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Chapter X

The Economic Cost of ESRD, Vascular
Access Procedures, and Medicare

Spending for Alternative Modalities of
Treatment
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he 1996 Annual Data Report (ADR) of the
USRDS included an investigation of the

spending for alternative treatment approaches for
End-Stage Renal Disease (ESRD) furnished through
the Medicare ESRD program.  This earlier report
included Medicare spending experience for the 1991-
93 period.  This 1997 report updates this analysis to
include 1994 and 1995 data.

A major addition to this 1997  report is an
analysis of the spending by Medicare for vascular
access for hemodialysis patients.  This is one of the
most requested items that the USRDS CC receives.
Vascular access complications have been cited as the
largest single cause of morbidity among hemodialysis
patients.  As such, better management of vascular
access provides the potential for improving patients’
quality of life and reducing the cost of care.  These
analyses will complement a long term research
agenda of the USRDS to focus on vascular access.

This chapter is divided into three sections.  In the
first section, we present estimates of the total
monetary cost of direct patient care for patients in the
United States with ESRD.  In addition, there is a
presentation of recent shifts and trends in these

estimates of total direct cost of treating ESRD.  These
total direct cost estimates are derived from paid
Medicare claims and other estimates including private
resource use for direct patient care.

The second section provides estimates of
Medicare spending (payments) per time at risk on an
“intent-to-treat” basis for ESRD treatment
alternatives stratified by several patient
characteristics.  The data in this study are derived
from the USRDS database which contains
information from the Medicare payment records as
well as extensive epidemiological patient histories.
The objective is to compare and contrast Medicare
reimbursements (payments) per time at risk for
different modalities of renal replacement therapy.
The results provide information that would be useful
in the determination of “capitation” payment rates,
i.e., rates of spending per patient per time at risk.
However, these results, which do not provide
simultaneous comparison of survival alternatives and
costs and are not estimated with consideration for
right censoring, are not appropriate for determination
of cost effectiveness of alternative modalities of
treatment (Cox).
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The third section of the report provides estimates
of Medicare spending for vascular access for
hemodialysis patients.

Methods
Cost of ESRD and Medicare Spending by
Modality
These studies analyze Medicare costs (=

reimbursements or spending) for patients treated with
hemodialysis, CAPD/CCPD, or a renal transplant.
The primary focus is ESRD patients prevalent on
January 1, 1991 or incident at any time during 1991,
1992, 1993, 1994, or 1995.  Patient age, gender, race,
and cause of ESRD were obtained from the USRDS
database.  Treatment modality was determined using
the Modality Sequence file from the USRDS
database. (See Chapter XII).  A secondary analysis
focuses on total spending for 1995.

The total cost of direct medical care resources
was estimated by combining the paid claims for
Medicare-insured ESRD patients with other cost
estimates of resource use.  These other estimates
included: 1) Medicare payments for ESRD patients
not included in the paid claims system, 2) Medicare
patient obligations, 3) payments for patients enrolled
in Employer Group Health Plans (EGHP) for whom
Medicare is the “Secondary Payer” (MSP) for
insurance, and 4) payments for ESRD patients
residing in the United States who were not insured by
Medicare.

Medicare paid claims, used in both the cost of
ESRD and the Medicare payments analyses, were
obtained from HCFA Standard Analysis Files (SAF;
HCFA 1993).  These files are constructed for each
year of service (determined by the service “to date”
listed on the paid claim) and are based on all final
paid claims listed in the Common Working File by
the end of July of the following year (HCFA 1993).
The SAFs are organized by year and include all
Medicare patients.  This project used the SAFs for the
calendar years 1991-95.

In order to identify all Medicare ESRD patients, a
“finder file” was constructed that separated claims for
ESRD patients from all other Medicare patients.  This
finder file, constructed from the patient identification
numbers (IDs) in HCFA’s Program Medical
Management, yielded 546,112 patient IDs for the
period 1977-95 after screening out deaths occurring
before 1/1/91.  Changes in patient IDs were tracked
using information included in HCFA’s Enrollment

Database (HCFA 1993).  SAF (paid, final) claims
were extracted for 391,714 patients in the 1991-95
period.

The SAFs are comprised of 7 files with claims
classified as (originating from): 1) inpatient
institutional, 2) outpatient institutional, 3) skilled
nursing facility, 4) hospice, 5) home health agency,
6) physician and other supplier, and 7) durable
medical equipment, which includes dialysis supplies,
parenteral nutrition claims, iron supplement claims,
and claims for immunosuppressives administration
and supplies.

These SAF files, as selected by the finder file,
contained claims for 391,714 patients and 1,028,194
patient years at risk during 1991-95.  Using these
figures, the spending for the 1991-95 period totaled
$34.91 billion.

Categories of payment in the reference tables in
Section K and in Chapter X are classified as follows:
1) for institutional claims, claims from the Inpatient
HCFA SAF are categorized as Non-Transplant
Inpatient if they have a DRG other than 302, and as
Transplant  Inpatient if they have a DRG of 30, 2)
claims from the HCFA Outpatient SAF are
categorized as Outpatient institutional if they have no
dialysis revenue center code and as Hemodialysis -
Institutional, Peritoneal Dialysis Institutional, or
Other Dialysis - Institutional based on their revenue
center code (note that embedded EPO costs cannot be
distinguished in these records), 3) the categories
Skilled Nursing Facility, Home Health Agency, and
Hospice are based on the HCFA SAF from which
they derive.

The physician/supplier claims are categorized
based on HCPCS codes with the following
refinements:  if the HCPCS code indicates that the
claim is for dialysis and the HCFA Service Code
indicates that the claim is for monthly capitation
payments the claim is categorized as capitation; if the
HCPCS code indicates that the claim is for dialysis
supplies (hemodialysis or peritoneal dialysis), the
HCFA place of service code is used to separate the
dialysis supply claims into home supplies vs. unit
supplies;  for claims whose HCPCS codes are not
ESRD specific (not dialysis, dialysis supplies, EPO,
immunosuppressive drugs, not PD catheter related,
not transplant, not vascular access, not parenteral
nutrition, not ESRD capitation, and not iron supplies
or administration), claims are categorized based on
HCPCS for the categories transportation, diagnostic
laboratory or radiology, and durable medical
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equipment, and on the HCFA service code for Other
Surgery, Other Medical Treatment, and Other
Charges.   Note that for many of the
physician/supplier categories such as EPO, most of
the actual Medicare payments occur embedded in the
payments for institutional care, principally dialysis
payments  in the case of EPO.

For patients incident during any calendar year,
only costs occurring on or after the first day of ESRD
(as defined in the PMMIS) were included.  That is,
pre-ESRD Medicare spending and pre-ESRD time at
risk were not included in calculating total Medicare
spending or time at risk in either the total spending or
in the intent-to-treat analysis.  Likewise, patients
whose ESRD start date occurred during a
hospitalization had a linearly pro-rated portion of the
costs for that hospitalization allocated to the ESRD
period.  The exception is transplantation.  If the first
ESRD service is a kidney transplant then the entire
hospital stay is included as a cost even if the first day
of ESRD occurs during that hospital stay.

The study start date for a patient in the intent-to-
treat analysis (limited to 1991-95) was defined as the
latest of the following:

• January 1, 1991.

• The first ESRD service date in the USRDS
database for the patient.

• For dialysis patients, the beginning of any one
month period in which the Medicare paid amount
for outpatient dialysis was $675 or more.

The last constraint was designed to exclude
patients who were likely to have a Medicare
Secondary Payer status even though the Medicare
Enrollment Database did not identify them as such.

Patients with MSP status on or at any time
following the study start date (identified from the
Medicare Enrollment Database) were excluded from
the intent-to-treat analysis.  These patients were
treated separately and excluded from the primary
intent-to-treat model because it is impossible to
characterize their total costs of care from payments
by Medicare.  Dialysis patients with insufficient
activity (defined for outpatient dialysis as less than
$675/month for three consecutive months) are
censored as lost to followup at the end of the 3 month
period.  This limit of $675/month was the 10th

percentile of Medicare dialysis spending (institutional
outpatient plus physician and other suppliers) for all
patients; it would cover 6 to 7 dialysis treatments.

In the intent-to-treat analysis, patients entered the
study only once during the 1991-95 period, with the
exception of transplant patients.  Dialysis patients
who received a transplant during the study period
were censored at the transplant date and were then
moved into a separate record as a transplant patient.
All payments on paid claims for inpatient
transplantation were added to the transplant cost
record even though the inpatient stay may have begun
during a period also covered by the dialysis record.
Patients who had a functioning transplant at the start
of the study window were kept in that modality until
death or end of study, regardless of any modality
changes.

In the intent-to-treat analysis, dialysis patients
were removed from the analysis at the earliest of:
death; 12/31/95; transplant (censored); three months
with less than $675 dialysis activity (censored).
Patient periods at risk were determined by the “from”
and “to” dates on the payment records.  Unless noted
otherwise, periods at risk for mortality and incurred
costs were determined for each year with patients
frequently counted in more than 1  year.

HCFA estimates that the SAF files include 98
percent of paid claims in a given year (HCFA 1993,
Section E2, page 15).  To account for this, the total
dollar amount of SAF claims, as reported in Figure
X-1, were raised by 2 percent.  In order to maintain
comparability to the Reference Tables, all other
reported statistics are not adjusted for this reported
undercount in the SAFs.

Patient financial obligations to Medicare, i.e. the
coinsurance and deductible, were estimated as 18
percent of the sum of Medicare payments and patient
obligations (see the 1995 ADR, Chapter X).
Medicare rules for patient obligations are
complicated, but generally include a nominal
deductible (approximately $100 per year) along with
a 20 percent co-payment for approved outpatient
charges (Part B).  Inpatient (Part A) services require a
deductible which approximates the charge for the first
hospital day.  Additional charges accrue for “outlier”
hospital stays.

Kidney donor acquisition costs are not paid by
Medicare through the claims process and therefore
are not included in the HCFA SAFs.  Medicare pays
these charges by inflating the cost of all Medicare
inpatient stays (both ESRD and non-ESRD) by an
amount equal to the institutional acquisition cost for
all Medicare transplants.  We estimated the Medicare
payments for donor acquisitions as $25,000  per
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acquisition for the 8,000  kidney transplants.  The
latter was the sum of paid claims for Medicare kidney
transplants as recorded in the PMMIS files (6/95).
Eggers estimated the $25,000 per donor acquisition
through detailed examination of the annual Hospital
Cost Reports filed with HCFA (Eggers).  We
assumed an increase of 5 percent per year in total
acquisition costs from 1993-95.

Also excluded from the claims process recorded
in the HCFA SAFs are charges submitted by Health
Maintenance Organizations (HMO) treating ESRD
patients.  We have estimated these Medicare
payments as: [6,000 patients * (the sum of the Part A
and Part B Adjusted Average Per Capita Costs
(AAPC) per month) * 12].  We used the 1995
AAPCC of $1,438/month (Part A Medicare) and
$2,040/month (Part B Medicare) (HCFA, 1995).  The
6,000 HMO patient count per year is only
approximate.

Medicare makes separate payments to inpatient
institutions for malpractice insurance, education,
capital, and organ acquisition.  Organ acquisition
costs were estimated as described above.  Estimates
for the other three items were based on personal
communication from Paul Eggers, Ph.D. at HCFA.

The intent-to-treat analysis for the entire 1991-95
period enlisted patients only once during the period,
except for transplant patients as described above.
Separate intent-to-treat analyses were performed for
each year.  Each of these annual analyses also enlisted
patients only once during the period, except for
transplant patients as described above.  Patients who
had any period of MSP status, as reported in HCFA’s
Enrollment Database between 1991 and 1995, were
treated separately.  Patients without any reported
MSP during the 1991-95 period were entered into the
“primary” intent-to-treat group.  For both the primary
intent-to-treat group and the MSP group, Medicare
payments and survival times were aggregated
separately but for identical periods at risk from 1991
through 1995.

Payments by Employer Group Health Insurance
Plans are private (non-Federal) payments for
Medicare ESRD patients and are not reported in the
SAFs.  We estimated these payments as follows:
from the HCFA Enrollment Database, we identified
the subset of Medicare patients recorded as being
insured under a Medicare Secondary Payer for either
all or part of the time they were included in the intent-
to-treat analysis.  Under this analysis, we assessed
their Medicare payments per year at risk.  We then

calculated the difference between the average
Medicare payments per year at risk for the MSP
patients and the average Medicare payment per year
at risk for patients without MSP status, the “primary”
intent-to-treat group.  This difference was taken to be
the average amount paid by EGHPs for MSP patients.
This result was then multiplied by the number of
patient years at risk in the MSP group in order to
derive an estimate of the total EGHP payments for the
1991-1994 period. One fourth of this total was
assumed to arise in 1994.  (See the 1996 ADR).  The
1995 estimate is based on the 1994 estimate inflated
by 5 percent.

The estimated expenditure for non-Medicare
ESRD patients was 7.5 percent of total Medicare
claims arising from all “finder file” patients plus
patient obligations.  This estimate of 7.5 percent is
based on the count of non-Medicare dialysis patients
(see Chapter XI) and non-Medicare incident kidney
transplants.

Unless noted otherwise, spending accruing in
different years has not been adjusted for inflation or
discounted.  Thus, the dollar amounts reported can be
interpreted as approximating 1993/94 U.S. dollars.
When 1995 estimates are provided these are 1995
current dollars.

Rates of increase in Medicare spending per
patient year at risk were estimated from the primary
intent-to-treat analysis by aggregating yearly
spending estimates and yearly time at risk.  The ratio
of these estimates provides an estimate of the
spending per patient year.  This estimate is
unadjusted for changes in patient characteristics,
including age, sex, race, and diabetes.  These
estimates of spending change are compared to rates of
change in the consumer price index as reported by the
U.S. Department of Labor.

Methods Continued:
 Cost of Vascular Access Procedures
This subsection focuses on Medicare vascular

access reimbursements for hemodialysis patients
during 1994.  See the previous section for a general
description of the data sources.  Several additional
methodological issues arise when attempting to use
claims files to identify costs associated with particular
procedures.

First, we had to identify a set of procedure codes
that indicate the creation or revision of a vascular
access.  The codes we used to identify vascular-
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access-related procedures, and definitions of the most
frequently occurring codes appear in Tables X-6 and
X-7.  Since some of these codes are ambiguous, it is
possible that some procedures we identified were
performed for reasons other than creating or revising
a vascular access for hemodialysis.  As a sensitivity
analysis, we excluded some of the more ambiguous
codes.  Hereafter, the inclusive set of codes is
referred to as the “broad” definition of vascular
access procedures, while the more restricted
definition is referred to as the “narrow” definition.  It
is also possible that some vascular access procedures
were missed in our analysis because they were not
assigned to any code in our list.

Second, institutional inpatient claim payments
present a particular problem.  The Medicare payment
amount is for the entire inpatient episode, not just for
the costs directly associated with the vascular access
procedure or treatment of vascular access-related
morbidity.  Thus, we would overestimate inpatient
vascular access costs to the extent that claims in
which a vascular access procedure code was
identified also included genuinely unrelated
procedures and services.

In order to account for this, we estimated a
regression model of total 1994 inpatient costs for the
sample of patients in the DMMS Wave 1.  Predictors
of total inpatient institutional costs included
demographic characteristics, comorbid conditions, the
number of identified inpatient vascular access claims
and the number of identified physician and supplier
procedures indicating an inpatient vascular access
procedure (this variable is discussed in the next
paragraph).  The coefficient on the number of
inpatient institutional vascular access claims ($9,578,
t=25.8 for broad definition of vascular access codes;
$8,014, t=19.0 for narrow definition) indicates how
much total inpatient spending increased per identified
inpatient vascular access claim after controlling for
other predictors of inpatient spending.  These
coefficients were compared to the average Medicare
reimbursements per inpatient vascular access claim
($10,671 for broad definition; $10,504 for narrow
definition).  Since the regression coefficients are
lower than the corresponding average Medicare
reimbursements (10.3 percent lower for the broad
definition and 23.7 percent lower for the narrow
definition), the regression coefficients are consistent
with the interpretation that the costs of some
unrelated services are being captured by the
institutional inpatient claims.  Thus, the inpatient
costs reported in Tables X-10 and X-11 are scaled
down using the regression estimate.

It is possible that the demographic and comorbid
factors included in the regression model are not good
predictors of inpatient costs unrelated to vascular
access procedures and vascular access-related
morbidity.  If so, the regression coefficient on the
number of claims with a vascular access procedure
may still be an overestimate of vascular-access-
related costs.  To test this hypothesis, we added a
variable indicating whether or not the patient had an
acute myocardial infarction (AMI) during 1994.  We
hypothesized that AMI would be a costly condition
that could lead to (but not result from) a vascular
access complication.  Hence, some AMI claims may
contain a vascular access procedure code, causing us
to incorrectly classify the costs of treating the AMI as
vascular-access-related.  While the AMI indicator
variable was a highly significant predictor of inpatient
costs, the coefficient on the number of claims with a
vascular access code remained essentially unchanged.
In addition, the regression model was re-estimated
using the natural logarithm of inpatient costs as the
dependent variable.  Again, there was no appreciable
effect on the magnitude of the adjustment.

This process was repeated for the outpatient
institutional claims for vascular access.  Outpatient
payments for the vascular access procedure reported
in Tables X-10 and X-11 are scaled down (compared
to the unadjusted average reimbursements per
outpatient institutional claim) by 3.7 percent for the
broad definition and 14.9 percent for the narrow
definition.  These adjustments were smaller than
those for inpatient institutional claims, confirming the
intuition that unrelated services appearing in the same
claim as a vascular access procedure were more
prevalent in the inpatient setting than in the outpatient
setting.

Third, it appears that the number of institutional
claims for vascular access is understated.  For
example, there exists a relatively large set of patients
for whom we identified one or more inpatient
physician and supplier payment but for whom we did
not find a vascular access procedure code on any
inpatient institutional claim.  Of all patients in the
regression sample with at least one physician/supplier
bill for an inpatient vascular access procedure, only
62 percent had an inpatient institutional claim
containing a vascular access code.  While some of
these physician/supplier claims could simply have
had the place of service miscoded, this is likely to
also reflect the difficult and imprecise task of
identifying reasons for hospitalization from
procedures coded on the institutional claim.
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The regression coefficient on the variable for the
number of inpatient physician and supplier claims can
be used to derive an estimate of the cost of the
institutional inpatient claims for vascular access that
were not identified by the presence of a vascular
access procedure code on the inpatient institutional
payment record.  Since the dependent variable (total
inpatient institutional reimbursements) does not
include the inpatient payment of the physician and

supplier services, if all inpatient physician/supplier
claims are either associated with an identified
institutional inpatient claim or with a miscoded place
of service, this coefficient should not be significantly
different from zero.  However, if some of these
inpatient physician/supplier bills indicate inpatient
vascular access procedures for which we were unable
to identify an institutional claim, the coefficient will
be positive and significant.  Since the actual
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coefficient (inpatient) is positive and highly
significant ($717, t=8.3 for broad definition; $714,
t=7.3 for narrow definition), we used the coefficient
times the number of inpatient physician supplier
payments as an estimate of inpatient institutional
payments that were not identified via the procedure
codes on institutional inpatient paid claims.  Similar
procedures for the outpatient institutional claims
estimated a coefficient of $81, t= 7.2 for the broad
definition of vascular access; $102, t=6.6 for the
narrow definition.

Results
Financial Expenditures for Direct Patient
Care of ESRD Patients in the United
States, 1991-95
The Medicare SAF paid claims for ESRD patients

totaled $5.22 billion in 1991, $6.10 billion in 1992,
$6.96 billion in 1993, $7.80 billion in 1994, and
$8.83 billion in 1995 for a total of $34.91 billion over
the 5-year period.  Our primary intent-to-treat
analysis (excluding Medicare Secondary Payer
patients and other patients with short or unusual
periods of eligibility) included 83 percent of the total

payments from 1991-95.  The secondary intent-to-
treat model (MSP patients) included 4 percent of
these total dollars.  This implies that 13 percent of the
total Medicare SAF dollars were in neither the
primary intent-to-treat analysis nor the secondary
MSP model.

The left column of Table X-1 presents estimates
of the total 1995 direct monetary cost of medical care
for U.S. ESRD patients aggregated from HCFA paid
SAF files.  There are no restrictions for MSP or for
periods of eligibility of any kind.  These costs are the
total payments by Medicare for all identified ESRD
patients.  The costs are subdivided into several
categories of institutional payments (institutional
source and dialysis) and several categories of
physician/supplier payments (dialysis, ESRD related
treatment such as vascular access, and other
treatments).

The second column in Table X-1 presents
estimates of 1991-1994 spending for ESRD patient
medical care per year at risk from an intent-to-treat
analysis.  The costs are again subdivided into
institutional categories and physician/supplier
categories, as in the first column.  The third column
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Figure X-1

Estimated total direct monetary cost of treating ESRD in the United States, 1995.  Separate
estimates of cost are reported according to patient eligibility for Medicare insurance.  The
estimated cost of treating Medicare ESRD patients includes the following components:  total
Medicare payments from the HCFA Standard Analysis File  (SAF) claims; estimated Medicare
payments for organ donor acquisition, patients enrolled in a Health Maintenance Organization
(HMO) and other Medicare payments (includes education, capital and malpractice costs); patient
obligations of Medicare claims; and payments by private sources for patients who are covered by
an employer group health plan and for whom Medicare is a secondary insurance payer (MSP).
Source:  Reference Table K.1 and special analysis.
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of Table X-1 also presents spending estimates per
year at risk, but for the 1995 period alone.

Total estimated direct medical payments for
ESRD by public and private sources were $13.06
billion during 1995 (Figure X-1).  In the terminology
of cost effectiveness, this total would represent the
viewpoint of insurers, both public and private.  The
estimated total Federal spending would be $9.74
billion or 75 percent of the total estimated cost.
Other Federal and state funding is provided through
Medicaid and likely accounts for at least some of the
patient obligations for SAF claims and payments for
non-Medicare patients.

 As reported in Figure X-1, $9.55 billion ($9.74
billion after a 2 percent adjustment for the late
arriving claims) was paid by Medicare in 1995 as
reported in the SAF claims records.  Patient
obligations were estimated to be $2.16 billion (see
Figure X-1).  There are no precise studies regarding
how much of these obligations patients actually pay,
but the speculation is that most of these obligations
are paid by either insurance or philanthropy.

Employer Group Health Plans were estimated to
have paid $190 million in 1995 for the care of
Medicare ESRD patients with Medicare as Secondary
Insurer.  This estimate of total spending for Employer
Group Health Plans (EGHP) for ESRD is likely to be
a minimum estimate since EGHP are reported to pay

“retail prices,” which are higher than the Medicare
payment rate.

The distribution of health insurance coverage in
1996 is shown for incident hemodialysis patients
(Figure X-2) and peritoneal dialysis (Figure X-3) by
age group.  The data are from Wave 2 of the USRDS
Dialysis Morbidity and Mortality Study and include
all patients, whether or not they are insured by
Medicare.

Rates of Medicare spending increase for ESRD
patients per year at risk are shown in Table X-2.
From a 3.8 percent change per year in 1992-93, the
rate has decreased to a 2.8 percent change from 1994
through 1995.

Spending for ESRD is not the only price increase
in the United States.  We can choose from two
consumer price indices for comparison to the rate of
increase of ESRD.  The general CPI would be the
correct index to choose if one were examining rates
of change in the context of what other social and
economic purpose these ESRD costs could serve.  A
point of view which considers only the management
of ESRD care on the other hand, would suggest the
use of the medical component.  Whichever one uses,
the rate of increase in real resources spent for the
treatment of ESRD is small.  This measure of patient
years at risk, which is the item of purchase that
spending is normalized to, is not adjusted for changes

X - 2
U S R D S  1 9 9 7

3 0
3 3

2 2
1 51 7

2 2

6

5 7

<  6 5   ( n = 7 9 9 )
6 5  +   ( n = 3 3 8 )

M e d i c a r e    M e d icare        M e d icare                 N o
     a n d                  a n d  O t h e r                  O n ly                    M e d i c a r e
M e d ica id

6 0

4 0

2 0

0

P e r c e n t  o f  P a t ie n ts

D istr ib u tio n  o f In s u r a n c e  C o v e r a g e  f o r  I n c i d e n t  
P a tie n t s  b y  A g e ,  D M M S  W a v e  2 ,  1 9 9 6

8 0

H e m o d ia lys is

Figure X-2

Distribution of health insurance coverage for incident hemodialysis patients, by age group, 1996.
Data are from Wave 2 of the USRDS Dialysis Morbidity and Mortality Study (DMMS) and include
both Medicare (includes Medicare pending) and non-Medicare.  Source:  Special Analysis.



USRDS 1997 Annual Data Report    Economic Cost of ESRD, Vascular Access and Medicare Spending

151

in case mix (age, diabetes etc.).  Therefore the
changes in spending reported in Table X-2 can be
attributed to several sources including increased
(decreased) spending due to higher spending per
patient or higher (lower) case mix severity, changes
not measured in the “patient year at risk”.

These data underscore the conclusions of previous
Annual Data Reports that the primary driver of the
increase in the ESRD program costs is the continuing
(albeit recently slowing) increase in the number of
patients treated for ESRD.

C h a n g e s  in  M e d i c a r e  P a y m e n t  R a t e s  F o r  E S R D  a n d
   C h a n g e s  i n  t h e  C o n s u m e r  P r i c e  I n d e x ,  1 9 9 1 -  9 5

                 C h a n g e  P e r  Y e a r  ( % )
M e d i c a r e  P a y m e n ts
     a n d  C o n s u m e r  P r i c e  I n d e x 1 9 9 2 -93 1 9 9 3 - 9 4 1 9 9 4 - 9 5

T o ta l  M e d i c a r e  E S R D  P a y m e n ta

     ( P e r  P a t i e n t  Y e a r  a t  R i s k ) 3 .8 2 .1 2 .8

C o n s u m e r  P r i c e  I n d e x  ( C P I) b

     G e n e r a l (A ll Ite m s ) 3 .0 2 .7 2 .6
     M e d ica l 5 .9 5 .2 4 .4

E S R D  m i n u s  C P I
     G e n e r a l (A ll Ite m s ) 0 .8 -0 .6 0 .2
     M e d ica l -2 .1 -3 .1 - 1 .6

a  M e d i c a r e  S p e n d i n g  R a t e s  f r o m  I n t e n t - t o - T r e a t ,  n o t  a d j u s t e d  f o r  c h a n g e s  i n  a g e  a n d  c o m o rb id i t y .
I n c l u d e s  o n l y  p a t i e n t s  a n d  y e a r s  a t  r is k  w ith  M e d i c a r e  P a y m e n ts .
E x c l u d e s  M e d ica re  S e c o n d a r y  P a y e r  pa t ien ts .   

b  S o u r c e :   U S  D e p a r t m e n t  o f  L a b o r ,  B u r e a u  o f  L a b o r  S t a t i s t i c s ,  1 9 9 6 .  h t t p : s t a t s . b l s . g o v 1 9 9 6 .

U S R D S  1 9 9 7

Table X-2

X - 3
U S R D S  1 9 9 7
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1 6
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1 0
6

<  6 5   ( n = 8 4 6 )
6 5  +   ( n = 2 0 4 )
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4 0

6 0

8 0

0

P e r c e n t  o f  P a t i e n t s

M e d i c a r e    M e d icare        M e d icare                 N o
     a n d                  a n d  O t h e r                  O n ly                    M e d i c a r e
M e d ica id

D istr ib u tio n  o f In s u r a n c e  C o v e r a g e  f o r  I n c i d e n t  
P a tie n t s  b y  A g e ,  D M M S  W a v e  2 ,  1 9 9 6

P e rito n e a l D ia lys is  

Figure X-3

Distribution of health insurance coverage for incident peritoneal dialysis patients, by age group,
1996.  Data are from Wave 2 of the USRDS Dialysis Morbidity and Mortality Study (DMMS) and
include both Medicare (includes Medicare pending) and non-Medicare.  Source:  Special Analysis.
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Limitations of this Research

• The estimates for organ procurement and HMO
payments by Medicare are particularly soft.

• The estimates of Employer Group Health Plan
payments for Medicare ESRD patients are soft,
but the overall picture is that MSP may be a
smaller issue than common wisdom would
suggest.

• There are a number of medical and non-medical
costs that are not included in the tally shown in
Figure X-1.  These excluded costs include:
outpatient drugs not paid by Medicare;  costs of
transportation not paid by Medicare;  costs
incurred by the Department of Veterans Affairs;
and lost labor production in and out of the home.
In addition, there are substantial transfer payments
involved with ESRD such as Social Security
Payments which are not technically a true cost of
ESRD, but are nonetheless substantial items on
the public policy agenda.  While the cost of
Medicaid payments for ESRD is included in the
tally shown in Figure X-1, the Federal portion of
these Medicaid costs is not identified.  The
Federal expenses for Medicaid insurance would
be included in the patient obligations and in the
cost of non-Medicare patients.

• There is evidence that not all claims make their
way into the HCFA billing records.  (Petronis;
Sadler; Held).  So the estimated spending from
HCFA records may have a downward bias.

Medicare Spending for Alternative
Modalities of Treatment

Introduction
This study provides an analysis of the Medicare

spending (also called payment or reimbursement) for
different treatment modalities for patients with
chronic renal failure.  The analyses were stratified by
age, sex, race, and cause of end-stage renal disease.
However, no other adjustments for case mix severity
were attempted.  Since the data are observational
(patients were not randomly assigned to treatment
modalities), the results are presented with the caveat
that there may be selection of patients with particular
comorbidities into particular treatment modalities.

A secondary motivation for performing these
analyses is the increasing proportion of Medicare’s
enrollees who are being treated in managed care
alternatives to the traditional fee-for-service (FFS)
system.  In December 1994, 6.3 percent of all

Medicare beneficiaries (not restricted to ESRD) were
enrolled in at-risk Health Maintenance Organizations,
a 22 percent increase compared to 1 year earlier
(GAO 1995).  Currently, the Health Care Financing
Administration sets capitation rates paid to at-risk
HMOs on the basis of reimbursements in the FFS
system.  (This rate is called the AAPCC for Adjusted
Annual Per Capita Cost).  These rates take ESRD
status and the local price level into account, but a
wide variety of additional predictors of costs are not
explicitly used in the rate-setting process.  To the
extent that costs of care vary predictably with respect
to patient characteristics that are not included in the
rate-setting method, the incentives for at-risk HMOs
to enroll and care for specific patients can be
substantially affected.

Methods and Materials
See the Methods section at the beginning of this

chapter.

Results
For each patient, length of followup and Medicare

costs during the followup period in the analysis were
calculated.  The total Medicare payments from the
Standard Analysis Files for identified Medicare
ESRD patients from January 1, 1991, until December
31, 1995, were $34.91 billion (Reference Table K.1).
Eighty seven percent of these total program costs,
($30.36 billion) was incurred by patients who were
included in the primary intent-to-treat model
(Reference Table K.2).  The remaining $4.55 billion
was incurred by patients with Medicare Secondary
Payer status indicated in the HCFA system ($1.42
billion) and other patients with low spending at some
time during the study period ($3.13 billion), including
patients who were lost to followup (see Methods) or
who had insufficient billing information to establish
that the patient had received a transplant or was
receiving regular dialysis.  The latter two low-
spending categories likely include patients for whom
there was incomplete billing, patients with short
treatment periods that were associated with very low
spending, or possibly other patients with MSP
sometime during the study period.  See the Methods
section earlier in this chapter for further details.

Table X-3 illustrates the Medicare payments per
patient year at risk by treatment modality.  Total
spending per year at risk for all treatment modalities
combined was $38K.  There was considerable
variance across modalities, however.  While costs for
all dialysis patients averaged $46K per year,
Medicare payments for transplant patients (not
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including payments for organ procurement) were only
$16K per year.  Hemodialysis payments averaged
$46K per year whereas CAPD/CCPD payments
combined averaged $41K per year.  Patients treated
with other or uncertain (less than 60 days on a
modality) dialysis were the most costly, averaging
$53K per year.  None of these figure are adjusted for
differences in patient characteristics.

Results for five age groups (0-19, 20-44, 45-64,
65-74, and 75 years and older) are also presented in
Table X-3.  Annual costs for ESRD treatment rise
steadily with age from a low of $22K per person per
year for ages 0-19 to a high of $50K per person per
year for the 75-and-older age group (127 percent
increase between the youngest and oldest age
groups).  Annual costs within any given modality do
not rise as sharply with age as costs averaged across
all treatment modalities.  For hemodialysis there is an
increase of  22 percent, for CAPD/CCPD an increase

of 8 percent, for other and uncertain dialysis an
increase of 69 percent, and for transplant an increase
of 43 percent, between the youngest and oldest age
groups.  Although costs for transplant patients rise
faster with age than costs for hemodialysis and
CAPD/CCPD, the absolute increase in costs ($6K) is
very similar to that for all dialysis patients ($9K).
The higher costs for older patients across all
modalities can be attributed to the sharp decline in the
ratio of transplanted to dialyzed patients with age.

Costs for diabetic and nondiabetic patients are
also illustrated  in Table X-4.  As expected, diabetic
patients are more costly to treat than nondiabetics
($13K difference,  $45K vs. $32K for patients aged
45-64).  In the 45-64 age group within all treatment
modalities except the “other” dialysis group. the
differences between diabetics and nondiabetics costs
are strikingly similar (ranging from $9K for

M e d i c a r e  P a y m e n t s  ( $ 1 0 0 0 s )  P e r  P a t i e n t  Y e a r  a t  R i s k  ( Y A R )  b y  A g e  a n d  D i a b e t i c  S t a t u s ,
1 9 9 1 - 1 9 9 5  I n t e n t - t o - T r e a t  A n a l y s e s a

  M o d a lity
  A ll E S R D    D ia lys is         H D C A P D / C C P D     O t h e r        T X b

A g e  G r o u p P M T Y A R P M T Y A R P M T Y A R P M T Y A R P M T Y A R P M T Y A R

A ll P a tie n ts
A ll A g e s $ 3 8 7 6 3 $ 4 5 5 6 6 $ 4 6 4 7 6 $ 4 1 8 1 $ 5 3 9 $ 1 6 1 9 7
0 - 1 9  y e a r s 2 2 1 5 4 1 4 4 1 2 4 0 2 4 5 < 1 1 4 1 0
2 0 -44 2 9 2 1 2 4 1 1 1 0 4 1 8 5 3 8 2 3 4 4 2 1 6 1 0 2
4 5 -64 3 7 2 6 8 4 4 1 9 4 4 5 1 6 2 4 1 2 9 4 8 3 1 7 7 3
6 5 -74 4 6 1 7 9 4 8 1 6 8 4 8 1 4 6 4 3 2 0 6 1 2 2 0 1 0
7 5 + 5 0 9 0 5 0 9 0 5 0 8 1 4 3 8 7 6 1 2 0 < 1

D iabe t i c
A ll A g e s 4 5 2 1 7 5 1 1 7 6 5 1 1 4 9 4 7 2 5 5 8 3 2 2 4 1
0 -19 3 4 < 1 4 8 < 1 4 9 < 1 * * * * 2 0 < 1
2 0 -44 3 4 4 8 1 9 2 3 5 0 1 6 4 5 6 5 1 1 2 1 2 5
4 5 -64 4 5 8 9 4 9 7 4 5 0 6 2 4 7 1 1 5 2 1 2 4 1 5
6 5 -74 5 1 6 1 5 2 6 0 5 2 5 3 4 8 6 6 5 1 3 0 1
7 5 + 5 4 1 9 5 5 1 9 5 5 1 7 4 7 1 8 2 < 1 * *

N o n -d iabe t i c
A ll A g e s 3 5 4 7 9 4 3 3 4 5 4 3 2 8 8 3 8 5 1 5 0 5 1 5 1 3 5
0 -19 2 2 1 3 4 1 4 4 1 2 4 0 2 4 4 < 1 1 4 9
2 0 -44 2 7 1 4 4 3 8 7 7 3 9 6 1 3 6 1 5 4 0 1 1 4 6 6
4 5 -64 3 2 1 5 7 4 1 1 0 6 4 1 8 7 3 8 1 7 4 5 2 1 6 5 1
6 5 -74 4 3 1 0 3 4 5 9 5 4 6 8 2 4 0 1 3 5 8 1 2 0 8
7 5 + 4 8 6 3 4 8 6 3 4 9 5 6 4 2 5 7 4 1 2 0 < 1

a  E x c l u d e s  p a t i e n t s  w i t h  M e d ic a r e  S e c o n d a r y  P a y e r  s ta tus  a t  any  t im e .   D i a l y s i s  p a t i e n t s  a r e  c e n s o r e d  a t  t r a n s p l a t a t i o n  o r  e n d  o f  s t u d y .
b  T x  =  F u n c tio n in g  t r a n s p l a n t  a t  1 / 1 / 9 1  a n d  n e w  t r a n s p lan ts  t he rea f te r ;  no  censo r i ng  a t  g ra f t  f a i l u re .
P M T = M e a n  M e d ic a r e  p a y m e n t  ( $ 1 0 0 0 s )  p e r  p a t i e n t  y e a r  a t  r i s k ,  1 9 9 1 - 1 9 9 5
Y A R = Y e a rs  a t  r i sk  (1000 's )  fo r  t he  P M T  e s t im a te
*  =  Insu f f i c i en t  da ta U S R D S  1 9 9 7

Table  X-3
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hemodialysis and CAPD/CCPD to $8K for
transplant).

The finding that the overall difference between
diabetics and nondiabetics ($13K) exceeds those
found within any major modality arises because
diabetics are underrepresented in the lowest cost
group (transplant).  Gender and race specific
spending comparisons for all ESRD, dialysis, and
transplant patients are illustrated for diabetic patients
in Table X-4.

Several patterns emerge from this table.  First,
spending for females within the same race category is
higher than spending for males in all age groups and
all treatment modalities with three exceptions: 1)
dialysis for Blacks of age group 75 plus where the

spending is equal,  2) transplant for Whites in age
groups 20-44 and 45-64 where spending is equal, 3)
transplants for Blacks in age group 75 and older
where spending is higher for females.

Second, payments for all ESRD is higher for
Blacks than Whites within the same gender and age
group for patients less than 65 years. In the 65-74 age
group, spending for Black female patients per year is
less than that for White female patients and that for
Black males is equal to that for White males.
Differences in cost per year at risk can be attributed
to differences in the modality mix across patient
cohorts.

 M e d i c a r e  P a y m e n t s  ( $ 1 0 0 0 )  P e r  P a t i e n t  Y e a r  a t  R i s k  ( Y A R ) ,
 b y  A g e ,  R a c e  a n d  S e x ,  1 9 9 1 - 1 9 9 5   I n t e n t - t o - T r e a t  A n a l y s e s a

   D iabe t ic

M o d a lity

P a tie n t  A g e ,   A ll E S R D    D ia lys is b        T X c

R a c e ,  S e x P M T Y A R P M T Y A R P M T Y A R

A ll A g e s
     B l a c k  F e m a le $ 5 0 4 5 $ 5 1 4 2 $ 3 1 2
     B l a c k  M a le 4 7 2 7 4 9 2 4 3 0 3
     W h ite  F e m a le 4 6 6 6 5 2 5 2 2 1 1 3
     W h ite  M a le 4 1 6 7 5 0 4 7 2 1 2 0

A g e  0 -19  y r s .  * * * * * *

A g e  2 0 - 4 4  y rs .
     B l a c k  F e m a le 4 7 4 5 2 3 3 2 1
     B l a c k  M a le 4 4 5 4 9 4 3 0 1
     W h ite  F e m a le 3 2 1 6 5 1 6 2 0 9
     W h ite  M a le 3 1 2 2 4 7 9 2 0 1 3

A g e  4 5 - 6 4  y rs .
     B l a c k  F e m a le 4 8 2 1 4 9 1 9 3 0 1
     B l a c k  M a le 4 5 1 4 4 8 1 2 2 9 2
     W h ite  F e m a le 4 6 2 3 5 1 1 9 2 3 4
     W h ite  M a le 4 2 2 5 5 0 1 8 2 3 7

A g e  6 5 - 7 4  y rs .
     B l a c k  F e m a le 5 1 1 5 5 2 1 5 3 1 < 1
     B l a c k  M a le 5 0 6 5 1 6 3 2 < 1
     W h ite  F e m a le 5 3 2 1 5 4 2 1 3 3 < 1
     W h ite  M a le 5 0 1 5 5 1 1 5 3 0 1

A g e  7 5 +  y r s .
     B l a c k  F e m a le 5 5 4 5 5 4 * *
     B l a c k  M a le 5 5 2 5 5 2 * *
     W h ite  F e m a le 5 5 7 5 5 7 * *
     W h ite  M a le 5 4 5 5 4 5 * *
a  E x c l u d e s  p a t i e n t s  w h o  w e r e  M e d i c a r e  S e c o n d a r y  P a y e r  s t a t u s  a t  a n y  t i m e
b  C e n s o r e d  o n l y  a t  t r ansp lan ta t i on .
c  T x  =  F u n c t i o n i n g  t r a n s p l a n t  a t  1 / 1 / 9 1  a n d  n e w  t r a n s p l a n t s  t h e r e a f t e r ;  

no  censo r i ng  a t  g ra f t  f a i l u re
P M T = M e a n  M e d ic a r e  p a y m e n t  ($ 1 0 0 0 s )  pe r  pa t i en t  yea r  a t  r i s k ,  1991 -1995
Y A R = Y e a rs  a t  r i sk  (1000s )  f o r  t he  P M T  e s t im a te
*  =  Insu f f i c i en t  da ta U S R D S  1 9 9 7

Table X-4
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Third, payments for dialysis are lower or the same
for Blacks compared to Whites within the same age
group, for the 45-64 and the 65-74 age cohorts, and
higher in the 20-44 cohort.  Gender and race specific
costs for all ESRD, dialysis, and transplant patients
are illustrated for nondiabetic patients in Table X-5.
First, for all ESRD, spending for Blacks is higher in
all age-gender groups except that Black males and
White females have the same spending in the 65-74
and the 75+ cohorts.

Second, for transplanted patients spending is
higher across all age-gender groups less than 75 for

Blacks than for Whites and spending for dialysis is
higher in all age-gender groups for Blacks except the
65-74 cohort where spending is equal.  Comparing
Tables X-4 and X-5 we note that, as expected,
spending is higher for diabetics than nondiabetics in
all comparable cohorts.

Conclusions and Limitations
The USRDS/HCFA database is certainly rich and

powerful.  However this database is dynamic and not
always complete.  Certainly the system is constantly
changing especially in the 1994-96 period (See

  M e d i c a r e  P a y m e n t s  ( $ 1 0 0 0 )  P e r  P a t i e n t  Y e a r  a t  R i s k  ( Y A R ) ,
 b y  A g e ,  R a c e  a n d  S e x ,  1 9 9 1 - 1 9 9 5  I n t e n t - t o - T r e a t  A n a l y s e s a

    N o n - D i a b e t i c
M o d a lity

P a tie n t  A g e ,    A ll E S R D     D ia lys is b        T X c

R a c e ,  S e x P M T Y A R P M T Y A R P M T Y A R

A ll A g e s
     B l a c k  F e m a le $ 4 1 7 7 $ 4 4 6 6 $ 2 1 1 1
     B l a c k  M a le 3 7 8 9 4 3 7 1 2 0 1 8
     W h ite  F e m a le 3 5 1 2 7 4 4 8 8 1 4 3 9
     W h ite  M a le 3 2 1 6 6 4 2 1 0 7 1 3 5 9

A g e  0 -19  y r s .  
     B l a c k  F e m a le 3 4 1 4 5 1 2 3 1
     B l a c k  M a le 2 9 2 4 1 1 1 9 1
     W h ite  F e m a le 2 2 4 4 0 1 1 5 3
     W h ite  M a le 1 8 6 3 9 1 1 2 4

A g e  2 0 - 4 4  y rs .
     B l a c k  F e m a le 3 5 2 2 4 1 1 5 2 1 6
     B l a c k  M a le 3 4 3 4 3 9 2 5 2 0 9
     W h ite  F e m a le 2 4 3 3 3 8 1 5 1 3 1 9
     W h ite  M a le 2 2 4 7 3 6 1 9 1 2 2 8

A g e  4 5 - 6 4  y rs .
     B l a c k  F e m a le 3 9 2 7 4 2 2 3 2 1 4
     B l a c k  M a le 3 6 3 4 4 0 2 7 2 1 7
     W h ite  F e m a le 3 1 3 9 4 1 2 4 1 4 1 5
     W h ite  M a le 2 8 4 9 3 9 2 7 1 4 2 2

A g e  6 5 - 7 4  y rs .
     B l a c k  F e m a le 4 6 1 7 4 6 1 7 2 3 < 1
     B l a c k  M a le 4 4 1 3 4 5 1 2 2 6 1
     W h ite  F e m a le 4 4 3 1 4 6 2 8 1 8 3
     W h ite  M a le 4 2 3 9 4 5 3 5 2 0 4

A g e  7 5 +  y r s .
     B l a c k  F e m a le 5 1 9 5 1 9 * *
     B l a c k  M a le 4 9 6 4 9 6 * *
     W h ite  F e m a le 4 9 2 0 5 0 2 0 1 6 < 1
     W h ite  M a le 4 7 2 6 4 7 2 6 2 2 < 1
a  E x c l u d e s  p a t i e n t s  w h o  w e r e  M e d i c a r e  S e c o n d a r y  P a y e r  s t a t u s  a t  a n y  t i m e
b  C e n s o r e d  o n l y  a t  t r ansp lan ta t i on .
c  T x  =  F u n c t i o n i n g  t r a n s p l a n t  a t  1 / 1 / 9 1  a n d  n e w  t r a n s p la n ts  the rea f te r ;  

no  censo r i ng  a t  g ra f t  f a i l u re
P M T = M e a n  M e d ic a r e  p a y m e n t  ($ 1 0 0 0 s )  pe r  pa t i en t  yea r  a t  r i s k ,  1991 -1995
Y A R = Y e a rs  a t  r i sk  (1000s )  f o r  t he  P M T  e s tim a te
*  =  Insu f f i c i en t  da ta U S R D S  1 9 9 7

Table X-5
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Chapter XIII).  The estimates of the  spending level
per year for 1991 in this 1997 report produced
somewhat different estimates than we estimated for
1991 in the 1996 report.  There have been many
changes in the USRDS and other databases in recent
years and nearly everything changes in subtle and
unmeasured ways, so some caution is warranted in the
interpretation of these and all analyses.

The current analyses have used an intent-to-treat
model.  The primary reason for this was to try to
determine a well-defined subpopulation that is known
to be insured primarily by Medicare and for whom

time at risk could be more precisely estimated.
Neither of these objectives is easily achieved.  We
remain somewhat uncertain about whether and when
a patient has MSP status.  When this happens the
financial indicators may be totally misleading or, in
the worst case, only somewhat misleading.  It is not
easy to find a well defined population for which the
spending and time at risk is precisely known.

These spending analyses clearly show that there
are substantial differences in the patterns of resource
utilization by patient demographics and by modality
of treatment.  Age, diabetes, and sex are easy to

       D e fin itio n s  o f  S e l e c t e d  V a s c u l a r  A c c e s s  P r o c e d u r e  C o d e s
I C D 9  a n d  H C P C S ,  1 9 9 4 a

P r o c e d u r e  C o d e  P e r c e n t  o f  T o t a l  V A  P r o c e d u r e s
(IC D 9  o r  H C P C S ) D e fin it io n N a r r o w B r o a d

IC D 9 3 9 2 7 A rte r io v e n o s tom y  f o r  r e n a l  d ia lys is 4 .6 4 .0
3 9 4 2 R e v i s i o n  o f  a r t e r i o v e n o u s  s h u n t  f o r  r e n a l d ia lys is 6 .2 5 .4
3 9 4 3 R e m o v a l  o f  a r t e r i o v e n o u s  s h u n t  f o r  r e n a l d ia lys is 1 .0 0 .9
3 9 4 9 O t h e r  r e v i s i o n  o f  v a s c u l a r  p r o c e d u r e 9 .6 8 .3

H C P C S 0 1 7 8 4 A n e s t h e s ia  f o r  r epa ir o f  a r t e r i o - v e n o u s  ( A - V )  
fis t u l a ,  c o n g e n ita l o r  a c q u ire d . 2 .1 1 .8

0 1 8 4 4 A n e s t h e s i a  f o r  v a s c u la r  s h u n t, o r  s h u n t  r e v is io n , 
a n y  t ype  (eg ,  d ia l ys i s ) . 1 9 .0 1 6 .4

3 5 8 7 5 G raf t  th rom b e c tom y 6 .3 5 .4
3 5 8 7 6 T h r o m b e c tom y  o f  a r te r i a l  o r  venous  g ra f t ;  w ith  

r e v i s i on  o f  a r t e r i a l  o r  venous  g ra f t 1 .2 1 .1
3 5 9 0 3 E x c is ion  o f  i n fec ted  g ra f t ;  ex t rem ity 1 .3 1 .1
3 6 4 8 9 V a s c u la r  I n j ec t i on  P rocedu res  I n t ra -a r te r i a l  

P l a c e m e n t  of  C V  c a the te r  f o r  hem o d ia l ys is  o r  
o t h e r ,  p e r c u t a n e o u s ,  o v e r  2  y e a r s  o ld . 1 2 .2 1 0 .5

3 6 5 3 3 Inser t i on  o f  im p la n t a b l e  v e n o u s  a c c e s s  p o r t, w ith  
o r  w ith o u t  s u b c u t a n e o u s  r e s e r v o ir 3 .1 2 .7

3 6 5 3 5 R e m o v a l  of  im p la n t a b l e  v e n o u s  a c c e s s  p o r t 
a n d / o r  s u b c u t a n e o u s  r e s e r v o ir 2 .4 2 .1

3 6 8 0 0 I n t r a v a s c u la r  C a n n u l a  o r  S h u n t  P l a c e m e n t  
I n s e r t i o n  o f  c a n n u l a  f o r  h e m o d ia l ys i s ,  o the r  
p u r p o s e ,  ve in  to  ve in 6 .5 5 .6

3 6 8 2 1 I n t r a v a s c u la r  C a n n u l a  o r  S h u n t  P l a c e m e n t  A V  
a n a s tom o s is ,d i rec t ,  any  s i te ,  (eg  C im ino  
t y p e ) . ( s e p a r a t e  p r o c e d u r e ) 1 .2 1 .0

3 6 8 2 5 I n t r a v a s c u la r  C a n n u l a  o r  S h u n t  P l a c e m e n t  
C r e a t i o n  o f  A V  f i s t u l a ,  a u t o g e n o u s  g r a f t . 1 .3 1 .1

3 6 8 3 0 I n t r a v a s c u la r  C a n n u l a  o r  S h u n t  P l a c e m e n t  
C r e a t i o n  o f  A V  f i s t u l a ,  n o n a u t o g e n o u s  g r a f t . 8 .4 7 .3

3 6 8 3 2 R e v i s i on  o f  an  a r te r i ovenous  f i s t u l a ,  w ith  o r  
w ith o u t th r o m b e c tom y ,  a u t o g e n o u s  o r  n o n -
a u t o g e n o u s  g r a ft. 1 1 .8 1 0 .2

S u b  T o ta l 9 8 .4 8 4 .9
O t h e rb 1 .6 1 5 .1

T o ta l 1 0 0 .0 1 0 0 .0

a  E s t im a tes  a re  f rom  M e d ic a re  Ins t i t u t i ona l  and  P h y s ic i an /Supp l i e r  C la im s
b   C o d e s  o f IC D 9 / H C P C S  n o t  s h o w n  w h i c h  b r i n g  t h e  t o t a l s  t o  1 0 0  p e r c e n t :  3 5 1 8 0 ,  3 5 9 0 0 ,  3 5 9 1 0 ,  3 6 5 3 4 ,   

3 6 8 1 0 ,  3 6 8 1 5 ,  3 6 8 2 0 ,  3 6 8 3 4 ,  3 6 8 3 5 ,  3 6 8 4 0 ,  3 6 8 4 5 ,  3 7 6 0 7 ,  M 0 9 0 0

U S R D S  1 9 9 7
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measure and verify and should make for reasonable
indices on which to base payment for a capitation
plan.  However, within each of these groups there is
still substantial variation, and there is always the
possibility that providers and patients may well have
information that would permit “gaming “ the system
(Brown et al, 1993).  While such possibilities may
suggest that using these demographic indicators may
not be sufficient as the guide to setting capitation
rates, there is no good reason to not use these
indicators as a starting position.

These spending analyses are of course the pattern
observed in the fee for service system.  When
incentives are changed, as under a managed care plan,
in all likelihood there will be a very different patterns
of spending.  It remains to be seen if the costs can be
lower and the quality of care as good or better under a
managed care plan.

Medicare Spending for
Hemodialysis Vascular Access
Procedures

Introduction
It has been reported that vascular access

complications are the largest single cause of
morbidity in the hemodialysis population, accounting
for 15-16 percent of hospitalizations (Feldman et al.,
1993).  In addition, large unexplained variations in
geographic practice patterns have been documented
along with a dramatic shift away from endogenous
arteriovenous fistula towards synthetic grafts as the
type of vascular access in newly treated hemodialysis
patients.  This shift in vascular access has occurred
despite clinical evidence that patients with
endogenous fistulas experience lower complication
rates (Hirth et al., 1996).  These findings imply that
there may be an opportunity to both improve care and
reduce costs by modifying vascular access practice
patterns.  This makes controlling vascular access
decisions a likely target for managed care companies
in the upcoming HCFA demonstrations.

    D istr ib u tio n s  o f  S e l e c t e d  V a s c u l a r  A c c e s s  P r o c e d u r e s  b y  L o c a tio n  o f  S e r v i c e ,
   M e d i c a r e  H e m o d i a l y s i s  P a t i e n t s ,  1 9 9 4 a ,c

I n p a t i e n t O u t p a t i e n t T o t a l

IC D 9 /H C P C S  C o d e b C o u n t % C u m  % C o u n t % C u m  % C o u n t % C u m  %

IC D 9 3 9 2 7 1 6 , 4 0 7 2 2 2 2 7 , 5 4 9      6 6 2 3 , 9 5 6    1 2 1 2
3 9 4 2 1 8 , 1 5 3 2 5 4 7 1 3 , 8 7 9    1 1 1 7 3 2 , 0 3 2    1 6 2 9
3 9 4 3 4 , 0 9 4   6 5 3 1 , 1 5 1      1 1 8 5 , 2 4 5      3 3 1
3 9 4 9 2 6 , 7 7 1 3 7 8 9 2 2 , 5 7 2    1 8 3 7 4 9 , 3 4 3    2 5 5 6
A ll O the rs 7 , 7 7 7   1 1 1 0 0 3 , 0 6 9      2 3 9 1 0 , 8 4 6    6 6 2

H C P C S 0 1 7 8 4 0 0 1 0 0 8 6           0 3 9 8 6           0 6 2
0 1 8 4 4 0 0 1 0 0 2 4 8         0 3 9 2 4 8         0 6 2
3 5 8 7 5 2 0 1 0 0 8 , 1 5 1      7 4 6 8 , 1 5 3      4 6 6
3 5 8 7 6 1 0 1 0 0 1 , 7 8 4      1 4 8 1 , 7 8 5      1 6 7
3 5 9 0 3 0 0 1 0 0 4 0 7         0 4 8 4 0 7         0 6 7
3 6 4 8 9 4 0 1 0 0 8 , 8 7 4      7 5 5 8 , 8 7 8      5 7 2
3 6 5 3 3 0 0 1 0 0 2 , 1 8 5      2 5 7 2 , 1 8 5      1 7 3
3 6 5 3 5 1 0 1 0 0 2 , 0 9 0      2 5 9 2 , 0 9 1      1 7 4
3 6 8 0 0 3 0 1 0 0 7 4 8         1 5 9 7 5 1         0 7 4
3 6 8 2 1 3 0 1 0 0 2 , 0 7 7      2 6 1 2 , 0 8 0      1 7 5
3 6 8 2 5 2 0 1 0 0 1 , 9 6 5      2 6 2 1 , 9 6 7      1 7 6
3 6 8 3 0 0 0 1 0 0 4 , 2 8 8      3 6 6 4 , 2 8 8      2 7 9
3 6 8 3 2 4 0 1 0 0 2 1 , 0 3 2    1 7 8 3 2 1 , 0 3 6    1 1 8 9
A ll O the rs 6 0 1 0 0 2 0 , 8 7 1    1 7 1 0 0 2 0 , 8 7 7    1 1 1 0 0

T o ta l 7 3 , 2 2 8 1 0 0 1 0 0 1 2 3 , 0 2 6  1 0 0 1 0 0 1 9 6 , 2 5 4  1 0 0 1 0 0
a   R e m a in ing  IC D 9 / H C P C S  C o d e s :  3 5 1 8 0 ,  3 5 9 0 0 ,  3 5 9 1 0 ,  3 6 5 3 4 ,  3 6 8 1 0 ,  3 6 8 1 5 ,  3 6 8 2 0 ,  3 6 8 3 4 ,  3 6 8 3 5 ,  

3 6 8 4 0 ,  3 6 8 4 5 ,  3 7 6 0 7 ,  M 0 9 0 0  
b   I n te rna t i ona l  C lass i f i ca t ion  o f  D i s e a s e s ,  9 t h  R e v i s i o n ;  H C F A  C o m m o n  P r o c e d u r e  C o d i n g  S y s t e m
c   E s tim a tes  a re  f rom  M e d ica re  Ins t i t u t i ona l  and  P h y s ic ian /S u p p lie r  C la im s

U S R D S  1 9 9 7
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In this study, we attempt to document the
Medicare costs associated with vascular access
procedures.

Methods and Materials
See the Methods section at the beginning of this

chapter.

Results
Table X-6 defines selected vascular-access-related

codes and indicates the percentage of total procedures
accounted for by each procedure code.  Counts of
procedures from the institutional claims files by place
of service (inpatient vs. outpatient/other) and total are
presented in Table X-7.  The small number of
procedures performed in dialysis units, skilled
nursing facilities, and hospices were classified as
outpatient procedures.

To adjust the institutional inpatient and outpatient
spending amounts for non-vascular access spending
that was implicit but not identified in the entire paid
claim, a regression model was estimated to scale the
paid amount down.  This same regression model was
also used to estimate the amount of inpatient and
outpatient institutional claims that were “missed”
because of the lack of a vascular access code on the
institutional paid claim but which were reported by
the physician/supplier claims.  (See Methods).

The regression model was based on the Wave 1
Dialysis Morbidity and Mortality Study (DMMS)
Special Study sample. (See Chapter I and II).  Table
X-8 reports on the basic characteristics of this
regression sample of 4,087 prevalent patients.  Some
of the details of these regression analyses are reported
in Table X-9.

R e g r e s s i o n  S p e c i f i c a t i o n  U s e d  t o  E s t i m a te  M e d i c a r e  S p e n d i n g  f o r
 V a s c u l a r  A c c e s s  P r o c e d u r e s ,  D M M S  W a v e  1  H e m o d i a l y s i s  P a t i e n t s ,  1 9 9 4

P a r a m e ter /S tat is tic s D e fin it io n s  /  C o m m e n ts

S a m p le : T o ta l  D M M S  W a v e  1  s a m p le  w a s   5 4 5 0  h e m o d ia l ys is  pa t ien ts .   
   E x c lu d e d  fro m  th is  w e r e  n o n - M e d i c a r e  p a t i e n t s ,   p a t i e n t s  w h o s e
   T o ta l  M e d i c a r e  S p e n d i n g  P a y m e n t in  1 9 9 4  w a s  le s s  t h a n  $ 2 , 0 0 0 ,
   a n d  M e d i c a r e  p a t i e n t s  w h o  w e r e  e x c lu d e d  fro m  t h e  1 9 9 1 - 9 4  
   In ten t - to - t rea t  m o d e l  (see  tex t  fo r  c r i te r ia ) .
R e s u ltin g  S a m p l e :   4 , 0 8 7  P r e v a le n t M e d i ca re  H e m o d ia l ys i s  Pa t ien ts
   w ith  3 4 6 8  Y e a r s  a t  R i s k .

D e p e n d e n t  Va r i ab les : (1 )  T o ta l  Ins t i tu t iona l  Inpa t ien t  M e d i c a r e  S p e n d in g  a n d  (2 )  T o ta l
    Ins t i tu t iona l  O u tpa t ien t  M e d i c a r e  S p e n d i n g  f o r  e a c h  p a t i e n t  i n  1 9 9 4 .

E s tim a tio n  T e c h n iq u e : M u ltip le  L i nea r  R e g r e s s io n

M o d e ls  E s tim a t e d : F o u r  M o d e ls:  B r o a d  a n d  N a rro w  D e fin itio n s  o f  V a s u l a r  A c c e s s
   P r o c e d u r e s ( C o v a r i a tes )  f o r  bo th  I npa t i en t  and  O u tpa t i en t
   S p e n d in g  ( D e p e n d e n t  Va r i ab l es )

C o v a ria t e  Ad jus tm e n ts : A g e ,  S e x ,  R a c e ,  P r i m a ry  D i s e a s e  a n d  8  C o r m o r b i d  C o n d i t i o n s  ( L V H ,
   P V D ,  Pu lm o n a ry  E d e m a , C H D ,  C a r d io m a e g a l y  by  X - ray ,  N e o p la s m
   C o n g e s tiv e  H e a rt F a ilu re ,  U n a b l e  t o  A m b u la t e  I n d e p e n d e n tly ) .

V a s c u lar  A c c e s s  (1 )   C o u n t  o f  ins t i tu t iona l  Inpa t ien t  (O u tpa t ien t )
C o v a ria tes :     p a id  c la im s  w ith  V a s c u la r  A c c e s s  P r o c e d u r e s  lis t e d  o n  t h e  c la im .

(2 )   C o u n t  o f  P h y s i c i a n / S u p p l i e r  p a i d  p r o c e d u r e s  f o r  I n p a t i e n t
   ( O u t p a t i e n t )  V a s c u l a r  A c c e s s .

S e n s itiv ity  A n a ly s is : (1 )   M o d e l w ith o u t  C o m o r b i d  C o n d itio n s
(2 )   M o d e l w ith  M y o c a rd ia l  In fa rc t ion  H o s p ita liz a tio n  a s  a  c o v a ria te .

E s tim a tin g  Y e a r s  " P o p u la t ion"  Es t im a t e s  o f  Y A R  w e r e  d e r iv e d  fro m  t h e  S t a n d a r d i zed
a t R isk  (Y A R ):    H o s p ita liz a tio n  R a te  (S H R )  a n a ly s is  ( s e e  C h a p ter  IX ).   

   T h i s  ana l ys i s  r equ i r es  a  M e d i c a r e  p a id  d ia lys is  c la im  b e f o r e  e n try
   in t o  t h e  s t u d y .   T h i s  e s t im a te  was  res t r i c ted  to  pa t i en ts  c l ass i f i ed
   a s  h e m o d i a l y s i s  o n  1 / 1 / 9 4 .   T h e  r e s u lt o f  1 1 9 , 2 9 2  Y A R  f o r  1 9 9 4
   i s  l i ke ly  to  be  low e r th a n  the  fu l l  hem o d ia l ys i s  popu la t i on .
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Medicare vascular access procedures spending in
1994 is reported in Table X-10 totaling $743M using
the narrowly defined vascular access procedure codes
and $939M using the broadly defined codes.  These
estimates of the lower and upper bounds on spending
for vascular access represent between 8.4 and 10.6
percent of total Medicare ESRD spending in 1994 for
all modalities and all patients (see Table X-2).

Medicare spending per patient year at risk ( Table
X-11 ) was $6,228 under the narrow definition and
$7,871 under the broad definition.  These rates of
spending for vascular access in hemodialysis patients
represent between 14 and 17 percent of total spending
for hemodialysis patients per year at risk (see Table
X-3).

Conclusions and Limitations
Certainly, costs for creating and maintaining

vascular accesses for hemodialysis represent a
substantial portion of Medicare spending for
hemodialysis patients.  Both the high overall costs
and the large fraction of these costs that accrue in
inpatient settings indicate that an opportunity for
savings may exist if providers can optimize vascular
access care.  Steps might include ensuring that the
optimal type of access (that least likely to lead to
complications) is chosen for each patient,
encouraging early referral for vascular access
placement to allow more time for accesses to mature
prior to cannulation, monitoring vascular accesses for
signs of impending failure (it should be noted that our
estimates exclude costs associated with such
monitoring, and the cost effectiveness of available

      R e g r e s s i o n  R e s u lts  ( V a s c u l a r  A c c e s s  C o v a r i a t e s )  f o r  A d j u s t i n g  
     M e d i c a r e  S p e n d i n g  f o r  V a s c u l a r  A c c e s s  P r o c e d u r e s , 

 D M M S  W a v e  1  H e m o d ia lys is  P a tie n t s ,  1 9 9 4
 D e fin it io n  o f  V a s c u lar  

D e p e n d e n t  C o v a ria t e s  a n d     A c c e s s  P r o c e d u r e s
V a ria b le a S tat is t ics N a rro w B r o a d

            I n p a t i e n t

               I ns t itu tio n a l
T o ta l  M e d icare M o d e lle d  $  ( a d jus ted ) $ 8 , 0 1 4 $ 9 , 5 7 8
I n p a t i e n t  S p e n d i n g p  ( d iffe r e n t fro m  0 $ ) ( < 0 . 0 0 1 ) ( < 0 . 0 0 1 )
f o r  e a c h  P a t i e n t M e a n  #  V .A.  c la im s / p a tie n t in  1 9 9 4 0 . 3 7 9 0 . 4 2 7
(m e a n = $ 1 3 , 2 4 6 )     R a n g e 0  to  8 0  to  8

U n a d j u s t e d  S p e n d in g  /  P a t i e n t $ 1 0 , 5 0 4 $ 1 0 , 6 7 1
A d jus ted  $  /  U n a d j u s t e d  $ 0 . 7 6 3 0 . 8 9 7

               P h y s i c a n / S u p p l i e r
M o d e lle d  $  ( a d jus ted ) $ 7 1 4 $ 7 1 7
p  ( d iffe r e n t fro m  0 $ ) ( < 0 . 0 0 1 ) ( < 0 . 0 0 1 )
M e a n  #  V .A .  p roc . / pa t i en t  i n  1994 1 . 6 5 6 1 . 8 1 6
    R a n g e 0  t o  8 9 0  t o  8 9
U n a d j u s t e d  S p e n d in g  /  P a t i e n t $ 2 5 8 $ 2 6 2
A d jus ted  $  /  U n a d j u s t e d  $ 2 . 7 6 7 2 . 7 3 7

            O u t p a t i e n t

               I ns t itu tio n a l
T o ta l  M e d icare M o d e lle d  $  ( a d jus ted ) $ 8 1 5 $ 9 4 4
O u t p a t i e n t  S p e n d ing p  ( d iffe r e n t fro m  0 $ ) ( < 0 . 0 0 1 ) ( < 0 . 0 0 1 )
f o r  e a c h  P a t i e n t M e a n  #  V .A.  c la im s / p a tie n t in  1 9 9 4 0 . 4 0 2 0 . 5 0 6
(m e a n = $ 1 , 4 5 6 )     R a n g e 0  t o  1 1 0  t o  1 4

U n a d j u s t e d  S p e n d in g  /  P a t i e n t $ 9 5 8 $ 9 8 0
A d jus ted  $  /  U n a d j u s t e d  $ 0 . 8 5 1 0 . 9 6 3

               P h y s i c a n / S u p p l i e r
M o d e lle d  $  ( a d jus ted ) $ 1 0 2 $ 8 1
p  ( d iffe r e n t fro m  0 $ ) ( < 0 . 0 0 1 ) ( < 0 . 0 0 1 )
M e a n  #  V .A .  p roc . / pa t i en t  i n  1994 0 . 9 1 3 1 . 1 0 6
    R a n g e 0  t o  4 7 0  t o  5 2
U n a d j u s t e d  S p e n d in g  /  P a t i e n t $ 2 4 9 $ 2 4 3
A d jus ted  $  /  U n a d j u s t e d  $ 0 . 4 1 0 0 . 3 3 3

a  M e d i c a r e  s p e n d i n g  f o r  a l l  p r o c e d u r e s  a n d  c l a i m s  n o t  j u s t  v a s c u l a r  a c c e s s .
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monitoring strategies has not been evaluated), and
choosing the most economical setting to perform
vascular access procedures.

The costs estimated here are higher than those
reported by Feldman et al. (1993).  Using 1984-86
data, Feldman estimated that 15-16 percent of ESRD
patient hospitalizations were related to vascular

access morbidity, at an annual cost to the Medicare
program of $150M.  There are several likely sources
of the differences between Feldman’s findings and the
current study.  First, the number of patients in the
Medicare ESRD program, the cost per procedure, and
the average case mix severity have all grown in the
intervening years.  Second, the Feldman study
included only inpatient costs for vascular access

   M e d i c a r e  S p e n d i n g  f o r  I d e n t i f i e d  V a s c u l a r  A c c e s s  P r o c e d u r e s  b y  L o c a t i o n  o f
            S e r v i c e  a n d  S o u r c e  o f  C la im ,  M e d i c a r e  H e m o d i a l y s i s  P a t i e n t s ,  1 9 9 4 a

M e d i c a r e  S p e n d i n g

L o c a t ion S o u r c e V a s c u l a r  A c c e s s
o f o f N a rro w  D e fin itio n B r o a d  D e f in i t ion

S e r v i c e C laim T o t a l $ $ / P r o c e d u r e T o ta l  $ $ / P r o c e d u r e

I n p a t i e n t Ins t i tu t iona l  $ 4 3 0 M $ 8 0 1 4 b $ 5 7 4 M $ 9 5 7 8 b

Inpa t ien t  ins t i tu t iona l  f rom  r e g r e s s ion c $ 1 6 7 M N . A . $ 1 8 4 M N . A .
P h y s i c i a n  a n d  S u p p lie r $ 6 0 M $ 2 5 8 $ 6 9 M $ 2 6 2

T o ta l $ 6 5 7 M N . A . $ 8 2 7 M N . A .

O u t p a t i e n td Ins t i tu t iona l  $ 4 4 M $ 8 1 5 b $ 6 5 M $ 9 4 4 b

O u tpat ien t  ins t i tu t iona l  f rom  r e g r e s s io n c $ 1 3 M N . A . $ 1 3 M N . A .
P h y s i c i a n  a n d  S u p p lie r $ 2 9 M $ 2 4 9 $ 3 4 M $ 2 4 3

T o ta l $ 8 6 M N . A . $ 1 1 2 M N . A .

T o ta l $ 7 4 3 M N . A . $ 9 3 9 M N . A .

a   R e s t r i c t ed  t o  pa t i en t s  w i t h  a t  l eas t  one  pa id  M e d ic a r e  d ia ly s is  c la im  p r i o r  t o  en te r i ng  t he  s tudy .
b    $  pe r  pa id  c l a im
c   R e g r e s s io n  b a s e d  e s t im a te  o f  i npa t i en t  i ns t i t u t i ona l  vascu la r  access  c l a im s  n o t  c a p t u r e d  

b y  p r o c e d u r e  c o d e s .   S e e  t e x t .
d   I nc ludes  ou tpa t i en t ,  d i a l ys i s  un i t ,  e t c

U S R D S  1 9 9 7

Table X-10

       V a s c u l a r  A c c e s s  S p e n d i n g  b y  M e d i c a r e ,  b y  L o c a t i o n  a n d  
A g g r e g a tio n  L e v e l, H e m o d i a l y s i s  P a t i e n t s ,  1 9 9 4 a

L o c a t ion L e v e l V a s c u l a r  A c c e s s  S p e n d ing
o f o f

S e r v i c e A g g r e g a t i o n N a rro w  D e fin itio n B r o a d  D e fin itio n

I n p a t i e n t T o ta l  Abso lu te $ 6 5 7 M $ 8 2 7 M

P e r  Y e a r  a t  R isk $ 5 , 5 0 7 $ 6 , 9 3 3

O u t p a t i e n tb T o ta l  Abso lu te $ 8 6 M $ 1 1 2 M

P e r  Y e a r  a t  R isk $ 7 2 1 $ 9 3 9

T o ta l T o ta l  Abso lu te $ 7 4 3 M $ 9 3 9 M

P e r  Y e a r  a t  R isk $ 6 , 2 2 8 $ 7 , 8 7 1

a   R e s t r i c t ed  t o  pa t i en t s  w i t h  a t  l eas t  one  M e d ica re  pa id  d ia l ys i s  c l a im  p rio r  t o  e n t e r i n g  t h e  s t u d y .
b   I n c l u d e s  o u t p a t ie n t ,  d ia l ys is  un i t ,  e tc

U S R D S  1 9 9 7

Table X-11
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complications while the present study included
outpatient costs as well as the costs of placing the
initial vascular access.  We could not reliably
determine whether a procedure represented an initial
placement, particularly among patients under age 65
who may have had a procedure performed before
Medicare became their primary payer.  Third, our
estimates of inpatient institutional costs, even after
the regression-based adjustment, may still capture
some costs unrelated to the vascular access
procedure.  Conversely, the regression adjustment
may not capture the costs of treating complications
arising from vascular access that do not appear in a
vascular-access-related claim.  For example, if a
vascular access infection necessitates antibiotic
therapy but not a vascular access procedure, we
would have no way of identifying this cost as being
related to vascular access.  We have frequently
reported here that we are estimating the spending for
vascular access procedures, not the spending for
vascular access.

Unfortunately, this study also demonstrates the
difficulties associated with estimating morbidity costs
from payment data.  For a condition such as vascular
access failure, the variety of codes involved, the
ambiguity of the codes, and imprecise coding
(particularly for inpatient institutional claims)
undoubtedly lead to misclassifications in which some
vascular access costs are missed while some non-
related costs are treated as vascular access costs.
Such misclassifications make it difficult to precisely
know how much savings can be expected from
improved management of vascular access and
complicate attempts to set capitation rates for
vascular access (e.g., a managed care organization
may wish to place a surgeon at risk for vascular
access complications).  Nonetheless, it is clear that
vascular access costs are substantial and that the
management of vascular access warrants increased
clinical and economic attention.

References
Brown RS,  Bergeron JW, Clement DG, Hill JW,

Retchin SM.  Does Managed Care Work for
Medicare?  An Evaluation of the Medicare Risk
Program for HMOs,  Mathematica Policy
Research Inc., Princeton NJ, December 1993.

Cox D. Regression models and life tables. J R Stat
Soc. 34:187-201, 1972.

Data Users Reference Guide. U.S. Department of
Health and Human Services; Health Care

Financing Administration; Bureau of Data
Management and Strategy.  November 1993.

Eggers PW, Kucken LE.  Cost issues in
transplantation.  Surg Clin North Am 74:1259-
1267, 1994.

Eggers P.  Personal communication, April 1996,
March 1997.

End-Stage Renal Disease Research Report 1992. U.S.
Department of Health and Human Services;
Health Care Financing Administration; Bureau of
Data Management and Strategy.  September 1994.

Feldman HI, Held PJ, Hutchinson JT, Stoiber E,
Hartigan MF, Berlin JA.  Hemodialysis vascular
access morbidity in the United States.  Kid Int
43:1091-1096.

Health Care Financing Administration; Data and
Statistics; http://www.hcfa.gov/stats/erate95.
HCFA 1995.

Held PJ, Port FK, Carroll CE, Petronis KR.  Race and
access to erythropoietin by patients on
hemodialysis (letter; reply). JAMA 272:1819,
1994.

Hirth RA, Turenne MN, Woods JD, Young EW, Port
FK, Pauly MV, Held PJ.  Predictors of type of
vascular access in hemodialysis patients.  JAMA
276:1303-1308, 1996.

Petronis KP, Carroll CE, Held PJ, Port FK.  Effect of
race on access to recombinant human
erythropoietin in long-term hemodialysis patients.
JAMA 271:1760-1763, 1994.

Sadler JH.  Race and access to erythropoietin by
patients on hemodialysis (letter; comment).
JAMA 272:1818-1819, 1994.

U.S. General Accounting Office.  Medicare managed
care: Growing enrollment adds urgency to fixing
HMO payment problem.  Washington, D.C.,
November 1995.

United States Renal Data System; USRDS 1995
Annual Data Report; National Institute of Health;
National Institute of Diabetes, Digestive, and
Kidney Diseases; Bethesda, MD.  June 1995.



Economic Cost of ESRD and Medicare Spending by Modality USRDS 1997 Annual Data Report

162


