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Methods for Analyzing Referral Patterns

 

Mark E. Cowen, MD, SM, Marc W. Zodet, MSc

 

OBJECTIVE: 

 

To develop a sound method to identify patient
and physician characteristics that influence specialty referrals.

 

DESIGN: 

 

A retrospective cohort analysis of medical claims
data from 1996 supplemented with surveys of primary care
physicians.

 

SETTING:  

 

A 600-member independent practice association
in southeastern Michigan that provided care for 90,000
members of an HMO.

 

PATIENTS: 

 

Five cohorts, each of 2,000 to 6,000 patients with
diagnoses that could be referred to cardiologists, ophthalmol-
ogists, pulmonologists, orthopedists, or general surgeons.

 

MAIN RESULTS: 

 

The referral rates for the different cohorts
ranged from 1% to 7%. The discriminatory ability of the mul-
tivariate logistic models (

 

c

 

-statistic) ranged from 0.66 to
0.79. The likelihood of referral was associated with the pa-
tient’s diagnoses and medications and with the referring phy-
sician’s age, years out of medical school, satisfaction with
the specialty being referred to, and the importance of making
or confirming a diagnosis.

 

CONCLUSIONS: 

 

Because these methods were not difficult to
implement and the results were credible, we believe that
other organizations should be able to use them.
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A

 

widely used mechanism for controlling costs in man-
aged care is to require authorization from a primary

care physician before a patient can see a specialist.

 

1

 

 Con-
cern has been raised that the gatekeeper function could
restrict patient access to necessary services.

 

2

 

 The chal-
lenge for a physicians’ organization is to assess whether
its frequency of specialty referrals is appropriate, given
the variability in physician referral practices.

 

3

 

 Explicit cri-
teria have been developed to determine if a referral is med-
ically indicated,

 

4

 

 such as the rate of false-positive refer-
rals for strabismus,

 

5

 

 or the percentage of “appropriate”
surgical referrals for breast symptoms.

 

6

 

 Unfortunately,
criteria may not be developed for the conditions of great-
est financial or clinical importance, or may require data

sources beyond those generally available.

 

4

 

 In the absence
of criteria, over-utilization and under-utilization can be
suspected if an organization’s rate of referrals deviates
greatly from that of similar entities.

 

4

 

 However, the optimal
referral rate remains unknown.

 

7

 

Previous work has shown that the likelihood of spe-
cialty referrals varies in part owing to the illness burden
of the patient population,

 

8,9

 

 and in part owing to physi-
cian practice style.

 

7

 

 Although it is intuitive that patients
with more complex or graver illness might need to be re-
ferred more often to specialists, it is not known how best
to adjust the referral rate for patient case mix. One fre-
quently cited article

 

9

 

 used the Ambulatory Diagnosis
Groups to adjust the referral rate for patient case mix.

 

10

 

However, this study has been criticized,

 

11

 

 because physi-
cian practice style (in this case, a low threshold for refer-
ring) could confound the association between the out-
come of interest (referral rates) with the explanatory
variables (complexity and severity of illness, which are
also determined by the physician).

 

11,12

 

 Physicians predis-
posed to assuming the worst-case scenario, for example,
might be expected to assign more severe diagnostic codes
to their patients and refer more frequently than peers.
The confounding is compounded if diagnoses made sub-
sequent to the specialty referral are used to determine the
complexity level of the case.

 

11

 

Physician-dependent factors have also been offered
as possible explanations for the variability, including spe-
cialist availability,

 

13,14

 

 pressure from consumers,

 

15,16

 

 and
diagnostic certainty.

 

17–19

 

 Despite the numerous investiga-
tions reported in the literature, much of the variability
has been left unexplained.

 

7

 

A physician organization interested in examining spe-
cialty referrals therefore faces the dual challenge of adjust-
ing for patient complexity in a methodologically sound
manner and identifying important physician-level variables.
A further challenge is to assess and measure these without
burdening busy practitioners. We report one approach.

 

METHODS

 

This study examined referrals to five specialties within
an independent practice association (IPA) of approximately
200 primary care and 400 specialty physicians in south-
eastern Michigan during 1996. At this time, the IPA had
imposed a partial moratorium on adding more specialists.
The IPA had a full-risk contract with a local HMO to pro-
vide care for approximately 90,000 people. Thus, primary
care physicians and specialists agreed to share financial
surpluses or deficits if their patients’ expenditures ex-
ceeded targets.

 

1

 

 Patients could not see a specialist with-
out the authorization of their primary care physician. No
formal guidelines for referral were in place.
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Because the focus of this article is on the methods
that can be used to study referral patterns, we will
present our approach in some detail, beginning with an
overview. The conceptual model was that patients were at
risk of being referred to a specialist each time they had an
encounter with a primary care physician and they had a
condition that was managed frequently by a specialist.
The encounter with a primary care physician was there-
fore the unit of analysis. Whether or not a given encoun-
ter was followed by a specialty referral was hypothesized
to be a function of patient characteristics, including diag-

noses, and characteristics of the primary care physician.
We thought that some of these physician characteristics
could be measured by asking primary care physicians
about themselves in a survey (Figure 1). To create the
survey instrument, we started by identifying items or con-
cepts from the literature.

 

7,16,20–22

 

 We showed sample ques-
tions to several primary care physicians and specialists
and asked for their feedback. In March 1997, the survey
forms were distributed to all 144 primary care physicians
caring for more than 100 patients in the IPA. Primary care
physicians were told their responses would be confidential.

 

Please think back over the past year and try to remember patients you saw with a problem in this specialty.*
Please consider the specialists within the HMO. 

1. How long does it take on average to have an outpatient seen (for a non-emergent condition)?

 

,

 

1 week . . . . . . . . . 1–2 weeks . . . . . . . . .

 

.

 

2 weeks

2. How much do you agree with the following?
Scale: 1 

 

5

 

 strongly disagree, 2 

 

5

 

 disagree, 3 

 

5

 

 neutral, 4 

 

5

 

 agree, 5 

 

5

 

 strongly agree

a. The specialists in this specialty are equally trying to keep costs down.
b. The quality of service provided is similar among these specialists.
c. Your referral patterns are the same for both HMO patients and other patients.
d. Your preferred specialist is the one who actually sees the patient.

3. Based on your experience with your patients, how satisfied were you with the following:
Scale: 1 

 

5

 

 very dissatisfied, 2 

 

5

 

 mostly dissatisfied, 3 

 

5

 

 indifferent, 4 

 

5

 

 mostly satisfied, 5 

 

5

 

 very satisfied

a. the consultant’s attitude?
b. the extent to which your questions were addressed?
c. the patient benefits of the tests/procedures performed by the specialist in light of the costs?
d. the patient benefits of the tests/procedures recommended by the specialist in light of the costs?
e. your patients’ satisfaction with the consultant?
f. the extent to which the consultation enhanced your relationship with the patient?
g. the extent to which the consultant involved you in the decision making?
h. the timeliness of the written consultation?
i. the overall service provided?

4. Consider all the patients you referred to this specialty over the past year. How often did the following affect
your decision to refer?
Scale: 1 

 

5

 

 none of the time, 2 

 

5

 

 little of the time, 3 

 

5

 

 some of the time, 4 

 

5

 

 most of the time, 5 

 

5

 

 all of the time

a. to learn more about a disease or condition
b. to establish a diagnosis
c. to confirm your diagnosis
d. to establish a treatment plan
e. to confirm your treatment plan
f. to have a specific procedure performed that you do not perform yourself
g. to comply with patient or family request
h. to obtain assistance due to the severity of the patient’s illness

 

Survey items were transformed to a scale ranging from 0–100.

 

Summary SATISFACTION score 5 mean score for items (2b 

 

1

 

 2d 

 

1

 

3a 

 

1

 

 3b 

 

1

 

 3e 

 

1

 

3f 

 

1

 

 3g 

 

1

 

 3h 

 

1

 

 3i).
Summary COST-EFFECTIVENESS score 5 mean score for items (2a 

 

1

 

 3c 

 

1

 

 3d).
*

 

Primary care physicians completed a separate survey form for each of the five specialties.

 

FIGURE 1.

 

Survey questions for primary care physicians.
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Responses from individual physicians were linked to demo-
graphic information in the IPA’s physician membership file.

To identify the conditions that were managed frequently
by a specialist, we started with the 260 categories of the
Clinical Classification for Health Policy Research,

 

23–25

 

 which
themselves are groupings of a much larger number of diag-
noses from the 

 

International Classification of Diseases

 

, 

 

Ninth
Revision

 

. In earlier work, we used multivariate linear regres-
sion models to identify the 57 mutually exclusive groupings
of these 260 categories that best explained overall medical

conditions. (The adjusted 

 

R

 

2

 

 values ranged from .42 to .48
in development and validation samples from different places
and different years.) For each specialty, we ranked these 57
groups according to the number of patients seen by physi-
cians starting at the top of the rank list with the group rep-
resenting the most patients seen in that specialty. We then
added the next largest group until we had accounted for ap-
proximately 90% of the patients in that specialty (86%–94%,
depending on the specialty). Table 1 describes the final list
of what we will refer to as index conditions.

 

Table 1. Conditions Managed Frequently by a Specialist

 

Specialty Index Condition

 

*

 

Categories from the 
Clinical Classification for Health

Policy Research

 

Cardiology–related Coronary artery disease 101
Congestive heart failure 96, 97, 108
Acute myocardial infarction 100
Arrhythmia 105–107, 245, 249
Congenital anomaly 213–217
Thromboembolism and aneurysms 114–118, 248
Nonspecific chest pain 102, 104

Opthalmology–related Diabetes 49, 50
Headache 84
HIV 5
Congenital anomaly 213–217
Collagen vascular disease 201, 202, 210
Cataract, glaucoma and other eye problems 86–91

Pulmonary disease–related Lung cancer 19
COPD or asthma 127, 128
Pneumonia 122, 129–133
Other conditions 254, 257, 259

Orthopedics–related Other injuries 237, 238, 241–244
Congenital 213–217
Nontraumatic musculoskeletal 203–206, 208, 209, 211, 212
Major joint trauma or fractures 207, 225, 226
Skull or spinal cord injuries 227, 228, 233, 234
Soft tissue injuries 232, 235, 236, 239, 240
Collagen vascular disease 201, 202, 210
Fractures 229–231
Skin ulcers and other skin problems 198–200

General surgery–related Colon cancer 14
Breast cancer 24
Other cancer 11–13, 15–18, 20–23, 25, 27, 28, 30–47
Kidney disease 156–158, 161
Thromboembolism and aneurysms 114–118, 248
Serious GI condition 144–146, 153
Other conditions 254, 257, 259
Venous conditions 103, 119–121
Biliary or pancreatic disorders 149, 152
Nonmalignant breast 167
Abdominal pain symptoms 138–141, 147, 151, 154, 155, 250, 251
Appendicitis 142, 148
Skin ulcers and other skin problems 198–200
Hernia 143

*

 

COPD indicates chronic obstructive pulmonary disease; GI, gastrointestinal.
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Once the index conditions had been identified, we
constructed a separate data set for each specialty and
treated each specialty as a separate study, so the same
patient could be considered at risk of one referral in one
data set, and at risk of another referral in a different data
set. Inclusion criteria limited each data set to patients
with new or recent onset of the index conditions to mini-
mize differences in the duration of the conditions. Pa-
tients were excluded if they either had medical claims for
any of the index conditions in that specialty or had been
referred to that specialty in the previous year. Patients
also were required to be at least 18 years old and mem-
bers of the HMO in both the year of the study and the pre-
vious year. The patient’s encounter with the primary care
physician could occur in the office, hospital, or emergency
department. The outcome of interest was referral to a spe-
cialty physician within 90 days of the primary care physi-
cian encounter, which was defined as a face-to-face en-
counter with a specialist that was billed as a consultation,
referral, hospital visit, critical care visit, or emergency de-
partment visit.

We included as binary covariates diagnoses assigned
to the patient before and during the encounter with the
primary care physician but not those assigned subse-
quently. We searched medical and pharmacy claims data-
bases for potential covariates. For the cardiology cohort,
variables indicated the presence or absence of hypertension,
hyperlipidemia, and diabetes. To use the information in the
pharmacy claims, we grouped into 21 categories the Amer-
ican Hospital Formulary Service (AHFS) pharmacologic-
therapeutic classifications.

 

26

 

 We derived these categories
during a previous study of pharmacy expenditures, and
our analyses indicated which categories were likely to be
prescribed for patients with specific index conditions. For
all cohorts, we identified which patients were taking
drugs in each category at the index visit to the primary
care physician. In our final models, we included as binary
covariates only those drugs in the following categories: car-
diovascular drugs (AHFS 24:00–24:04, 24:08–24:16), hor-
mones (AHFS 68:00–68:12, 68:18–68:28, 68:34–68:36.08),
and analgesics (AHFS 28:04–28:10).

 

26

 

Statistical Analysis

 

All analyses were performed using SAS statistical soft-
ware, version 6.12 (SAS Institute Inc., Cary, NC). Question-
naire reliability was tested with Cronbach’s 

 

a

 

. Principal
components analyses were used to identify survey items
that could be combined into summary scores. These
items were subsequently transformed to a 0-to-100 scale
and combined into summary satisfaction and cost-effec-
tiveness scores. Survey items that were not combined into
summary scores were collapsed into binary variables
(none–little of the time vs some–all of the time) and were
tested for association with referral (yes/no) by means of 

 

x

 

2

 

testing for each cohort. Items achieving a significance

 

level of .20 were considered for multivariate logistic re-
gression models.

Multivariate models were constructed to identify fac-
tors that had a significant independent influence on the
likelihood of referral. Three steps were used. First, multi-
variate logistic regression models were constructed using a
stepwise procedure (significance levels for entry/retention,
.15/.20). For each cohort, candidate variables included the
index conditions pertaining to that cohort; medication cat-
egories; the gender, age, and years since graduation from
medical school for the primary care physician; a summary
cost-effectiveness score; a summary satisfaction score; and
the survey items. Second, these models were examined us-
ing a backward elimination procedure (significant level for
retention, .05). The discriminatory ability of these models
was measured by the 

 

c

 

-statistic.

 

27

 

 The effect of nonre-
sponse bias was assessed by including a dummy variable
for missing survey data in models containing patient char-
acteristics. Variables retained in the multiple logistic re-
gression models were entered into generalized estimating
equations (GEE) using 

 

PROC

 

 

 

GENMOD

 

. This additional step
allowed for the possibility that patients with the same pri-
mary care physician might have referral patterns that were
more similar to each other than patients with different pri-
mary care physicians. The GEE models assumed a com-
mon outcome correlation coefficient for any two patients
with the same physician.

 

RESULTS

 

One hundred fourteen physicians (79%) returned 570
surveys, applicable to 86% of the encounters. On average,
physicians were 46 years old (SD 

 

5

 

 11 years), and had
graduated 19 years earlier from medical school (SD 

 

5

 

 11
years); 28% of them were women. Patient cohorts ranged
in size from 2,204 to 5,640 patients (Table 2), represent-
ing 10% to 20 % of the IPA’s managed care patients with
the index conditions.

Principal components analyses identified two factors
in the surveys. Factor 1 loaded heavily on variables con-
sidered to be measures of physician satisfaction with the
specialty, and factor 2 loaded heavily on variables that
addressed the perceived cost-effectiveness. Together, these
factors explained 64% of the variability. Cronbach’s 

 

a

 

 was
.91 for the items in factor 1 and .85 for the items in factor 2.

Approximately one fourth of encounters were with a
primary care physician other than the patient’s assigned
physician; however, less than 1% of cohort patients changed
primary care physician assignment during this time. The
likelihood of referral after an encounter was not different
when information was missing on the physician survey,
except for pulmonary disease referrals, for which encoun-
ters with missing items were more likely to be followed by
a referral (odds ratio 1.8, 

 

p

 

 = .048). The multivariate logis-
tic models had the following 

 

c

 

 statistics: cardiology, .74;
ophthalmology, .79; pulmonary, .73; orthopedics, .66; and
general surgery, .77.
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The referral rates to each specialty and results of the
multivariate GEE models are shown in Table 3. Although
each parameter in these models initially had a 

 

p

 

 value
less than .05 in the multivariate logistic models, several
items lost statistical significance in the GEE models, indi-
cated by confidence intervals that include 1.0.

When we compared one specialty with another, there
were large differences in referral rates for patients with in-
dex conditions in those specialties, from 1.6% for patients
with pulmonary conditions to 7.0% for those with oph-
thalmologic conditions (Table 3). When we looked at the
effects of the two types of characteristics, we found that
both characteristics of the patient and characteristics of
the primary care physician were associated with the refer-
ral rate. We observed some interesting patterns in these
associations. The relative effects of the two types of char-
acteristics were different for different specialties. For ex-
ample, the ratio of patient characteristics to physician
characteristics was high for patients with orthopedic and
general surgical conditions, low for patients with ophthal-
mologic and pulmonary conditions, and intermediate for
patients with cardiology conditions. Also, at least one pa-
tient characteristic had a stronger effect than any physi-
cian characteristic, regardless of specialty. Finally, differ-
ent physician characteristics were associated with referral
rates in different specialties, except for increasing primary
care physician satisfaction, which had a small positive ef-
fect in two specialties and a small negative effect in one
specialty.

 

DISCUSSION

 

Given the known variability in referral practices, our
particular findings may not apply to other settings. There-
fore, we will focus on the inherent strengths and limita-
tions of the methods.

The first consideration is utility. This approach was
relatively inexpensive and was accepted by a large ma-
jority of the physicians. The high response rate to the
survey suggests the study could be replicated without
much difficulty, assuming an honest and collegial phy-
sician environment. We believe the type of information
displayed in Table 3 is useful to a physician organiza-
tion. The diagnoses identified are potential candidates
for referral guidelines, or more focused analyses of over-

utilization or under-utilization. The physician character-
istics, such as the level of diagnostic certainty in the
orthopedics model and the primary care physician satis-
faction in the cardiology and ophthalmology models, could
inform planning for continuing education or marketing
programs.

The extent to which the characteristics we identified
explained the variability in the referral patterns is re-
flected by the favorable 

 

c

 

 statistics of the multivariate lo-
gistic models. Values of this measure can range from 0.5
(no explanatory ability over chance alone) to 1.0 (complete
explanation).

 

28

 

 The values of 0.66 to 0.79 that we found in
this study indicate that given two randomly chosen pri-
mary care physician encounters in the data set, the one
more likely to be followed by a referral could be identified
66% to 79% of the time.

 

27

 

The next consideration concerns the validity of the
methods. A unique aspect of this study was the cohort
approach to inpatient and outpatient medical claims, in-
corporating information from a one-time survey of pri-
mary care physicians. The data were arranged chrono-
logically, so that referrals which followed a particular
encounter were influenced only by diagnoses assigned up
to and including that encounter. This approach addressed
a common flaw in using retrospective risk-adjustment
methods. Another strength was the use of models based
on GEE to adjust for the influence of individual physi-
cians on patient outcomes. This approach was relevant
because some variables that appeared to be statistically
significant in the logistic regression models became less
significant when using the GEE models, indicating that
some erroneous conclusions could occur if only models
based on logistic regression were used.

There are, however, limitations to our approach. First,
claims data can inaccurately reflect clinical reality.

 

29

 

 Fur-
ther, the level of explanation achieved is certainly due in
part to the inclusion and exclusion criteria. Study pa-
tients had the same HMO insurance for at least 2 years,
were cared for by the same IPA, and had symptoms or di-
agnoses that had not been present in the previous year.
These criteria permitted a more focused evaluation of re-
ferral patterns for patients with recent onset of symp-
toms, but meant that only 10% to 20% of patients with
these diagnoses were studied. Whether or not these find-
ings would apply to patients whose problems are more
chronic is not known. Furthermore, the relatively small

 

Table 2. Characteristics of the Study Population

 

Specialty
Patients in
Cohort, 

 

n

 

HMO Patients with These
Conditions, %

Female,
%

Mean Patient Age,
Years (SD)

Percentage
Referred

 

Cardiology 2,319 18.6 53.3 46 (12) 6.7
Ophthalmology 2,204 13.7 61.5 42 (12) 7.0
Pulmonary disease 2,761 16.8 55.9 43 (13) 1.6
Orthopedics 5,640 15.1 54.0 42 (12) 6.0
General surgery 3,776 11.1 49.7 40 (12) 4.0
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number of referrals raises the possibility that the models
were overfit.

Even with strict inclusion criteria, about one fourth
of the encounters were with a primary care physician
other than the patient’s assigned physician. This intro-
duced another source of variability in the data. Although
holding the assigned physician responsible for the referral
is consistent with common administrative practices, the
activity of other physicians should not be ignored when
profiling individual physicians.

The diagnostic categories were broad, particularly in
the case of the orthopedic model. These categories were
originally developed to explain overall medical expendi-
tures, not referral patterns specifically. Broad grouping
could result in the loss of discriminatory information.
Even then, the potential for confounding referral practices
with the assigned diagnoses was not eliminated. For ex-
ample, a physician with a low threshold for diagnosing
coronary artery disease in patients with chest pain might
be expected to refer to cardiologists more frequently than
a physician who would code similar presentations as non-

specific chest pain. At present, there does not appear to
be an easy solution to this problem. A conservative inter-
pretation of the diagnostic categories is that they reflect
physicians’ undererlying uncertainty and propensity for
referral, as well as the condition of a patient. Future stud-
ies will be required to clarify the optimal way to define di-
agnostic groups and to separate variability due to physi-
cians from variability due to patients.

The physician survey yielded a counterintuitive find-
ing that increasingly satisfied primary care physicians
were less likely to refer patients to pulmonologists. This
finding could have been due to nonresponse bias, be-
cause encounters with primary care physicians who did
not complete survey items regarding this specialty were
also less likely to result in referrals. This finding could
also have resulted from a survey process that was not
anonymous, from changing levels of physician satisfac-
tion over time, or the possibility that pulmonary disease
specialists had educated some primary care physicians
to handle certain pulmonary problems without referral
(which could decrease referrals and increase satisfaction).

 

Table 3. Odds Ratios and 95% Confidence Intervals from the Multivariate General Estimating Equation Models

 

Specialty Independent Variable Odds Ratio 95% CI

 

Cardiology Acute myocardial infarction 11.71 4.63, 29.60
Coronary artery disease 3.19 1.93, 5.28
Increasing patient age 1.03 1.01, 1.04
Increasing physician satisfaction 1.01 1.00, 1.03
Increasing age of physician 0.98 0.96, 0.99
Patient female gender 0.58 0.39, 0.86
Thromboembolism and aneurysms 0.19 0.08, 0.44

Opthalmology Visit for cataract, glaucoma, or other eye problems 9.79 6.39, 14.99
Increasing patient age 1.03 1.02, 1.04
Increasing physician satisfaction 1.02 1.01, 1.04
Physician years out of medical school 0.98 0.97, 0.99
Physician often referred to confirm diagnosis 0.59 0.42, 0.85

Pulmonary Patient on cardiovascular medicine 2.34 1.11, 4.94
Increasing perceived cost-effectiveness 1.02 1.00, 1.05
Increasing physician satisfaction 0.97 0.95, 1.00
COPD or asthma 0.22 0.10, 0.47

Orthopedic Major joint trauma or fracture 7.76 4.58, 13.15
Fractures 3.80 2.27, 6.38
Nontraumatic musculoskeletal condition 2.15 1.52, 3.03
Physician often referred to establish a diagnosis 1.65 1.04, 2.61
Patient on a hormonal agent 1.57 1.07, 2.29
Patient on an analgesic agent 0.63 0.41, 0.98
Skin ulcers and other skin problems 0.49 0.31, 0.78

General surgery Breast cancer 54.36 2.26, 1,307.80
Hernia 16.82 8.54, 33.12
Biliary or pancreatic disorders 4.56 1.47, 14.18
Nonmalignant breast 3.02 1.86, 4.91
Venous conditions 2.34 1.43, 3.82
Abdominal pain symptoms 0.42 0.26, 0.68
Skin ulcers and other skin problems 0.34 0.21, 0.56
Physician often referred to have specific procedure performed 0.20 0.15, 0.26
Other conditions 0.15 0.06, 0.40
Physician female gender 0.65 0.42, 1.01
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It is not known if important physician-level factors were
missed or imperfectly measured by the survey.

No one-time assessment of a complex subject such
as physician referral practices will identify all important
factors. Also, further studies will be needed to address
methodologic concerns. The challenge will be to perform
these investigations in a way practicing physicians can
tolerate. From our experience, we believe the basic strat-
egy of combining a physician survey with a careful analy-
sis of claims data holds promise for an iterative approach
to understanding referral patterns.

 

The authors gratefully acknowledge the assistance of E. Fran-
cis Cook, ScD, and Gregory Levine; and the helpful comments
of Paul N. Valenstein, MD, and Sankey V. Williams, MD.
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