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Objectives: The aim of this study was to examine the impact of the multi-hundred million
dollar investment by the federal government in the developing Patient Outcomes
Research Teams (PORTs) in over a dozen major academic medical centers in the United
States throughout the 1990s. The objective of the PORTs was to reduce unnecessary
clinical variation in medical treatment.
Methods: Using an economic derivation of welfare loss attributable to medical practice
variation and hospital admission claims data for 2 million elderly patients generalizable to
the nation, we estimate the change in welfare between 1991 and 2000, the period within
which the PORTs were designed and executed and their results disseminated.
Results: Our results show inpatient admission types targeted by the PORTs did have less
welfare loss relative to their total expenditure by 2000, but that there was not a net
decrease in the welfare loss for all hospital admissions affected by the PORT.
Conclusions: We conclude that PORTs may have had favorable effects on welfare, most
likely by reducing variation in clinical care, but that causality cannot be proved, and the
effects were not equal across all conditions targeted by PORTs. This research provides a
methodological template that may be used to evaluate the impact of patient safety
research on welfare loss and on variation in medical treatment in both hospital and
ambulatory settings.
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STATEMENT OF RESEARCH QUESTIONS

Variation in medical care utilization has been well docu-
mented for over 6 decades (8;16;17). Since Wennberg et al.
(18) documented a two-fold differences in the use of com-
mon medical procedures between New Haven and Boston,
evidence suggests that demand and supply in metropolitan
markets vary in idiosyncratic ways that defy market-driven
explanations. In 1989, U.S. federal government’s Agency

for Health Care Policy and Research was created in part to
redirect health services research resources to examine the
sources of these variations and identify best clinical prac-
tices for dissemination. From 1991 to 1995, several hundred
million dollars were invested in Patient Outcomes Research
Team (PORT) projects by AHCPR to focus on a set of medi-
cal conditions and procedures to produce clinical guidelines
and other information and tools to reduce unwarranted vari-
ation in clinical practice (7).
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Recent patient safety research, stimulated largely by the
1999 Institute of Medicine report, “To Err is Human” and its
2001 companion “Crossing the Quality Chasm,” highlight
the contribution of clinical variation to medical errors that
may lead to deaths or adverse clinical events (10;11). The
federal government and private research foundations have
provided substantial funding of projects designed to iden-
tify and reduce unwarranted variation in clinical practice to
improve patient safety. Patient safety research initiatives of-
ten apply rigorous systems approaches to minimize medical
practice variation and thereby reduce error rates. Both the ear-
lier PORTs and more recent patient safety research assume
that a substantial fraction of observed variation in clinical
practice is unacceptable.

A critical difference between medical practice variation
research and patient safety as well as medical appropriate-
ness research is the determination of the reference point of
a “correct” utilization rate. Variation research implicitly as-
sumes that the average rate of utilization of a procedure is
the correct rate. Alternatively, patient safety and appropri-
ateness studies develop a target utilization rate based on ex-
pert opinion of best practices of medical care. For example,
a practice variations analysis focused on depression would
use hospital records to observe an average utilization rate
(e.g., 1/1,000 admissions per person) to function as “norm”
for comparison. An appropriateness study would use expert
opinion to develop a target hospitalization rate (e.g., 1.5/1000
admissions per person) based on assessments of underlying
disease prevalence, alternative therapies and clinical effec-
tiveness. Similar to appropriateness studies, patient safety
analyses choose a threshold value based on expert opinion
that serves as a goal rate. For example, Springfield Hospital
seeks to achieve no more than a 1/10,000 fatal medical error
rate per admission). The common thread of variations, appro-
priateness, and safety literature is that once a central point
of comparison is identified, estimates of variance around
that point are created to determine the extent “error” present
from an identified norm in clinical practice. In operation,
data-driven practice variation research reveals the extent of
variation in the absence of expert opinion and serves as a diag-
nostic tool for policy makers and managers. Appropriateness
and patient safety research provides a next level of analysis
once expert opinion has established a norm of practice and,
as such, serves as an on-going performance measurement
tool.

The objective of this study is to identify whether the
federal government’s investment in the PORT initiative re-
duced the variation in targeted clinical procedures, and their
associated welfare loss to society. A before and after quasi-
experimental design is used in this evaluation. Using Medi-
care inpatient claims data from the 5 percent National Claims
History from 1991 to 2000, we compare use rate varia-
tion and related welfare losses for medical and surgical ad-
missions that were, and were not, directly targeted by the
PORTs. This analysis permits us to address two research

questions: (i) By 2000, did the hospital admissions for pro-
cedures targeted by the PORT initiative have less welfare
losses than those not targeted? (ii) Did the PORT initiative
reduce the welfare loss for specific targeted procedures af-
fected in terms of inflation adjusted dollars between 1991 and
2000.

The results provide a crude market level assessment of
whether a substantial government investment designed to
diffuse throughout an entire industry had its desired impact
on clinical care. While the PORT initiative is not identi-
cal in implementation to the current patient safety initiative,
the fundamental premise is the same: unacceptable variation
must be attenuated through outside intervention.

Although the PORT program centered on the United
States, this research provides knowledge relevant to the in-
ternational medical technology assessment efforts as well.
Currently, there are over two dozen countries with formal
programs in technology assessment (19). Each of these pro-
grams has objectives similar to the intent of the PORT ini-
tiative. This research highlights how it is possible to eval-
uate the impact of a national health policy as well as pro-
vide some insights on the data required to provide such as
assessment.

SIGNIFICANCE AND IMPACT

Many investigations have focused on variations in the use
of different medical procedures. For example, one study re-
ported that hysterectomy rates vary 3.5-fold across different
regions of Maine (16). Other studies found similar variations
in hundreds of medical procedures (12). Wennberg and Git-
tlesohn (17) described differences in use rates of common
surgical procedures across different regions in New England
and proposed using the coefficient of variation (COV) to ex-
press the degree of variation in a medical procedure. The
COV is equal to the standard deviation of the utilization rate
of a procedure divided by the mean of the rate of use of the
procedure. A high COV indicates a large degree of variation
because the variance (as measured by the standard deviation)
is relatively large in comparison to the mean rate of use. In
earlier literature, calculated COVs ranged from 0.32 to 0.70.
While there is no common benchmark to determine whether
a procedure’s COV is too high, the statistic does provide a
metric to gauge the relative degrees of variation and to or-
der procedures associated by their degree of variation. Diehr
and Grembowski (4) showed through simulation that utiliza-
tion differences that are completely random will generate
a non-zero COV and established a natural lower bound be
approximately 0.10.

To understand the financial impact of variations in use
of medical procedures, Phelps and Parente (14) developed
an expression for welfare loss associated with highly vari-
able procedure use rates. Welfare loss was calculated as a
function of the volume (number of procedures times the fee
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Figure 1. Effect of medical practice variation.

of procedure), price elasticity of insurance and unexplained
variation in procedure use. Few procedures were found
to have a strong positive correlation between volume and
COV. The original analysis was developed for a technology
evaluation work group of the Institute of Medicine in 1988
(9). As a result, the welfare loss study’s initial findings were
considered in the development of the list of medical proce-
dures most deserving of clinical guideline development by
AHCPR in 1990.

From a public policy perspective, the Phelps and Parente
analysis underscores the net financial impact of variations.
Nearly $1 billion was estimated to be the welfare loss from
variations in New York State hospitals for 1987 alone. Phelps
and Mooney (15) found that the welfare loss associated with
variations was roughly similar to the amount due to so called
moral hazard in health insurance contracts. It is important
to underscore that outpatient, physician office, and labora-
tory procedures were left out of that welfare loss calculation.
Given that nonhospital expenditures account for roughly half
the cost of the nation’s health care, the additional welfare
loss from ambulatory medical procedures may be quite sig-
nificant. On the other hand, including ambulatory procedures
that could substitute for inpatient procedures may yield less
net variation and, consequently, less welfare loss. Either sce-
nario only underscores the value of further research in this
area.

The Phelps and Parente (14) welfare loss analysis was
designed as a priority assessment tool capable of being
applied in different health care settings. Since its publica-
tion, over 70 citations have referenced the article, many of
which are from publication in international journals.1 Policy

1Based on Google Scholar search, accesses on April 13, 2008.

makers can use welfare loss analysis to gauge the ef-
fectiveness of the PORT initiatives as well as to iden-
tify medical conditions and procedures that may require
more detailed analysis. If the clinical uncertainty suggested
by the large variations in medical practice identified is a
proxy for poor outcomes or medical errors, this analy-
sis could identify and prioritize conditions and procedures
for new initiatives in delivery system re-engineering be-
ing contemplated by both the public and private healthcare
sectors.

CONCEPTUAL MODEL

The conceptual model for this work was developed in Phelps
and Parente (14) and is illustrated in Figure 1. We first as-
sume there is a point in the consumption of medical care
where the consumer’s utility is maximized at U∗. At this
point, any more or any less treatment would lead to a wel-
fare loss. For example, if a consumer received Xu of care,
they would be receiving less than an optimal level of care,
possibly due to rationing. At Xu, the marginal value of care
to an individual in terms of its incremental health benefit
exceeds the actual cost of the care, thus creating a wel-
fare loss. If too much care is provided, as illustrated by
Xo, than the cost of the care exceeds its incremental value
to the patient, and they would be worse off. For exam-
ple, adverse events of unnecessary medical care are welfare
reducing in terms of efficient use of resources and could
also lead to a health outcome that is debilitating to the
patient.

Phelps and Parente (14) and Phelps and Mooney (15)
applied this economic model to develop an estimate of wel-
fare loss for each hospital procedure using market specific
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admission rates. Solving for the area in the triangles, the
welfare loss can be calculated as:

WL = 1/2 × (total spending on X) × (Coefficient of Variation)2

× demand elasticity.

A key feature of this estimate is the use of the coefficient
of variation as a critical parameter. This expression, described
in detail in Phelps and Parente (14), shows that expenditure
combined with variation will drive the extent of welfare loss.
In effect, the model provides a way to statistically weight
procedure variation by expenditure using a construction that
is consistent with economic theory. The model also allows
for changes over time. Because it largely reflects a demand
curve for medical care, temporal shocks such as the intro-
duction of a new medical procedure can be interpreted as
potential demand shifters. For example, a new surgical pro-
cedure that substitutes for an old procedure may prompt a
reduction in price in the old procedure, leading to an inward
shift in the demand curve of the old technology. Likewise, a
new procedure with a lower price that complements an old
procedure would lead to a demand shift out. Also, reductions
in perceived incremental value of a procedure would lead to
a demand shift in.

APPROACH AND METHODOLOGY

Replicating the methods used in Phelps and Parente (14) and
Phelps and Mooney (15), hospital procedure use rates are
calculated for a given population area. In this analysis, we
chose to use states as the level of analysis to avoid small cell
size problems. Because there were sixty-two New York State
counties in the original analysis, fifty states is a closer com-
parison of results to the original study than either thousands
of counties or hundreds of metropolitan statistical areas.

With approximately 527 hospital admission procedures,
in the form of diagnosis-related groups (DRGs), we chose to
collapse certain DRGs to make more general categories of
medical admissions. This representation of hospital admis-
sion procedures is common in the variations literature and
was first used by Wennberg in 1984. This procedure leaves
146 possible modified DRGs (MDRGs) to represent hospitals
total inpatient product.

A review of the PORT literature was conducted to iden-
tify which of the 146 MDRGs were considered “PORT-
affected”, meaning that they (or a group of them) were the fo-
cus of a PORT project. The typical PORT was multi-million
dollar, multi-year investigation conducted by one or more
academic health centers with expertise in outcomes research,
health economics, and cost-effectiveness analysis. We identi-
fied a total of 32 of the 146 MDRGs that were the direct focus
of PORTs. Of those thirty-two PORT MDRGs, we considered
a subset of fifteen cardiac MDRGs to be conditional mem-
bers of the PORT group because their results may be different

due to technological change. Heart attacks and cardiac care
were the focus of the Harvard-based PORT. However, several
factors may mitigate the impact of the heart disease PORT
on variation in care and on social welfare. First, cardiology
and cardiothoracic surgery have historically been in the van-
guard in use of strategies to reduce practice variation.2 Sec-
ond, the 1990s saw widespread introduction of cardiac stents
and technological advances related to coronary artery bypass
graft (CABG) surgery. While the heart disease PORT’s focus
on reduction in practice variation is perhaps more likely to
strike a familiar chord with clinicians, the complexity and ra-
pidity of technological advances could mitigate the potential
PORT contribution.

Adjusted COVs were constructed by running MDRG-
specific regressions by year with state-level demographic
variables representing the age, gender, socioeconomic, and
market conditions. The R-squares ranged from .10 to .75 as
they did in earlier analysis (14). Finally, the total expenditure
for each MDRG is calculated by year. With this and the pre-
ceding estimates as components, welfare loss estimates are
calculated using methods in Phelps and Mooney (15), where
elasticity is assumed to be fixed. This estimate is based on
the Rand Health Insurance Experiment medical care demand
elasticity estimate of −0.15. Once the welfare loss estimates
are generated, the 1991 estimates are adjusted to 2000 dol-
lars for relevant comparison. For each MDRG, the difference
between the two period welfare loss estimates is calculated
to generate a net difference in welfare loss.

DATA

A five percent sample of recipients of the Medicare health
insurance program was used for this analysis. The Medi-
care program provides health insurance to approximately 40
million elderly or disabled individuals. For this analysis, we
chose to focus on the elderly population because the disabled
population is quite small and because state Medicaid and so-
cial assistance policies may affect the benefits received by
disabled individuals.

Using annual inpatient claims totaling over one hun-
dred million records; we calculated MDRG utilization rates
by state. The Medicare program’s denominator file of all
eligible Medicare participants was used to construct state-
and year-specific denominators for use in the construction
of MDRG-specific utilization rates. The mean and coeffi-
cient of variation for each MDRG were constructed using
summarized state level demographic data based on the ac-
companying Medicare program subscriber denominator files
from the national claims history file. Total expenditures for
each MDRG were also calculated by year for each MDRG.

2The Framingham study begun in the 1950s, and numerous large randomized
trials have provided ample evidence of the importance of cardiovascular risk
factor identification and control, and national guidelines for blood pressure
and lipid control were available before 1990.
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Regression adjusted coefficient of variation statistics for
each MDRG were constructed. The regressions used covari-
ates from state level demographic data from the denominator
file, including age, gender, Medicare HMO market penetra-
tion rate, Medicaid participation rate, race, mortality, and
Medicare supplemental coverage purchases. Data from 1991
and 2000 were used to generate pre and post PORT effects. In
addition, similar data was prepared for the intervening years
to provide insights on trends in procedure use rates within
the 10 years under investigation.

The MDRGs were partitioned into three groups: not
directly PORT affected, PORT affected, and cardiac. In the
original analysis by Phelps and Parente (14), medical and
surgical procedures were identified as distinctively different
in their care patterns. For this analysis, the rationale for the
identification of a separate cardiac category is the dramatic
technological innovations that have occurred within the past
decade, particularly, the wide spread use of angioplasty and
stents, new pharmaceutical interventions, and advances in
surgical technique.

RESULTS

Welfare loss comparisons between 1991 and 2000 are pre-
sented in Tables 1 through 3. Each of these tables list the
MDRGs and their computed welfare losses, along with
national Medicare admission rates, provider payment, and
adjusted coefficient of variation. The Non-PORT Affected
group is shown in Table 1. This group is the largest of the
three in terms of number of procedures (n = 84), expen-
diture and welfare loss. The adjusted COV in 1991 ranged
from 13 percent to 126 percent, contrasting with 15 percent
to 396 percent in 2000. The computed welfare loss in 2000
for each MDRG ranged from $3 million to $29 billion. In
terms of 2000 dollars, the difference between 1991 and 2000
welfare loss ranged from a net savings of $453 million for
Other Vascular Procedures w/Complicating Conditions to a
net loss of $29.4 billion for Pulmonary Edema and Respi-
ratory Failure. The net impact of the difference in welfare
loss was $36.5 billion in 2000. This includes one MDRG
with exceptionally high COV estimates in 2000 leading to
extraordinarily high 2000 welfare loss estimates. If this was
removed from the distribution, the net welfare loss differ-
ence between 1991 and 2000 would be $7.3 billion. Thus,
the net welfare loss increased dramatically for this set of non
PORT-affected MDRGs from 1991 to 2000.

In Table 2, the results of the PORT-affected MDRGs
show significantly fewer procedures, yet the use of these
procedures is fairly substantial, and a comparison between
the 1991 and 2000 adjusted COV ranges finds less variation in
2000. The range in 2000 welfare loss estimates is from $3.2
million to $1.5 billion. Comparing the net change in 2000
welfare loss, an increase in welfare loss occurred during the
period. It would appear that the reduction in variation that

occurred in some instances was insufficient to counter the
increase in utilization of these procedures.

We also observe evidence of bias in welfare loss cal-
culation due to an underlying temporal change in the rate
of use of a procedure. For example, lens operations had a
93 percent reduction in admissions between 1991 and 2000.
This reduction was most likely due a shift in practice of per-
forming cataract surgery in outpatient hospital settings and
free-standing surgical centers. A similar reduction in prosta-
tectomy procedures (−61 percent) is also observed. In this
case, new drug therapies may have acted as substitutes for
surgical procedures.

The cardiac MDRG welfare loss estimates are presented
in Table 3. Compared with the other two categories, there is
considerably less variation in 1991 and 2000, as measured
by the adjusted COV. Consequently, there is also less welfare
loss in 1991 and 2000, despite the scale of the expenditures
for these MDRGs. The net welfare loss between 1991 and
2000 is $336 million, by far the lowest relative to the total
expenditures of each of the three PORT categories.

A summary of the three PORT category welfare loss
analyses is shown in Table 4. The procedures not associ-
ated with a PORT initiative had the greatest increase in wel-
fare loss in both 2000 dollars, and as a percent change of
318.8 percent, compared with the other two PORT-affected
groups of admissions. This result would remain even if the
two outlier admissions discussed earlier were removed from
the analysis. The best category of results for the net impact
in welfare loss was for the Cardiac PORTs, with a percent
change of 9.9 percent. The directly PORT-affected group of
admissions had the middle performance level in terms of
welfare loss, with a percent increase in 2000 dollar welfare
loss of 42.9 percent. A final comparative statistic is the ratio
of total expenditure to welfare loss. Ideally, welfare loss will
be 0, so policy makers would want to maximize this ratio.
Welfare loss as a share of total expenditure is far greater
for the admissions that were not PORT-affected, making this
ratio lower than the ratio for the two other PORT-affected
groups of admissions.

Figure 2 illustrates trends in overall welfare loss over
time by each of the PORT-affected categories. By 2000, 84
percent of all welfare loss estimates were for non–PORT-
affected procedures. This compares to only 62 percent in
1991.

DISCUSSION

There are two key findings from this study that directly ad-
dress the main research questions. First, hospital admission
procedures targeted by the PORT initiative did have smaller
welfare losses as a share of total expenditure. This result
is also supported in terms of a generally smaller percent-
age increases in welfare loss between 1991 and 2000 for the
PORT-affected admissions, in comparison to the non PORT-
affected hospitalizations. Our second finding is that the net
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Table 1. Hospital Admission Utilization Expenditure, Variation, and Welfare Loss Comparisons: No PORT Influenced Hospital
Admissions

CV of
Admission rate admission rate Expenditure (in $’000s) Welfare loss (in $’000s) 1991 to 2000

Admissions change in welfare
description 1991 2000 1991 2000 1991 2000 1991 2000 loss (in $’000s)

Other vascular
procedures

102,280 103,840 36.7% 15.9% $900,875 $1,179,014 $552,884 $99,640 −$453,244

Major small and large
bowel operations

155,440 138,840 20.9% 14.7% $1,827,445 $2,327,803 $364,193 $168,649 −$195,544

Adult bronchitis &
asthma

172,920 66,700 32.2% 34.3% $562,436 $228,461 $266,867 $89,630 −$177,238

Chemotherapy 116,200 27,560 45.9% 46.9% $247,053 $141,325 $237,309 $103,583 −$133,727
Other myeloproliferative

disorder Dx.s
50,940 43,780 37.2% 18.7% $269,284 $371,484 $170,080 $43,518 −$126,562

Nervous system
operations

42,400 52,560 28.9% 17.7% $557,777 $845,344 $213,108 $88,761 −$124,347

Liver transplant 6,420 4,960 59.9% 45.4% $100,714 $122,011 $165,240 $83,747 −$81,493
Operations for injuries 20,320 20,720 42.5% 22.8% $145,390 $223,171 $120,062 $38,732 −$81,330
Vascular reconstructive

procedures
53,080 58,100 23.5% 19.8% $859,929 $1,210,665 $217,428 $157,968 −$59,460

Adult gastroenteritis 294,320 283,040 22.8% 20.2% $766,622 $982,691 $182,514 $133,962 −$48,552
Dental and oral disorders 3,060 3,700 126.3% 55.1% $8,833 $15,991 $64,339 $16,220 −$48,119
Endocrine, nutritional, &

metabolic oper.
27,680 26,240 32.1% 25.1% $195,745 $214,680 $92,020 $45,019 −$47,001

Kidney & urinary tract
infections

179,140 197,780 23.6% 21.0% $645,552 $804,937 $164,199 $118,247 −$45,952

Foot procedures 8,480 4,140 71.2% 44.0% $24,959 $20,977 $57,826 $13,536 −$44,291
Other operations of

the eye
41,520 7,460 36.9% 59.6% $116,171 $29,843 $72,102 $35,323 −$36,779

Toxic effect of drugs 26,120 18,440 39.3% 28.5% $74,298 $69,244 $52,385 $18,722 −$33,663
Peripheral vascular

disorders
111,380 115,680 22.8% 17.5% $344,269 $501,165 $81,815 $51,155 −$30,660

Stomach, esophageal, &
duodenal operations

37,080 31,360 21.8% 21.0% $539,668 $607,761 $117,706 $89,467 −$28,238

Other surgical
procedures

66,720 59,720 23.7% 21.9% $731,263 $997,368 $187,143 $159,722 −$27,421

Minor genitourinary
tract operations

35,940 32,060 29.4% 28.1% $264,685 $308,285 $104,868 $81,356 −$23,512

G.I. obstruction 86,720 101,860 22.8% 18.0% $267,908 $414,727 $63,397 $44,711 −$18,686
Uterus and adnexa

operations
28,860 19,020 32.6% 35.3% $162,633 $148,650 $79,062 $61,780 −$17,282

Tubal interruptions for
nonmalignancy

23,720 23,220 36.2% 30.3% $71,703 $93,503 $42,912 $28,625 −$14,286

Skin grafts 36,520 27,880 34.2% 43.6% $326,108 $253,966 $173,812 $160,919 −$12,893
Inguinal and femoral

hernia operations
39,460 17,840 37.7% 42.7% $92,225 $78,840 $59,917 $47,918 −$11,999

Other ear, nose and
throat diagnoses

49,440 50,320 29.7% 25.1% $108,398 $151,429 $43,647 $31,714 −$11,933

Respiratory neoplasms 67,160 57,740 26.3% 26.2% $313,763 $391,479 $99,088 $89,297 −$9,790
Nonextensive O.R.

procedures
32,160 21,620 29.6% 31.6% $185,474 $197,197 $74,067 $65,684 −$8,382

Malignancy &
infections, female
reproduct

8,080 10,020 66.1% 53.7% $30,813 $55,765 $61,515 $53,706 −$7,809

Hysterectomy 14,300 12,280 35.6% 34.5% $68,734 $81,097 $39,831 $32,275 −$7,556
Stupor and coma 18,180 29,940 36.6% 26.4% $75,740 $169,970 $46,286 $39,513 −$6,773
Breast procedure -

biopsy for nonmaligna
3,240 1,660 61.2% 53.7% $7,452 $7,360 $12,744 $7,076 −$5,668

Urinary tract stones 29,320 19,980 28.1% 31.3% $68,850 $64,673 $24,880 $21,193 −$3,687
Alcohol & drug use 31,940 24,880 42.7% 52.6% $107,144 $92,737 $89,070 $85,648 −$3,422
Hand procedures exc.

ganglion
2,060 1,080 53.3% 53.4% $4,933 $3,548 $6,403 $3,373 −$3,030

Lower extrem./ humer
procedure exc. hip/F

40,600 43,520 34.5% 32.1% $176,646 $273,089 $96,235 $93,711 −$2,524

Concussion 5,900 4,660 48.8% 47.4% $13,480 $16,593 $14,678 $12,457 −$2,221
Major genitourinary

tract operations
31,420 29,900 28.3% 29.7% $312,607 $384,115 $114,255 $113,340 −$915

Misc. ear, nose, and
throat operations

2,700 1,080 58.8% 81.7% $6,805 $4,897 $10,745 $10,912 $166

Peptic ulcer 29,700 23,900 33.7% 36.1% $92,312 $114,319 $47,856 $49,592 $1,736
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Table 1. Continued.

CV of
Admission rate admission rate Expenditure (in $’000s) Welfare loss (in $’000s) 1991 to 2000

Admissions change in welfare
description 1991 2000 1991 2000 1991 2000 1991 2000 loss (in $’000s)

Adult otitis media & uri 15,600 15,000 39.4% 44.5% $38,810 $44,716 $27,515 $29,487 $1,972
Appendectomy with

appendicitis
11,200 11,820 38.4% 39.8% $66,385 $91,481 $44,737 $48,392 $3,655

Other ear, nose, and
throat operations

18,520 9,500 36.3% 49.4% $74,510 $62,143 $44,750 $50,533 $5,783

Pancreas disorders 32,080 40,080 27.5% 25.1% $128,954 $246,465 $44,631 $51,641 $7,010
Conization exc. for

malignancy
2,140 1,700 44.6% 73.2% $4,383 $6,482 $3,991 $11,589 $7,598

Red blood cell disorders 58,000 71,640 25.1% 24.1% $166,585 $289,939 $47,884 $55,986 $8,102
Soft tissue operations 10,200 8,880 43.1% 52.0% $40,280 $50,127 $34,226 $45,235 $11,009
Mastectomy for

malignancy
62,620 37,000 17.6% 28.8% $198,847 $142,236 $28,075 $39,464 $11,389

Other endocrine,
nutritional &
metab. Dx

249,900 274,980 21.4% 22.7% $852,664 $1,103,268 $177,756 $189,789 $12,033

Female reproductive sys.
operations

48,320 44,140 23.4% 28.8% $164,642 $205,409 $41,259 $56,673 $15,414

Not classified 57,240 50,740 23.3% 25.4% $797,574 $991,428 $197,765 $213,421 $15,656
Other adult hernia

operations
26,020 22,200 29.7% 35.7% $86,912 $119,247 $34,948 $50,765 $15,816

Seizures and headaches 55,820 51,180 21.6% 27.3% $183,105 $224,211 $39,040 $55,729 $16,689
Other digestive disease

operations
53,880 52,180 21.2% 22.9% $456,807 $650,102 $93,528 $113,257 $19,729

Other vascular
procedures

190,100 113,080 21.0% 28.7% $1,599,918 $1,256,805 $322,109 $345,155 $23,045

Other musculoskeletal
system procedures

60,720 55,760 21.9% 26.2% $386,401 $484,500 $84,757 $111,185 $26,429

Eye disorders 7,240 7,180 40.6% 70.9% $17,714 $25,783 $13,345 $43,247 $29,902
Other respiratory system

diagnoses
90,180 109,240 19.8% 23.4% $374,917 $586,028 $66,881 $107,033 $40,152

Other fractures/ sprains/
strains/ dislo

35,720 37,560 39.6% 50.2% $96,656 $134,706 $69,099 $113,029 $43,930

Anal operations 20,380 10,120 30.5% 62.6% $59,242 $53,380 $25,121 $69,779 $44,658
Gastrointestinal

hemorrhage
191,980 256,880 12.7% 16.0% $675,793 $1,175,589 $49,544 $100,058 $50,513

Immunity disorders 32,940 31,920 27.6% 40.5% $185,796 $215,540 $64,726 $117,986 $53,260
Syncope & collapse 108,840 135,960 23.7% 29.2% $271,216 $445,347 $69,571 $126,394 $56,823
Digestive malignancy 37,160 33,140 31.5% 43.4% $182,080 $225,095 $82,605 $141,299 $58,694
Respiratory system

operations
70,300 73,780 22.3% 24.2% $707,092 $1,157,510 $160,240 $226,040 $65,799

Other skin, subcut.
tissue & breast proc.

15,460 9,440 33.9% 66.5% $80,022 $73,798 $42,043 $108,704 $66,661

Respiratory sign &
symptoms

35,220 25,120 25.9% 58.6% $94,780 $90,680 $29,086 $103,923 $74,837

Other hematology &
oncology

8,480 9,940 38.9% 45.4% $116,641 $227,627 $80,808 $156,620 $75,812

Other digestive disease
diagnoses

58,700 85,900 24.4% 29.3% $209,091 $468,823 $57,064 $134,313 $77,249

Male reproductive
system operations

28,260 9,820 31.8% 83.3% $99,291 $55,167 $45,823 $127,593 $81,770

Extracranial vascular
procedures

55,200 86,220 23.4% 28.4% $325,344 $614,625 $81,048 $165,298 $84,250

Other injuries,
poisoning, tox.
effect di

35,820 39,840 44.6% 59.3% $108,896 $171,357 $98,928 $201,242 $102,313

Other trauma 41,700 58,320 26.3% 26.1% $2,133,620 $3,415,314 $672,509 $776,687 $104,178
Other hepatobiliary

system diagnoses
62,160 61,180 24.8% 38.3% $281,405 $399,654 $79,320 $195,276 $115,956

Chronic obstructive
pulmonary disease

175,760 343,720 25.5% 24.5% $652,919 $1,553,881 $194,146 $310,920 $116,774

Other nervous system
diagnoses

140,780 176,900 36.9% 39.3% $658,343 $1,058,842 $409,625 $544,302 $134,677

Respiratory infections/
inflammations

147,720 164,360 29.2% 36.3% $956,025 $1,289,908 $372,492 $567,503 $195,011

Kidney & urinary tract
diagnoses

88,000 147,060 18.0% 35.4% $345,460 $889,786 $50,942 $370,933 $319,991
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Table 1. Continued.

CV of
Admission rate admission rate Expenditure (in $’000s) Welfare loss (in $’000s) 1991 to 2000

Admissions change in welfare
description 1991 2000 1991 2000 1991 2000 1991 2000 loss (in $’000s)

Cellulitis 83,080 98,020 21.8% 57.7% $269,161 $382,381 $58,385 $424,504 $366,119
Other musculoskeletal

system diagnoses
157,100 164,060 28.7% 54.5% $602,431 $817,827 $227,222 $811,603 $584,381

Infectious disease
diagnoses

179,460 215,200 20.5% 45.8% $926,252 $1,520,523 $178,220 $1,065,570 $887,350

Other factors influencing
health status

180,560 344,920 50.2% 63.3% $1,273,685 $2,959,098 $1,468,011 $3,951,219 $2,483,208

Other skin, subcutaneous
tissue & breast

57,360 66,460 30.7% 159.0% $198,255 $333,111 $85,558 $2,807,750 $2,722,192

Pulmonary edema &
respiratory failure

56,220 75,400 33.3% 395.7% $274,629 $562,434 $138,773 $29,374,862 $29,236,089

TOTAL 5,285,069 5,560,620 $29,098,238 $41,070,551 $10,922,593 $47,402,385 $36,479,792

effect of the PORT was not a reduction in the welfare loss
for those procedures, in terms of inflation adjusted dollars
between 1991 and 2000. For many MDRGs, there was reduc-
tion in welfare loss. However, when these negative changes
in welfare loss were added with the MDRGs where there was
an increase in welfare loss, the net effect in all three PORT-
affected categories was still an increase in welfare loss.

The results of this study suggest the PORT initiative
may have had a welfare-improving effect on society. At the
very least, the evidence suggests that, taken as a group,
the directly PORT-affected and cardiac PORT procedures
show that the variation situation documented by Wennberg
and others might have deteriorated further had there been
no PORT investigations. The cardiac PORT results were

Table 2. Hospital Admission Utilization Expenditure, Variation, and Welfare Loss Comparisons: PORT Influenced
Hospital Admissions

CV of
Admission rate admission rate Expenditure (in $’000s) Welfare loss (in $’000s) 1991 to 2000

change in welfare
Admissions description 1991 2000 1991 2000 1991 2000 1991 2000 loss (in $’000s)

Prostatectomy 252,680 98,300 17.2% 22.8% $975,508 $465,382 $132,189 $80,879 −$51,310
Psychosis 170,600 137,820 42.9% 42.5% $733,576 $948,747 $616,637 $571,548 −$45,089
Lens operation 8,680 620 67.5% 64.7% $18,932 $2,327 $39,394 $3,251 −$36,143
Knee procedures 275,280 343,180 24.6% 24.0% $2,467,498 $3,418,018 $684,311 $658,253 −$26,058
Acute adjustment

reaction
19,880 17,860 47.0% 42.3% $59,427 $71,140 $59,964 $42,507 −$17,457

Disorders of the
biliary tract

48,860 38,020 27.0% 23.9% $155,233 $183,550 $51,567 $34,826 −$16,741

Hip procedure except
joint replacement

147,000 149,960 18.1% 18.7% $1,023,287 $1,197,998 $153,985 $139,603 −$14,382

Male reproductive
system diagnoses

21,500 14,300 34.3% 36.7% $60,708 $58,146 $32,601 $26,072 −$6,529

Transurethral
operations

51,240 30,060 27.0% 30.0% $151,656 $147,937 $50,623 $44,401 −$6,222

Diabetes 74,620 67,620 29.8% 30.4% $214,522 $262,312 $86,868 $80,718 −$6,150
Hepatobiliary system

procedures
29,540 17,960 27.4% 33.9% $391,779 $362,375 $133,968 $139,159 $5,191

Cholecystectomy with
gall bladder disease

136,340 101,380 19.4% 25.0% $765,229 $843,027 $131,215 $175,543 $44,328

Depressive neurosis 12,640 10,420 48.6% 75.1% $48,318 $52,342 $52,105 $98,424 $46,319
Other mental disorders 81,640 76,200 34.0% 39.0% $322,142 $454,284 $170,604 $229,858 $59,254
Medical back problems 95,240 192,780 31.2% 23.3% $254,443 $1,181,248 $113,376 $214,675 $101,300
Adult pneumonias 481,540 617,560 21.0% 25.1% $2,683,982 $4,448,802 $543,222 $936,157 $392,935
Fracture femur/ hip/

or pelvis
70,380 67,360 52.6% 116.9% $285,844 $330,579 $361,736 $1,506,960 $1,145,224

TOTAL 1,977,660 1,981,400 $10,612,084 $14,428,214 $3,414,364 $4,982,833 $1,568,470
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Table 3. Hospital Admission Utilization Expenditure, Variation, and Welfare Loss Comparisons: Cardiac PORT
Hospital Admissions

CV of
Admission rate admission rate Expenditure (in $’000s) Welfare loss (in $’000s) 1991 to 2000

change in welfare
Admissions description 1991 2000 1991 2000 1991 2000 1991 2000 loss (in $’000s)

Specific
cerebrovascular
disorders

359,760 331,900 25.0% 16.7% $1,729,652 $1,949,468 $495,236 $180,296 −$314,939

Angina pectoris 309,280 61,720 31.4% 37.1% $711,644 $159,257 $321,334 $73,077 −$248,257
Cardiothoracic

procedures
7,900 60,920 65.8% 22.3% $199,201 $1,309,166 $393,916 $216,920 −$176,996

Circulatory disorders
exc AMI,W/CARD
CTH

195,700 181,480 29.9% 23.3% $775,380 $1,142,009 $317,367 $206,680 −$110,686

Chest pain 102,120 174,880 31.9% 19.5% $205,683 $453,190 $95,713 $57,289 −$38,425
Transient ischemic

attack and precerebra
128,960 144,780 26.5% 22.6% $322,209 $517,619 $103,181 $88,226 −$14,955

Cardiac arrhythimias 252,540 272,380 17.8% 16.9% $710,547 $950,892 $103,164 $90,056 −$13,109
Hypertension 25,500 33,660 36.6% 37.5% $58,932 $97,371 $36,055 $45,545 $9,490
Acute myocardial

infarction
285,420 267,020 19.1% 20.4% $1,418,387 $1,800,694 $236,458 $250,331 $13,873

Heart failure & shock 579,740 633,080 16.0% 17.1% $2,181,259 $3,143,479 $255,781 $306,875 $51,094
Other circulatory

system diagnoses
58,360 76,740 25.8% 29.0% $216,765 $430,535 $65,974 $120,511 $54,537

Atherosclerosis 18,360 141,580 57.6% 31.6% $50,003 $460,458 $75,793 $153,289 $77,496
Coronary bypass

procedures
122,280 85,460 18.2% 25.4% $2,553,313 $2,363,918 $387,433 $508,700 $121,267

Pacemaker procedures 84,820 334,920 21.7% 21.4% $814,317 $4,046,886 $174,473 $618,588 $444,114
Cardiac valve

procedures
32,600 60,200 27.8% 33.9% $968,575 $2,145,517 $342,756 $824,420 $481,664

TOTAL 2,563,340 2,860,720 $12,915,864 $20,970,460 $3,404,634 $3,740,802 $336,168

particularly interesting because of the overall lack of high
levels of COV in 2000. Generally, when new medical in-
novations are introduced, one would expect a high level of
variation in clinical practice as the new technology is dif-
fused (5). However, cardiac care was already governed by

national clinical guidelines for the treatment of hyperten-
sion and lipid disorders by 1991, and many of the newer
technologies introduced in the 1990s were introduced with
a strong evidence base and with clear indications for appro-
priate use—factors which may be associated with inherently

Table 4. Changes in Welfare Loss 1991–2000: Comparison of No PORT, PORT and Cardiac PORT Admissions

Ratio of 2000
1991 to 2000 1991 to 2000 expenditure to

1991 2000 Change % Change welfare loss

No PORT
Admissions 5,287,060 5,556,620 5.1%

Sum of expenditures $29,100,229,199 $41,072,551,331 41.1%
Welfare loss in 2000 $$$ $10,922,592,733 $47,402,385,167 $40,652,671,540 334.0% 0.87

PORT affected
Admissions 1,977,660 1,981,400 0.2%

Sum of expenditures $10,612,084,330 $14,428,214,472 36.0%
Welfare loss in 2000 $$$ $3,414,363,591 $4,982,833,299 $1,568,469,709 45.9% 2.90

Cardiac PORT
Admissions 2,563,340 2,860,720 11.6%

Sum of expenditures 12,915,863,740 $20,970,459,760 62.4%
Welfare loss in 2000 $$$ $3,404,633,960 $3,740,802,340 $336,168,375 9.9% 5.61
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Figure 2. Percentage of welfare loss between 1991 and 2000 by PORT-affected categories.

low levels of variation, as both the 1991and 2000 results
suggest.

This research has five limitations. First, we chose only
to focus on the Medicare population, limiting the generaliz-
ability of these findings to the privately insured population.
However, the selection of the Medicare population removes
many confounding influences such as the effect of managed
care and other financial incentives that were either introduced
(e.g., performance based financial rewards for physicians) or
removed (e.g., scaling back utilization review activities in
favor of disease management). The Medicare reimbursement
system largely remained unchanged for hospitals during the
study period. The rise of Medicare managed care may have an
influence, but to the extent possible, its effect was formally
considered in our approach by including it as a covariate
in the MDRG-specific regression models used to adjust the
coefficient of variation.

The second limitation is a failure to control for the in-
troduction of new medical technologies, which could affect
the production of inpatient hospital admissions. While this
could certainly influence our results, we see it as equally
likely that these exogenous shocks to the market would in-
fluence both the PORT affected and non-PORT admissions
randomly. In addition, these shocks could simultaneously af-
fect many clinical domains. For example, development and
application of sophisticated laparoscopic surgical techniques
affected not only the University of Pennsylvania PORT on
gall bladder disease, but many other clinical domains not
targeted by PORTS, such as orthopedic procedures, manage-
ment of appendicitis, and neonatology. Similarly, advances in
imaging technology improved diagnosis and in many cases
management of conditions in numerous clinical domains.
(1;6).

A third limitation is that the analysis does not explicitly
account for substitution of outpatient services for inpatient
care. However, like the case of the development of a new
technology shock, the presence of substitutable procedures
may fairly be assumed to be random in its influence on either
PORT or non-PORT admissions.

The fourth limitation is that our estimates of the “cor-
rect” level of hospital utilization may incorrect. For exam-
ple, the average rate of knee procedures in our study was
8.6/1,000, but ideally, it should (hypothetically) be 7/1,000
based on the state of medical technology knowledge, dis-
ease prevalence and hospital supply. This deviation from a
correct rate would introduce a bias formally expressed in
the welfare loss expression as an additional component to
be added to the welfare loss expression stated as: Addi-
tional WL = 1/2(%Bias)2/h where h is demand elasticity
(15). Thus, the welfare loss increases with the square of the
percent change in the bias of average use relative to the “cor-
rect” rate of use. This calculation is based on the property
in statistics where mean squared error of a biased estimator
contains two sources of error—variability about the mean
and the squared bias. This additional welfare loss due to
bias would occur for both under-use and over-use of a pro-
cedure in a manner similar to that displayed by the dead
weight loss triangles in Figure #1. A more complete analysis
would account for the additional welfare loss introduced by
this bias with meta-analysis to compare average and expert-
determined “correct” rates of utilization. While this addi-
tional step is outside the scope of the analysis, our inability
to account for bias leads us to assume the average rate of
use is correct and thus our estimates could be interpreted as
a lower bound of the welfare loss possible for each type of
admission.
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Finally, the analysis is done at the level of the nation,
and does not drill down to identify specific mechanisms that
mitigate or aggravate variation in practice that influence so-
cial welfare. In theory, the method applied in this analysis
could be applied to pinpoint patterns of variation and wel-
fare loss at the physician level by using the attending physi-
cian’s unique identification number (UPIN). The attending
physician serves the role as admitting and discharge coordi-
nator for a patient, so their individual practice style should
be carefully quantified if possible. Unfortunately, physician
identification data are only of good quality in 2000 because
and the UPIN was not a required data field in 1991. Hospital
identification might serve as a proxy, but it is not as clean a
representation of practice style. Because hospitals are essen-
tially the doctor’s workshop (13), physicians, not institutions,
may primarily determine admission rates. Ideally, an econo-
metric analysis focused on some combination of both, with
admitted physician effects accounted for by random effects
and hospital by fixed effects, using a national database would
provide the most comprehensive approach to addressing this
issue.

From a policy perspective, PORTs may have been a
good investment, although the Agency for Health Care Policy
and Research did not provide a direct successor program of
research. Practice guidelines developed through the PORT
initiative were followed up by a host of clinical practice
guidelines created by constituencies ranging from disease-
specific societies to specialty groups whose recommendation
were not always strongly evidence-based.

The success of recent research initiatives that aim to re-
duce errors and improve patient safety could be enhanced in
some cases by adopting and further developing the measures
of variation in care and social welfare loss using methods
similar to those we have presented. An example of such an
application may be investigations of drug prescribing prac-
tices. Patterns of drug prescribing exhibit wide variation,
which may often translate directly into variation in clinical
outcomes, costs of care, and risk of adverse events (3). More-
over, variation exists at several levels of the care system—
patients, providers, facilities, and regions. This area of inves-
tigation promises to deepen and broaden our understanding
of variation in care, and perhaps lead to novel intervention
strategies built, to some degree, on the foundations laid by
the pioneering PORT studies

In summary, this is the first study to systematically eval-
uate the long term effect of PORTs on practice variation and
social welfare. Using an economic derivation of welfare loss
attributable to medical practice variation, and using hospital
admission claims data for 2 million elderly patients general-
izable to nation, we estimated the change in welfare in the
1990s for conditions that were or were not targeted by PORT
investigations. Our results show that inpatient clinical do-
mains targeted by the PORTs had less welfare loss relative
to their total expenditure by 2000, but that there was not a
net decrease in the welfare loss for all hospital admissions

affected by the PORT. This research provides a novel ap-
proach to evaluating the impact of significant social science
and medical interventions, and variation in the delivery of
these interventions, on social welfare.
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