntary and the majority of ACOs
participate in a one-sided risk model (i.e., no risk of financial penalties).#? Thus, hospitals
with higher readmission rates may have preferentially chosen to become ACOs given the
higher likelihood of meeting the spending and quality benchmarks, which are based on prior
performance. This explanation is less likely. Readmission rates make up only a small
fraction of the quality and spending metrics used to determine receipt of shared savings
bonuses. Additionally, ACO and non-ACO affiliated hospitals had similar decreases in
readmission rates for our surgical procedures during the pre-implementation period,
meaning that both groups were working towards reducing readmissions. Our results are
supported by similar analyses of medical readmission where, prior to the start of the Shared
Savings ACO program, all hospitals had similar readmission rates for acute myocardial
infarction, congestive heart failure and pneumonia.*3 Nonetheless, ACO affiliation resulted
in larger decreases in readmission rates for these conditions.14 This finding, in combination
with the similar pre-implementation trends and strong financial incentives, make it more
likely that ACOs are actively targeting readmissions as an avenue to improve value for
surgical populations.

Our findings of an overall reduction in readmissions is strongly driven by changes in knee
arthroplasty, a condition targeted by the Hospital Readmission Reduction Program. Larger
reductions in readmissions for medical conditions targeted by this policy (acute myocardial
infarction, congestive heart failure and pneumonia) were reported in multiple studies,*44°
and ACOs were shown to have a differential effect beyond the policy on these readmissions.
14 This observation indicates a complementary interaction between the Shared Savings ACO
and Hospital Readmissions Reduction Program policies and are aligned with Medicare’s
multipronged approach to readmission reduction. In contrast, we did not see a differential
effect for ACOs following hip arthroplasty, which is also targeted by the policy. Efforts to
reduce readmissions after knee arthroplasty could be expected to also affect hip arthroplasty.
However, differences in the reasons for readmission between these procedures may be one
explanation for this. Surgical site infections and wound complications are the primary reason
for readmission following knee arthroplasty while joint problems (i.e., dislocations,
prosthetic misalignment, periprosthetic fractures, etc.) are the primary reason following hip
arthroplasty.1®46.47 Quality improvement efforts at the hospital level are much more likely
to affect wound complications as compared to joint complications that are intrinsic to the
surgery itself. Though this is one potential explanation, this difference highlights the
heterogeneity in readmissions among surgical patients, which may account for why broad,
systems level interventions have such varied effects on procedure-specific readmission rates.
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Our findings should be considered in the context of several limitations. First, hospitals in our
sample varied in the duration of their exposure to the ACO program, with some having over
two years while other have less than one. However, if longer participation in the ACO
program is necessary to improve outcomes, inclusion of ACOs in their first year of existence
would bias our findings towards the null. Thus, given the significant positive finding, the
magnitude of the ACO effect may, in fact, be larger than observed. Second, there is
heterogeneity with regards to ACO alignment in the patient populations treated at ACO
hospitals. That is, beneficiaries are assigned to ACOs based on whether they receive the
plurality of primary care from a physician that has opted into an ACO. This means that all
hospitals treat both ACO and non-ACO aligned beneficiaries. However, this is not likely to
lead to variation in how hospitals prevent readmissions. Since beneficiaries are assigned to
most Shared Savings ACOs retrospectively, hospitals and surgeons are unaware of a
patient’s ACO status and are unlikely to implement different interventions at the patient
level. Alternatively, it is possible that ACO beneficiaries leveraging the ACO-level
infrastructure through their primary care provider could have a decreased readmission risk
due to improved care coordination and meaningful use of post-acute care services
independent of hospital services. Given that some ACO beneficiaries are being treated at
non-ACO hospitals, our estimates of the ACO effect are likely to be conservative. Lastly,
effective readmission reduction interventions may take some time to operationalize. Thus,
readmission trends in the time shortly after implementation may not reflect the ACO effect,
potentially dampening the effect size. Though we found this to be true in our sensitivity
analysis allowing for a three month “transition period” post-ACO implementation, the
difference in the readmission reduction was small (0.04 percentage points).

Despite these limitations, our findings have important implications. Our results validate
ACOs as an effective tool to improve value in surgical patients but also highlight the
heterogeneity in the effect depending on the procedure. In light of the differences in the
reasons for readmission, systems-level interventions effective in reducing readmissions after
medical conditions may be ineffective in driving change for surgical patients. The finding
that ACO and non-ACO affiliated hospitals reached the same rate of readmission in the post-
implementation period also raises the possibility of a “floor” rate in readmissions (i.e., some
readmissions are unavoidable and therefore the readmission rate will never be zero).
Consequently, the ability of policy to continue driving improvement in readmission rates
may diminish. This is an important consideration with the shift toward alternative payment
models as part of the Medicare Access and CHIP Reauthorization Act.8

Conclusions

Readmissions following common major surgeries decreased significantly from 2010 to
2014. Hospital affiliation with Shared Savings Program ACOs was associated with
significant additional reductions in readmissions. The emphasis on reducing readmissions is
one mechanism through which ACOs improve value in surgical populations. The ACO effect
was strongly driven by changes in readmission following total knee arthroplasty, a procedure
targeted by a separate readmission reduction policy. This supports the possibility that ACOs
proactively responded to strong financial incentives implied by both the possibility of Shared
Savings bonuses and penalties related to the Hospital Readmission Reduction Program.
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These findings further validate Medicare’s multipronged approach to reducing readmissions
and, as a consequence, spending growth.
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Figurel.
Rate of 30-day readmission pre- and post-implementation of Medicare Shared Savings

Program Accountable Care Organizations (ACO) stratified by hospital ACO affiliation. The
red dashed line represents the theoretical trend in the absence of an ACO effect. ACO
hospitals differed in pre-implementation readmission rates (8.4% vs. 7.9%, p=0.008).
Readmissions decreased significantly in both ACO (7.0%, p<0.001) and non-ACO (7.1%,
p<0.001) affiliated hospitals post-implementation. The difference in these changes results in
an additional 0.52% (p=0.021) absolute reduction in readmissions, which is the effect
associated with hospital ACO affiliation.

Ann Surg. Author manuscript; available in PMC 2020 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Borza et al.

Patient and hospital characteristics.

Table 1

Characteristic ACO Hospitals | Non-ACO Hospitals | p-value
(N =389) (N = 2,585)
Patients, N 80,501 348,774
Index procedures, N
Abdominal Aortic Aneurysm Repair 4,267 16,795
Colectomy 12,670 57,173
Cystectomy 789 2,735
Prostatectomy 2,383 9,820
Lung resection 4,827 18,746
Total knee arthroplasty 36,988 165,770
Total hip arthroplasty 18,577 77,735
Age, mean (SD) 75 (6.4) 75 (6.3) 0.78
Malesex, N (%) 33,241 (41) 145,949 (42) 0.004
Race/Ethnicity, N (%)
White 73,847 (92) 318,360 (91) <0.001
Black 4,415 (6) 18,764 (5)
Hispanic 469 (1) 3,393 (1)
Asian 608 (1) 2,832 (1)
Other 1,162 (1) 5,425 (2)
HCC score, Mean (SD) 1.44 (1.6) 1.42 (1.6) 0.001
Socioeconomic class, N (%)
Low 22,131 (28) 117,200 (34) <0.001
Medium 25,802 (32) 113,933 (33)
High 30,492 (38) 108,878 (31)
Residential area, N (%)
=1 million metropolitan county 40,960 (51) 145,536 (42) <0.001
<1 million metropolitan county 25,819 (32) 124,151 (35)
>2,500 urban population 11,952 (15) 69,124 (20)
Rural or <2,500 urban population 1,715 (2) 9,669 (3)
Hospital Size- N (%)
<250 beds 18,482 (23) 138,939 (40) <0.001
251-500 beds 31,721 (39) 121,081 (35)
>500 beds 30,298 (38) 88,738 (25)
Hospital type- N (%)
Teaching 20,009 (25) 59,395 (17) <0.001
Urban 75,577 (94) 305,332 (88) <0.001
For-profit 3,723 (5) 58,478 (17) <0.001

HCC-Hierarchical Condition Category
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