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PURPOSE: Though case management has been recommended
to improve the outcomes of patients with costly or morbid con-
ditions, it has seldom been studied in controlled trials. We per-
formed a randomized, controlled clinical trial of an intensive,
multidisciplinary case management program for patients with
chronic renal insufficiency and followed patients for 5 years.
PATIENTS AND METHODS: We enrolled 437 primary-care
patients (73% of those eligible) with chronic renal insufficiency
(estimated creatinine clearance consistently ,50 mL/min with
the last serum creatinine level .1.4 mg/dL) who were attending
an urban academic general internal medicine practice. The in-
tensive case management, administered during the first 2 years
after enrollment, consisted of mandatory repeated consulta-
tions in a nephrology case management clinic staffed by two
nephrologists, a renal nurse, a renal dietitian, and a social
worker. Control patients received usual care. Primary outcome
measurements included serum creatinine level, estimated cre-
atinine clearance, health services use, and mortality in the 5

years after enrollment. Secondary measures included use of re-
nal sparing and potentially nephrotoxic drugs.
RESULTS: There were no differences in renal function, health
services use, or mortality in the first, second, or third through
fifth years after enrollment. There were significantly more out-
patient visits among intervention patients, mainly because of
the added visits to the nephrology case management clinic.
There were also no significant differences in the use of renal
sparing or selected potentially nephrotoxic drugs. The annual
direct costs of the intervention were $89,355 ($484 per interven-
tion patient).
CONCLUSION: This intensive, multidisciplinary case-man-
agement intervention had no effect on the outcomes of care
among primary-care patients with established chronic renal in-
sufficiency. Such expensive and intrusive interventions, despite
representing state-of-the-art care, should be tested prospec-
tively before being widely introduced into practice. Am J Med.
1998;105:464 – 471. q1998 by Excerpta Medica, Inc.

Case management has come into vogue in recent
years as a method for assuring high quality yet
cost-effective health care. It seems logical to focus

expertise and resources in a coordinated way on patients
with selected costly or morbid conditions. Yet the few
published studies of the effectiveness or cost-effectiveness
of case-management interventions have had inconsistent
results (1–10).

Chronic renal insufficiency is both morbid (11–13)
and costly (14 –16). The yearly US budget for treating

end-stage renal disease approaches that of the National
Institutes of Health (17). Once a decline in renal function
has been noted, it usually proceeds along an inexorable
downward course. Reducing intake of protein (18 –21)
and fat (22), and controlling blood pressure (21,23) and
acid-base balance (24), have shown promise for halting
decline in renal function. However, their effects in hu-
mans have been disappointing. Encouraging laboratory
studies (25) and carefully controlled clinical trials (26 –
29) have suggested that angiotensin-converting-enzyme
inhibitors are renal protective.

To maximize the chance of slowing the decline of renal
function in patients with chronic renal insufficiency, we
developed a comprehensive, multidisciplinary program
for managing these patients. We then performed a ran-
domized, controlled trial of this intervention among a
sample of inner-city patients. The goals of the interven-
tion were to stabilize renal function and control costs by
maximizing the use of renal-protective drug and dietary
therapy, minimizing exposure to nephrotoxic drugs
(30,31), closely monitoring patients for declines in renal
function and intervening quickly when they occurred,
and overcoming logistic and financial barriers to obtain-
ing appropriate care.
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METHODS

Study Site and Subjects
This study was approved by the Indiana University Insti-
tutional Review Board. Patients were recruited from the
general medicine practice of the Regenstrief Health Cen-
ter, a multispecialty outpatient facility affiliated with, and
located adjacent to, Wishard Memorial Hospital, an ur-
ban public teaching hospital. The general medicine prac-
tice has been the site of many randomized trials of health
services interventions in primary care (32–35). At the
time of this study, it was divided into four identical prac-
tices, each of which met 8 half-days per week. More than
100 internal medicine residents and 40 faculty members
practice in the general medicine practice in assigned half-
day sessions. Since 1981, new physicians have been ran-
domly assigned to available practice sessions (meaning
those vacated by a departing housestaff or faculty mem-
ber) while new patients have routinely been given the first
available appointment to any physician. Repeated analy-
ses have failed to demonstrate systematic differences be-
tween the sessions’ physicians or patients (33–35). There-
fore, random assignment by practice or session randomly
assigns patients and their primary-care physicians.

To be eligible for this study, patients must have had all
of the following: (1) primary care in the general medicine
practice with at least one physician visit in the past year,
(2) two serum creatinine levels at least 6 months apart
with estimated creatinine clearances of ,50 mL per
minute at both times, calculated using the Cockroft and
Gault equation corrected for body surface area (36), and
(3) most recent serum creatinine concentration before
enrollment .1.4 mg/dL. We chose these criteria to assure
that the patients had chronic renal insufficiency. Patients
were excluded if they were living in institutions (nursing
homes or prisons) or could not communicate with the
research assistants, either because of a sensory or neuro-
logic deficit or because they could not speak and under-
stand English.

Subject Enrollment
Once a week, we used the computerized Regenstrief Med-
ical Record System (37) to identify eligible patients from
among all patients with general medicine practice ap-
pointments. When eligible patients kept scheduled visits,
they were approached in the waiting room by a research
assistant who explained the study and invited the patient
to participate. Those who agreed to participate signed an
informed consent statement, after which the research as-
sistant scheduled an in-home interview to occur within
the following 2 weeks. During this interview, a trained
interviewer took a full medical history that included an
extensive review of the patient’s medications and medi-
cation compliance, the latter using a validated instrument
(38). They also administered the Sickness Impact Profile
(39) to assess health status and quality of life, and the

Patient Satisfaction Questionnaire (PSQ) (40). Results
from these enrollment interviews have been published
(13,41).

If an enrolled patient had serum creatinine and elec-
trolyte levels recorded in his or her medical record in the
3 months before enrollment, these values were accepted
as “enrollment” values. If no values were available, then
blood was drawn in the general medicine practice by the
research assistant and sent for a 12-test chemistry panel
and serum electrolyte levels.

The Intervention
For this study, two of the four general medicine practice
practices were randomly assigned to intervention status.
Once enrolled, control patients were returned to the gen-
eral medicine practice to receive primary care from their
usual physicians. These physicians were free to refer pa-
tients to the regular renal clinic, located in the same mul-
tispecialty outpatient center.

After enrollment, intervention patients were scheduled
to visit the nephrology case management clinic where
they were evaluated by a faculty nephrologist (DWR) or a
nephrology fellow (LEH), a renal nurse, a renal dietitian,
and a social worker. The frequency of these nephrology
case management clinic visits depended on the enroll-
ment serum creatinine level: once every 6 months if it was
#3 mg/dL, once every 4 months if it was .3 and #4
mg/dL, and once every 3 months if it was .4 mg/dL.

Intervention patients received a comprehensive pro-
gram (Table 1). In the case management clinic, the neph-
rologists used the in-home interview data and printouts
from the Regenstrief Medical Record System to deter-
mine whether the patients were taking potentially neph-
rotoxic drugs (eg, nonsteroidal anti-inflammatory drugs
[30,42]) and potentially renal-sparing drugs (specifically
converting-enzyme inhibitors or calcium channel block-
ers). The nephrologists focused heavily on medication
compliance, reinforcing this behavior in patients while
reconfiguring patients’ often complex outpatient drug
regimens to enhance compliance. The nephrologists also
identified any aspects of preventive care (eg, visits to the
ophthalmology clinic for patients with diabetes or aspirin
use among patients with cardiac risk factors) for which
the patients were eligible but had not received.

The renal nurse also stressed medication compliance in
addition to helping patients overcome behavioral and lo-
gistic barriers to optimal care. She also taught self-help
actions from which the patient might benefit. The renal
dietitian took a detailed dietary history and prescribed a
low protein, low potassium renal diet that was individu-
alized to enhance compliance. Finally, the social worker
took an in-depth social and financial history, paying par-
ticular attention to barriers to receiving care. Most im-
portantly, she initiated enrollment of patients in those
benefit programs for which they were eligible.
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After every nephrology case management clinic visit,
the study nephrologists wrote a standardized letter to the
patient’s primary care physician that included a summary
of all actions taken, suggestions for further care, and a
summary of the clinic visit. A copy of the letter was also
placed in the shared outpatient chart. If one of the study
nephrologists judged that changes in intervention pa-
tients’ care could not wait for the next scheduled primary
care visit (eg, the blood pressure was very poorly con-
trolled), he or she provided the needed care. All such drug
changes were included in patients’ outpatient drug list
that is maintained by the Regenstrief pharmacy module
(42) that prints a list of all active drugs before each general
medicine practice visit. Prior studies and internal audits
have shown that 95% of all general medicine practice pa-
tients receive all of their outpatient medications from the
Regenstrief pharmacy.

The nurses in the nephrology case management clinic
also received daily printouts from the Regenstrief Medi-
cal Record System that identified intervention patients
who had visited the emergency department or been hos-
pitalized. For patients visiting the emergency depart-
ment, the study nurses reviewed patients’ paper and elec-
tronic records and recorded the reasons for all visits and
all nephrotoxic drugs that had been prescribed. These
data were discussed with the study nephrologists who in-
tervened directly with the patient if the immediate poten-
tial consequences were severe. Otherwise, they commu-
nicated their thoughts in a letter sent directly to the pa-
tient’s primary care physician. A copy of each letter was
placed in the patient’s general medicine practice chart.

If an intervention patient was admitted to the hospital,
a study nurse visited the patient and reviewed the inpa-
tient chart. She noted the reasons for the hospitalization
and whether the patient was being treated with poten-
tially nephrotoxic drugs. A study nephrologist reviewed
each report and, if necessary, contacted the inpatient phy-
sicians, offering advice on alternative drugs and appro-
priate dosing and monitoring of selected nephrotoxic
drugs (eg, aminoglycosides).

Finally, a weekly program extracted from the Regen-
strief Medical Record System all serum creatinine levels
recorded from any care site for all intervention patients. If
any value was increased by more than 0.2 mg/dL from
either the enrollment value or the most recent value, the
study nurse reviewed the paper and electronic medical
records. She recorded all appropriate data and reported
them to one of the study nephrologists who acted at his or
her discretion.

Data Collection and Analysis
The intervention (or control) period lasted 2 years from
each patient’s enrollment date. The following data were
extracted from the Regenstrief Medical Record System
for these 2 years: laboratory test results, vital signs, drug
therapy, clinical activity (outpatient and emergency de-
partment visits and hospitalizations), and diagnoses re-
corded at any clinical encounter. To assess any delayed or
longer-term effects of the intervention, we also extracted
data from the Regenstrief Medical Record System for
postenrollment years 3 through 5. For drug therapy, a
patient was considered to be taking a drug if it was ever
prescribed in each of the three postenrollment periods
(year 1, year 2, and years 3 through 5). To identify sub-
jects who died, we used death certificate information sup-
plied by the Indiana State Department of Health (which
were also available through 1995), hospital death sum-
maries, discharge status reports, and autopsy reports.

The unit of intervention and analysis was the patient.
We compared categorical variables and continuous vari-
ables between intervention and control patients using
chi-square and t tests. Before enrolling the first patient,
we identified the following primary outcome variables:
(1) renal functional decline (using the last serum creati-
nine level and calculated creatinine clearance [36] ob-
tained in each postenrollment period), and (2) health-
care utilization (number of outpatient, emergency de-
partment, and inpatient visits in each postenrollment
period). We performed all analyses by intention-to-treat.
If no serum creatinine level were available in a year, we

Table 1. The Nephrology Case Management Intervention

Intervention Component Mechanism References

Increase use of angiotensin-
converting enzyme inhibitors

Review of drug list 26–28
Letter to primary care provider; direct intervention by nephrologist

Improve blood pressure control Medication review by nephrologist; compliance assessment and
education by study nurse

21,23

Letter to primary care provider; direct intervention by nephrologist
Decrease use of nephrotoxic drugs Review of drug list; surveillance of patients admitted to the hospital

or visiting the emergency room
30,41

Letter to primary care provider
Decrease protein intake Dietary counseling by renal dietitian 18–21
Decrease barriers to care Social service interview

Direct intervention by social worker; letter to primary-care provider
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assumed that it had not changed from the most recent
value, which was carried forward.

We used Cox proportional hazards models (43) to as-
sess the effect of the intervention on mortality while ad-
justing for age, sex, race, baseline serum creatinine level,
and any baseline laboratory values, vital signs, and diag-
noses whose distributions at enrollment were signifi-
cantly different between intervention and control pa-
tients. For our three primary outcomes, we adjusted for
multiple hypothesis testing by Bonferroni’s method (44).
This resulted in our accepting a two-tailed P value of
,0.017 as significant. For the many secondary analyses,
we corrected for multiple hypothesis testing by lowering
the significance level from a P value of 0.05 to 0.005.
Given the degree of renal dysfunction among control pa-
tients, we had 80% power to detect a difference of 0.7
mg/dL (26%) in serum creatinine, a difference of 6 mL/
min (18%) in creatinine clearance, a difference of 0.6 days
(46%) in hospitalizations, and a difference of 12% (35%
relative reduction) in mortality between the two groups
(all with a two-tailed alpha of 0.05).

We estimated the cost of the intervention by assuming
that attending the weekly intervention clinic, writing let-
ters to primary care physicians, and overseeing the renal
nurse required 10% time of each of our study nephrolo-
gists. We also assumed that the program required a half-
time renal nurse and 10% of a renal dietitian and a social
worker. We calculated personnel costs by using the lowest
salary in 1992 for an entry-level position in each category
and adding each person’s standard benefit package. We
also assumed that the average patient would require 2.5
visits to the nephrology case management clinic each year
and included only the facility charge for each visit. We did
not include the costs of any laboratory tests performed or
drugs prescribed by the case management clinic.

RESULTS

Enrollment began in June 1989 and continued for 2 years.
During this time, 597 eligible patients kept general med-
icine practice appointments. Of these, 437 (73%) agreed
to participate in the study and completed in-home inter-
views. Of the 160 patients not enrolled, 154 (96%) re-
fused participation; for the remaining six (4%) the pa-
tient’s physician deemed the study inappropriate for the
patient. Of the 437 enrolled patients, 206 (47%) received
primary care in the two general medicine practice prac-
tices randomly assigned to intervention status while 231
(53%) received care in the two control practices. Other
than intervention patients having a significantly higher
pulse rate and shorter stature, the two groups were quite
similar (Table 2). There were no baseline differences in
renal function, comorbid diagnoses, drug therapy, or lab-
oratory test results. Renal insufficiency was in the mild-
to-moderate range.

During follow-up years 1, 2, and 3 through 5, there
were no differences between intervention and control pa-
tients in change in renal function, whether assessed using
last serum creatinine level or calculated creatinine clear-
ance (Table 3). Intervention patients had more outpa-
tient visits in all postenrollment years, most of which
were explained by their visits to the nephrology case man-
agement clinic. However, intervention patients also vis-
ited the ophthalmology clinic more often than control
patients in the first 2 intervention years. There were no
differences between intervention and control patients in
emergency department visits, hospitalizations, or total
inpatient days in years 1, 2, or 3 through 5.

Intervention patients had slightly less use of clonidine
in the first year and potassium supplements in the second
year, and slightly more use of calcium channel blockers in
year 2 and years 3 through 5. Intervention patients were
more often prescribed beta blockers during the second
study year. In addition, there was a trend toward lower
mean systolic blood pressure among intervention pa-
tients in years 3 to 5. However, none of these differences
reached the predetermined level of significance (P
,0.005) for these secondary outcome measures.

We repeated these analyses among the 28 intervention
patients (14%) and 21 control patients (9%) who had
enrollment serum creatinine levels of 3 mg/dL or greater
and found no substantial differences in the results. Be-
cause patients receiving care in this practice received
chronic dialysis at facilities the data of which were not
readily accessible, we were unable to determine how
many patients in each group required dialysis. However,
there were no differences in either patients’ maximum
serum creatinine level or in the number of patients with
levels .8 mg/dL.

By the end of 1995, 59 (29%) of the intervention pa-
tients and 77 (33%) of the control patients had died. Ad-
justing for age, sex, race, enrollment serum creatinine
level, plus height and pulse at the enrollment visit, assign-
ment to the intervention group offered no significant sur-
vival advantage (hazard ratio 0.90, 95% confidence inter-
val 0.71–1.14, P 5 0.36).

The estimated minimum yearly cost of the case-man-
agement program was $89,355 ($484 per intervention pa-
tient).

DISCUSSION

This intensive and expensive multidisciplinary case-
management intervention had no important effects on
renal dysfunction, health-care utilization, or mortality
among a cohort of urban patients with established
chronic renal insufficiency. Moreover, there were few de-
monstrable effects of the intervention on the manage-
ment of intervention patients despite frequent and direct
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communications between the study nephrologists and
the patients’ primary care physicians. However, a sub-
stantial proportion of patients at enrollment were already
taking the drugs that were the focus of much of the neph-
rologists’ recommendations: almost half of the control
patients were taking angiotensin-converting-enzyme in-
hibitors. In addition, blood pressure control among con-
trol patients at enrollment was good. Still, more than a
third of enrolled patients were not taking one of the target
renal-sparing drugs, and more than half were taking a

potentially nephrotoxic drug. Thus, there was room for
improvement.

The lack of improvement, even in intermediate out-
comes, may have been in part because the intervention
relied on action by the patient’s primary care provider.
Though treatment recommendations were communi-
cated directly in letters to providers that were also placed
in the patient’s outpatient chart, success still depended on
the provider reviewing the letter at the time of a patient
visit. Competing demands for time in the primary care

Table 2. Characteristics of Study Patients at the Time of Enrollment*

Patient Characteristic
Intervention Patients

(n 5 206)
Control Patients

(n 5 231) P Value

Age (years) 68 6 11 69 6 11 0.81
Female sex 68% 64% 0.32
African-American 81% 80% 0.79
Vital signs

Weight (kg) 79 6 19 78 6 20 0.78
Pulse (beats/min) 80 6 7 78 6 9 ,0.001
Systolic blood pressure (mm Hg) 143 6 23 145 6 26 0.31
Diastolic blood pressure (mm Hg) 83 6 13 82 6 12 0.67
Height (cm) 163 6 10 165 6 10 .003

Laboratory test results
Serum creatinine level (mg/dL) 2.1 6 0.8 2.1 6 0.9 0.53
Creatinine clearance (mL/min)† 34 6 10 34 6 10 0.67
Serum albumin level (g/dL) 3.8 6 0.4 3.8 6 0.5 0.24
Blood glucose level (mg/dL) 130 6 67 141 6 81 0.12

Comorbid diagnoses
Hypertension 98% 99% 0.21
Prior urinary tract infection 94% 96% 0.35
Diabetes mellitus 45% 42% 0.58
Ischemic heart disease 44% 51% 0.18
Heart failure 38% 42% 0.39
Osteoarthritis 38% 39% 0.97
Prior myocardial infarction 35% 39% 0.34
Prior stroke 19% 21% 0.55

Active drug therapy
Angiotensin-converting-enzyme inhibitor 44% 48% 0.27
Calcium channel blocker 37% 37% 0.97
Thiazide diuretic 58% 52% 0.22
Loop diuretic 39% 38% 0.59
Potassium supplements 28% 25% 0.47
Oral hypoglycemic drug 15% 13% 0.54
Insulin 27% 26% 0.78
Cimetidine 30% 25% 0.25
Nonsteroidal anti-inflammatory drug 60% 63% 0.51
Sulfa-containing antibiotic 15% 21% 0.12

Clinical activity
Previous general medicine practice visits 20 6 11 20 6 10 0.52
Previous emergency department visits 7 6 8 7 6 7 0.69
Previous hospitalizations 2.7 6 2.7 3.1 6 3.8 0.26
Previous renal clinic visits 0.4 6 1.5 0.4 6 1.5 0.87

* Continuous variables are presented as mean 6 standard deviation.
† Calculated using the Cockroft and Gault equation corrected for body surface area (36) using the last serum creatinine available during the

observation period.
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Table 3. Study Outcomes during Follow-up*

Patient Characteristic Intervention Patients Control Patients P Value

First year after enrollment
N of patients at beginning of period 206 230
Weight (kg) 78 6 19 78 6 18 0.84
Systolic blood pressure (mm Hg) 144 6 18 144 6 20 0.86
Diastolic blood pressure (mm Hg) 82 6 10 83 6 10 0.71
Last serum creatinine level (mg/dL) 2.5 6 2.1 2.3 6 1.7 0.34
Creatinine clearance (mL/min)† 33 6 14 34 6 13 0.57
Angiotensin-converting-enzyme inhibitor 42% 45% 0.56
Calcium channel blocker 47% 45% 0.73
Cimetidine 21% 21% 0.93
Nonsteroidal anti-inflammatory drug 62% 58% 0.44
Sulfa-containing antibiotic 19% 19% 0.98
General medicine practice visits 4.8 6 3.3 4.4 6 3.1 0.22
Ophthalmology clinic visits 1.2 6 3.1 0.6 6 1.3 0.01
All outpatient clinic visits 12.7 6 8.7 10.0 6 8.3 0.001
Emergency department visits 1.4 6 2.0 1.6 6 2.7 0.40
Hospitalizations 0.6 6 1.1 0.7 6 1.2 0.63
Cumulative mortality at year 1 9 (4%) 19 (8%) 0.10

Second year after enrollment
N of patients at beginning of period 197 212
Weight (kg) 78 6 19 78 6 19 0.88
Systolic blood pressure (mm Hg) 143 6 17 143 6 18 0.68
Diastolic blood pressure (mm Hg) 80 6 9 81 6 9 0.75
Last serum creatinine level (mg/dL) 2.4 6 1.7 2.2 6 1.5 0.35
Creatinine clearance (mL/min)† 34 6 14 34 6 13 0.93
Calcium channel blocker 44% 35% 0.06
Cimetidine 17% 16% 0.69
Nonsteroidal anti-inflammatory drug 52% 50% 0.72
Sulfa-containing antibiotic 17% 19% 0.67
General medicine practice visits 3.9 6 3.5 3.5 6 2.9 0.10
Ophthalmology clinic visits 1.1 6 2.6 0.5 6 1.6 0.009
All outpatient clinic visits 10.6 6 9.2 8.1 6 6.8 ,0.001
Emergency department visits 1.1 6 2.1 1.3 6 2.2 0.51
Hospitalizations 0.5 6 1.0 0.5 6 1.0 1.0
Cumulative mortality at year 2 21 (10%) 35 (15%) 0.12

Third through fifth years after enrollment
N of patients at beginning of period 185 196
Weight (kgs) 76 6 20 75 6 18 0.65
Systolic blood pressure (mm Hg) 142 6 17 145 6 17 0.22
Diastolic blood pressure (mm Hg) 79 6 8 78 6 9 0.32
Last serum creatinine level (mg/dL) 3.0 6 2.6 2.7 6 2.5 0.31
Creatinine clearance (mL/min)† 30 6 16 34 6 24 0.10
Angiotensin-converting-enzyme inhibitor 36% 33% 0.40
Calcium channel blocker 49% 35% 0.003
Cimetidine 17% 13% 0.24
Nonsteroidal anti-inflammatory drug 50% 44% 0.19
Sulfa-containing antibiotic 27% 23% 0.31
General medicine practice visits 8.0 6 7.4 7.6 6 8.0 0.31
Ophthalmology clinic visits 1.8 6 3.8 1.2 6 3.1 0.07
All outpatient clinic visits 26.0 6 28 18 6 19 ,0.001
Emergency department visits 2.6 6 3.5 2.8 6 5.0 0.52
Hospitalizations 1.3 6 1.8 1.3 6 2.1 0.94
Cumulative mortality at year 5 59 (29%) 77 (33%) 0.29

* Continuous variables are presented as mean 6 standard deviation.
† Calculated using the Cockroft and Gault equation corrected for body surface area (36) using the last serum creatinine level during the observation

period.
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practice, especially given a patient’s other medical prob-
lems, may have decreased the likelihood of the provider
noting and implementing the recommendations during
primary care visits. This type of intervention might there-
fore be enhanced by a mechanism designed to bring rec-
ommendations to the attention of physicians at the time
treatment decisions are made.

Another reason why this intensive case-management
intervention failed may be that the targeted level of renal
insufficiency was too mild to expect a measurable decline
in 5 years. In addition, there could have been regression
to the mean of renal function among intervention and
control patients (45), reducing the number of patients
who reached our preset endpoint. Patients most likely to
exhibit a decline in renal function may have died due to
comorbid conditions, leaving behind relatively healthy
survivors for analysis. We chose to implement this pro-
gram in an inner-city practice caring predominantly for
African-American patients because of the large burden of
hypertension, diabetes, and end-stage renal disease in
those patients. These patients were high utilizers of health
care. Yet our intensive outpatient intervention was inef-
fective in reducing their use of health services. In fact,
intervention patients had significantly more outpatient
visits, mostly due to their visits to the intervention clinic.

There are other relevant outcomes that we did not ad-
dress, such as whether intervention patients were referred
for intravascular access in a more timely manner, or
whether there was improved management of anemia and
secondary hyperparathyroidism. Nevertheless, we con-
clude that identifying patients with renal dysfunction and
intervening with a multidisciplinary case-management
team had no effects on renal function, mortality, or
health-care utilization and cannot be recommended
from the standpoint of the patient, the provider, or the
payer. Our results add to the voices of caution suggesting
that intensive case-management interventions may not
have their expected results. Case-management programs
should be tested with randomized trials where possible,
or at least by well-designed time-series studies (46).
Without such studies, increasingly scarce health-care re-
sources may be spent on interventions that seem logical
but have little or no effect on the targeted outcomes.
When it comes to intensive, resource-consuming case-
management interventions such as the one we studied
here, a good dose of skepticism is healthy.

ACKNOWLEDGMENTS
We gratefully thank Jane Rust, RN, nursing unit manager of the
general medicine practice, for her unflagging support of our
research efforts; Mary Robbins-Nierste for her support in estab-
lishing the nephrology case management clinic, and especially
the physicians, nurses, nurses’ aids, and Regenstrief clinic clerks
for their continued support of this and other research efforts. In

addition, we wish to acknowledge Karen Graves, Connie Sum-
mitt, Paula Dahr, and Beatrice Schalter who formed the study
team.

The opinions expressed in this report are those of the authors
and do not necessarily represent those of the funding agencies,
the general medicine practice, Wishard Memorial Hospital, In-
diana University, or Humboldt University of Berlin, Germany.

REFERENCES
1. Weber BE, Reilly BM. Enhancing mammography use in the inner

city. A randomized trial of intensive case management. Arch Intern
Med. 1997;157:2345–2349.

2. Gray AM, Marshall M, Lockwood A, Morris J. Problems in con-
ducting economic evaluations alongside clinical trials. Lessons
from a study of case management for people with mental disorders.
Br J Psychiatry. 1997;170:47–52.

3. Spillane LL, Lumb EW, Cobaugh DJ, Wilcox SR, Clark JS, Schnei-
der SM. Frequent users of the emergency department: can we in-
tervene? Acad Emerg Med. 1997;4:574 –580.

4. Einstadter D, Cebul RD, Franta PR. Effect of a nurse case manager
on postdischarge follow-up. J Gen Intern Med. 1996;11:684 – 688.

5. Miller DK, Lewis LM, Nork MJ, Morley JE. Controlled trial of a
geriatric case-finding and liaison service in an emergency depart-
ment. J Am Geriatr Soc. 1996;44:513–520.

6. Fitzgerald JF, Smith DM, Martin DK, Freedman JA, Katz BP. A case
manager intervention to reduce readmissions. Arch Intern Med.
1994;154:1721–1729.

7. DeBusk RF, Miller NH, Superko HR, Dennis CA, Thomas RJ, Lew
HT, et al. A case-management system for coronary risk factor mod-
ification after acute myocardial infarction. Ann Intern Med. 1994;
120:721–729.

8. Jin BW, Kim SC, Mori T, Shimao T. The impact of intensified
supervisory activities on tuberculosis treatment. Tuber Lung Dis.
1993;74:267–272.

9. Brookfield RB, Carter CA, Nance DG. The integration of case man-
agement and pharmacy in managed care environments. Am J Man-
aged Care. 1995;1:181–183.

10. Einstadter D, Cebul RD, Franta PR. Effect of a nurse case manager
on postdischarge follow-up. J Gen Intern Med. 1996;11:684 – 688.

11. Mailloux LU, Napolitano B, Bellucci AG, Mossey RT, Vernace MA,
Wilkes BM. The impact of co-morbid risk factors at the start of
dialysis upon the survival of ESRD patients. ASAIO J. 1996;42:164 –
169.

12. Ifudu O, Dawwod M, Homel P, Friedman EA. Excess morbidity in
patients starting uremia therapy without prior care by a nephrolo-
gist. Am J Kidney Dis. 1996;28:841– 845.

13. Harris LE, Luft FC, Rudy DW, Tierney WM. Clinical correlates of
functional status in patients with chronic renal insufficiency. Am J
Kid Dis. 1993;21:161–166.

14. Hornberger JC, Garber AM, Jeffery JR. Mortality, hospital admis-
sions, and medical costs of end-stage renal disease in the United
States and Manitoba, Canada. Med Care. 1997;35:686 –700.

15. Garella S. The costs of dialysis in the USA. Nephrol Dial Transpl.
1997;12(suppl 1):10 –21.

16. Rutherford WE, Gibney R. End-stage renal disease: a proving
ground for quality improvement in health care. Semin Nephrol.
1997;17:218 –225.

17. Goldfarb S, Henrich WL. Update in nephrology. Ann Intern Med.
1998;128:49 –55.

18. Pedrini MT, Levey AS, Lau J, Chalmers TC, Wang PH. The effect of
dietary protein restriction on the progression of diabetic and non-
diabetic renal diseases: a meta-analysis. Ann Intern Med. 1996:627–
632.

19. Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW,

Case Management for Chronic Renal Insufficiency/Harris et al

470 December 1998 THE AMERICAN JOURNAL OF MEDICINEt Volume 105



Striker G. The effects of dietary protein restriction and blood-pres-
sure control on the progression of chronic renal disease. Modifica-
tion of Diet in Renal Disease Study Group. NEJM. 1994;330:877–
884.

20. Peterson JC, Adler S, Burkart JM, et al. Blood pressure control,
proteinuria, and the progression of renal disease. The Modifica-
tion of Diet in Renal Disease Study. Ann Intern Med. 1995;123:
754 –762.

21. Klahr S. Role of dietary protein and blood pressure in the progres-
sion of renal disease. Kidney Int. 1996;49:1783–1786.

22. Keane WF, Kasiske BL, O’Donnell MP. Lipids and progressive
glomerulosclerosis: a model analogous to atherosclerosis. Am J
Nephrol. 1988;8:261–271.

23. Simons JL, Provoost AP, Anderson S, Rennke HG, Troy JL, Brenner
BM. Modulation of glomerular hypertension defines susceptibility
to progressive glomerular injury. Kidney Int. 1994;46:396 – 404.

24. Nath KA, Hostetter MK, Hostetter TH. Pathophysiology of chronic
tubulo-interstitial disease in rats. J Clin Invest. 1985;76:667– 675.

25. Anderson S, Rennke HG, Brenner BM. Therapeutic advantage of
converting enzyme inhibitors in arresting progressive renal disease
associated with systemic hypertension in the rat. J Clin Invest. 1986;
77:1993–2000.

26. ter Wee PM, Epstein M. Angiotensin-converting enzyme inhibitors
and progression of nondiabetic chronic renal disease. Arch Intern
Med. 1993;153:1749 –1759.

27. Hollenberg NK, Raij L. Angiotensin-converting enzyme inhibition
and renal protection. An assessment of implications for therapy.
Arch Intern Med. 1993;153:2426 –2435.

28. Ravid M, Lang R, Rachmani R, Lishner M. Long-term renoprotec-
tive effect of angiotensin-converting enzyme inhibition in non-in-
sulin-dependent diabetes mellitus. A 7-Year follow-up study. Arch
Intern Med. 1996;156:286 –289.

29. Klahr S, Levey AS, Beck GJ, et al. The effects of dietary protein
restriction and blood-pressure control on the progression of
chronic renal disease. NEJM. 1994;330:877– 884.

30. Clive DM, Stoff JS. Renal syndromes associated with non-steroidal
antiinflammatory drugs. NEJM. 1984;310:563–572.

31. Murray MD, Brater DC, Tierney WM, Hui SL, McDonald CJ. Ibu-
profen-associated renal dysfunction in a large general internal med-
icine practice. Am J Med Sci. 1990;299:222–229.

32. Tierney WM, Miller ME, Hui SL, McDonald CJ. Practice random-
ization and clinical research: the Indiana experience. Med Care.
1991;29:JS57–JS64.

33. McDonald CJ, Hui SL, Smith DM, et al. Reminders to physicians
from an introspective computer medical record. A two-year ran-
domized trial. Ann Intern Med. 1984;100:130 –138.

34. Tierney WM, Miller ME, McDonald CJ. The effect on test ordering
of informing physicians of the charges for outpatient diagnostic
tests. NEJM. 1990;233:1499 –1504.

35. Dexter PD, Wolinsky FD, Gramelspacher GP, et al. Effectiveness of
computer-generated reminders to increase advance directive dis-
cussions and form completions: A randomized, controlled trial.
Ann Intern Med. 1998;128:102–110.

36. Salazar AB, Corcoran GB. Predicting creatinine clearance and renal
drug clearance in obese patients from estimated fat-free body mass.
Am J Med. 1988;84:1053–1060.

37. McDonald CJ, Tierney WM, Martin DK, Overhage JM, Wilson GA.
The Regenstrief Medical Record System: 20 years’ experience in
hospital outpatient clinics and neighborhood health centers. MD
Comput. 1992;9:206 –217.

38. Murray MD, Darnell J, Weinberger M, Martz BL. Factors contrib-
uting to medication noncompliance in elderly housing tenants.
Drug Intell Clin Pharm. 1986;20:146 –152.

39. Bergner M, Bobbitt RA, Carter WB, GIlson BS. The Sickness Impact
Profile: validation of a health status measure. Med Care. 1981;14:
57–70.

40. Ware JE, Snyder MK, Wright WR, Davies AR. Defining and mea-
suring patient satisfaction with medical care. Evaluation Prog Plan.
1983;6:247–263.

41. Harris LE, Luft FC, Rudy DW, Tierney WM. Correlates of health
care satisfaction in inner-city patients with hypertension and
chronic renal insufficiency. Soc Sci Med. 1995;41:1639 –1645.

42. Murray MD, Rupp MT, Overhage JM, Ebbeler D, Main JW, Tierney
WM. Multidimensional work sampling in an outpatient pharmacy.
Pharm Pract Management Q. 1995;15:44 –56.

43. Cox DR. Regression models and life tables. J R Stat Soc. 1972;34:
187–202.

44. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J Royal Stat
Soc. 1995;57:289 –300.

45. McDonald CJ, McCabe GP. How much of the placebo “effect” is
really statistical regression? Stat Med. 1989;8:1301–1302.

46. Hornberger J, Wrone E. When to base clinical policies on observa-
tional versus randomized trial data. Ann Intern Med. 1997;127(part
2):697–703.

Case Management for Chronic Renal Insufficiency/Harris et al

December 1998 THE AMERICAN JOURNAL OF MEDICINEt Volume 105 471


