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Abstract

Background—To anticipate the effects of ACOs on surgical care, we examined pre-enrollment 

utilization, outcomes, and costs of inpatient surgery among hospitals currently enrolled in 

Medicare ACOs versus non-enrolling facilities.

Methods—Using the Nationwide Inpatient Sample (2007-2011), we compared patient and 

hospital characteristics, distributions of surgical specialty care, and the most common inpatient 

surgeries performed between ACO-enrolling and non-enrolling hospitals prior to implementation 

of Medicare ACOs. We used multivariable regression to compare pre-enrollment inpatient 

mortality, length of stay (LOS), and costs.

Results—Hospitals now participating in Medicare ACO programs were more frequently non-

profit (p<0.001), teaching institutions (p=0.01) that performed more specialty procedures 

(p<0.001). We observed no clinically meaningful pre-enrollment differences for inpatient 

mortality, prolonged LOS, or costs for procedures performed at ACO-enrolling versus non-

enrolling hospitals.

Conclusions—Medicare ACO hospitals had pre-enrollment outcomes that were similar to non-

participating facilities. Future studies will determine whether ACO participation yields differential 

changes in surgical quality or costs.
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Introduction

Established as part of the Affordable Care Act (ACA), Accountable Care Organization 

(ACO) programs for Medicare beneficiaries aim to improve quality of care and patient 

experience, and reduce health care costs. ACOs have rapidly increased in both size and 

number since the implementation of the ACA, such that in 2014 there were 338 Centers for 

Medicare and Medicaid Services (CMS) ACOs providing care to almost 5 million (>10%) 

Medicare beneficiaries.1 To date, the CMS ACO model appears to be moderately successful 

at lowering cost growth while meeting quality and patient experience benchmarks.2–4 Early 

ACOs have focused on primary care, and have directed attention towards improving care 

coordination and reducing over-utilization of health care services.2,5 Despite the fact that 

inpatient surgery accounts for a substantial proportion of healthcare costs, it has not been a 

focus of early ACOs, and none of the CMS quality benchmarks directly address surgical 

care.5

Accordingly, the extent to which ACOs might improve the quality and costs of inpatient 

surgical care is uncertain.6 It is possible that hospitals volunteering to participate in ACOs 

were already relatively high performers in regard to surgical care. In this scenario, the 

potential benefits of ACO participation may be limited, since there will be less room for 

improvement. Alternatively, early-adopting hospitals may have had high costs at baseline, 

and therefore may be more likely to reduce expenditures and qualify for shared savings. If 

this is true, then the ACO model may well prove to be effective at enhancing the cost-

efficiency of hospital-based surgical care.

In this context, we investigated baseline (i.e., pre-ACA) differences in the utilization and 

outcomes of inpatient surgery between hospitals that are now formal participants in 

Medicare ACOs and those that are not. A better understanding of such baseline differences 

could help policymakers anticipate the potential impact of this model for the quality and cost 

of surgical care.

Methods

Identification of Patients and Surgical Procedures

We conducted a retrospective cohort study of patients undergoing common inpatient 

procedures in hospitals included in the Nationwide Inpatient Sample (NIS) from 2007 

through 2011. The NIS database consists of standard hospital discharge abstracts from 46 

states, approximating a 20 percent stratified sample of all hospitals in the US.7 We used data 

from the NIS to ascertain patient demographics (e.g., age, sex, race, and household income 

quartile), admission and discharge information (e.g., length of stay, admission type), hospital 

charges, and International Classification of Disease, Ninth Revision, Clinical Modification 

(ICD-9-CM) diagnostic and procedure codes.8
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Surgical admissions were identified by the presence of a principal ICD-9-CM procedure 

code meeting NIS criteria for a major procedure performed in an operating room.7 We used 

Clinical Classification Software (CCS)9 available in the NIS to categorize diagnoses and 

procedures based on ICD-9-CM codes into clinically meaningful categories, as well as into 

1 of 10 mutually exclusive groups of operations performed by distinct surgical specialties 

(e.g., general surgery, obstetrics/gynecology, urology).8

Identification of ACO Participant Hospitals

For this analysis, we included hospitals that ultimately enrolled in either the Pioneer or 

Medicare Shared Savings Program (MSSP) ACOs. We identified ACO-enrolling hospitals 

using a multi-step process. First, we used a publically available list from CMS to identify 

hospitals that were formal participants in the MSSP as of February 2014.10 Next, we 

confirmed that each of these facilities was an acute care hospital using the National Provider 

Identifier (NPI) database.11 To identify Pioneer ACO affiliated hospitals, we started with a 

published CMS list of Pioneer ACOs,12 and then visited each ACO's website to identify all 

affiliated hospitals. For both MSSP and Pioneer ACOs, we then identified each hospital by 

name in the American Hospital Association (AHA) Survey of Hospitals, and used the AHA 

identification number to link with the NIS. Throughout this manuscript, we refer to this 

collective group of hospitals as ACO-enrolling hospitals.

Identification of Control Hospitals

We sought to identify a control group of hospitals that were not formal participants in an 

ACO, and that were also unlikely to be affiliated with a provider-based ACO (because ACOs 

are not required to have an affiliated hospital). To do this, we used publically available data 

to estimate the total number of lives covered by ACOs in each state.13 We then empirically 

defined states with fewer than 6% of lives covered by an ACO as having low ACO 

penetrance. Next, we classified all non-enrolling hospitals in these 38 low ACO penetrance 

states as controls (1,054 control hospitals). To ensure that none of the non-enrolling control 

hospitals were misclassified, we checked each control against the CMS published list of 

ACO participants. Throughout the manuscript, we refer to this group of facilities as non-

enrolling hospitals.

Outcome Measures

We determined the 9 most common major procedures (based on CCS codes) performed 

during surgical admissions in ACO-enrolling and non-enrolling hospitals.9 For each of these 

procedures, we then compared inpatient mortality, prolonged length of stay (LOS), and costs 

between hospital groups. Inpatient mortality was analyzed only for procedures with 

mortality greater than 1%. Prolonged LOS was defined as a LOS greater than the 90th 

percentile for all patients undergoing that procedure.8 Costs associated with each surgical 

admission were calculated by converting the total admission charges to costs using a hospital 

specific cost to charge ratio provided by HCUP, and adjusting for the patient's primary 

admitting diagnosis.14
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Statistical Analysis

First, we compared the characteristics of patients undergoing major inpatient procedures at 

ACO-enrolling and non-enrolling hospitals using chi squared, Wilcoxon rank sum, and t-

tests, where appropriate. We used similar methods to examine differences in hospital-level 

characteristics.

We then compared the distributions of surgical specialty care and of the 9 most common 

inpatient surgeries according to ACO enrollment status. Next, we fit multivariable regression 

models to compare procedure-specific outcomes at ACO-enrolling and non-enrolling 

hospitals. In terms of outcome variables, inpatient mortality and prolonged LOS were treated 

as binary variables (logistic regression models), and generalized estimating equations were 

used to account for clustering of patient outcomes within hospitals. Total admission costs 

were log-transformed prior to analysis, in order to normalize their distribution. A mixed 

regression model was used to account for potential correlation of patient outcomes within 

hospitals. We controlled for a number of variables that may confound the relationship 

between ACO enrollment status and the measured outcomes, including age, gender, race, 

admission type (emergent/trauma, urgent, or elective), primary payer, median household 

income of patient's home zip code, number of Elixhauser comorbidities,15 region, hospital 

bed total, number of inpatient surgical cases, and hospital teaching status.

Results

We identified 273 and 151 hospitals enrolling in the MSSP and Pioneer ACO programs, 

respectively. Of these 424 ACO-enrolling hospitals, 225 linked to the NIS through the 

hospital's AHA ID. Table 1 describes the characteristics of patients treated at ACO-enrolling 

and non-enrolling hospitals. ACO-enrolling hospitals were larger, had greater surgical 

volume, and were more likely to be non-profit, teaching institutions located in the northwest 

and northeast (Table 2).

The distribution of cases according to surgical specialty, and the 9 most common inpatient 

surgical procedures differed by ACO enrollment status (p<0.001 for each, Figure 1, Figure 

2). Overall, ACO-enrolling hospitals performed a greater proportion of surgical specialty 

procedures, and relatively fewer obstetric/gynecologic and general surgical procedures.

Among the procedures with greater than 1% inpatient mortality overall (lower extremity 

open reduction and internal fixation (ORIF), cholecystectomy, colorectal resection, coronary 

artery bypass graft (CABG)), the adjusted likelihood of inpatient mortality was similar for 

ACO-enrolling and non-enrolling hospitals (Table 3). The adjusted likelihood of a prolonged 

LOS was also similar for ACO-enrolling and non-enrolling hospitals for 8 of the 9 most 

commonly performed procedures; patients undergoing colorectal resection at ACO-enrolling 

hospitals were more likely to have a prolonged length of stay (Table 4). In addition, there 

were no differences in the cost of surgical admissions between ACO-enrolling and non-

enrolling hospitals (Figure 3).
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Discussion

Prior to implementation of the ACA, there were no substantive differences in the utilization 

and outcomes of inpatient surgery between hospitals that now differ with respect to ACO 

participation. We specifically found no clinically meaningful differences in inpatient 

mortality, prolonged LOS, or hospital costs between these two groups. Collectively, these 

findings suggest that, prior to implementation of the ACA, hospitals that have been early 

adopters of the ACO model had characteristics and performance that were very similar to 

those that have chosen not to participate.

There are several potential explanations for these findings. First, given the focus of ACO's 

on primary care,2,5 it is possible that hospital administrators did not emphasize the role of 

surgical care when deciding to volunteer for an ACO program. At least one empirical study 

has demonstrated that for patients treated in Integrated Delivery Systems versus Non-

Integrated Delivery Systems, a comparison of healthcare structures arguably most 

synonymous to ACOs, quality improvements and savings in the outpatient setting might not 

extend to inpatient surgery.16 Therefore, any baseline differences between ACO-enrolling 

and non-enrolling hospitals in other areas of care, possibly affecting the decision to become 

an ACO, may not manifest as concurrent differences in surgical care and outcomes. Second, 

hospitals’ decision to participate in ACOs may not be associated with obvious opportunities 

for improving clinical care and instead may be more related to strategic decisions around 

referrals, market share, and other non-clinical factors. In this scenario, it is not surprising 

that baseline performance would be relatively similar for hospitals that now differ by ACO 

status. Third, it is possible that hospitals with average performance on metrics of surgical 

quality and costs were more likely to volunteer for ACO programs. High performing 

hospitals may envision a harder time achieving the additional improvements needed to reach 

benchmarks for shared savings. Conversely, lower performing hospitals may not have been 

confident in their ability to improve. Ultimately, the decision to volunteer for an ACO 

program is likely driven by factors and incentives that have little relationship to current 

performance with delivery of inpatient surgical care.

Our study has several limitations. First, we cannot confirm that facilities classified as non-

enrolling hospitals didn't interact with physicians or other providers that eventually enrolled 

in an ACO. In an effort to exclude such hospitals that may see an “ACO effect” from ACO-

enrolling providers in the same community or region, we used only hospitals from states 

with low ACO penetrance (<6% of lives covered by an ACO) as our controls. Second, due to 

state-specific privacy laws preventing hospital identification in the NIS, certain states could 

not be included in this analysis. However, our study did include ACO-enrolling and non-

enrolling hospitals from all major geographic regions of the country.

Third, it is possible that there were unmeasured differences in patient characteristics and 

disease severity not completely accounted for by variables available in the administrative 

data. Nonetheless, our multivariable models did include a relatively broad range of patient 

and hospital characteristics that differed between the hospital groups. Finally, when 

examining costs we used charges converted to costs rather than actual payments. Even so, 
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our approach is similar to previous studies8,17,18 and represents an established method for 

estimating costs based on NIS data.19

These limitations notwithstanding, our findings have potential implications for both 

policymakers and ACO leaders. For policymakers, our finding that surgical care prior to the 

ACA was similar at hospitals that now differ with respect to ACO participation indicates that 

adoption of this model, at least for hospitals, is probably not driven by specific opportunities 

to quickly improve the quality and cost-efficiency of surgical care (and thereby achieve 

shared savings). In addition, understanding whether changes from this baseline—with 

respect to population-level utilization, quality, and/or costs of surgical care—occur after 

ACO implementation will likely be an important determinant of further dissemination of this 

model. Moreover, if ACO policies drive improvements in surgical quality and costs, the care 

processes and infrastructure that led to such changes may be replicable in hospitals that are 

not currently participating.

For ACO leaders, the fact that their baseline performance in surgery was similar to their non-

enrolling peers suggests that there may be opportunities to apply quality and care-

coordination activities in other areas of care to inpatient surgery. Such an effort could impact 

quality and ultimately costs of surgical care.

Moving forward, studies that specifically compare long-term quality and cost outcomes for 

beneficiaries treated in ACOs and those who were not will further clarify the implications of 

this model for surgical care. Ultimately the magnitude of any improvements, in addition to 

effects of ACOs on patient satisfaction and surgical utilization, will inform the broader 

impact of ACOs for surgery, as well as the potential enthusiasm for greater dissemination of 

the model.
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Summary

To anticipate the effects of ACOs on surgical care, we examined pre-enrollment 

utilization, outcomes, and costs of inpatient surgery among hospitals currently enrolled in 

Medicare ACOs, versus non-enrolling facilities, prior to the implementation of the 

Affordable Care Act. Across the nine most common inpatient surgeries, we observed no 

clinically meaningful differences for inpatient mortality, prolonged length of stay, or 

costs among hospital groups. Collectively, these findings suggest that hospitals that now 

participate in ACOs had similar baseline performance to those not participating. The 

ability of ACO-enrolling hospitals to differentially improve quality and cost beyond these 

baseline measures will inform the impact of this model for surgical care.
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Figure 1. 
The proportion of the most common inpatient surgical procedures performed in ACO-

enrolling and non-enrolling hospitals (p<0.001).
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Figure 2. 
The proportion of all major surgical procedures in ACO-enrolling and non-enrolling 

hospitals by surgical specialty service (p<0.001).

Hawken et al. Page 10

Am J Surg. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Adjusted costs (with 95% CI) of the 9 most common major inpatient surgical procedures in 

ACO-enrolling and non-enrolling hospitals (p>0.05).
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Table 1

Patient Characteristics (NIS 2007-2011)

ACO-Enrolling Hospitals Non-Enrolling Hospitals

Characteristic p-value

Admissions (No.) 851,608 2,657,935

Age (yrs)

    Median 54 53 <0.001

    Category, % <0.001

    <50 42.9 45.6

    50-59 15.9 15.0

    60-69 17.3 16.4

    70-79 14.4 13.8

    ≥80 9.5 9.2

Race (%) <0.001

    White 74.3 70.8

    Black 8.2 9.7

    Hispanic 11.3 13.1

    Other 6.2 6.4

Female (%) 67.7 68.4 <0.001

Household Income (% in each quartile) <0.001

    <$39,000 14 .3 22 .3

    $39,000-47,999 22.2 23.4

    $48,000-62,999 30.0 25.4

    ≥$63,000 33.5 28.9

Admission Type (%) <0.001

    Elective 78 .6 80 .0

    Trauma, emergent, urgent 21.4 20.0

Comorbidity count (%) <0.001

    0 32.8 34.4

    1 23.2 23.0

    ≥2 44.0 42.6

Primary Payer (%) <0.001

    Medicare 32.3 31.9

    Medicaid 11.8 14.8

    Private, self-pay, or other 55.9 53.3
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Table 2

Hospital Characteristics (NIS and AHA 2007-2011)

Characteristic ACO-Enrolling Hospitals Non-Enrolling Hospitals p-value

Hospitals (No.) 225 1054

Median number of beds (med/surg) 232 162 <0.001

Median number of Operating Rooms 10 7 <0.001

Median number of inpatient surgical cases 2842 1621.5 <0.001

Median number of total surgical cases 7608 5332 <0.001

Hospitals (%)

    ICU capabilities 88.3 83.5 0.08

    Regional Trauma Center 24.8 27.4 0.004

Hospital Ownership (%) <0.001

    Public 5.3 15.2

    Non-profit 89.8 65.6

    For profit 4.9 19.2

Teaching Hospital (%) 33.8 25.4 0.01

Critical Access Hospital (%) 8.4 12.7 0.07

Rural location (%) 22.2 33.3 0.001

Region <0.001

    Northeast 29.3 24.3

    Northwest 29.8 12.5

    South 13.3 31.5

    West 27.6 31.7
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Table 3

Inpatient Procedural Mortality (NIS 2007-2011)

Mortality

Procedure Adjusted ACO-Enrolling OR (95% CI)

Lower extremity ORIF 0.91 (0.80-1.02)

Cholecystectomy 1.05 (0.92-1.19)

Colorectal Resection 1.03 (0.94-1.13)

CABG 0.98 (0.86-1.11)

* Adjusted for age, gender, race, admission type, payer, income, comorbidities, region, hospital bed total, number of inpatient surgical cases, 
and hospital teaching status.

Mortality calculated for procedures with >1% overall mortality.

Referent group are non-enrolling hospitals.
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Table 4

Inpatient Procedural Prolonged LOS (NIS 2007-2011)

Prolonged LOS

Procedure Adjusted ACO-Enrolling OR (95% CI)

C-section 1.18 (0.94-1.49)

Spinal fusion 1.02 (0.87-1.19)

Hysterectomy 1.07 (0.90-1.27)

Joint Replacement 0.86 (0.73-1.02)

Lower extremity ORIF 0.99 (0.85-1.14)

Cholecystectomy 0.93 (0.82-1.06)

Colorectal Resection 1.12 (1.02-1.24)

Appendectomy 1.00 (0.92-1.08)

CABG 1.18 (0.97-1.45)

* Adjusted for age, gender (where appropriate), race, admission type, payer, income, comorbidities, region, hospital bed total, number of 
inpatient surgical cases, and hospital teaching status.

Referent group are non-enrolling hospitals.

Am J Surg. Author manuscript; available in PMC 2017 June 01.


	Abstract
	Introduction
	Methods
	Identification of Patients and Surgical Procedures
	Identification of ACO Participant Hospitals
	Identification of Control Hospitals
	Outcome Measures
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

