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By Danny R. Hughes, Mythreyi Bhargavan, and Jonathan H. Sunshine

TechWatch

Imaging Self-Referral Associated
With Higher Costs And Limited
Impact On Duration Of Illness

ABSTRACT Self-referral for imaging services occurs when a physician sends
patients to receive an imaging procedure from a device that the physician
owns or leases. Advocates argue that this shortens the duration of illness
and lowers costs. For twenty common combinations of medical
conditions and types of imaging, we evaluated the association between
self-referral, duration of illness episode, and three measures of cost. Self-
referral was associated with significantly and substantially higher episode
costs for most of the combinations of medical conditions and imaging
that we studied. There was no decrease in the length of illness, except
when doctors self-referred patients to receive x-rays for a few common
conditions. These findings indicate that except for x-rays, constraining
the self-referral of imaging may be appropriate.

W
hen a physician sends pa-
tients to receive an x-ray,
computed tomography (CT)
scan, or other imaging from
equipment that the physician

owns or leases, the practice is called self-referral.
It is controversial. Supporters believe that self-
referral usually leads to earlier imaging and
sometimes may involve more extensive testing.
This, they say, often leads to a faster and more
accurate diagnosis, which in turn makes it pos-
sible to begin treatment more quickly.1–4 Sup-
porters also contend that the total costs of an
episode of care may be lower—or, at least, not
higher—despite increased use of imaging. They
argue that an earlier and more accurate diagno-
sis leads tobetter treatment andhelps thepatient
recover faster.
For their part, critics say that self-referral in-

creases the use of imaging.5–11 This, they say,
elevates health costs and increases radiation ex-
posure.12–15

Empirical research on self-referred imaging
has focused on utilization and has largely ne-
glected self-referral’s effects on illness duration
and costs.5–8,10

TheAffordableCareAct of2010 requiresphysi-
cians who self-refer for imaging to inform their
patients that they can obtain imaging services
elsewhere. The law also authorizes the US De-
partment of Health and Human Services (HHS)
to study the impact of varying payments to physi-
cians who order high-tech imaging such as CTor
magnetic resonance imaging (MRI).
However, such payment reforms might not be

as effective as proponents of the law anticipate.
The Deficit Reduction Act of 2005 institutedma-
jorMedicarepayment reductions formuchof the
high-tech imaging performed in doctors’ offices.
One preliminary analysis of the act’s impact
found that the payment cuts did not curtail the
rapid growth of self-referred, in-office MRI and
CT scans.16

Ourobjectivewas to study someof thepossible
benefits of self-referral. We measured the dura-
tion and costs of episodes of care for awide range
of nonchronic medical conditions.We then com-
pared the results that pertained to care delivered
by self-referring physicians to results that per-
tained to care delivered by non-self-referring
physicians. Specifically, for each episode of care,
we compared the duration of care, and also total
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costs, imaging costs, and non-imaging costs.
To our knowledge, this is the first study to

examine the effects of self-referral on episode
duration and cost. Our analyses included con-
trols for patients’ demographic characteristics,
patients’ general health status and illness se-
verity, and physicians’ specialty.We used multi-
ple years of patient data.

Study Data And Methods
We tested the hypothesis that patients treated by
self-referring physicians, on average, have
shorter care episodes than those treated by
physicians who do not self-refer.We also tested
the hypothesis that costs incurred by patients
treated by self-referring doctors are no higher
than costs incurred by other patients.

Data Source We obtained data from Medi-
care’s Research Identifiable Files for all claims
froma5percent randomsample ofMedicare fee-
for-service beneficiaries for services during the
period 2004–7. These files contain a Unique
Physician Identification Number that identifies
each physician and an encrypted identification
number for each beneficiary.
We grouped claims of all types (not merely

physician claims) into care episodes using the
Symmetry Episode Treatment Grouper, version
7.5. We confined our study to care episodes in
which all of the “evaluation and management”
claims—principally claims for visits—for the care
of a medical condition were in nonhospital set-
tings. We did this because hospital privileges
delineate what each physician is permitted to
do in the hospital. This often substantially re-
stricts opportunities for self-referral.
In contrast to evaluation and management

services, imaging in the episodes studied might
take place in any setting.We defined the treating
physician for an episode of care as the physician
listed on the first evaluation and management
claim associated with the episode.
As noted, in order to observe the full effects of

self-referral, itwasnecessary to limit our study to
episodes that had evaluation and management
claims only in nonhospital settings. However, in
their initial phases, some of the medical condi-
tions in our study are typically treated, at least
partly, at a hospital. As a result, we were re-
stricted to principally studying the postacute
phase of these conditions.
To prevent possible misclassification from

capturing a limited sample of a physician’s
behavior, we included a physician and the ser-
vicesheor she rendered inouranalysis only if the
physician had provided at least fifty evaluation
and management services overall during the
four-year study period (2004–7).

We identified and categorized imaging using
the standard Berenson-Eggers Type of Service
(BETOS) codes.17 We classified physicians as
self-referring or not self-referring separately
for CT,MRI, nuclearmedicine procedures, ultra-
sound, and x-rays.We defined a self-referrer as a
physician who appeared as both the referring
and the performing physician on the same claim
for a given type of imaging at least five times
during a particular year.
We tested our results for robustness by using

an alternative, “imager,” definition of self-
referral. Imagers were defined as physicians
who billed for an imaging procedure in a modal-
ity (CT scan, x-ray, or other type of imaging) at
least five times during a year. The “imager” def-
inition does not require use of the referring
physician information on a claim and recognizes
the financially self-interested nature of situa-
tions in which, for example, one cardiologist
in a cardiology group mostly provides office vis-
its and refers patients for imaging to another
cardiologist in the group who predominantly
does imaging. If results are strongly similar with
either definition of self-referral, that shows that
our findings are not dependent on a particular
definition of self-referral.
We determined episode duration by the num-

ber of days spanning the episode’s start and end
dates provided by the Episode Treatment
Grouper. For each episode studied, total costs,
imaging costs, and non-imaging costs were com-
puted by summing all of the Medicare-allowed
charges—including amounts that the patient or
supplemental insurance had to pay—from all
claims associated with the episode. We inflated
all cost data to 2007 dollars using the Consumer
Price Index and adjusted data for geographic
price differences using Medicare’s geographic
price adjusters for each type of service.18

Analysis Because episode duration and costs
may be strongly affected by patients’ character-
istics, we used multivariate regression to esti-
mate the relationship between self-referral in
specific types of imaging and the duration and
costs of episodes of care.We estimated this sep-
arately for ten broad nonchronic medical condi-
tions, which consist of all episodes in forty-six
narrower nonchronic Episode Treatment
Groups; these groups are the direct product of
the Episode Grouper.
The regressions controlled for patients’ age,

race, sex, and prospective risk score prior to
the episode. The risk score measures patients’
general health status. The regressions also con-
trolled for the severity of the condition being
studied, the treating physician’s specialty, and
episode calendar year. To control for geographic
variation, the regressions also controlled for the
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patients’ state of residence.
We performed an analysis for each of the types

of imaging commonly used for each of the
ten conditions. In total, we studied twenty con-
dition-imaging combinations. We conducted
analyses separately for each. For each of the
twenty combinations, we performed an analysis
separately for episode duration and for each of
the cost measures studied.
We included all episodes of a studied condition

regardless of whether or not a physician self-
referred.We used an indicator (dummy) variable
to note episodes in which the treating physician
was identified as a self-referrer in the imaging
category of interest.
The episode duration and cost data were trans-

formed into natural logarithms. This allows the
estimates to be interpreted directly as percent-
ages rather than as days or dollars.
We calculated a weighted mean to examine

mean outcome differences associated with self-
referral for an imaging type across the multiple
medical conditions for which that imaging pro-
cedure was used.Weweighted each condition for
which the imaging type was studied by the num-
ber of episodes of that condition in our data.
A more extensive discussion of our methods,

as well as tables detailing both the specific
Episode Treatment Groups examined and de-
scriptive statistics, is available in the online
Appendix.19

Limitations Our study had a number of limi-
tations.Our analyses identified associations, not
causes.We did not investigate all of the possible
benefits of self-referral for imaging. For exam-
ple, we did not consider the convenience of hav-
ing imaging at the same time and in the same
place as the initial visit to a treating physician’s
office.
Self-referrersmay deal differently with a youn-

ger population than with the elderly population
of our Medicare sample. It is also possible that
the Episode Treatment Grouper’s computed se-
verity scores do not fully capture subtle differ-
ences between episodes of the same condition.
We did not investigate the possibility that self-
referral serves as a signal. For example, physi-
cians may feel that they provide better-quality
care if their practice has high-tech imaging
equipment as well as more traditional equip-
ment, or may feel that patients will judge such
equipment to be a sign of quality. Patients may
take it to be evidence of particularly high quality.

Study Results
The Episode Treatment Grouper produced
1,056,883 episodes of the medical conditions
we examined after selecting episodes that had

only nonhospital evaluation and management
claims. Of these, 918,058 met our criterion of
at least fifty evaluation and management claims
for the treating physician. After we excluded pa-
tients younger than age sixty-five, 733,459 epi-
sodes remained that were free of missing data
and suitable for analysis. They involved 470,530
unique patients and 146,623 unique physicians.
Association With Illness Length And

Costs Self-referral was significantly (p < 0:01)
associated with shorter illnesses only for x-rays
for chest pain, respiratory illness, and sinusitis
(Exhibit 1).
Self-referral was associated with a statistically

significant difference inmean total costs in four-
teen of the twenty medical condition and imag-
ing-type pairs studied (Exhibit 1). Of those
fourteen, mean total episode costs were higher
for self-referring physicians in all but one of the
pairs. The largest excess, in percentage terms,
was for ultrasound (echocardiography) for the
diagnosis of heart disease. The single finding of
lower cost was for self-referred x-rays in the di-
agnosis of extremity dislocations and fractures.
Mean imaging costs were significantly higher

for self-referring physicians in fifteen of twenty
pairs (Exhibit 1). The largest cost excess was for
episodes of heart disease in which the treating
physician self-referred ultrasounds.
Mean non-imaging costs differed significantly

in nine of the twenty combinations of medical
condition and imaging type. Higher non-
imaging costs were found for self-referral in
seven condition-imaging combinations, and
lower non-imaging costs were found in two com-
binations (Exhibit 1).
Results using the alternative “imager” defini-

tion of self-referral were very similar. For exam-
ple, two of the medical condition–imaging type
combinations—x-rays for respiratory illness and
for sinusitis—showed a significantly shorter du-
ration when treated by physicians identified as
imagers. Using the “imager” definition, thirteen
of the twenty medical condition–imaging-type
combinations studied were associated with stat-
istically significant differences in mean total ep-
isode cost; this cost was higher for imagers in all
but one of these combinations.
Average Effect By Type Of ImagingOnaver-

age, self-referral for conventional x-rays was as-
sociated with substantially (5 percent)
shortened duration (Exhibit 2). Self-referral
was associated with higher mean costs across
essentially all of the imaging types and cost out-
comes (Exhibits 3–5). Mean total episode cost
was in the range of 4–10 percent higherwith self-
referral than without, depending on the type of
imaging studied, and mean imaging cost per
episode was 27–40 percent higher. Mean total
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non-imaging cost per episodewas not lowerwith
self-referral than without for any type of imag-
ing. Indeed, for CT, the total non-imaging cost
per episode averaged 5 percent higher with self-
referral than without. For most other types of
imaging, it was somewhat higher with self-refer-
ral than without, although by lesser amounts.

Discussion
Principal Findings Based on our findings, for
types of imaging other than x-rays, we reject the
hypothesis that self-referral for imaging in non-
hospital settings is associated with shorter epi-
sodes of illness than occur in the absence of self-
referral. Separate analyses of thirteen medical
condition–imaging combinations for these

Exhibit 1

Effect Of Self-Referral For Imaging On Selected Patient Outcomes, By Condition And Modality

Type of imaging Episode duration (%)
Episode cost
(%)

Episode imaging
cost (%)

Episode non-
imaging cost (%)

Back, pain and minor trauma

MRI 12.6* 19.6**** 61.5**** 7.7**
X-ray −0.6 6.2**** 30.7**** 4.5****

Chest, pain and other symptoms

CT 2.4 14.4**** 55.4**** 0.7
Nuclear medicine −0.6 10.3**** 28.6**** 1.9
Ultrasound −0.7 2.4 1.7 0.3
X-ray −6.3**** −0.9 17.3**** −1.6*

Headache

CT 12.2 13.4*** 13.1 9.4**
MRI −8.1 0.4 11.0 −2.1

Benign digestive system neoplasms

CT −3.1 −7.2* 16.9** −9.7**

Extremity fracture and dislocation

X-ray −4.0* −6.0**** 10.7**** −6.2****

Heart disease

Nuclear medicine 0.9 10.6**** 37.1**** 2.3*
Ultrasound −0.2 22.3**** 69.0**** 9.0****

Thigh, hip, and pelvis trauma and fracture

X-ray 2.4 4.4 30.2**** 1.9

Knee and lower leg injury, inflammation

MRI 0.5 2.0 34.1**** −7.3***
X-ray 0.3 3.6*** 29.8**** 1.1

Respiratory disease

CT −1.1 11.3*** 34.0**** 7.2****
Ultrasound −0.8 3.9**** 19.7**** 2.0****
X-ray −5.9**** 6.2**** 38.1* 3.4****

Sinusitis

CT −1.0 11.6**** 38.8**** 4.8****
X-ray −7.8**** 3.6**** 18.4**** 2.0****

SOURCE Authors’ analyses of Medicare data from Medicare 5 percent Research Identifiable Files for 2004–7. NOTES Asterisks are
significance indicators for the difference in sample means for self-referral versus non-self-referral. Percentages shown are estimates
of the relative difference between self-referral and non-self-referral for each variable/condition pair, calculated as differences
between natural logarithms of the sample means. CT is computed tomography. MRI is magnetic resonance imaging. *p < 0:10
**p < 0:05 ***p < 0:01 ****p < 0:001

Exhibit 2

Average Effect Of Self-Referral For Imaging On Mean Episode Duration

Computed tomography

Magnetic resonance imaging

Nuclear medicine

Ultrasound

X-ray

Percent change in mean episode duration resulting from self-referral

SOURCE Authors’ analyses of Medicare data from 5 percent Research Identifiable Files for 2004–7.
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modalities showed none with shorter duration.
In contrast, three of seven analyses showed

that the use of x-ray associated with self-referral
was associated with shorter duration of illness—
a reduction of 5 percent, on average, across all
analyses.
It is possible that x-rays alone are associated

with shorter episodes because they are the only
type of self-referred imaging that typically takes
place on the same day as an office visit. For ad-
vanced imaging such as CT, MRI, and nuclear
medicine, in only 10 percent of cases do self-
referred scans take place on the same day as
an office visit.20

We also reject the hypothesis that total episode
costs are no higher with self-referral than with-
out. In our twenty analyses, thirteen showed sig-
nificantly higher costs with self-referral, and
only one showed a significantly lower cost. De-
pending on the type of imaging used, costs aver-
aged 4–10 percent higher with self-referral.
In addition, we found that imaging costs per

episode were higher when associated with self-
referral thanwithout. Imaging costswere signifi-
cantly higher in fifteen of twenty analyses and
lower in none. They averaged 27–40 percent

higher.
We also found that non-imaging costs per epi-

sodewere not lower in cases associatedwith self-
referral. In six of the twenty analyses, non-imag-
ing costswere significantly higherwhen imaging
was self-referred than when it wasn’t. In twelve
analyses, there was no significant difference,
and in only two analyses were non-imaging costs
lower when imaging had been self-referred.
Our findings cannot be attributed to factors

such as patients’ age, health status, or severity of
illness, to the specialty of their physicians, or to
the geographic locale of care, because our analy-
ses controlled for these factors.
In general, the results indicate that within our

research sample, physician self-referral for im-
aging is not associated with significant benefits
for patients in either illness duration or health
care costs. One possible exception is when a
treating physician self-refers for x-rays. In the
case of x-rays for chest pain, the shorter episode
duration is not accompanied by any significant
difference in total episode costs. Therefore, if
only episode duration and cost are considered,
self-referral in this case has an overall advantage
because it combines a health benefit—shorter
duration—with no cost disadvantage.
In the case of x-rays for sinusitis, the 7.8 per-

cent shorter duration associated with self-refer-
ral was accompanied by 3.6 percent higher costs.
At the mean of the data—duration of 16.1 days
and a cost of $108—this amounts to 1.3 illness-
free days gained at a cost of $3.92. In the case of
x-rays for respiratory illness, self-referral’s
5.9 percent shorter duration is accompanied
by 6.2 percent higher costs. At the mean of the
data—15.0 days’ duration and $157 total costs—
this amounts to a duration of 0.9 day shorter in
exchange for a $9.79 higher cost. For the remain-
ing condition-imaging combinations studied,we
identified no similar potential net benefits.
Other StudiesOur finding that self-referral is

associated with higher imaging costs is consis-
tent with a recent Medicare Payment Advisory
Commission (MedPAC) study of twenty-two
medical condition–imaging-type combinations
among Medicare beneficiaries in six major US
markets in 2005.15

In each of the twenty-two combinations, Med-
PAC found that self-referring physicians had
higher ratios of observed-to-expected spending
on imaging than doctors who did not self-refer.
MedPAC also found a positive correlation be-
tween higher imaging costs and higher total epi-
sode costs. This suggests that total episode costs
may be higher with self-referral.
Importantly, the MedPAC study did not ex-

clude episodeswith evaluation andmanagement
claims in hospital settings, and it used defini-

Exhibit 3

Average Effect Of Self-Referral For Imaging On Mean Episode Total Cost

Computed tomography

Magnetic resonance imaging

Nuclear medicine

Ultrasound

X-ray

Percent change in mean episode total cost resulting from self-referral

SOURCE Authors’ analyses of Medicare data from 5 percent Research Identifiable Files for 2004–7.

Exhibit 4

Average Effect Of Self-Referral For Imaging On Mean Episode Imaging Cost

Computed tomography

Magnetic resonance imaging

Nuclear medicine

Ultrasound

X-ray

Percent change in mean episode imaging cost resulting from self-referral

SOURCE Authors’ analyses of Medicare data from 5 percent Research Identifiable Files for 2004–7.
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tions of self-referral that differed slightly from
ours. The similarity of results with methodolo-
gies that differ somewhat in their details pro-
vides evidence that the findings of both studies
are probably robust.

Conclusions
Our study provides broad evidence that physi-
cian self-referral for imaging typically is not as-
sociated with substantial benefits in treatment
duration or costs.We found that self-referral for
imaging is associated with significantly and sub-
stantially higher total care costs in the majority
of medical conditions and imaging types we ex-
amined. Additionally, we found that self-referral
is not associatedwith shorter illnesses, except in
the case of self-referred x-rays for some con-
ditions.
Federal law governingMedicare andMedicaid

generally prohibits a physician from referring a
patient to a facility in which the doctor has a
financial interest.21 However, there is an exemp-
tion for designated “ancillary” services, includ-
ing imaging, if they are delivered in the treating
physician’s office. Among the rationales for this
exemption are the convenience of one-stop ser-
vice and expediting the care process.
However, we found that illnesses are not re-

solved more quickly with imaging self-referral,
except for some use of x-rays. Others have found
that with the same exception, self-referral infre-
quently provides one-stop service.21

There are, in fact, two possible negative con-
sequences of self-referral: our finding of higher
costs for self-referred imaging, and literature
that shows higher imaging utilization—which
means more radiation exposure.
Based on our findings, we conclude that the

Medicare exemption for self-referred imaging

should be narrowed so that it includes only x-
rays, not other forms of imaging. To the extent
that state laws or private payers permit self-
referral for imaging, they would also do well to
follow this policy.
MedPAC21 has suggested that, alternatively,

the problem of self-referral could be successfully
addressed by reducing payments for in-office
imaging. The Deficit Reduction Act of 2005 in-
stituted major reductions in payment for much
of Medicare in-office high-tech imaging begin-
ning in 2007, and further cuts are scheduled as a
consequence of the regulatory changes that
Medicare has adopted.
We question the reliability of this price-reduc-

ing approachbecauseMedicarehas longused, as
a cost-estimating tool, the rule of thumb that
payment reductions lead to increases in service
volume. Additionally, one preliminary analysis16

indicates that major payment cuts instituted by
the Deficit Reduction Act did not stop the rate of
self-referred in-office MRI and CT from contin-
uing to grow rapidly. ▪

An earlier version of this paper was
presented at the AcademyHealth Annual
Research Meeting, June 2009, in
Chicago, Illinois, and at the International
Health Economics Association World
Congress, July 2009, in Beijing, China.

Exhibit 5

Average Effect Of Self-Referral For Imaging On Mean Episode Non-Imaging Cost

Computed tomography

Magnetic resonance imaging

Nuclear medicine

Ultrasound

X-ray

Percent change in mean episode non-imaging cost resulting from self-referral

SOURCE Authors’ analyses of Medicare data from 5 percent Research Identifiable Files for 2004–7.
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