
I
H
S
E
S
J
D
I

S
t
q
t
f
O

i
c
v
w
j
S
c
u
fi

O
c
m
a
9
1

M
t
W
c
r
c
i
c
h
v

A

P
S

A
J
M

©
P

A
D

U
LT

C
A

R
D

IA
C

ncreased Mortality at Low-Volume Orthotopic
eart Transplantation Centers: Should Current
tandards Change?
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Background. The Centers for Medicare and Medicaid
ervices (CMS) mandate that orthotopic heart transplan-

ation (OHT) centers perform 10 transplants per year to
ualify for funding. We sought to determine whether

his cutoff is meaningful and establish recommendations
or optimal center volume using the United Network for
rgan Sharing (UNOS) registry.
Methods. We reviewed UNOS data (years 1999 to 2006)

dentifying 14,401 first-time adult OHTs conducted at 143
enters. Stratification was by mean annual institution
olume. Primary outcomes of 30-day and 1-year mortality
ere assessed by multivariable logistic regression (ad-

usted for comorbidities and risk factors for death).
equential volume cutoffs were examined to determine if
urrent CMS standards are optimal. Pseudo R2 and area
nder the receiver operating curve assessed goodness of
t.
Results. Mean annual volume ranged from 1 to 90.
ne-year mortality was 12.6% (n � 1,800). Increased

enter volume was associated with decreased 30-day
ortality (p < 0.001). Decreased center volume was

ssociated with increases in 30-day (odds ratio [OR] 1.03,
5% confidence interval [CI]: 1.02 to 1.03, p < 0.001) and

-year mortality (OR 1.01, 95% CI: 1.01 to 1.02, p �
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.03— censored for 30-day death). The greatest mortality
isk occurred at very low volume centers (< 2 cases � 2.15
imes increase in death, p � 0.03). Annual institutional
olume of fewer than 10 cases per year increased 30-day
ortality by more than 100% (OR 2.02, 95%CI: 1.46 to

.80, p < 0.001) and each decrease in mean center volume
y one case per year increased the odds of 30-day
ortality by 2% (OR 1.02, 95% CI: 1.01 to 1.03, p < 0.001].
dditionally, centers performing fewer than 10 OHTs
er year had increased cumulative mortality by Cox
roportional hazards regression (hazard ratio 1.35, 95%
I: 1.14 to 1.60, p < 0.001). Sequential multivariable
nalyses suggested that current CMS standards may not
e optimal, as all centers performing more than 40

ransplants per year demonstrated less than 5% 30-day
ortality.
Conclusions. Annual center volume is an independent

redictor of short-term mortality in OHT. These data
upport reevaluation of the current CMS volume cut-
ff for OHT, as high-volume centers achieve lower
ortality.

(Ann Thorac Surg 2008;86:1250 – 60)

© 2008 by The Society of Thoracic Surgeons
 ore than 45 years have passed since Norman
Shumway and Richard Lower described the initial

echnique for orthotopic heart transplantation (OHT) [1].
hen OHT was first applied to humans, only certain

enters with specially trained surgeons and substantial
esources could undertake the procedure and care for the
omplex posttransplant patient. As time has passed with
mprovements in immunosupression, intensive care unit
are, organ preservation, and surgical technique, OHT
as evolved to become the gold standard treatment for a
ariety of types of end-stage heart disease and is avail-

ccepted for publication June 13, 2008.

resented at the Forty-fourth Annual Meeting of The Society of Thoracic
urgeons, Fort Lauderdale, FL, Jan 28–30, 2008.

ddress correspondence to Dr Conte, Division of Cardiac Surgery, The
ble in many centers worldwide. With more than 140
enters performing OHT in the United States alone, a
ide disparity exists in the number of cases performed
etween centers. Because many procedures have vol-
me-based outcomes, a similar analysis asking if center
olume correlates with outcomes in OHT should be
erformed.
Hospital volume has been shown to affect surgical

utcomes for many types of surgery. In fact, over the past
0 years, several studies (examining pancreatic resec-
ions, esophagetcomies, lung lobectomies, and so forth)
ave convincingly demonstrated that increased provider
olume is correlated with lower mortality [2–9], shorter
ength of hospital stay [10], decreased readmission rates
11], and decreased costs [10, 12, 13]. This concept is not
nly pervasive in general surgery but has also found its

ay into specialty surgical fields as well including urol-

0003-4975/08/$34.00
doi:10.1016/j.athoracsur.2008.06.071
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gy [14], gynecology [15, 16], and vascular [17] and
ardiovascular surgery [18–20]. These findings have been
dvocated by health quality consortiums, such as the
eapfrog Group, and discussed in the lay press [21].
The volume-outcome relationship appears to be par-

icularly important for highly complex procedures that
equire a significant commitment of resources and highly
pecialized teams [22]. Orthotopic heart transplantation
s a clear example of this type of procedure. In fact,
everal studies have demonstrated a center effect
hereby low-volume OHT centers have increased short-

erm mortality rates [23–25].
In response to this early work and the growing success

f OHT after the advent of cyclosporine, the Heath Care
inancing Administration (HCFA)—whose name was
hanged in 2001 to the Centers for Medicare and Medic-
id services (CMS)—publicly decided in 1986 that Medi-
are would fund OHT at HCFA-designated institutions
hat met strict outcome standards and performed a

inimum volume of transplantations per year. Initially,
his minimum number was set at 12 cases per year.
urrent CMS standards require only 10 cases per year for
pproval [26].
It has now been 20 years since this initial mandate, and

lthough the importance of center volume appears clear,
ost studies addressing this issue for OHT were con-

ucted in the late 1980s and early 1990s, before advances
n immunosuppressive and myocardial protection and
upport gained significant acceptance. Furthermore, no
tudy has been designed to specifically examine CMS
tandards directly.

The United Network for Organ Sharing (UNOS) data-
et is a nation-wide, physician-overseen sample that
rovides a unique opportunity to address the issue of
enter volume while minimizing single-institution bias.

e conducted a retrospective examination of the multi-
nstitutional UNOS dataset to examine effects of annual
nstitutional volume on short-term and midterm survival
n patients receiving OHT. We hypothesize that in-
reased center volume will be associated with decreased
hort-term mortality independent of patient risk factors,
nd further, that the current CMS standard may not be
ptimal.

aterial and Methods

ata Source
he UNOS provided deidentified patient data (stan-
ard transplant analysis and research [STAR] files)

rom the Thoracic Organ Transplant Registry for the
ears of 1987 to 2006, with follow-up through Septem-
er of 2007. Unique center identifier codes were in-
luded to allow examination of institutional volume.
he data include 433 unique demographic, operative,
nd postoperative variables collected for all United
tates patients undergoing thoracic organ transplanta-

ion and reported to the Organ Procurement Network
uring the time period. As individual patients are not

dentified in this multicenter registry report, the need
or consent and Institutional Review Board approval is
aived at our institution.

tudy Design and Patient Population
retrospective review of the UNOS dataset from January

999 to December 2006 with follow-up through January
007 was performed. These time points were chosen to
dentify a modern cohort of patients who underwent

HT with current management techniques. All first-time
rthotopic heart transplant patients between 18 and 80
ears of age were included.

nstitutional Volume
sing the unique center identifiers present in the UNOS
ataset, the variable of annual institutional volume was
erived from the extant data. In this way, each individual
atient outcome was linked to a hospital volume mea-
urement. We then primarily stratified by volume to
low-volume centers” (performing fewer than 10 OHTs
er year) and “high-volume centers” (performing 10 or
ore OHTs per year). To further assess the effects of

olume for centers with either very low or very high
olume, additional volume cutoffs were defined and

Fig 1. Distribution of center volumes for 143
centers included in the United Network for
Organ Sharing dataset. Sixty-four centers fall
below the requirement for Centers for Medi-
care and Medicaid Services funding of 10 or-
thotopic heart transplantations per year
(based on Organ Procurement and Transplan-
tation Network data, January 2007).
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ncluded fewer than 2, fewer than 5, 5 to 9, 10 to 40, and
ore than 40 OHTs per year.

ariables Examined and Measures of Outcome
f the 433 variables present in the UNOS dataset, perti-
ent clinical factors were compared between groups.
pecifically studied were baseline recipient demographic

actors (age, sex, and race), comorbidities (hypertension,
iabetes mellitus, body mass index, and preoperative
reatinine levels), and transplant variables (donor age,
schemic time, anastamotic technique, human leukocyte
ntigen mismatch, and year of transplant). In addition,
e examined markers of clinical acuity including
hether the patient was hospitalized or in an intensive

are unit before transplant, use of intra-aortic balloon
ounterpulsation before transplant, and UNOS status.
inally, hemodynamic variables before transplant were

dentified, including mean pulmonary artery pressure,
ulmonary vascular resistance, cardiac index, and

able 1. Baseline Characteristics of Patients Undergoing Orth
er Year) Versus High-Volume (� 10 OHT per Year) Centers

(�

emographics
Mean center volume
Mean age, years
Age � 65 years
Female
Black, Hispanic, Native American, Asian/Pacific Islanderb

omorbidities and acuity
History of hypertension
Diabetes mellitus
Preoperative creatinine
Body mass index
Hospitalized before transplant
ICU before transplant
IABP before transplant
Inotropes before transplant
Ventilated before transplant
UNOS status 1c

Days on wait list
Bicaval anastamosis
Donor age (years)
Ischemic time (hours)
emodynamic variables
Mean pulmonary artery pressure
Pulmonary vascular resistanced

Cardiac index
Transpulmonary gradiente

The p value is based on comparison between two groups by either �2 o
ataset. c UNOS status 1 refers to patients listed as status 1a, status 1b
ulmonary artery pressure minus pulmonary capillary wedge pressure
ulmonary artery pressure minus pulmonary capillary wedge pressure.

ABP � intra-aortic balloon pump; ICU � intensive care unit; UN
ranspulmonary gradient. The primary endpoint was m
0-day mortality. Other endpoints included 1-year and
umulative mortality.

nalysis
omparisons of baseline characteristics between study
roups were performed using Student’s t test for contin-
ous variables and the chi-square test for categorical
ariables. Cumulative survival was modeled using the
aplan-Meier method, with statistical differences between

urvival curves assessed by use of the log-rank (Mantel-
ox) test. In addition, modeling based on 1-year conditional

urvival was employed to assess long-term survival inde-
endent of early mortality. Mortality was first assessed for
ll risk factors using a univariate model. Analysis was
onducted by use of multivariable logistic regression for
hort-term (30-day and 1-year) mortality and by use of a
ox proportional hazards regression model for cumulative
ortality. Significant univariate predictors of either short-

erm or cumulative mortality were incorporated into the

ic Heart Transplantation (OHT) at Low-Volume (� 10 OHT

Low Volume
OHT/Year) n � 1,608

High Volume
(� 10 OHT/Year) n � 12,793

p Valuea(%) or Mean (SD) No. (%) or Mean (SD)

5.9 (2.4) 33.2 (22.0) � 0.001
49.8 (12.8) 52.2 (11.8) � 0.001
6.7 (108) 11.9 (1529) � 0.001
377 (23.4) 3,054 (23.8) 0.75
426 (26.5) 3,091 (24.1) 0.04

600 (39.2) 4,858 (39.7) 0.29
311 (19.6) 2,689 (22.5) 0.08
1.4 (0.9) 1.4 (0.8) 0.8

26.4 (4.9) 26.4 (4.7) 0.84
810 (51.6) 6,469 (51.1) 0.76
437 (27.8) 3934 (31.1) 0.01
66 (4.1) 687 (5.3) 0.03

557 (36) 5,388 (46) � 0.001
56 (3.5) 362 (2.8) 0.14

1,166 (72.5) 9,501 (74.3) 0.12
239 (391) 223 (371) 0.1
484 (31.7) 5,807 (48.0) � 0.001

31.1 (12.4) 31.6 (12.6) 0.14
3.04 (1) 3.15 (1) �0.001

28.1 (10.4) 28.4 (10.0) 0.06
2.2 (2) 2.4 (2) 0.07
2.3 (0.8) 2.3 (0.8) 0.61
9.0 (6.3) 9.5 (5.6) 0.01

dent’s t test. b Both race and ethnicity were variables present in the
der UNOS status 1. d Pulmonary vascular resistance defined by mean
ed by cardiac output. e Transpulmonary gradient defined by mean

United Network for Organ Sharing.
otop

10
No.

r Stu
, or ol
divid
ultivariable model to assess the effect of volume on
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ortality. Only well-represented variables (less than 33%
issing in the registry) were included in multivariable

nalysis.
To determine if the current CMS standard of 10 OHTs

er year is optimal, we performed a series of sequential
ultivariable logistic regressions at changing volume

hresholds examining 30-day mortality as an endpoint.
ommon independent variables (significant on univari-
te analysis) were included along with the sequentially
hanging independent variable of dichotomized annual
HT volume. This allows for comparison of outcomes

rom hospitals with less than versus those with greater
han or equal to, the changing volume cutoff. To illustrate
his concept, the first multivariable regression compared
enters with a mean annual center volume of 1 or more
nd centers performing a mean of fewer than 1 per year.
he second regression compared those at a mean annual
enter volume of 2 or more with those averaging fewer

ig 2. Individual center unadjusted percent mortality as plotted by
ean annual center orthotopic heart transplantation volume. Both

A) 30-day and (B) 1-year mortality censored for 30-day mortality
re included. Data trend lines are provided, demonstrating the sub-
tantial effect that center volume has on 30-day mortality (based on
rgan Procurement and Transplantation Network data, January

007).
han 2 per year. Sequential analyses were performed in
C
o

his manner until a volume threshold was tested for all
enter volumes. Various measures of “goodness of fit”
ere used examined for each comparison. These in-

luded area under the receiver operating curve (AUC)
nd McFadden’s Pseudo R2[27–29]. The latter result is
ormalized and presented as a percentage.
For all analyses, a p value of less than 0.05 (two-tailed)
as considered significant, and all odds ratios (OR) and

egression coefficients are presented with 95% confi-
ence intervals (CI). All statistical analysis was per-

ormed with the aid of STATA software (version 9.2;
tataCorp LP, College Station, Texas).

esults

uring the 8-year study period, UNOS data revealed 143
nique OHT centers, ranging in mean annual institutional
olume from 1 to 90 cases per year, with a median volume

able 2. Multivariable Logistic Regression Model for 30-Day
ortality

isk Factor OR (95% CI) p Valuea

olume (continuous) 0.97 (0.97–0.98) � 0.001
olume � 10b 2.02 (1.46–2.80) � 0.001
olume � 5 1.86 (1.04–3.32) 0.04
olume � 2 2.15 (1.02–4.56) 0.03
olume � 2 1.66 (0.38–7.2) 0.48
olume � 40 0.35 (0.22–0.56) � 0.001
ge 1.01 (1.00–1.02) 0.14
ex (female versus male) 0.84 (0.62–1.14) 0.26
ypertension 1.32 (1.02–1.71) 0.03
iabetes mellitus 0.86 (0.63–1.18) 0.35
reatinine 1.20 (1.11–1.30) � 0.001
anel reactive antibody (continuous) 1.01 (0.99–1.01) 0.14
NOS status 1 1.87 (1.30–2.69) 0.001
onor age 1.01 (1.0–1.02) 0.05
LA mismatch (HLA � 4 versus 5
or 6)

0.87 (0.67–1.12) 0.27

schemic time 1.27 (1.14–1.43) � 0.001
ardiac index 0.95 (0.74–1.21) 0.70
ulmonary vascular resistance 1.04 (0.97–1.10) 0.2
icaval anastamosis 0.93 (0.70–1.23) 0.61
echanical ventilation before
transplant

4.33 (2.56–7.33) � 0.001

ntensive care unit before transplant 0.98 (0.71–1.34) 0.9
ransplantation year 0.90 (0.83–0.98) 0.02

The p value is based on multivariable logistic regression analysis, using
actors significant on univariate analysis. b Volume defined as mean
umber of OHT cases/year.

ultivariable model included the following variables: mean annual
enter orthotopic heart transplant (OHT) volume (continuous), age, sex,
istory of hypertension, history of diabetes mellitus, preoperative creat-

nine, panel reactive antibody level, UNOS status 1, donor age, HLA
ismatch, ischemic time, preoperative cardiac index, preoperative pul-
onary vascular resistance, bicaval anastamotic technique, need for
echanical ventilation before undergoing transplantation, and transplan-

ation year.
I � confidence interval; HLA � human leukocyte antigen; OR �
dds ratio; UNOS � United Network for Organ Sharing.
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f 10 cases a year (Fig 1). At these 143 centers, 17,131
atients underwent OHT, and after exclusion of patients
ith previous heart transplant (n � 601) and patients less

han 18 years of age (n � 2,128), 14,401 patients were
ncluded in the final analysis.

Primary stratification revealed that 11% (n � 1,608) of
atients received OHT at centers performing an average of

ewer than 10 transplants per year (64 centers � 45%). An
dditional 31 centers, who averaged 10 or more OHTs per
ear, failed to achieve 10 transplants in at least 1 year of the
tudy. Thus, the total number of centers failing to achieve at
east 10 OHTs in all 8 years of the study was 95 (66%).

aseline Demographics and Acuity
atients transplanted at low- and high-volume centers
iffered slightly in their baseline characteristics (Table 1).
ex was equally distributed, although high-volume cen-

ers had a slightly greater number of underrepresented
inorities and transplanted patients who were slightly

lder. In addition, patients at low- and high-volume
enters had similar rates of comorbidities, including
ypertension and diabetes mellitus. High-volume cen-

ig 3. Kaplan-Meier estimates of 5-year sur-
ival for patients who underwent orthotopic
eart transplantation (OHT) at high-volume
black line) and low-volume (gray dashed
ine) centers. A survival table is provided, and
he number of patients at risk is given in pa-
entheses. The p value corresponds to Mantel-
ox log-rank test results (based on Organ
rocurement and Transplantation Network
ata, January 2007).

ig 4. Kaplan-Meier estimates of 5-year sur-
ival censored for patients who died before
-year follow-up and stratified by mean cen-
er volume. A total of 10,347 patients survived
eyond 1 year. The only group that varied
ignificantly from others was those centers
erforming 5 or fewer OHTs per year. *p �
.001 for this volume group when compared
ith the others using the Mantel-Cox log-

ank test (based on Organ Procurement and
ransplantation Network data, January 2007).
ers appeared to have slightly higher levels of acuity as
ssessed by rates of intensive care unit admission, ino-
rope use, and intra-aortic balloon pump before trans-
lant. Rates of hospitalization before transplantation and
ates of listing as UNOS status 1, however, were similar
etween groups. Hemodynamic variables were also sim-

lar between groups. High-volume centers did have a
igher rate of performing OHT with the bicaval anasta-
otic technique, which may reflect that increased expe-

ience is necessary for proficiency with the multiple
nastamoses.

enter Volume and Unadjusted Mortality
uring the study period, cumulative mortality was 21%,
ith a 30-day mortality rate of 6%. Thirty-day and 1-year
ortality were both higher at low-volume centers on

nadjusted analysis: 8.5% versus 5.6% (p � 0.001), and
6.2% versus 12.2% (p � 0.001), respectively. Upon addi-
ional stratification, very low volume centers (fewer than
cases per year on average) demonstrated an unadjusted
0-day mortality rate of 9.2%, and those performing 0 to
transplants per year on average had a 30-day mortality
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f 15.2% (Fig 2). One-year mortality rates were also
ncreased at very low volume centers (18.2% versus
2.4%, p � 0.001, for centers performing fewer than 5
HT per year compared with 5 or more per year (22%

ersus 12.6%, p � 0.001, for centers performing 0 to 1
HT per year compared with 2 or more per year). It is
oteworthy that all centers performing more than 40
HTs per year demonstrated less than 5% 30-day mor-

ality (Fig 2).

ultivariable Analysis
n multivariable analysis, decreased center volume was

ignificantly associated with an increase in short-term
ortality. Specifically, each decrease in mean center

olume by 1 case per year increased the odds of 30-day

able 3. Multivariable Cox Proportional Hazards Regression
odel for Cumulative Mortality

isk Factor HR (95% CI) p Valuea

olume (continuous) 0.99 (0.98–0.99) �0.001
olume � 10b 1.35 (1.14–1.60) �0.001
olume � 5 1.90 (1.45–2.51) �0.001
olume � 2 1.78 (1.08–2.86) 0.02
olume � 2 1.73 (0.89–3.40) 0.1
olume � 40 0.71 (0.59–0.85) �0.001

The p value is based on multivariable Cox proportional hazards regres-
ion analysis, using factors significant on univariate analysis. b Vol-
me defined as mean number of OHT cases per year.

ultivariable model included the following variables: mean annual
enter orthotopic heart transplant (OHT) volume (continuous), age, sex,
istory of hypertension, history of diabetes mellitus, preoperative creat-

nine, panel reactive antibody level, UNOS status 1, donor age, human
eukocyte antigen mismatch, ischemic time, preoperative cardiac index,
reoperative pulmonary vascular resistance, bicaval anastamotic tech-
ique, need for mechanical ventilation before undergoing transplanta-

ion, and transplantation year. Additional significant predictors of cumu-
ative mortality include history of diabetes, history of hypertension, panel
eactive antibody level (continuous), creatinine, mechanical ventilation
efore transplant, donor age, and ischemic time. Transplant year and
NOS status 1 did not emerge as significant predictors of cumulative
ortality but were predictors of 30-day mortality (Table 2).

I � confidence interval; HR � hazard ratio; UNOS � United
etwork for Organ Sharing.
ortality by 2% (OR 1.02, 95% CI: 1.01 to 1.03, p � 0.001].
n addition, falling below the CMS standard of 10 cases
er year led to a 100% increase in risk of 30-day mortality

Table 2). Other significant predictors of death on multi-
ariable logistic regression included ischemic time, base-
ine creatinine level, hypertension, transplantation year,
isting as UNOS status 1, donor age, and the requirement
f mechanical ventilation before transplantation (Table
). Centers performing fewer than than 5 OHTs per year
nd those performing 2 or fewer OHTs per year also had
ignificant increases in the odds of 30-day mortality on
ultivariable logistic regression. Performing more than

0 OHTs per year was associated with a 65% decrease in
he odds of 30-day mortality. The effect of volume was not
estricted to 30-day mortality, as logistic regression of
-year mortality censored for 30-day death revealed
ncreased mortality for low-volume centers (OR for death
t low-volume [� 10 OHT per year] centers � 1.50, 95%
I: 1.06 to 2.02, p � 0.02).

umulative Survival
nadjusted cumulative survival was first evaluated by

he Kaplan-Meier method. Although cumulative survival
as lower at centers performing fewer than 10 cases per

ear (Fig 3), censoring for 1-year mortality eliminated the
ffect, indicating that differences in long-term survival for
hose centers performing fewer than 10 OHTs per year
re largely related to increases in early mortality (Fig 4).
pon further stratification, however, those centers per-

orming fewer than 5 OHTs per year did show a signifi-
ant difference in cumulative Kaplan-Meier survival even
fter censoring for 1-year mortality (p � 0.001). High-
olume centers (more than 40 OHTs per year) did not
how a cumulative survival benefit when censored for
arly death. On Cox proportional hazards regression
nalysis, however, low-volume center status (fewer than
0 OHTs per year) was associated with a significant
ncrease in cumulative mortality (hazard ratio � 1.35,
5% CI: 1.14 to 1.60, p � 0.001] when compared with
igh-volume centers (10 or more OHTs per year). In
ddition, centers performing fewer than 5 OHTs per year

Fig 5. Various models of goodness of fit: area
under the receiver operating curve (AUC
[black]) and McFadden’s pseudo R2 as a per-
centage (gray) of the sequential multiple lo-
gistic regression analyses performed at se-
quential volume cutoffs. Black and gray
arrows point to goodness of fit for comparison
between centers performing 10 or more cases
per year versus fewer than 10 cases per year.
This plot demonstrates that the current Cen-
ters for Medicare and Medicaid Services stan-
dard of 10 OHTs per year was not the opti-
mal fit in this model. The dotted line
represents the baseline AUC for the model
with no volume variable, which was 0.6415.
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nd those performing 2 or fewer OHTs per year had
ignificantly lower cumulative survival when compared
ith higher volume centers (Table 3).

ptimal Center Volume
equential multivariable logistic regressions at chang-

ng volume thresholds were conducted, examining
0-day mortality as an endpoint. At each sequential
olume threshold, low-volume centers were associated
ith a significantly increased risk of adjusted 30-day
ortality when compared with higher volume centers.

he goodness of fit of the sequential models as as-
essed by the AUC varied from a nadir of 0.64 to a
aximum of 0.665. Performing more than 10 cases per

ear led to an AUC of 0.6551, which did not account for
he greatest variability in the model, and thus indicates
hat achieving a volume of 10 does not predict mortal-
ty with highest accuracy in our multivariable analysis.
he results of the McFadden Pseudo R2 mirrored that
f the AUC calculations (Fig 5).

omment

n our analysis of cardiac transplant centers, we confirm
hat a reduced volume of OHTs is associated with an
ncrease in short-term mortality. Our intention was to
rovide a thorough treatise on the “center effect” in OHT
nd determine whether current CMS standards are in-
eed appropriate. The large multi-institutional UNOS
ataset was used to provide an account of the effect of
olume on OHT during the years 1999 to 2006 to focus on
utcomes unaffected by major advances in the field of
eart transplantation. The CMS-defined cutoff of 10 has
een criticized by some as being too small. However, it is
oteworthy that despite this volume threshold being
equired by CMS to receive federal funding, 65% of
enters studied failed to achieve this level during at least
ne year of the study period.
The data provided in this analysis clearly point to a

olume effect whereby increased center volume leads to
reduction in short-term mortality. This effect is most

ronounced at low-volume centers performing fewer
han 10 OHTs per year, as these low-volume centers have

100% increase in the risk of 30-day mortality when
ompared with centers performing at least 10 OHTs per
ear. It is also clear that having an OHT at a center
erforming 2 or fewer OHTs per year is associated with a
15% increase in 30-day mortality. Some individual very
ow volume centers have alarmingly high 30-day mortal-
ty rates. For example, there were five centers performing
n average of fewer than 1 OHT per year that demon-
trated 30-day mortality rates of more than 20%. Con-
ersely, achieving high volumes was associated with
uperior outcomes. All centers performing more than 40
HTs per year demonstrated less than 5% 30-day unad-

usted mortality. Furthermore, it is clear that substantial
ntercenter variance is reduced once a volume of 20

HTs per year is achieved.
It is important to note that not all low-volume centers
ave poor outcomes, and there is not a level of OHT s
olume that ensures a superior outcome. Thirteen cen-
ers that averaged fewer than 1 OHT per year demon-
trated a 0% 30-day mortality rate. These data support
he concept that increased institutional experience and
ctivity is one factor associated with improved OHT
utcomes.
It is noteworthy that high-volume centers had im-

roved outcomes despite arguably increased acuity (as
easured by greater number of patients in an intensive

are unit before transplantation and preoperative intra-
ortic balloon pump and inotrope use). Furthermore,
igh-volume centers transplanted a greater number of
lder patients (older than 65 years). In this analysis, we
hose to include all adult patients (up to age 80). We did
his to limit biasing the results in favor of improved
urvival at high-volume institutions (who treat a greater
umber of older patients). Although age 65 is generally
onsidered a cutoff for performing OHT, a substantial
ody of evidence now exists supporting acceptable out-
omes for older patients who undergo OHT [30]. Al-
hough the data are not presented here, exclusion of
atients older than age 65 did not alter the results of this
nalysis.
Although volume effects were most significant for

0-day mortality, long-term survival was also influenced
y volume status. One-year mortality was higher for

ow-volume centers even after censoring for 30-day mor-
ality. Long-term survival proved less dependent on
enter volume status, as censoring for 1-year mortality
ed to similar 5-year survival by Kaplan-Meier analysis.
his indicates that the majority of low-volume programs
ave their mortality within the first year. The notable
xception to this trend was for centers performing fewer
han 5 OHTs per year. These centers demonstrated
ecreased cumulative survival even with censoring for
-year mortality. Cox proportional hazards regression
lso indicated that decreased volume led to increases in
umulative mortality. The reasons for this trend are not
pparent from this dataset, but we can speculate that
hey may relate to processes of care, such as limited
esources and expertise needed to appropriately follow
omplex posttransplant patients at low-volume institu-
ions over time.

mportance of Volume in OHT
n addition to the findings of this study, substantial
iterature has now provided ample support to the notion
hat increased center and provider volume is important
or improved outcomes after surgical procedures [2–4, 6].
his effect is particularly true for transplantation where
atients and procedures are complex, and significant
ospital resources are required [22]. Several reports have
ow confirmed that this “center effect” exists for OHTs as
ell [23–25]. In two early reports utilizing the Interna-

ional Society of Heart and Lung Transplantation
ISHLT) registry, published by Heck and colleagues [25]
nd Evans and coworkers [23], low-volume OHT centers
emonstrated increased mortality rates. In an early study
onducted from 1984 to 1986 and based primarily on

urvey data, Laffel and colleagues [31] demonstrated that
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hile volume plays a role in outcome after OHT, the
rimary factor is the learning curve that takes place, as
upported by centers reporting progressively improved
utcomes over time.
The importance of this learning curve was refuted in a
ore recent definitive study by Hosenpud and associates

24] who failed to show improvement in outcomes over
he history of a program’s experience. This study simi-
arly utilized the UNOS dataset and examined outcomes
y center volume from 1987 to 1991. Centers were dichot-
mized into low (fewer than 9 OHT a year) and high-
olume centers (9 or more OHT a year), and 30-day and
-year survival was lower in the low-volume group. The
uthors made note of the fact that more than 50% of
enters were in the low-volume group.

More than 14 years have passed since this description
f the volume effect in OHT, and the currently used
efinition of high-volume center remains similar. Al-

hough we still believe volume to be important, reexam-
nation of this issue in the context of current surgical,
mmunosuppressive, and critical care advances was
arranted.
Volume cutoffs are often arbitrarily defined and not

ased on strict outcome standards. We attempted to
etermine whether the current CMS standard of 10 cases
er year was indeed the “optimal” volume threshold by
nalyzing the amount of variability in the data accounted
or by this volume cutoff and comparing it to other
ossible cutoffs. We used sequential statistical modeling
entered on volume and compared the resultant “good-
ess of fit” from each model. Based on this technique,
erforming 10 OHTs per year did not account for the
reatest variability in the model. An important finding
rom this analysis, however, is that volume differences
ccount for no more than 1% of the variance in the
equential multivariable models. This apparent paradox
hereby volume is clearly important but not sufficient to

ully explain mortality after OHT highlights the complex-
ty of these patients and underscores the importance of
dentifying additional factors that affect outcomes be-
ond volume alone.

rocesses of Care
hus, the findings of the current and previous studies

ead us to speculate that center volume is one factor that
s highly important for short-term survival in OHT. This
otion, however, must be taken in the context of recent
ork focusing on institutional factors affecting postoper-

tive outcomes. Many recent studies have focused on
processes of care” that affect outcome, including the
resence of dedicated intensive care unit providers [32,
3], implementation of patient safety measures [34], a
ultidisciplinary team approach, and implementation of

ritical pathways [5, 35, 36]. Most of this work has been
xamined using general surgery patients. However, it is
ikely that these processes of care are equally important
or transplantation, where patients are complex and
tilize a variety of hospital resources. It is likely that
olume may be serving as a surrogate for additional

nidentified processes unable to be quantified using the I
ulti-institutional UNOS dataset. This last point under-
cores the importance of identifying these unknown
rocesses of care to help improve all centers—local,
egional, and national alike—to improve care for heart
ransplant patients. To what degree of importance sur-
eon experience affects the outcomes above and beyond
hese other processes cannot be quantified in this anal-
sis and should be the subject of further study.

ccess to Care and Organ Utilization
estricting complicated procedures such as OHT to “cen-

ers of expertise” may impose unique access to care
hallenges to patients, families, and payers. This is a
otential burden that cannot be ignored. However, it is
lso noteworthy that high-risk patients are frequently not
ccepted as recipients at lower volume centers owing to
ear of their impact on center mortality results. Access to
are is rarely examined from this perspective. However,
t is possible that limiting OHT to high-volume centers of
xpertise may in fact increase access to care for high-risk
atients. Furthermore, our review indicates that high-
olume centers have better outcomes for high-risk
atients.
Organ utilization may also be improved by limiting
HT to high-volume centers. Low-volume centers are

ess likely to accept “marginal” donors owing to the same
ortality concerns mentioned and are therefore less

ikely to have a listed recipient appropriate and available
or any given donor. For these reasons, discussion of
imiting OHT to centers of expertise must also include

ention of these important issues of access to care as
ell as organ utilization.

imitations
s in all retrospective studies, this analysis has limita-

ions. The UNOS database provides limited variables.
ad other variables been included in this database, the

bserved results may have been different. Specifically,
he UNOS dataset offers limited information on immu-
osuppressive regimens, type of rejection, and processes
f care already mentioned. Furthermore, follow-up is

imited. This study is retrospective and, by nature, cannot
ccount for inherent undocumented differences in pa-
ient characteristics. Although multivariable analysis par-
ially controls for this bias, one fundamental limitation of
ny retrospective study is a lack of control of all potential
atient confounders. Nationwide clinical registries, in-
luding the UNOS database, rely upon accurate coding of
nformation. We acknowledge that the data present may
ot have necessarily been entered by individuals with
linical expertise, and it is further unknown if errors were
ade in the coding of information. However, errors of

his nature are likely to be equally distributed throughout
he data and should not lead to significant bias in the
esults. Finally, from a mathematical perspective, it is
ifficult to draw strong conclusions about outcomes at
enters with very low volume. Despite the size of the
ataset, centers performing fewer than 1 OHT per year
ill have variable outcomes that are difficult to compare.
t is difficult to know whether a high mortality rate at a
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ow-volume center is due to natural variance or a clear
rend.

In conclusion, low-volume cardiac transplantation is
orrelated with increased mortality. Furthermore, 45% of
NOS centers fall below CMS standards, performing an

verage of fewer than 10 OHTs per year. These findings
hould reinforce the notion that center volume, whether
y itself of serving as a surrogate for processes of care, is

mportant for improved outcomes after OHT. They
hould also lead to the reevaluation of the current CMS
olume cutoff of 10 OHTs per year. Appropriate evi-
ence-based volume standards should be established

rom multi-institutional data and active consideration of
nforceable penalties should exist for centers repeatedly
alling below acceptable levels.
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R NICHOLAS G. SMEDIRA (Cleveland, OH): Mister Chair-
an, members of the Society, and guests. Dr Weiss, I enjoyed

our presentation and I enjoyed reading your concise, extremely
ell written, and what I am sure will be an extremely contro-

ersial manuscript. And before I ask a few questions and make
final comment, I would like to recognize Dr Weiss for his

mpressive accomplishments.
Dr Weiss obtained his medical degree from and completed his

eneral surgery training at Johns Hopkins University, and since
006 he has been the Irene Piccinini Investigator in cardiac
urgery, completing the investigation we just saw and two other
nvestigations, one on cystic fibrosis, which will be presented at
HLST, as the lead author, and another one at the American
ssociation for Thoracic Surgery. Doctor Weiss, congratulations
n your productivity.
Let me focus on the two concerns about outcome assessments,

oth of which we heard about in the first talk this morning, and
hese are risk adjustment for patient characteristics and the high
ariability in outcomes among low-volume centers.
Let’s look at risk adjustment. It appears from the data that

atients in the low-volume centers were at lower risk: they were
ounger, fewer intensive care unit patients, fewer intra-aortic
alloon pumps were used. However, some variables that I am

amiliar with that impact transplant risk such as active use of
hort- or long-term mechanical circulatory support or an under-
ying diagnosis of congenital heart disease did not appear to be
xamined. How confident are you that the UNOS data provided
alid and accurate information for risk assessment?
It is known, as was discussed earlier, that patient risk factors

irectly impact complication rates, failure to rescue from com-
lications, and mortality. However, hospital characteristics such
s high nurse-to-bed ratios, the presence of residents or a
eaching facility, and large hospital size show a divergence, with

ore complications but better recovery from complications and
ower mortality. To help us understand the mechanism for
igher mortality at lower-volume centers, have you thought of
nd could you incorporate hospital characteristics or, as you call
hem, “processes of care,” into your model?

Let’s focus on variability. As you noted, there is huge variabil-
ty in outcomes in low-volume centers. This was shown in your
alk and the paper. There are many low-volume centers with
utstanding results. As you propose these regulatory changes,
e must keep in perspective that only 10% of the transplants
one were at low-volume centers and nearly 50% of centers
ould have fit the low-volume criteria. How will you respond to

he angry words of the low-volume centers with consistently
ood or great results when we shut them down for failing to
eet the 10 or 14 patients per year requirement, and can you

oresee any unanticipated consequences, as I can, such as listing
atients that might not necessarily need to be listed just to fill

he list or performing a transplant just meet numbers?
You take great effort to find a scientific way to determine
inimum center volume and recommend going from 10 to 14

ased on a 0.2 difference in the C-value. In general, a C-value of
reater than 0.7 is needed for a good fit. You don’t give
onfidence intervals for your C-statistic. Can you justify statis-
illy—increasing the requirement from 10 to 14 transplants per
ear?
And finally, I will leave you with my thoughts. I agree in

rinciple with your thesis and think very low volume centers
hould be shut down if they cannot increase their volume and
mprove results; however, we need to be very careful defining
enters of excellence based on volume alone. Volume determi-
ations are weak and highly variable surrogates for excellent
are. In addition to volume, I would add observed to expected
ortality, acknowledging the problem with small sample size in

hese cases, and utilize morbidity and process measurements
imilar to that provided by The Society of Thoracic Surgeons in
onjunction with the National Quality Forum in our nontrans-
lant cases. Finally, we must consider ease of access. Expecting
patient to travel hundreds of miles for a transplant may in the

nd be worse than going to a low-volume center.
I enjoyed your presentation. I think this will be a very

ontroversial manuscript, and thank you for this opportunity.

R WEISS: Thank you very much, Dr Smedira, for your
houghtful critique and also your kind remarks. I certainly
ppreciate your comments. Let me answer your questions
ndividually.

In terms of the robustness of the risk assessment, I agree that
t would be nice to incorporate mechanical circulatory support
s well as diagnoses. Some of these variables are not well
epresented in the UNOS database, and so we did the best we
ould with what we had. Ventricular assist device support is
nfortunately one of these unrepresented variables. We were
ble to examine 75 preoperative variables, of which 13 were
ignificant predictors of mortality on univariate analysis. We
hen incorporated these variables into our multivariable model.
ur C-index for that multivariable analysis was 0.68, which is

onsistent with other reports from the literature, and I think
easonable for a large retrospective multi-institutional database
ike this. It is not perfect, but I think we did our best given the
imitations of our data.

I think that processes of care are very important, as you
entioned. From our analysis, only 2% of the variability in the

ata is explained by volume. So other processes of care, such as
he presence of ancillary staff such as respiratory therapists,
pecialized providers such as cardiac anesthesiologists, resi-
ents and fellows, nurse-to-patient ratio, dedicated intensive
are unit intensivists, and many other factors are extremely
mportant. Most of these factors are unfortunately not present in
he data set. We would of course have liked to include them. I
hink only through a multi-institutional study where we can
pecifically design what variables we want to examine is that
chievable.
Your third question was about how to respond to low-volume

enters. This is a key point and I thank you for bringing it up. A
lear problem is that not all low-volume centers have bad
utcomes, and I think it is important to tease out what factors
ontribute to a center having good or bad outcomes. Clearly,
olume is not everything. I think centers that have low volumes
hould be monitored, and if there is high mortality, then
nforceable penalties should exist. However, low-volume cen-

ers with low mortality should be allowed to continue to thrive.
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think that identifying additional processes of care will be
mportant for helping low-volume centers that currently do not
ave good outcomes to improve.
And finally, I will just say that in terms of the difference

etween 10 and 14, our point was more for proof of concept than
nything else. Our intention was to show that a volume cutoff
he Society of Thoracic Surgeo
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rbitrarily defined. And so we did our best to use a model to try
o define that cutoff of 14. But I wouldn’t put tremendous stock
nto it; as you mentioned, the variability differences are very low.
think it just reinforces the notion that volume is very important

n orthotopic heart transplantation and that centers that perform
large volume generally have better outcomes.
erived from statistical modeling is better than one that is Thank you very much again for your thoughtful critique.
ns Policy Action Center
he Society of Thoracic Surgeons (STS) is pleased to
nnounce a new member benefit—the STS Policy Action
enter, a website that allows STS members to participate

n change in Washington, DC. This easy, interactive,
assle-free site allows members to:

Personally contact legislators with one’s input on key
issues relevant to cardiothoracic surgery
E-mail senators and representatives about upcoming
medical liability reform legislation
Track congressional campaigns in one’s district—and
become involved
Research the proposed policies that help—or hurt—
one’s practice
Take action on behalf of cardiothoracic surgery
his website is now available at www.sts.org/takeaction.
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