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Abstract

Background: The Centers for Medicare and Medicaid Services (CMS) developed risk-adjusted “Star Ratings,” which serve as a
guide for patients to compare hospital quality (1 star ¼ lowest, 5 stars ¼ highest). Although star ratings are not based on surgi-
cal care, for many procedures, surgical outcomes are concordant with star ratings. In an effort to address variability in hospi-
tal mortality after complex cancer surgery, the use of CMS Star Ratings to identify the safest hospitals was evaluated.
Methods: Patients older than 65 years of age who underwent complex cancer surgery (lobectomy, colectomy, gastrectomy,
esophagectomy, pancreaticoduodenectomy) were evaluated in CMS Medicare Provider Analysis and Review files (2013-2016).
The impact of reassignment was modeled by applying adjusted mortality rates of patients treated at 5-star hospitals to those
at 1-star hospitals (Peters-Belson method). Results: There were 105 823 patients who underwent surgery at 3146 hospitals.
The 90-day mortality decreased with increasing star rating (1 star ¼ 10.4%, 95% confidence interval [CI] ¼ 9.8% to 11.1%; and 5
stars ¼ 6.4%, 95% CI ¼ 6.0% to 6.8%). Reassignment of patients from 1-star to 5-star hospitals (7.8% of patients) was predicted
to save 84 Medicare beneficiaries each year. This impact varied by procedure (colectomy ¼ 47 lives per year; gastrectomy ¼ 5
lives per year). Overall, 2189 patients would have to change hospitals each year to improve outcomes (26 patients moved to
save 1 life). Conclusions: Mortality after complex cancer surgery is associated with CMS Star Rating. However, the use of CMS
Star Ratings by patients to identify the safest hospitals for cancer surgery would be relatively inefficient and of only modest
impact.

The safety of complex cancer surgery is highly variable across
hospitals in the United States (1-3), with as much as a fourfold
difference in hospital mortality rates, reflecting differences in
volume, hospital experience, and surgeon training (4-11).
Multiple studies have suggested that a large-scale shift of
patients away from high-risk hospitals could meaningfully re-
duce mortality after complex cancer surgery (12-15). As a result,
there is considerable interest in having patients choose hospi-
tals with lower morality rates for complex cancer surgery.

There are numerous challenges to matching patients with
hospitals that have the lowest morality rates for complex care,
not the least of which is identifying hospitals best suited to per-
form specific procedures. Annual procedural volume has been
proposed to align patients with hospitals and has been

embraced by some payers and clinicians (16-18). On the other
hand, “safety performance” (using risk-adjusted standardized
mortality ratios) appears to be a more accurate mechanism to
match patients with the highest quality hospitals for complex
cancer surgery (4). However, neither annual hospital volumes
nor procedure-specific safety performance data are readily
available to patients and providers. Therefore, a great need
exists for an understandable and accessible mechanism to iden-
tify the safest hospitals for complex cancer surgery.

The Centers for Medicare and Medicaid Services (CMS)
assigned “Star Ratings” in 2015 as a guide for patients to com-
pare hospital quality. By considering 62 measures (eg, mortality,
readmissions, and patient experience), CMS assigns each hospi-
tal a star rating from 1 (lowest) to 5 (highest) (19,48,49). CMS Star
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Ratings are not specific to a particular clinical scenario (ie,
pneumonia or colectomy) or patient population (ie, transplant,
cancer). Despite this fact, CMS Star Ratings have been shown to
be associated with quality and safety across many patient care
scenarios (20-23). More recently, a study by Kaye et al. (24) dem-
onstrated that star ratings correlate with 30-day mortality after
complex cancer surgery. On the other hand, approximately 50%
of surgical mortalities occur between 30 and 90 days of surgery
(25,26). Furthermore, it is unclear whether the magnitude of
mortality difference across star ratings is sufficient to be lever-
aged to reduce mortality after complex cancer surgery on a na-
tional level.

CMS Star Ratings have the potential to influence patient
choice because they are not only simple to understand but also
readily accessible. For example, in a recent search engine query
of “hospital quality,” the first 4 results focused on CMS Star
Ratings and the CMS Hospital Compare resource. Furthermore,
more than 6000 external websites link to the CMS Star Ratings
information page, including those from insurance companies
and hospitals, and are included as a component of hospital ad-
vertising and hospital ranking mechanisms (27-30). For exam-
ple, Becker’s Hospital Review considers CMS Star Ratings when
compiling its yearly “100 great hospitals of America” (31-33).

In an effort to better understand the impact of incorporating
CMS Star Ratings into hospital selection for complex cancer sur-
gery, the potential mortality reduction associated with reassign-
ing patients from the least safe (1 star) to the safest (5 star)
hospitals was modeled. We hypothesized that selecting hospi-
tals for complex cancer surgery based on CMS Star Ratings could
reduce operative mortality.

Methods

Data Source

The Medicare Provider Analysis and Review file provided by the
Centers for Medicare and Medicaid services consolidates infor-
mation for Medicare beneficiaries who have used hospital inpa-
tient services (34). The Medicare Provider Analysis and Review
files were linked with the Hospital Compare database. These
data were then used to isolate hospitals with assigned CMS Star
Ratings (35). The analysis was completed in accordance with
our institutional review board–approved research protocol, with
consent waived.

Patient Selection

Eligible patients were older than 65 years with a diagnosis of
cancer of the lung, colon, stomach, esophagus, or pancreas. All
patients had undergone nonemergent surgery, including lobec-
tomy, colectomy, gastrectomy, esophagectomy, or pancreatico-
duodenectomy, between January 1, 2013, and October 1, 2016, in
a hospital with a CMS Star Rating (Figure 1). This time period,
over 4 years, was selected to minimize artifact in mortality as-
sessment in lower volume centers (ie, lower volume centers ar-
tificially being pulled toward a mean). These particular cancer
surgeries were selected as “complex” because each procedure is
associated with a surgical mortality greater than 2%, which has
previously been suggested as a criterion for high-risk elective
surgery (36). In addition, we evaluated procedures that repre-
sented different anatomic regions and likely were managed by

Figure 1. Inclusion criteria. Consort diagram of inclusion criteria, including patients older than 65 years with a diagnosis of cancer of the lung, colon, stomach, esopha-

gus, or pancreas who underwent nonemergent cancer surgery, including lobectomy, colectomy, gastrectomy, esophagectomy, and pancreaticoduodenectomy, be-

tween January 1, 2013, and October 1, 2016, in a hospital with a Centers for Medicare and Medicaid Services (CMS) Star Rating.
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different surgical teams. Overall, this group of procedures cap-
tures an estimated 80% of all high-risk cancer surgery (36).

CMS Star Ratings

CMS Star Ratings have been shown to be associated with surgi-
cal outcomes despite the fact they were not designed to con-
sider this patient population. Of the 62 measured variables used
by CMS to generate a star rating, none are specific to surgery.
However, several studies have found CMS Star Ratings are asso-
ciated with outcomes after surgery, including complex cancer
surgery, and this information is readily accessible to patients
and providers (20-24,28-33).

Data Elements

Independent variables in this analysis included patient charac-
teristics (age, sex, race, year of surgery, admission type,
Elixhauser Comorbidity Index) and procedure (lobectomy, colec-
tomy, gastrectomy, esophagectomy, pancreaticoduodenectomy;
gastrectomy and colectomy were further divided into partial
and total resections). Patients were stratified by CMS Star
Ratings of the hospital at which they underwent surgery
(Table 1). The primary outcome measure was 90-day mortality
and was calculated in days following the date of surgery (25).
Ninety-day mortality was chosen as the dependent variable

because 30-day mortality may underestimate perioperative
mortality risk by approximately 50% (25,26).

Statistical Analysis

Observed 90-day mortality rates for each of the five procedures
were compared across the five CMS Star Rating categories.
Secondary outcomes included the potential number of lives
saved and the relative efficiency of CMS Star Rating–based re-
gionalization (patients moved per life saved). This study was
conducted by considering hospital star–rated cohorts in aggre-
gate (ie, all patients treated at 1-star hospitals), because the ob-
jective was to model a generalized impact (ie, if CMS star ratings
were broadly used as opposed to changing from one specific
hospital to another). Our previous work has demonstrated the
challenges of studying safety performance on the individual
hospital level (ie, deriving individual standardized mortality ra-
tios for each hospital) given that low-volume hospitals tend to
be pulled toward the mean (4). Therefore, the aggregate data ap-
proach was more relevant and likely more reflective of the cur-
rent landscape. Confidence intervals and statistical significance
were calculated with the Cochran-Armitage trend test.

The movement of patients from 1-star to 5-star hospitals
was studied to evaluate the maximum potential impact that
may be achieved (ie, greatest differential in mortality rate). In
addition, a sensitivity analysis was performed in which patients
from both 1-star and 2-star hospitals were modeled to change

Table 1. Patient characteristicsa

Variable

CMS Star Rating, No. (%)

Pa1 2 3 4 5

Age, y
65-69 1292 (15.6) 3641 (15.0) 4121 (15.0) 4396 (14.8) 2343 (14.6) .04
70-74 2214 (26.8) 6512 (26.8) 7027 (25.5) 7712 (26.0) 4094 (25.6) .04
75-79 2457 (29.7) 7202 (29.6) 8003 (29.1) 8567 (28.9) 4722 (29.5) .73
80þ 2313 (27.9) 6960 (28.6) 8380 (30.4) 9005 (30.3) 4862 (30.3) <.001

Sex
Male 3935 (47.5) 11 702 (48.1) 13 017 (47.3) 14 177 (47.8) 7678 (47.9) .58
Female 4341 (52.5) 12 613 (51.9) 14 514 (52.7) 15 503 (52.2) 8343 (52.1) .58

Race
White 6792 (82.1) 21 117 (86.8) 24 358(88.5) 26 708 (90.0) 14 314 (89.3) <.001
Black 949 (11.5) 1993 (8.2) 1881 (6.8) 1360 (4.6) 754 (4.7) <.001
Other or unknown 535 (6.5) 1205 (5.0) 1292 (4.7) 1612 (5.4) 953 (5.9) .11

Year of surgery
2013 1812 (21.9) 5230 (21.5) 6009 (21.8) 6406 (21.6) 3260 (20.3) .005
2014 1980 (23.9) 5572 (22.9) 6438 (23.4) 6747 (22.7) 3799 (23.7) .71
2015 2164 (26.1) 6476 (26.6) 7464 (27.1) 8104 (27.3) 4339 (27.1) .12
2016 2320 (28.0) 7037 (28.9) 7620 (27.7) 8423 (28.4) 4623 (28.9) .18

Admission type
Elective 7445 (90.0) 2810 (11.6) 24 307 (88.3) 26 922 (90.7) 14 645 (91.4) <.001
Urgent 831 (10.0) 21 505 (88.4) 3224 (11.7) 2758 (9.3) 1376 (8.6) <.001

Elixhauser Comorbidity Index
0 1279 (15.5) 3913 (16.1) 4580 (16.6) 5084 (17.1) 2781 (17.4) <.001
1-2 3169 (38.3) 9303 (38.3) 10 591 (38.5) 11 243 (37.9) 6198 (38.7) .55
�3 3828 (46.3) 11 099 (45.6) 12 360 (44.9) 13 353 (45.0) 7042 (44.0) .001

Procedure
Lobectomy 1992 (24.1) 5972 (24.6) 6337 (23.0) 7160 (24.1) 4587 (28.6) <.001
Colectomy 4945 (59.8) 14 533 (59.8) 17 574 (63.8) 18 049 (60.8) 9068 (56.6) <.001
Gastrectomy 470 (5.7) 1308 (5.4) 1225 (4.4) 1401 (4.7) 725 (4.5) <.001
Esophagectomy 245 (3.0) 744 (3.1) 751 (2.7) 1021 (3.4) 537 (3.4) .10
Whipple 624 (7.5) 1758 (7.2) 1644 (6.0) 2049 (6.9) 1104 (6.9) .06

a1 star vs 5 stars. CMS ¼ The Centers for Medicare and Medicaid Services.
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their care to 5-star hospitals. In an attempt to account for differ-
ences in patients across 1-star and 5-star hospitals (eg, differen-
ces in health or age between patients treated at 1-star and 5-
star hospitals), the Peters-Belson approach was used to model
the predicted mortality of 1-star patients being treated at 5-star
hospitals (37,38). Logistic regression was used to estimate the
effects of covariates on mortality at 5-star hospitals, which
were then applied to the population who underwent surgery at
1-star hospitals. This method was chosen to demonstrate the
impact of reassigning patients. Patients originally from 1-star
hospitals, once moved to 5-star hospitals, would be affected by
the regression coefficients from the 5-star hospital rather than
the original 1-star hospital (regression coefficients are available
on request). An estimated mortality difference was calculated
between the observed and estimated mortality had the popula-
tion that was treated at 1-star hospitals instead been treated at
5-star hospitals. Using a primary outcome of 90-day mortality,
individual effect sizes and 95% confidence intervals were deter-
mined for each procedure. To adjust for the potentially elevated
type I error rate due to multiple comparisons, the Bonferroni
correction was used. A family-wise error rate of less than 0.05
and a 2-sided P value of .01 for the five individual cancer surgery
types (lobectomy, colectomy, gastrectomy, esophagectomy, and
pancreaticoduodenectomy) were considered to be statistically

significant for each individual test. This accounted for the total
number of 90-day mortality outcomes assessed. All data analy-
sis was conducted with SAS (Cary, NC). All statistical tests were
2-sided.

Results

Patient Characteristics

A total of 105 823 patients underwent complex cancer surgery at
3146 hospitals. Overall, patient characteristics across star cate-
gories were similar (Table 1). However, a greater proportion of
Black patients (11.5% vs 4.6% at 1-star vs 5-star hospitals) and
urgent cases (10.0% vs 8.6% at 1-star vs 5-star hospitals) were
treated at hospitals with lower star ratings. Overall, the distribu-
tion of patients across star categories was heterogeneous, with
fewer patients at the extremes (only 7.8% of complex cancer
surgeries performed at 1-star hospitals and 15.1% at 5-star
hospitals).

Observed 90-Day Mortality

Unadjusted 90-day mortality decreased with increasing CMS
Star Rating, with the greatest difference observed comparing 1-
star and 5-star hospitals (1 star ¼ 10.4%, 2 stars ¼ 8.5%, 3 stars ¼
8.8% 4 stars ¼ 7.6% 5 stars ¼ 6.4%, P< .001) (Figure 2). However,
the difference in mortality between 1-star and 5-star hospitals
varied by surgery type (9.1% for pancreaticoduodenectomy and
2.8% for lobectomy) (Supplementary Figure 1, available online).

Modeled Impact of Reassignment Based on CMS Star
Rating

In an attempt to estimate the potential impact of using CMS
Star Ratings to align patients for complex cancer surgery, an ad-
justed maximally compliant (all patients changed care) model
was created that assumed all patients treated at 1-star hospitals
had instead been treated at 5-star hospitals (Figure 3). This
resulted in an estimated 84 lives saved per year. The potential
number of lives saved per year was variable across procedures,
ranging from 5 for gastrectomy to 47 for colectomy (Figure 4). In
a regionalization model that moved 1-star hospital patients to
5-star hospitals, 26 patients would need to change hospitals to
save a single life. This represents 2189 patients changing hospi-
tals each year to improve outcomes. The efficiency was variable
across procedures, ranging from 12 for esophagectomy to 40 for
lobectomy (Figure 4).

Realizing that a minority (7.8%) of patients were treated at 1-
star hospitals, a sensitivity analysis was performed in which
patients from both 1-star and 2-star hospitals (capturing 30.8%
of study patients) changed their care to 5-star hospitals. An esti-
mated 208 lives per year would be saved. This ranged from 7 per
year for esophagectomy to 140 per year for colectomy. Overall,
this model required 42 patients to be moved to save 1 life, rang-
ing from 57 for lobectomy to 37 for colectomy (Supplementary
Figure 2, available online).

Discussion

These study findings indicate there is an association between
lower all-cause 90-day mortality after complex cancer surgery
and increasing CMS Star Rating. This finding is consistent with
previous studies that have found CMS Star Ratings to be associ-
ated with surgical mortality and safety across a range of clinical

Figure 2. Overall observed 90-day mortality across The Centers for Medicare and Medicaid Services (CMS) Star Rating cohorts. The unadjusted 90-day mortality for

each of the CMS Star Rating rated cohorts is represented on the y-axis. The whiskers atop each bar represent the 95% confidence interval, and the reported P value is

for the Cochran-Armitage trend test.
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scenarios, including cancer surgery (20-24,50-52). These previ-
ous studies evaluated factors such as hospital characteristics,
including type (community vs academic), size, and location, and
patient outcomes, including mortality rates and readmissions.
The study by Kaye et al. examined outcomes, including 30-day
mortality, complications, length of stay, and readmission, after
complex cancer surgery (24). Our study builds on this literature
in several important ways. Only one-half of mortalities occur in

the first 30 days; therefore, by studying 90-day mortality, our
study could be painting a more complete picture of hospital dif-
ferences. More important, we then modeled impact of regionali-
zation based on star ratings, which to our knowledge is novel.
We combined our findings as an estimate of the potential effec-
tiveness, efficiency, and feasibility of using this rating system to
influence mortality through the movement of patients for com-
plex cancer surgeries.

Figure 3. Modeled impact of reassignment on mortality. The observed mortality at 1-star hospitals is represented as the blue bar for each of the procedures. The mod-

eled “reassigned mortality” (orange bar) was intended to represent the mortality that would have been observed had the 1-star population been cared for at the 5-star

hospitals. The reassigned mortality was determined by applying the risk coefficients for each independent variable achieved at the 5-star hospitals (using logistic re-

gression) to the population of patients treated at 1-star hospitals (see Peters-Belson approach in "Methods"). The whiskers represent 95% confidence intervals.

Figure 4. The number of patients moved (1 star to 5 stars) to save 1 life. The number of patients that would need to be moved from 1-star to 5-star hospitals to save a

single life is represented by the blue bar. The total number of patients saved in each group per year as a result of this move is represented by the orange bar. The

whiskers represent 95% confidence intervals.
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The effectiveness or the overall impact of using CMS Star
Rating system to choose hospitals for complex cancer surgery
(84 lives saved per year) appears to be modest relative to other
proposed realignment strategies. For example, moving patients
away from low-volume hospitals is estimated to save 400 lives
per year, and using “safety performance” (ie, avoiding hospitals
with high standardized mortality ratios) could save 700 lives per
year (4). Even if one were to double the lives saved by avoiding
1-star hospitals (because the current study only considers
patients older than 65 years), the number of lives saved
(84� 2¼ 168) is far less than what is predicted by avoiding the
least safe hospitals. Although our sensitivity analysis of avoid-
ing both 1- and 2-star hospitals could save more than twice as
many lives (compared with avoiding 1-star hospitals alone), it
would require moving 7000 patients each year.

The efficiency (number of patients needed to move to save a
single life) of using CMS Star Ratings to identify hospitals with
the lowest mortality rates is less than other proposed models.
Our study suggests that 26 patients would have to change hos-
pitals (1 star to 5 stars) to save 1 life. Other reassignment mod-
els, based on volume or safety performance, predict a larger
impact and require as few as 15 patients to change hospitals to
save 1 life (4). Given the many barriers that patients face when
choosing hospitals, the likelihood of a reassignment strategy
working is almost certainly tied to the number of patients re-
quired to move (39). On the other, the movement of higher risk
patients (including those underdoing esophagectomy and pan-
creaticoduodenectomy) may actually be more reasonable (but
again, this is less effective compared with other models). A criti-
cal consideration with any regionalization model would be the
potential access implications of preventing a group of hospitals
from performing surgery. A number of barriers prevent subsets
of patients from being able to travel for complex care, as such,
restricting a subset of hospitals from performing procedures
could take away a patient’s only realistic option for surgical
care. Any attempt to regionalize must include a strategy to miti-
gate barriers to travel to prevent exaggerating existing dispar-
ities in treatment access (39).

The feasibility of reassignment depends on the number of
“destination” hospitals the reassignment metric identifies. Not
only does the number of destination hospitals affect accessibil-
ity (travel time and distance), but each hospital likely has limits
on the number of patients they can manage. It would be unreal-
istic to expect hospitals to handle massive increases in their
complex surgical volume. Therefore, the greater number of hos-
pitals that are identified as destination hospitals, the more
likely a reassignment strategy is feasible. In the CMS model, 288
hospitals were identified as the “safest” (ie, 5 stars), represent-
ing 9.2% of all hospitals. This is in direct comparison with previ-
ously discussed performance-based regionalization models,
which have identified more than 500 destination hospitals
(4,17). This would suggest that the feasibility of reducing mor-
tality using CMS Star Ratings may be lower than expected with
performance-based models.

This study has several limitations in addition to those tradi-
tionally associated with an observational study design. A key
assumption in this analysis is that patients moved from 1-star
to 5-star hospitals will experience the same (superior) outcomes
as the 5-star cohort. However, there may be differences in
patient-specific surgical risk (general health, support) that are
not captured by the database but that affect surgical outcomes.
We attempted to account for population differences by using
the Peters-Belson method as used in other comparative studies
in oncology and surgery (37,40,41). Interestingly, the difference

between the adjusted mortality reduction and an unadjusted
mortality reduction (ie, observed mortality differential)
appeared to be similar, suggesting the patient populations were
similar across cohorts. However, potential bias may be due to
variables not captured by claims data. This study focuses on the
Medicare population (>65 years of age), and it is possible that
our findings would be different if a broader range of ages was
considered (42). There is incomplete overlap between the study
period (2013-2016) and the first consideration of hospital activ-
ity for star ratings (2014). This was done to give a better sense of
performance at lower volume hospitals (4 years of activity), but
it is possible that there were differences in the CMS star metric
measures during 2013 that would have caused hospitals to be
reclassified as a different star category. This highlights a chal-
lenge in that the ratings may not represent real-time perfor-
mance and safety because there is no guarantee that past
performance will predict future performance. In addition, the
studied mortality reduction is not the only surgical outcome
that is relevant. Important endpoints such as disabling compli-
cations (eg, stroke, supplemental oxygen) and long-term sur-
vival were not studied and could influence preference for
patient treatment. Finally, our study did not evaluate which
specific factors contribute to postoperative mortality. Further
study into why rates are lower at higher rated centers could pro-
vide guidance for lower star–rated hospitals and ultimately im-
prove outcomes without shifting patients.

The current study models a maximally compliant move-
ment of care from 1-star to 5-star hospitals. This perspective is
relevant because it demonstrates the total gains from using the
CMS Star Rating to inform patients. On the other hand, several
important assumptions should be considered in any study that
models regionalization. First is the assumption that
“destination” hospitals (in this case, the 5-star hospitals) have
the capacity to care for additional patients. The additional case-
load could overwhelm hospital infrastructure and jeopardize
both the patients that move as well as patients who were des-
tined to receive care there initially. Next, patients are assumed
to travel to a destination hospital, but in reality, specific barriers
(eg, transportation resources, costs) may restrict patients from
participating in regionalization. Fortunately, most patients are
willing to travel if these barriers are addressed (39,43-47).
Finally, an important assumption is that 1-star hospital patients
would be motivated by the mortality differences to change hos-
pitals. Based on previous work, 80%-90% of patients would be
motivated to travel based on a potential mortality reduction
(39). There are many other complex considerations in how a pa-
tient chooses a hospital for care, including personal motivators
and clinical variables such as physician and therapy availability
(39,43-47). Ultimately, patients likely differ in the extent that
travelling to a particularly safe hospital fits with their overarch-
ing priorities and goals of care.

CMS Star Ratings are associated with mortality among
Medicare recipients undergoing complex cancer surgery.
However, using CMS Star Ratings to identify hospitals for com-
plex cancer surgery is not as effective, efficient, or feasible as
other proposed models for identifying the safest hospitals.
Additional efforts to inform patients regarding the safest choice
for complex cancer surgery and align hospital choice with goals
of care are needed.
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