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REPORT OF A RANDOMIZED CON-

trolled trial (RCT) should con-

vey to the reader, in a trans-

parent manner, why the study
was undertaken and how it was con-
ducted and analyzed. For example, alack
of adequately reported randomization has
been associated with bias in estimating
the effectiveness of interventions.!? To
assess the strengths and limitations of an
RCT, readers need and deserve to know
the quality of its methods. Despite sev-
eral decades of educational efforts, RCTs
still are not being reported adequately.>®
For example, a review of 122 recently
published RCTs that evaluated the effec-
tiveness of selective serotonin reuptake
inhibitors as first-line management strat-
egy for depression found that only 1
(0.8%) article described randomization
adequately.’ Inadequate reporting makes
the interpretation of RCT results diffi-
cult if not impossible. Moreover, inad-
equate reporting borders on unethical
practice when biased results receive false
credibility.

HISTORY OF CONSORT

In the mid 1990s, 2 independent initia-
tives to improve the quality of reports

See also pp 1992, 1996, 2000,
and 2006.

To comprehend the results of a randomized controlled trial (RCT), readers
must understand its design, conduct, analysis, and interpretation. That goal
can be achieved only through complete transparency from authors. Despite
several decades of educational efforts, the reporting of RCTs needs improve-
ment. Investigators and editors developed the original CONSORT (Consoli-
dated Standards of Reporting Trials) statement to help authors improve re-
porting by using a checklist and flow diagram. The revised CONSORT
statement presented in this article incorporates new evidence and ad-
dresses some criticisms of the original statement.

The checklist items pertain to the content of the Title, Abstract, introduc-
tion, Methods, Results, and Comment. The revised checklist includes 22 items
selected because empirical evidence indicates that not reporting the infor-
mation is associated with biased estimates of treatment effect or because
the information is essential to judge the reliability or relevance of the find-
ings. We intended the flow diagram to depict the passage of participants
through an RCT. The revised flow diagram depicts information from 4 stages
of a trial (enroliment, intervention allocation, follow-up, and analysis). The
diagram explicitly includes the number of participants, according to each in-
tervention group, included in the primary data analysis. Inclusion of these
numbers allows the reader to judge whether the authors have performed an
intention-to-treat analysis.

In sum, the CONSORT statement is intended to improve the reporting of
an RCT, enabling readers to understand a trial's conduct and to assess the
validity of its results.
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of RCTs led to the publication of the
CONSORT (Consolidated Standards of
Reporting Trials) statement,” which was
developed by an international group of
clinical trialists, statisticians, epidemi-
ologists, and biomedical editors.
CONSORT has been supported by a
growing number of medical and health
care journals®!! and editorial groups, in-
cluding the International Committee of
Medical Journal Editors'? (ICMJE, also
known as the Vancouver Group), the
Council of Science Editors (CSE), and
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the World Association of Medical Edi-
tors (WAME). CONSORT is also pub-
lished in Dutch, English, French, Ger-
man, Japanese, and Spanish. It can be
accessed on the Internet, along with
other information about the
CONSORT group.?

The CONSORT statement com-
prises a checklist and flow diagram for
reporting an RCT. For convenience, the
checklist and diagram together are
called simply CONSORT. They are pri-
marily intended for use in writing, re-
viewing, or evaluating reports of simple
2-group parallel RCTs.

Preliminary data indicate that the use
of CONSORT does indeed help to im-
prove the quality of reports of RCTs."*"”
In an evaluation of 71 published RCTs
in 3 journals in 1994, allocation con-
cealment was reported unclearly in 43
(61%) of the trials."* Four years later, af-
ter these 3 journals required that au-
thors reporting an RCT use
CONSORT, the proportion of articles in
which allocation concealment was re-
ported unclearly had decreased to 30 of
77 (39%; mean difference, —-22%; [95%
confidence interval, -38% to -6%]).'*

The usefulness of CONSORT is en-
hanced by continuous monitoring of the
biomedical literature; this monitoring
allows CONSORT to be modified de-
pending on the merits of maintaining
or dropping current items and includ-
ing new items. For example, when Mei-
nert'® observed that the flow diagram
did not provide important informa-
tion about the number of participants
who entered each phase of an RCT (en-
rollment, treaument allocation, follow-
up, and data analysis), the diagram was
able to be modified to accommodate the
information. The checklist is similarly
flexible.

This iterative process makes the
CONSORT statement a continually
evolving instrument. While partici-
pants in the CONSORT group and their
degree of involvement vary over time,
members meet regularly to review the
need to refine CONSORT. At the 1999
meeting, participants decided to re-
vise the original statement. This re-
port reflects changes determined by
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consensus of the CONSORT group,
partly in response to emerging evi-
dence on the importance of various el-
ements of RCTs.

REVISION OF THE
CONSORT STATEMENT

Thirteen members of the CONSORT
group met in May 1999 with the pri-
mary objective of revising the original
CONSORT checklist and flow dia-
gram, as needed. The group discussed
the merits of including each item in the
light of current evidence. As in devel-
oping the original CONSORT state-
ment, our intention was to keep only
those items deemed fundamental to re-
porting standards for an RCT. Some
items not considered essential may well
be highly desirable and still should be
included in an RCT report even though
they are not included in CONSORT.
Such items include approval of an in-
stitutional ethical review board, sources
of funding for the trial, and a trial reg-
istry number (eg, the International Stan-
dard Randomized Controlled Trial
Number [ISRCTN]) used to register the
RCT at its inception."”

Shortly after the meeting, a revised ver-
sion of the checklist was circulated to the
group for additional comments and feed-
back. Revisions to the flow diagram were
similarly made. All these changes were
discussed when CONSORT partici-
pants met in May 2000, and the revised
statement was finalized shortly after-
ward.

The revised CONSORT statement in-
cludes a 22-item checklist (TABLE) and
a flow diagram (FIGURE). lts primary
aim is to help authors improve the qual-
ity of reports of simple 2-group paral-
lel RCTs. However, the basic philoso-
phy underlying the development of the
statement can be applied to any de-
sign. In this regard, additional state-
ments for other designs will be forth-
coming from the group.’* CONSORT
can also be used by peer reviewers and
editors to identify reports with inad-
equate description of trials and those
with potentially biased results.'?

During the 1999 meeting, the group
also discussed the benefits of develop-

ing an explanatory document to en-
hance the use and dissemination of
CONSORT. The document is patterned
on reporting of statistical aspects of clini-
cal research'® and was developed to help
facilitate the recommendations of the
ICMJE’s Uniform Requirements for Manu-
scripts Submitted to Biomedical Journals.
Three members of the CONSORT group,
with assistance from members on some
checklist items, drafted an explanation
and elaboration document. That docu-
ment'® was circulated to the group for ad-
ditions and revisions and was last re-
vised after review at the latest CONSORT
group meeting.

CHANGES TO CONSORT

(1) In the revised checklist, a new
column for “paper section and topic”
integrates information from the “sub-
heading” column that was contained in
the original statement.

(2) The “Was it reported?” column
has been integrated into a “reported on
page #” column, as requested by some
journals. '

(3) Each item of the checklist is now
numbered and the syntax and order
have been revised to improve the flow
of information.

(4) “Title” and “Abstract” are now
combined in the first item.

(5) While the content of the re-
vised checklist is similar to the origi-
nal, some items that previously were
combined are now separate. For ex-
ample, authors had been asked to de-
scribe “primary and secondary out-
come(s) measure(s) and the minimum
important difference(s), and indicate
how the target sample size was pro-
jected.” In the new version, issues per-
taining to outcomes (item 6) and
sample size (item 7) are separate, en-
abling authors to be more explicit about
each. Moreover, some items request ad-
ditional information. For example, for
outcomes (item 6) authors are asked to
report any methods used to enhance the
quality of measurements, such as mul-
tiple observations.

(6) The item asking for the unit of
randomization (eg, cluster) has been
dropped because specific checklists have




been developed for reporting cluster
RCTs™ and other design types'? since
publication of the original checklist.
(7) Whenever possible, new evi-
dence is incorporated into the revised
checklist. For example, authors are asked
to be explicit about whether the analy-
sis reported is by intention-to-treat (item
16). This request is based in part on the

observations® that authors do not ad-
equately describe and apply intention-
to-treat analysis and reports that not pro-
viding this information are less likely to
provide other relevant information, such
as loss to follow-up.”

(8) The revised flow diagram de-
picts information from 4 stages of a trial
(enrollment, intervention allocation,

Table. Checklist of ltems to Include When Reporting a Randomized Trial

REVISED CONSORT STATEMENT

follow-up, and analysis). The revised
diagram explicitly includes the num-
ber of participants, according to each
intervention group, included in the pri-
mary data analysis. Inclusion of these
numbers lets the reader know whether
the authors have performed an inten-
tion-to-treat analysis,.' > Because some
of the information may not always be

Section and Topic Item # Descriptor Reported on Page #
Title and Abstract 1 How participants were allocated to interventions (eg, “random allocation,”
“randomized,” or “randomly assigned”).
Introduction
Background 2 Scientific background and explanation of rationale.
Methods

Participants 3 Eligibility criteria for participants and the settings and locations where the data
were collected.

Interventions 4 Precise details of the interventions intended for each group and how and
when they were actually administered.

Objectives 5 Specific objectives and hypotheses.

Outcomes 6 Clearly defined primary and secondary outcome measures and, when
applicable, any methods used to enhance the quality of measurements (eg,
multiple observations, training of assessors).

Sample size 7 How sample size was determined and, when applicable, explanation of any
interim analyses and stopping rules.

Randomization

Seqguence generation 8 Method used to generate the random allocation sequence, including details of
any restriction (eg, blocking, stratification).

Allocation concealment 9 Method used to implement the random allocation sequence (eg, numbered
containers or central telephone), clarifying whether the sequence was
concealed until interventions were assigned. .

Implementation 10 Who generated the allocation sequence, who enrolied participants, and who
assigned participants to their groups.

Blinding (masking) 1 Whether or not participants, those administering the interventions, and those
assessing the outcomes were blinded to group assignment. Iif done, how the
success of blinding was evaluated.

Statistical methods 12 Statistical methods used to compare groups for primary outcome(s); methods
for additional analyses, such as subgroup analyses and adjusted analyses.

Results

Participant flow 13 Flow of participants through each stage (a diagram is strongly recommended).
Specifically, for each group report the numbers of participants randomly
assigned, receiving intended treatment, completing the study protocol, and
analyzed for the primary outcome. Describe protocol deviations from study as
planned, together with reasons.

Recruitment 14 Dates defining the periods of recruitment and follow-up.

Baseline data 15 Baseline demographic and clinical characteristics of each group.

Numbers analyzed 16 Number of participants (denominator) in each group included in each analysis
and whether the analysis was by “intention-to-treat.” State the results in
absolute numbers when feasible (eg, 10/20, not 50%).

Qutcomes and estimation 17 For each primary and secondary outcome, a summary of results for each
group, and the estimated effect size and its precision (eg, 95% confidence
interval).,

Anciliary analyses 18 Address multiplicity by reporting any other analyses performed, including
subgroup analyses and adjusted analyses, indicating those prespecified and
those exploratory.

Adverse events 19 All important adverse events or side effects in each intervention group.

Comment

Interpretation 20 Interpretation of the results, taking into account study hypotheses, sources of
potential bias or imprecision, and the dangers associated with multiplicity of
analyses and outcomes.

Generalizability 21 Generalizability (external validity) of the trial findings.

Overall evidence 22 General interpretation of the results in the context of current evidence.
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__________________________________________________________________________________________]
Figure. Flow Diagram of Subject Progress Through the Phases of a Randomized Trial
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known and to accommodate other in-
formation, the structure of the flow dia-
gram may need to be modified for a par-
ticular trial. Inclusion of the participant
flow diagram in the report is strongly
recommended but may be unneces-
sary for simple trials, such as those with-
out any participant withdrawals or
dropouts.

COMMENT

Specifically developed to guide au-
thors about how to improve the qual-
ity of reporting of simple 2-group par-
allel RCTs, CONSORT encourages
transparency in reporting the meth-
ods and results so that reports of RCTs
can be interpreted both readily and ac-
curately. However, CONSORT does not
address other facets of reporting that
also require attention, such as scien-
tific content and readability of RCT re-
ports. Some authors, in their enthusi-
asm to use CONSORT, have modified
the checklist.”* We recommend against
such modifications because they may
be based on a different process than the
one used by the CONSORT group.
The use of CONSORT seems to re-
duce (if not eliminate) inadequate re-
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porting of RCTs.*'? Potentially, the use
of CONSORT should positively influ-
ence the manner in which RCTs are con-
ducted. Granting agencies have noted
this potential relationship and, in at least
1 case,” have encouraged grantees to
consider in their application how they
have dealt with the CONSORT items.

The evidence-based approach used
to develop CONSORT also has been
used to develop standards for report-
ing meta-analyses of randomized tri-
als,” meta-analyses of observational
studies,” and diagnostic studies (Jeroen
Lijmer, MD, written communication,
October 2000). Health economists also
have started to develop reporting stan-
dards® to help improve the quality of
their reports.” The intent of all these
initiatives is to improve the quality of
reporting of biomedical research® and
by doing so to bring about more effec-
tive health care.

The revised CONSORT statement will
replace the original one in the journals
and groups that already support it.
Journals that do not yet support
CONSORT may do so by registering on
the CONSORT Website.”* To convey to
authors the importance of improved

quality in the reporting of RCTs, we en-
courage supporting journals to refer-
ence the revised CONSORT statement
and the CONSORT Internet address' in
their “Instructions to Authors.” Be-
cause the journals publishing the re-
vised CONSORT statement have waived
copyright protection, CONSORT is now
widely accessible to the biomedical com-
munity. The CONSORT checklist and
flow diagram can also be accessed at the
CONSORT Web site."?

A lack of clarification of the mean-
ing and rationale for each checklist item
in the original CONSORT statement has
been remedied with the development
of the CONSORT explanation and
elaboration document,'® which also can
be found on the CONSORT Web site.!?
This document reports the evidence on
which the checklist items are based, in-
cluding the references, which had an-
notated the checklist items in the pre-
vious version. We encourage journals
to also include reference to this docu-
ment in their Instructions to Authors.

Emphasizing the evolving nature of
CONSORT, the CONSORT group in-
vites readers to comment on the up-
dated checklist and flow diagram
through the CONSORT Web site.??
Comments and suggestions will be col-
lated and considered at the next meet-
ing of the group in 2001.
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CONSORT Revised—Improving the
Reporting of Randomized Trials

Drummond Rennie, MD

F PHYSICIANS ARE TO BASE TREATMENT DECISIONS ON THE

evidence in the medical literature, all the relevant re-

sults of trials must be available easily and consistently.

Yet it is common to have trouble identifying the hypoth-
esis, the research question, and the design of a published trial.
It is even more common to lose count of the participants or
to be unable to tell who received what therapies and the type
of analysis used. As a resul, it is often impossible to know
whether the conclusions are justified by the data.

In February 1995, Schulz and colleagues' published an
important article that drew attention to this sad state of af-
fairs and to the importance of complete reporting of clini-
cal trials if bias was to be avoided. At that time 2 groups,
responding to the widespread perception that reporting of
study results was highly variable, had held meetings to try
to articulate the standards of good reporting. The first, the
Standards of Reporting Trials (SORT) group, met in Ot-
tawa, Ontario, in 1993 and published its recommendations
in December 1994.2 The second group met at Asilomar, Calif,
in 1994 and also published its recommendations for report-
ing of clinical trials at the end of that year.?

In 1995, JAMA editors persuaded the authors of a clinical
trial already accepted for publication to rewrite their article to
conform with all the SORT recommendations.*> The report
turned out to be an extraordinary, one-of-a-kind prototype.
The article was structured into more than 30 parts, was appar-
ently agonizing to write, and was certainly a torture to read.
But the experiment was instructive because the authors, and
numerous readers, let us know their reactions and sugges-
tions. It was apparent that the SORT recommendations were
too inflexible, too mechanistic, and too little concerned with
the external validity or applicability of the trial results.”

Under the leadership of David Moher, the 2 groups then
pooled their results.” In 1996, the result of this cooperation—
the Consolidated Standards of Reporting Trials (CONSORT)
statement—was published.®” The statement described the pro-
cess, provided the rationale for the various reporting require-
ments listed, and, crucially, allowed a mechanism that per-
mitted considerable individual freedom on the part of journal
editors in the way they set forth the information. In addition,

See also pp 1987, 1992, 1996, and 2000.
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CONSORT recommended a flow diagram so that the reader
might easily follow the progress of participants through the
various stages of the trial, and in every arm of the study.

Some trialists confused CONSORT with the earlier SORT
and so dammed CONSORT for the very reasons that had brought
about the changes found in CONSORT.®® They objected to
what they perceived as unilateral imposition of excessively pre-
scriptive rules by nontrialists.® This view ignored all the expe-
rienced trialists who had taken part in the lengthy process of
feedback, of trial and error, that had informed the final docu-
ment.® Fortunately, no substantive criticisms were raised® and
the general reaction was strongly favorable.

CONSORT was republished in and endorsed by many jour-
nals, in several languages (http://www.consort-statement
.org). Its use is recommended by the International Commit-
tee of Medical Journal Editors, the Council of Science Editors,
and the World Association of Medical Editors. CONSORT has
been so successful that similar groups of scientists and edi-
tors have set up standards, using a similar template and based
on empirical evidence whenever possible, to increase the qual-
ity of reporting of meta-analysis of randomized trials
(QUOROM),' and the reporting of the meta-analysis of ob-
servational studies (MOOSE)." An effort led by Jeroen Lijmer
to establish standards to improve the reporting of studies as-
sessing diagnostic tests (STARD) is proceeding, and this group
is expected to publish its recommendations soon. Matthias
Egger and colleagues are setting up similar groups for im-
proving the reporting of case-control and cohort studies.

Anyone who has read through many hundreds of random-
ized controlled trials (RCTs) is immediately struck by the fact
that when the authors have used the CONSORT checklist and
flow diagram, it takes a fraction of the time to get the essen-
tial information necessary to assess the quality of a trial. In
this issue of THE JOURNAL, Moher etal'? show in 3 large medi-
cal journals, including JAMA, that adopted the CONSORT
statement, study reporting was improved more than in one
such journal that has not chosen to do so. However, before
concluding that CONSORT is some sort of panacea, Moher
et al also demonstrate that even in journals that have made a
strong commitment to CONSORT, reporting was deficient
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in many ways, for example, in detailing concealment of al-
location.'” This shows that editors have as much difficulty
as trialists in learning new behaviors.

But the CONSORT statement, developed after a great deal
of discussion and some experimentation, was never intended
to be set in concrete. From the first, it was assumed that
CONSORT would have to change as new evidence accumu-
lated on the importance of various items of reporting. In 1998,
Meinert'® published a detailed and cogent critique of
CONSORT and made several important suggestions for its im-
provement. In that same issue of JAMA, Moher detailed the
often woeful ways in which trials were still being reported and
stressed the importance of evidence in improving what he con-
sidered to be “an evolving tool,” CONSORT."

Also in this issue of THE JOURNAL is an article by Egger et
al,'> who examine the use of flow diagrams recommended in
the CONSORT statement to show the path of participants from
enrollment to analysis. Egger et al found that use of the dia-
grams was associated with more complete reporting and rec-
ommend that all reports of RCTs include them. However, the
authors noted problems with the use of the recommended
flow diagram, with few of the reports they studied including
the number of participants who received treatments as allo-
cated. Moreover, as Meinert pointed out,” there were defi-
ciencies in the diagram itself, such as failure to recommend
that the number of participants included in the main analy-
sis be specified, a number needed to assess whether an in-
tention-to-treat analysis had been performed. Egger et al make
some sensible suggestions for revision of the flow diagram
and these revisions have been incorporated in the revised
CONSORT statement.

Publication of the revised CONSORT statement in this is-
sue of THE JOURNAL'® coincides with its simultaneous pub-
lication in the Annals of Internal Medicine and The Lancet, 2
journals that have, in addition to JAMA, strongly supported
CONSORT. Just as the original SORT and Asilomar state-
ments were revised in response to public comments and ex-
perience, so the CONSORT statement, flow diagram, and the
checklist have all been revised. The checklist, as before, con-
sists of items that empirical evidence has shown must be in-
cluded if reporting bias is to be minimized. The changes are
listed in the new statement.'® To help with the use and dis-
semination of the revised statement, an explanatory and elabo-
ration article is being published with the CONSORT state-
ment in the Annals of Internal Medicine.'” The revision of
CONSORT, which is clearer and more flexible, should make
it even easier for authors and editors to use and should greatly
improve the transparency of reporting. And since the report-
ing of a trial is inseparable from the rest of its conduct, I ex-
pect these revised standards eventually to serve a valuable edu-
cational function and improve the way trials are conducted.'®

Finally, in this issue of THE JOURNAL Devereaux and col-
leagues'® report that there is a long way to go to achieve an
acceptable degree of precision in thinking about as well as in
reporting clinical trials. The authors assessed whom physi-

©2001 American Medical Association. All rights reserved.
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cians understood to have been blinded (masked) when a study
was reported as using single, double, and triple blinding. They
found that physicians' interpretations were quite variable, with
the respondents offering 10, 17, and 15 unique interpreta-
tions, respectively, of the 3 sorts of blinding. When the au-
thors looked at recently published textbooks, they found 5,
9, and 7 different interpretations of each. Lewis Carroll’s
Humpty Dumpty could say: “When I use a word . . . it means
just what 1 choose it to mean—neither more nor less,”* but
in the interpretation of science, there is no place for such am-
biguity. As Devereaux et al suggest, the answer must be for
authors to describe exactly and completely what they did, which
is what CONSORT and these other initiatives are all about.

The whole of medicine depends on the transparent re-
porting of clinical trials. There is plenty of evidence for bi-
ased reporting due to commercial influences.” To retain cred-
ibility, trialists, other researchers, and editors have to show
the profession and the public evidence that we are making
an earnest attempt to achieve the very highest standards of
transparent reporting.
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SPECIAL ARTICLE

DOES INCREASED ACCESS TO PRIMARY CARE REDUCE HOSPITAL READMISSIONS?

MORRIS WEINBERGER, PH.D., EUGENE Z. ODDONE, M.D., M.H.Sc., AND WiLLIaAM G. HENDERSON, P1.D.,
FOR THE VETERANS AFFAIRS COOPERATIVE STUDY GROUP ON PRIMARY CARE AND HOSPITAL READMISSION®

Abstract Background. For chronically ill patients, re-
admission to the hospital can be frequent and costly. We
studied the effect of an intervention designed to increase
access to primary care after discharge from the hospital,
with the goals of reducing readmissions and emergency
department visits and increasing patients’ quality of life
and satisfaction with care.

Methods. In a multicenter randomized, controlled trial
at nine Veterans Affairs Medical Centers, we randomly as-
signed 1396 veterans hospitalized with diabetes, chronic
obstructive pulmonary disease, or congestive heart failure
to receive either usual care or an intensive primary care
intervention. The intervention involved close follow-up by
a nurse and a primary care physician, beginning before
discharge and continuing for the next six months.

Results. The patients were severely ill. Half of those
with congestive heart failure (504 patients) had disease in
New York Heart Association class Il or 1V; 30 percent of
those with diabetes (751 patients) had end-organ dam-

ESPITE strategies such as prospective payment

and required approval for hospitalization before
admission, costs of inpatient care in 1993 accounted for
$327 billion, or 42 percent of national spending for
medical care.! Readmissions account for up to half of
all hospitalizations and 60 percent of hospital costs.?>
Besides the expense, readmissions may reflect poor-
quality care.®?

There is pressure both to reduce inpatient services
and to deliver high-quality care. One efficient strategy
would be to identify patients who are at increased risk
for hospital readmission and to provide them with in-
tensive primary care.®"” Because of their multiple coex-
isting medical illnesses, poor functional status, and low
socioeconomic status,'""'* veterans discharged from the
General Medicine Service of Veterans Affairs Medical
Centers are one such group.®

We conducted a multicenter randomized, controlled
trial of a program designed to increase access to pri-
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age; and a quarter of those with chronic obstructive pul-
monary disease (583 patients) required home oxygen
treatment or oral corticosteroids. The patients had ex-
tremely poor quality-of-life scores. Although they received
more intensive primary care than the controls, the patients
in the intervention group had significantly higher rates of
readmission (0.19 vs. 0.14 per month, P=0.005) and more
days of rehospitalization (10.2 vs. 8.8, P=0.041). The pa-
tients in the intervention group were more satisfied with
their care (P<0.001), but there was no difference between
the study groups in quality-of-life scores, which remained
very low (P=0.53).

Conclusions. For veterans discharged from Veterans
Affairs hospitals, the primary care intervention we stud-
ied increased rather than decreased the rate of rehospi-
talization, although patients in the intervention group were
more satisfied with their care. (N Engl J Med 1996;334:
1441-7.)
©1996, Massachusetts Medical Society.

mary care for such veterans. Our primary hypothesis
was that this program would reduce the patients’ rates
of readmission and days of hospitalization during the
six months after discharge. We also examined the ef-
fects of the program on the time to the first readmis-
sion, the proportion of patients readmitted, and the
number of emergency department visits, and on health-
related quality of life and satisfaction with care.

METHODS
Study Sites

This multicenter randomized, controlled trial was conducted at
nine Veterans Affairs Medical Centers (see Appendix) chosen for di-
versity of location and academic affiliation; the sites were not selected
on the basis of their readmission rates. Before the investigation began,
all the study personnel met to review and standardize the study pro-
tocol. The study was approved and reviewed annually by the human
rights committee of the Hines Veterans Affairs Cooperative Studies
Program Coordinating Center. The Research and Human Subjects
Committee of each participating Veterans Affairs Medical Center also
approved the study.

Criteria for Eligibility

Patients hospitalized in the General Medicine Service were poten-
tially eligible if they had a diagnosis of diabetes mellitus, chronic ob-
structive pulmonary disease, or congestive heart failure that was doc-
umented in the medical record at or before the time of the index
admission (and that was not necessarily the reason for that admis-
sion). We selected these three diseases because they are prevalent
among veterans, because patients with these diseases are commonly
readmitted, and because hospital readmissions to treat these diseases
might be reduced if primary care physicians provided intervention to
outpatients.

Patients were excluded if they were already recciving continuous
care at a primary care clinic (for example, in general medicine or geri-
atrics); if they were receiving dialysis, chemotherapy, or radiation
therapy; if they resided in, or planned to be discharged to, a nursing
home; if they were admitted only to undergo a procedure; if they were
participating in another active study; if they were hospitalized to rule

Reprinted from The New England Journal of Medicine
334:1441-1447 (May 30), 1996
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out cancer or to receive terminal care; if they did not speak English;
if they had a score of 5 or less on the Mental Status Questionnaire!®
and had no care giver; if they refused to give informed consent; or if
they had no access to a telephone.

Study Design

Research assistants at cach site screened all patients admitted to
the General Medicine Service. Potentially eligible patients were re-
ferred to the study nurse, who determined their eligibility, obtained in-
formed consent, and collected base-line data. The patients were then
randomly assigned to receive either customary post-discharge care or
the primary care intervention. They were stratified within each study
site according to entitlement status (a variable derived from the pa-
tient’s service-connection status, which can affect access to outpatient
care) and index disease (diabetes, congestive heart failure, chronic ob-
structive pulmonary discase, or more than one of these). The patients’
group assignments were made by telephoning the statistical coordi-
nating center.

All the patients were followed for six months. The research assist-
ant, who was unaware of the patients’ group assignments, telephoned
the patients 30 and 180 days after randomization to assess their qual-
ity of life, satisfaction with care, and use of health care services out-
side the Veterans Affairs Medical Centers.

Intervention Group

At each site, the intervention was delivered by a team consisting of
one licensed registered nurse and one primary care physician. The
study nurses were experienced in patient care (mean length of expe-
rience, 5.8 years; range, 2 to 10); four had prior clinical experience
with the Department of Veterans Affairs. There were 96 attending
physicians, 6 fellows in general medicine, and 12 house staff. The at-
tending physicians were predominantly board-certified in internal
medicine (70 physicians) or family practice (3 physicians); they had
completed medical school a mean of 12.7 years earlier and had a
mean of 4.8 years of Veterans Affairs experience.

The intervention (the details of which are specified in Table 1) had
both an inpatient component, which began immediately after ran-
domization, and an outpatient component, which began at discharge.
When patients assigned to the intervention group were readmitted to
the hospital, the inpatient protocol was repeated.

Control Group

We neither required nor prohibited-any post-discharge care for the
patients in the control group. Their care after discharge could be pro-
vided by community physicians or at Veterans Affairs clinics, as ar-
ranged by the physicians treating them as inpatients. The control pa-
tients did not have access to the primary care nurse and received no
supplemental education or assessment of needs beyond what was cus-
tomarily offered at each site.

Primary and Secondary Outcomes

For outcomes involving the use of Veterans Affairs health services,
data were abstracted from the Patient Treatment File (a national ad-
ministrative data base containing information on all Veterans Affairs
hospitalizations) and computer systems at local hospitals (to obtain
data on outpatient visits) for 180 days after randomization. The use
of non—Veterans Affairs health services was estimated on the basis of

" reports by the patients. With the patients’ permission, we asked non-
Veterans Affairs providers identified by the patients to send records
of the use of their services during the study period. Only use of serv-
ices that could be verified by the provider was counted. We computed
the total number of days of rehospitalization and rates of readmission
per patient, the time to the first readmission, the proportion of pa-
tients who were readmitted, the number of emergency department
visits, and the number of outpatient visits during the 180-day study
period.

Quality of life was measured on the “short form” of a questionnaire
(the SF-36) that contains 36 items and has been well validated'’?! and
widely used among veterans.”!" Eight scores (physical functioning,
physical role functioning, emotional role functioning, social function-
ing, bodily pain, mental health, vitality, and general perceptions of

May 30, 1996

Table 1. Components of the Primary Care Intervention and Mean
Ratings of Compliance.

MEAN
COMPLIANCE
COMPONENT (%)*

Before discharge

Within three days before discharge, primary care nurse assessed the ~ 99.7
patient’s post-discharge needs, developed a list of medical prob-
lems, provided educational materials, assigned the patient to a pri-
mary care physician, and gave the patient a card with the names
and beeper numbers of the primary care nurse and primary care
physician.

Primary care physician visited the patient personally within two days ~ 74.5
before discharge to review the hospital course, discharge plans,
lists of problems, and medication regimens, discussing discharge
plans with hospital physicians as necessary.

Primary care nurse made an appointment for the patient to visit the ~ 62.5
primary care clinic within one week of discharge.

After discharge

Primary care nurse telephoned the patient within two working days 87.3
after discharge to assess potential difficulties with medications or
medical regimens, identify health problems arising since discharge,
make sure that patient knew how to contact providers, and remind
patient of the follow-up appointment.
Patient kept first post-discharge appointment. 82.0

Primary care physician and primary care nurse reviewed and updated ~ 94.1
the treatment plans at the first post-discharge appointment.

Appointment reminder sent, if necessary. 50.0
Missed-visit protocol implemented, if necessary. 43.1
Overall score 89.0

*Scores are means for all patients in the intervention group.

health) are calculated from the responses, ranging from 0 (for poor-
est) to 100 (for best); differences of 3 to 5 points are considered im-
portant.'®?! To measure patients’ satisfaction with their care, we used
the following 11 scales from the Patient Satisfaction Questionnaire??
that are relevant to veterans: satisfaction with emergency care, con-
venience of care, access to care, continuity of care, competence, risks
(i.e., those at which doctors place their patients), quality of doctor’s
facilities, expenses, explanations of care, degree of consideration
shown, and overall satisfaction. Each scale is scored from 1 (for least
satisfied) to 5 (for most satisfied).

""Other Variables

Because prior hospitalization is a predictor of future use, we used
the Patient Treatment File to extract data on hospital use for all study
patients during the 180 days before randomization. According to a
validated measure of coexisting conditions, we classified the patients
as being at low, medium, or high risk for readmission at base line.
The severity of each of the three diseases being studied was estimated
by a review of the patient’s chart at base line.

Each readmission to a Veterans Affairs Medical Center during the
180-day study period was classified in two ways by a panel of physi-
cians comprising all the principal investigators at each site. First,
preventability was assessed on the basis of patient-related, clinical,
or systemwide factors that could have averted the readmission® (rat-
ing forms are available on request). Each readmission was also clas-
sified as elective or nonelective. Elective readmissions were those oc-
curring for nonurgent, scheduled procedures (for example, cataract
surgery, cardiac catheterization, bronchoscopy, hernia repair, and co-
lonoscopic examination). All other readmissions were considered non-
clective.?®

Intensity of Primary Care

For each patient in the intervention group, each component of the
intervention (Table 1) was rated according to whether it had been car-
ried out according to the protocol. Scores for compliance were aggre-
gated for all components to calculate both overall and site-specific
scores. Other indicators of the intensity of primary care delivery in-
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cluded the number of days from the patient’s discharge after the in-
dex hospitalization to the first visit o the primary care clinic, the
number of visits to that clinic, and the number and duration of tele-
phone calls between patients and primary care nurses during the
study period.

Statistical Analysis

Assuming a two-sided significance level of 0.05 and 85 percent
power, we caleulated that 700 patients would be needed in each group
in order to detect 28 percent reductions in both primary outcomes (re-
admission rates and days of rchospitalization).

The success of randomization was determined by comparing the
base-line characteristics of the intervention group with those of the
control group by the chi-square test (for categorical variables), Stu-
dent’s t-test (for continuous variables), and the Wilcoxon rank-sum
test (for non-normally distributed variables).

Patients continued in the study for 180 days unless they died or
withdrew. For those who did not remain in the study for the entire
180 days, the data collected between randomization and the date of
censoring were used in all the analyses (that is, we conducted an in-
tention-to-treat analysis). Our main analyses used Wilcoxon rank-
sum tests (of readmission rates, days of rehospitalization, emergency
departiment visits, and outpatient visits), chi-square tests (of the pro-
portion of patients readmitted), and Kaplan—Meier estimates of sur-
vival and log-rank tests (of the time to readmission). Because the
measures of quality of life and patients’ satisfaction were multidi-
mensional, we studied them by multivariate analysis of variance. Fi-
nally, we performed an analysis of covariance for our primary and
secondary outcomes. The covariates included the stratification vari-
ables and the number of hospital days durmg the 180 days before
randomization. -

REsuLTS
Study Patients

From November 1992 through July 1994, 10,129 pa-
tients were screened; 3209 met all eligibility criteria,
and 1396 of them (43.5 percent) were randomized
(range per site, 116 to 202 patients). The most common
reasons for the nonenrollment of eligible patients were
the patient’s decision not to participate (971 patients)
and discharge from the hospital before randomization
(446 patients). Patients who declined to participate typ-
ically did so because they had an established relation-
ship with a specialist or a non—Veterans Affairs physi-
cian and did not wish to risk random assignment to the
care of a new physician.

The demographic and clinical characteristics of the
patients are shown in Table 2. The patients had a sub-
stantial burden of illness at base line: half of those with
congestive heart failure had disease in New York Heart
Association class III or IV; one third of the diabetic pa-
tients had objective evidence of end-organ damage; and
one quarter of the patients with chronic obstructive pul-
monary disease required oxygen treatment at home,
oral corticosteroids, or both. Moreover, two thirds of
the study patients had risk scores that placed them at
medium or high risk for readmission. There were no
statistically significant differences between the study
groups, although there was a trend toward more hospi-
tal days during the 180 days before randomization in
the intervention group (4.6 days, vs. 3.9 days in the con-
trol group; P=0.09).

The patients’ extensive burden of illness was also ev-
ident from their extremely poor base-line scores for
quality of life (Table 3). The patients were moderately
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Table 2. Base-Line Characteristics of the Patients According to
Study Group.*

INTERVENTION  CONTROL

Group Group

CHARANCTERISTIC (N =0695) (N =701)
Age (yr) 63.0x11.1 626109
Education (yr) 112532 11.0%£3.2
Marital status (% married) 524 54.6
Race (%)

White, non-Hispanic 64.2 65.9

Black, non-Hispanic 28.5 204

Other 73 7.7
Male sex (%) 99.0 98.0
Any employment, full- or part-time (%) 17.7 16.4

Length of index admission (days) 10.1x14.3 104%=13.1
6.6+13.0 68*x11.6
Eligibility status (% service-connected) 28.6 29.7

46106 3.9x10.4

Time from randomization to discharge (days)

Hospital days during the 180 days before randomization
Index diagnosis (% of patients)

Diabetes mellitus 35.7 35.0
Congestive heart failure 13.2 13.4
Chronic obstructive pulmonary disease 232 23.4
>1 diagnosis 279 28.2
Disease statust
Diabetes (no. of patients) 376 375
Not using insulin, no end-organ disease (%) 450 429
Using insulin, no end-organ disease (%) 26.9 245
End-organ disease (%) 28.2 325
Congestive heart failure (no. of patients)f 249 255
NYHA class I (%) 12.9 11.8
NYHA class II (%) 38.1 36.1
NYHA class III (%) 329 329
NYHA class IV (%) 16.1 19.2
Chronic obstructive pulmonary disease (no of 295 288
patients)
No home oxygen or corticosteroid use (%) 74.9 - 157
Home oxygen, corticosteroid use, or both (%) 25.1 243
Risk of readmission (% of patients)
Low 35.7 34.4
Medium 38.1 42.6
High 26.2 23.0

*Plus—minus values are means £SD. There were no significant base-line differences be-
tween groups.

TThe total number of patients shown in the three disease categories exceeds the total num-
ber of patients in the study (1396) because some patients had more than one disease.

#NYHA denotes New York Heart Association.

satisfied with most aspects of their care, giving it an av-
erage score of approximately 3 on the 5-point scales for
satisfaction (Table 3). There were no base-line differ-
ences between the study groups in quality of life or sat-
isfaction with care. During the study period, 106 pa-
tients died (59 in the intervention group and 47 in the
control group), and 16 withdrew their consent to be
studied (11 and 5, respectively). There were no signifi-
cant differences between the study groups in the follow-
up status of the patients (P =0.13).

Intensity of Primary Care

Table 1 shows data on the patients’ compliance with
the intervention protocol. The mean composite score
for compliance was 89 percent (range among sites, 83
to 93 percent). The median time from discharge after
the index hospitalization to the first visit to a general
medicine clinic was significantly shorter in the interven-
tion group (7 vs. 13 days, P<<0.001). The patients in the
intervention group were more likely than the controls
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to visit at least one general medicine clinic during the
study period (93 percent vs. 77 percent, P<<0.001). Over
the six-month study period, the patients in the inter-
vention group also made 68 percent more visits to gen-
eral medicine clinics (mean, 3.7 vs. 2.2; P<<0.001) and
5 percent fewer visits to subspecialty clinics (2.1 vs. 2.2,
P=0.010) than did the control patients. Otherwise, use
of outpatient services, including visits to the emergency
department (1.9 vs. 1.7, P=0.12), was similar in the two
groups. In addition to providing care during visits, pri-
mary care nurses talked with the patients in the inter-
vention group by telephone a mean of 7.5 times during
the study period (range, 4.0 to 13.4 calls), for an aver-
age of 5.7 minutes per call. Use of outpatient services
outside Veterans Affairs Medical Centers was infrequent
in both groups (intervention group, 7 percent; controls,
9 percent; P=0.55).

Hospital Use

Although the patients in the intervention group had
contact with the primary care team, the effect of the in-
tervention on hospital use was contrary to that predict-
ed by our hypothesis (Table 4). The intervention group
had a higher monthly readmission rate than the control
group (0.19 vs. 0.14 readmission, P=0.005) and more
days of rehospitalization (10.2 vs. 8.8, P=0.041). Ap-
proximately 5 percent of the use of inpatient services by
both study groups occurred in non—Veterans Affairs
hospitals. We also found trends suggesting that a high-
er proportion of the patients in the intervention group

Table 3. Base-Line Scores on Questionnaires
Measuring Quality of Life and Satisfaction with
Care, According to Study Group.*

INTERVENTION  CONTROL

Group GRroup
MEASURE (N=695) (N=701)
mean *SD

Quality of life (SF-36)
Physical functioning
Physical role functioning
Emotional role functioning
Social functioning

4442299 43.6:30.2
23.0%37.1 20.8%34.5
55.6x45.8 56.1+45.4
55.9%32.0 54.5%£32.6

Bodily pain 50.5%£33.0 48.5x31.9
Mental health 65.5%24.0 64.1x23.4
Vitality 33.7x25.5 31.1%244

General perceptions of health 42.2*219 39.4x21.3
Patient Satisfaction Questionnaire

Nonfinancial access to care

Emergency care 3.3x0.7 3.4x0.7

Convenience 35208 3.4x09

Access o care 3.2209 31209
Continuity of care 2.7%1.0 2.7%1.0
Technical quality of care

Quality — competence 3.4£05 3405

Prudence — risks 3.0x05 3.120.5

Doctor’s facilities 3.6%0.7 3.620.7

Prudence — expenses 3.1x0.7 3.120.7
Interpersonal manner

Explanations 31209 31208

Consideration 3.6x0.5 3.6£0.0
Overall satistuction 3.2x0.7 3.2%0.7

*Scores on the SF-36 questionnaire for the patients” quality of life range
from 0 (lowest) to 100 (highest). On the Patient Satisfaction Question-
nuire, scores range from 1 (least satisfied) 1o S (most satisfied). There were
no statistically significant differences between groups.
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Table 4. Effect of the Intervention on the Use of In-
patient Services, According to Diagnosis and
Study Group.*

INTERVENTION  CONTROL
Group Group P

VARIABLE (N =695) (N=701) VALUE
No. of readmissions/mo

All patients 0.19x04  0.14x0.2 0.005
Diabetes 0.13x0.2 0.11+0.2

CHF 02707  0.15%03

COPD 0.19+03  0.14x0.2

>1 diagnosis 0.23+0.3 0.17%£0.2

Days of rehospitalization

All patients 10.2+19.8 8.8%£19.7 0.041
Diabetes 7.8x18.1 8.0x21.4

CHF 11.7£26.6 6.8+14.8

COPD 11.7+20.2 8.3+155

>1 diagnosis 11.4x175 11.1x224
Proportion readmitted (%)

All patients 49.4 44.2 0.06
Diabetes 37.1 38.0

CHF 52.2 41.5

CoPD 534 48.2

>1 diagnosis 60.3 50.0

*Plus—-minus values are means = SD. Because the distributions of month-
ly readmission rates and days of rehospitalization were non-normal, Wilcox-
on rank-sum tests were used to calculate P values. CHF denotes congestive
heart failure, and COPD chronic obstructive pulmonary disease.

were readmitted (49 percent vs. 44 percent, P=0.06),
and were readmitted sooner (P=0.07), than was the
case in the control group. Finally, more patients in the
intervention group (P=0.052) had multiple readmis-
sions during the study period (Fig. 1).

Although the study lacked adequate power to permit
us to conduct subgroup analyses according to disease
category, greater hospital use was observed in the inter-
vention group in all three disease strata. There were no
significant differences between groups with regard to
either nonelective (80 percent vs. 77 percent, P =0.22)
or preventable (35 percent vs. 37 percent, P=0.57) re-
admissions. After we adjusted for the stratification var-
iables and the number of days spent in the hospital dur-
ing the six months before randomization, the difference
between the groups in monthly readmission rates re-
mained significant (0.21 vs. 0.15, P<<0.001), although
the difference in the number of days of rehospitaliza-
tion did not (10.5 vs. 9.2, P=0.23).

Quality of Life and Satisfaction with Care

Follow-up interviews were completed with 87 percent
and 83 percent of the patients available for interview at
one and six months, respectively. In both groups, pa-
tients” scores on the SI-36 questionnaire were low at
base line and remained so throughout the study period,
with no significant differences between groups at one
month (P=0.99) or six months (P=0.53).

The patients in the intervention group were signifi-
cantly more satisficd (P<<0.001) with their care than the
controls at one month (data not shown), and this dif-
ference persisted at six months (Fig. 2). Although the
group differences were consistent on most of the 11
scales of the Patient Satisfaction Questionnaire that we
used, the differences were greatest with regard to the
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Figure 1. Effect of Intervention on the Number of
Readmissions.

P =0.052 for the comparison between the study groups, by the
chi-square test.

patients’ perceptions of the continuity of their care (33
percent) and “nonfinancial access to medical care” (i.e.,
barriers other than financial ones) (16 percent).

DiISCUSSION

We examined the effect of an intervention designed
to enhance primary care for medically vulnerable pa-
tients who were discharged from the General Medicine
Service at nine Veterans Affairs Med-
ical Centers. The intervention was 1.2 -

designed to improve their access to @

primary care providers, the coordi- £ 4o
nation of outpatient services, and 2

the provision of comprehensive and x 0.8-
continuous care.?® Although the in- @

tensity of primary care was success- $ 0.6

fully increased, patients receiving o

this intervention used the hospital L 04
significantly more during the six- 2

month study period. At only one of S 02

the nine sites were readmissions re- =

duced, and that site was at or below 0.04

the median level of compliance with é&*@ '
the intervention protocol, the fre- 6‘?’& & &
quency of primary care visits per pa- <« &

tient, and the extent of telephone
contact between patients and nurses.
The primary care intervention did
not affect the quality of life of the
patients who received it, but they
were  substantially more  satisfied
than the controls with their care.
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What may account for these findings? First, the
premisc that comprehensive primary care may reduce
the use of inpaticnt services by vulnerable patients
may be wrong, at least in the short term. The paticnts
in this study had major complications of their chronic
diseases and poor quality of life. They were also at
higher risk for rcadmission than vulnerable patients
discharged from a municipal teaching hospital.?”** The
primary care offered to these seriously ill patients may
have led to the detection and treatment of previously
undetected medical problems. Second, greater access to
primary care providers could have improved communi-
cation and, in turn, increased readmissions. Having a
channel to voice their complaints can lead to more re-
admissions among severely ill patients. With a longer
period of follow-up, the patients and primary care teams
may become more accustomed to each other, and per-
haps readmissions would be diminished over time. Fi-
nally, the patients in the intervention group may have
been sicker than the controls at base line. There was a
trend toward more use of inpatient services in this
group than among the controls during the six months
before enrollment, but even when we adjusted for this
prior use there was still a significant difference in read-
mission rates, although the difference in the number of
days of rehospitalization was no longer significant.

Did the intervention harm patients? The patients re-
celving it were readmitted more frequently and spent
more time in the hospital than those receiving usual
care, but there is no evidence that the patients receiv-
ing the intervention experienced decreased quality of
life. Furthermore, at one and six months they were sub-
stantially more satisfied with their care.

How do our findings compare with those of earlier
randomized trials of interventions designed to reduce
hospital readmissions? Facilitating linkages between in-

M Intervention
[ Control
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Figure 2. Effect of Intervention on Patients’ Satisfaction with Their Care.

Bars show the difference between the six-month scores and the base-line scores.
P<0.001 for the comparison between groups by multivariate analysis of variance at
both one and six months. Asterisks indicate dimensions for which the difference in
the mean change (on a five-point scale) between the study groups was statistically
significant (P<0.001). Subscales for which no bar is shown (e.g., Risks)

had a mean change of zero.
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patient and outpatient care at an urban teaching hospi-
tal reduced both the use of services after discharge?’
and the costs of health care® among the patients at
highest risk for readmission. However, providing ac-
cess to a case manager at discharge from a Veterans
Affairs Medical Center and thereafter had no effect on
readmissions.?’ Intensive discharge planning may re-
duce hospital readmissions in the short term, but not in
the long term.”*” A single-site study of a multidiscipli-
nary intervention directed by an experienced cardiovas-
cular nurse reduced the use of inpatient services by
high-risk elderly patients with congestive heart failure
during the 90 days after discharge.®! This success may
be attributed to the use of an intensive, disease-specific
protocol that included individualized dietary assessment
and instruction, analysis of medications by a geriatric
cardiologist, and home visits after discharge.

This study has several limitations. First, it was con-
ducted largely among disadvantaged men receiving care
at Veterans Affairs Medical Centers. The generalizabil-
ity of our findings may also be affected by the presence
of systematic differences between the study patients
and the eligible patients who did not enroll. However,
the 971 eligible patients who declined to participate
in the study did not differ from the study patients dur-
ing the six months after screening with regard to rates
of readmission to Veterans Affairs Medical Centers,

~ the number of days of rehospitalization, or the propor-
tion of patients readmitted (data not shown). Second,
all the patients were screened while they were hospi-
talized. Intensive primary care interventions designed
for outpatients who were not identified in the hospital
might have produced different results. Third, we can-
not assess the incremental value of specialty care among
patients receiving primary care. For such patients, the
mix of generalist and specialist care may be as im-
portant as the coordination of care by a primary care
team. Finally, the intervention may have improved
the quality of care despite the increased rate of read-
mission. '

Our findings show that tremendous resources were
needed to sustain the health of this vulnerable group
of veterans. If these findings also apply to other groups
of medically and socioeconomically disadvantaged pa-
tients (for example, the Medicaid population), health
care administrators may be reluctant to provide care
unless a high capitation rate is established. In addi-
tion, the patieiits in the intervention group were signif-
icantly more satisfied with their care than the controls.
This difference in satisfaction exceeds that previously
shown to result in patients’ changing their health care
providers.**#* Such information is critical for the de-
sign of health care systems, given that patients base
their decisions about where they will obtain their care
largely on subjective ratings of their own experiences.
Finally, and perhaps most important, this study high-
lights the need to evaluate assumptions about changes
in health care systems rigorously, across the entire
spectrum of patients and diseases. We need a better
understanding of how to optimize the care of vulnera-

May 30, 1996

ble patients, so that the use of services is reduced and
the quality of care enhanced.

APPENDIX

The following additional persons and institutions participated in
this investigation: Chairperson’s Office — P. Landsman and M. Monger
(Durham, N.C.). Hines Center for Cooperative Studies in Health Services
— D. Cavello and R. Lott (Hines, IIL). Participating Veterans Affuirs
Medical Centers — E. Anteola and R. Varano (Brooklyn, N.Y.);
V. Hedger and J. Schultz (Cincinnati); G. Allen and J. Calkins (Co-
lumbia, S.C.); A. Ward and M. Foy (Durham, N.C.); P. Hensley and
K. Cox (Fresno, Calif.); G. Redmon (Indianapolis); L. Carrel and
M. Cook (Leavenworth, Kans.); E. Wise and N. Gordon (Loma Lin-
da, Calif); and A. Cooney and J. Havey (Philadelphia). Executive Com-
mittee — C. Ashton, T. Adams, J. Demakis, and J. Gibbs. Data Moni-
toring Board — T. Meyer (chairperson), M. Foulkes, M. Hlatky, and
K. Nichol. Human Rights Committee (Hines, Ill.) — T. Bering, T. Burris,
A. Cole, E. Collins, M. D’Arcy, M. Emanuele, Z. Flournoy-Gill,
S. Sanders, T. Schmid, A. Henrick, S. Braithwaite, W. Knopp,
W. Juneau, and R. Hahn. Veterans Affairs Central Office — D. Deykin
and J. Gold (Boston); and J. Gough, S. Mechan, C. Smith, and
C. Welch (Washington, D.C.).
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ENSORINEURAL HEARING LOSS 1S

one of the most prevalent dis-

abling conditions reported in the

United States, affecting some 20

million to 26 million people.'” Hearing

loss is present in 35% to 42% of indi-

viduals older than 65 years.** Itadversely

affects physical, cognitive, behavioral, and

social function, as well as the general

quality of life,” and has been linked to
depression and dementia ®*°

While hearing aids are the main form

of treatment, only about 20% of those

1806 JAMA, October 11, 2000—Vol 284, No. 14 (Reprinted)

Context Numerous studies have demonstrated that hearing aids provide significant
benefit for a wide range of sensorineural hearing loss, but no carefully controlled, mul-
ticenter clinical trials comparing hearing aid efficacy have been conducted.

Objective To compare the benefits provided to patients with sensorineural hearing
loss by 3 commonly used hearing aid circuits.

Design Double-blind, 3-period, 3-treatment crossover tiial conducted from May 1996
to February 1998.

Setting Eightaudiology laboratories at Department of Veterans Affairs medical cen-
ters across the United States.

Patients A sample of 360 patients with bilateral sensorineural hearing loss (mean
age, 67.2 years; 57% male; 78.6% white).

Intervention Patients were randomly assigned to 1 of 6 sequences of linear peak
clipper (PC), compression limiter (CL), and wide dynamic range compressor (WDRC)
hearing aid circuits. All patients wore each of the 3 hearing aids, which were installed
in identical casements, for 3 months.

Main Outcome Measures Results of tests of speech recognition, sound quality,
and subjective hearing aid benefit, administered at baseline and after each 3-month
intervention with and without a hearing aid. At the end of the experiment, patients
ranked the 3 hearing aid circuits.

Results Each circuit markedly improved speech recognition, with greater improve-
ment observed for soft and conversationally loud speech (all 52-dB and 62-dB con-
ditions, P=.001). All 3 circuits significantly reduced the frequency of problems
encountered in verbal communication. Some test results suggested that CL and
WDRC circuits provided a significantly better listening experience than PC circuits in
word recognition (P = .002), loudness (P = .003), overall liking (P = .001), aversive-
ness of environmental sounds (P = .02), and distortion (P = .02). In the rank-order
ratings, patients preferred the CL hearing aid circuits more frequently (41.6%) than
the WDRC (29.8%) and the PC (28.6%) (P=.001 for CL vs both WDRC and PC).

Conclusions Each circuit provided significant benefit in quiet and noisy listening situ-
ations. The CL and WDRC circuits appeared to provide superior benefits compared
with the PC, although the differences between them were much less than the differ-
ences between the aided vs unaided conditions.

JAMA. 2000;284:1806-1813
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who could benefit from hearing aids wear
them.*>!" Moreover, surveys have sug-
gested that about 50% of hearing aid us-
ers are dissatisfied with their instru-
ments.'? A recent survey, however,

Author Affiliations and a complete list of the mem-
bers of the NIDCD/VA Hearing Aid Clinical Triai group
are listed at the end of this article.

Corresponding Author and Reprints: Vernon D.
Larson, PhD, Howard Leight Industries, 7828
Waterville Rd, San Diego, CA 92154 (e-mail:
vlarson@howardleight.com).
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suggested that because of improved tech-
nology, approximately 65% of hearing

aid users are satisfied with their de-

vices.?

A vast array of hearing aid technolo-
gies is available, ranging from simple and
relatively inexpensive analog circuits to
complex and expensive digital devices
that require sophisticated fitting proce-
dures. Whereas numerous studies have
demonstrated that hearing aids provide
significant benefit compared with un-
aided listening for persons with hear-
ing losses ranging from mild to se-
vere,""7 carefully controlled, multicenter
clinical trials of the relative benefit pro-
vided by different types of hearing aids
have not been conducted. Laboratory
studies and small-scale field studies have
been designed in ways that make them
difficult to compare and have failed to
show consistent superiority for any type
of signal processing.'# .

Choices among available hearing aids
must be made without the benefit of data
from well-designed clinical trials. This re-
port presents the results of a double-
blind, multicenter clinical trial to com-
pare the efficacy of 3 different hearing aid
circuits. Efficacy was measured in a va-
riety of listening situations using tests of
speech understanding, sound quality,
and patient rank-order ratings. The 3
hearing aid circuits jointly account for
70% of the US hearing aid market.

The clinical trial compared 3 com-
monly used hearing aid circuits: the lin-
ear peak clipper (PC), the compression
limiter (CL), and the wide dynamic range
compressor (WDRC). The PC and CL
circuits amplify input sounds linearly up
toapredetermined level (usually set rela-
tive to loudness discomfort levels). Above
that level, the output is limited using 2
different electronic methods. FIGURE 1
illustrates the major difference among the
3 circuits. For the PC, as the input sig-
nal level increases by 10 dB, so does the
output level up to its maximum output
capabilities when the instrument is said
to be in “saturation.” The CL operates
similarly in that the output increases lin-
early up to a certain point. After that,
however, the output is reduced by cir-
cuitry that automatically turns down the

©2000 American Medical Association. All rights reserved.

gain of the hearing aid by a fixed ratio.
In this instance, the output is allowed to
increase by 1 dB for each 10-dB in-
crease in the input sound level. Finally,
the WDRC behaves similarly to the CL
circuit except that the automatic gain
function begins at lower input sound lev-
els and allows, in this instance, the out-
put to increase 1 dB for each 2 dB in-
crease in input sound level up to its point
of maximum output.

The PC removes the positive and/or
negative peaks of the amplified signal,
whereas the CL uses automatic volume
control circuitry. A disadvantage of PC
circuitry is that some acoustic distor-
tion results when the output limit is ex-
ceeded.***' Far less distortion is created
by CL circuitry.?? The WDRC circuit al-
lows input signals that vary in level over
a wide range to be amplified as a nar-
rower range of output signals,>** which
is associated with the reduced dynamic
range found in the majority of sensori-
neural hearing loss. Although theoreti-
cally beneficial to listener comfort and
speech understanding, a disadvantage
of compression circuits (eg, CL and
WDRC) is that they alter the temporal
characteristics of signals in a way that can
be apparent to the listener.?2

METHODS

Trial Design

Eight audiology laboratories located
within Department of Veterans Affairs
(VA) medical centers participated. The
experimental design was a 3-period,
3-treatment crossover design. Base-
line measurements were made using a
battery of tests in the unaided condi-
tion (no hearing aids). Patients were
then stratified by center and random-
ized to 1 of 6 sequences of the 3 hear-
ing aid circuits. Six sequences were used
so that each hearing aid circuit had
approximately an equal number of pa-
tients who used the circuit first, sec-
ond, and third. Each block of 6 con-
secutive patients within each center was
balanced so that each sequence was rep-
resented once. The actual frequencies
for the 6 sequences in the trial ranged
from 59 to 61. In each of the 3 peri-
ods, the patients were fit binaurally and

EFFICACY OF HEARING AID CIRCUITS

Figure 1. Performance Characteristics of 3
Hearing Aid Circuits
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PCindicates linear peak clipper; CL, compression lim-
iter; and WDRC, wide dynamic range compressor.

used 1 circuit (aided condition) for 3
months. At the end of each period, the
battery of outcome tests was repeated
in both the unaided and aided condi-
tions. The protocol was conducted in
double-blind fashion. Neither the au-
diologist who administered the tests nor
the patient could identify the circuit be-
ing worn because all 3 hearing aid cir-
cuits resided in the same casement and
because a different audiologist pro-
grammed the device.

Patient Sample

The protocol was approved by the Na-
tional Institute on Deafness and Other
Communication Disorders (NIDCD)
Hearing Aid Advisory Committee, the
Hines VA Cooperative Studies Pro-
gram Coordinating Center's Human
Rights Committee, and by the institu-
tional review board of each participat-
ing center. All patients provided in-
formed consent, were fluent speakers
of English, and had bilaterally sym-
metrical sensorineural losses with no
evidence of retrocochlear pathology.
Average audiometric thresholds for 500,
1000, 2000, 3000, and 4000 Hz were
no better than 25-dB hearing level in
either ear, with no threshold from 500
to 2000 Hz exceeding 70-dB hearing
level. FIGURE 2 shows the mean (+1 SD)
audiogram. To ensure that the sample
included patients who were typical of
the majority of adult hearing aid us-
ers, monaural word recognition scores

(Reprinted) JAMA, October 11, 2000—Vol 284, No. 14 1807
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S
Figure 2. Mean Audiogram of Patient
Sample (N=360)
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Error bars for each ear indicate the range from 1 to
-1 SD; the darker error bar on the left in each pair
corresponds to the left ear. Asterisk indicates values
based on American National Standards Institute guide-
lines for 1996.

on arecorded version of the Central In-
stitute for the Deaf W-22 test?” were re-
quired to be at least 28%, with a differ-
ence no greater than 26% between ears.

Experimental Apparatus

Each participant was fit binaurally with
single channel, programmable, full-
concha in-the-ear hearing aids (Dyna
P2, Phonak, Stiafa, Switzerland) that
contained all 3 circuit options. The Na-
tional Institute of Standards and Tech-
nology evaluated prototypes to ensure
that characteristics of the hearing aid
conformed to the manufacturer’s speci-
fications.

The 3 programmable options were
PC, CL,and WDRC. The CL hadan 8:1
compression ratio (above compres-
sion threshold, an 8-dB increase in the
input level resulted in only a 1-dB in-
crease in the output) and duration-
dependent release time capability. The
WDRC had a fixed-compression thresh-
old (approximately 52-dB input sound
pressure level [SPL]), a compression
ratio that ranged from 1.1:1 to 2.7:1
and a short, fixed release time (50
milliseconds). The maximum output
levels of the 3 circuits were program-
mable over approximately the same
range of SPLs.

Electroacoustic measurements™ were
made at each visit to ensure that hear-
ing aid characteristics remained stable.
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Acoustic gain targets were established
using the NAL-R method,” and probe
microphone procedures were used to
verify that targets had been achieved.
Maximum output targets were ob-
tained using loudness discomfort lev-
els® and were subsequently held con-
stant across visits and circuit types.

Outcome Test Battery

All testing was carried out in audio-
metric test rooms using identical equip-
ment for test presentation and data col-
lection at each site. Three categories of

outcome measures were used: speechv

recognition tests, category ratings of
perceived sound quality, and self-
assessed subjective ratings of hearing
aid benefit.

Speech Recognition
Two tests of speech recognition were
used. A recorded version of a mono-
syllabic word-recognition test, the
NU-6," was presented using a single
loudspeaker (positioned at 0°; ie, pa-
tients faced the loudspeaker) at an SPL
of 62 dB (conversational speech level).
Each of the 4 NU-6 lists contains 50
scoreable items with each item having
avalue of 2%. At conversational speech
levels, listeners with normal hearing ob-
tain perfect monosyllabic word recog-
nition scores. The second test, a re-
corded version of the Connected Speech
Test (CST),*'?2 consists of 48 passages
with 8 to 10 sentences that approxi-
mate everyday, connected discourse.
Because it was unlikely that a single
laboratory condition could represent
the range of possible listening condi-
tions, we conducted this test in a vari-
ety of presentation and background-
noise levels. The CST was presented via
the loudspeaker (located at 0° azi-
muth) at a level of 74-dB SPL (loud
speech) in quiet and then again at 74
dB in 3 background noise conditions.
For SPLs of 52 dB (soft) and 62 dB (con-
versational loudness), the speech ma-
terials were presented in 3 conditions
of background noise.

The background noise used was an
uncorrelated multitalker babble !
which was delivered from loudspeak-

ers located at azimuths 45° left and right
at nominal signal-to-babble (5/B) ra-
tios of -3 dB, 0 dB, and 3 dB. The S/B
ratio refers to the relationship of the SPL
of the speech to the SPL of the back-
ground babble. The nominal 0-dB S/B
condition was estimated during the
baseline visit prior to conducting tests
for each patient by presenting CST prac-
tice materials at 62-dB SPL in the “un-
aided” condition using a bracketing
procedure in which the binaural babble
level was varied for each subject to pro-
duce 50% intelligibility. (The mean
[SD] level of the babble was 55 [5.4]
dB.) This relationship for each subject
was designated as the 0-dB condition.
The same S/B ratio for each subject was
used for the -3-dB and 3-dB condi-
tions, and for all tests conducted over
the 9-month protocol, the same ratios
were used. Normal listeners typically
receive perfect scores at loud and con-
versational levels in a quiet back-
ground, but their performance at softer
levels and in the presence of back-
ground noise varies as a function of the
difficulty of the listening situation.

Category Ratings

The Quality Rating Test, was used to
assess 3 aspects of patients’ percep-
tion of sound quality: loudness, noise
interference, and overall liking of the
listening experience. The patients rated
each dimension on a 10-point scale. On
the loudness scale, 1 was too soft; 10,
too loud; and 5, comfortably loud. For
overall liking, 1 was very poor or ter-
rible and 10 was excellent. In this task,
the patients were instructed to ignore
the loudness of the speech and con-
sider only the overall sound quality. For
noise interference, they assigned a 1 if
noisiness completely interfered with
quality and understanding of the
speaker and 10 if noisiness did not in-
terfere. Intermediate integer ratings
could be assigned for all tests. Sen-
tences designated as practice sen-
terces of the CST?' served as the stimuli
for the Quality Rating Test. Patients
were presented 5 different sentences
and provided a rating after each pre-
sentation, which were were then aver-
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aged. The sentences were presented at
an SPL of 52 dB, 62 dB, and 74 dBina
quiet background and then in the mul-
titalker babble (S/B ratio, 10 dB).

Subjective Ratings

Two measures were used to elicit ex-
pressions of the quality of hearing aid
performance from the patients. One was
the Profile of Hearing Aid Performance/
Profile of Hearing Aid Benefit (PHAP/
PHAB), which quantifies 2 major as-
pects of hearing aid performance: speech
communication in a variety of daily life
situations and reactions to the loudness
and quality of environmental sound.”
For the PHAP/PHAB, 7 subscale scores
were derived from the 66 items of the in-
ventory that were completed by the pa-
tient in written format. The scales quan-
tify problems in communication in
favorable and unfavorable listening con-
ditions as well as the aversiveness and
distortion of a variety of sounds. The 7
subscales include communication with
familiar talkers, ease of communica-
tion, reverberation, reduced cues, back-
ground noise, aversiveness of sound, and
distortion of sound. At the end of each
of the 3 trial periods, the patients com-
pleted the PHAP/PHAB inventory in the
unaided and aided conditions using a
7-point scale that ranged from always to
never. The PHAP scores quantify the
scale scores in terms of aided perfor-
mance, while PHAB scores quantify the
scale scores in terms of benefit (ie, the
difference between the aided scores and
unaided scores). Hence, in the PHAP,
scores for all subscales are reported in
terms of percentage of time a problem
is experienced and scores for the PHAB
are reported in terms of the change in
percentage of time a problem is experi-
enced.

The sccond subjective assessment pro-
cedure was used at the final visit only.
After having completed each of the 3
treatments, the patients provided, from
memory, a rank-order rating of the 3.

Statistical Methods

A crossover design was chosen for this
study instead of the more traditional
randomized, parallel group design be-
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cause it required fewer patients, elimi-
nated between-patient variation, and it
increased power for other objectives of
the trial (eg, to determine which pa-
tient characteristics predict success with
the different hearing aid circuits). In ad-
dition, some of the known disadvan-
tages of the crossover design (eg, large
dropout rate, instability of the pa-
tient’s condition, and a large car-
ryover effect) were not expected in this
study. The 3 circuits were compared us-
ing aided scores and aided minus un-
aided scores (benefit scores) with are-
peated measures analysis.

The sample of 360 patients pro-
vided at least 80% power to detect a
small-to-medium effect size for the pa-
tients’ rank-order rating among the 3
circuits. This sample size also pro-
vided greater than 95% power to de-
tect a 7.2% difference in the NU-6 test,
greater than 95% power to detect a 3.6%
difference in the CST, greater than 90%
power to detect a 20% difference in the
Quality Rating Test, and 90% power to
detect a 16.6% difference in the PHAB.

A mixed, repeated measures model
was used to compare the 3 hearing aid
circuits for the individual outcome vari-
ables. If the overall test was statisti-
cally significant, then pairwise com-
parisons were made between the groups
using the Bonferroni procedure to ad-
just the a level for multiple tests. No
adjustment was made for muitiple out-
comes. For this reason, P values close
to .05 should be interpreted with cau-
tion. Sample sizes reported for spe-
cific tests and conditions departed
somewhat from 360 because some pa-
tients did not complete the study, some
were unable to perform the task, or, oc-
casionally, the examiner was unable to
follow the study’s protocol.

RESULTS
Patient Sample

Four hundred forty-six patients were
screened for inclusion in the trial and
360 (80.7%) were randomized. Of the
patients who were not randomized, 15
were excluded on the basis of a single
criterion, but most {ailed to meet 2 or
more of the inclusion criteria. The main
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reasons included: air conduction
thresholds exceeded 70 dB in either ear
(20); a difference in pure tone aver-
ages between ears of more than 10 dB
(17); mean air-bone gap exceeded 5 dB
in either ear (13); or routine otoscopy
did not reveal clear ear canals (13). In
7 instances, the audiologist did not feel
that the patient was capable of perform-
ing the tasks required by the trial.

Of the 360 patients enrolled, 69.7%
were military veterans. The mean age
of the group was 67.2 years (range,
20-91 years). The racial/ethnic distri-
bution approximated that of the US
population: 78.6% were white; 12.2%
black; 6.1% Hispanic; 1.9% Asian; and
1.19% Native American. Fifty-seven per-
cent were men; women were mainly
nonveteran patients who were autho-
rized to be treated at VA medical cen-
ters for the purposes of this trial be-
cause the study grant funded the cost
of the hearing aids and the time of the
treating and evaluating audiologists.
The most common self-reported causes
of the patient’s hearing loss were noise
exposure and aging. About half (46.7%)
had never used a hearing aid.

The number of patients from each
center was nearly equal (range, 44-46).
None of the groups representing the 6
randomized orders were statistically dif-
ferent in terms of age, age at onset of
hearing loss, sex, race, previous hear-
ing aid usage, and degree of hearing loss
(P=.11 for all comparisons). Twenty-
nine of the 360 patients did not com-
plete the trial due to illness, relocation
of residence, or other reasons (eg, with-
drawal of patient consent, illness un-
related to hearing, death, sudden
change in hearing). Three hundred
thirty-seven patients completed the 90-
day trial with the PC circuit, 338 with
the CL, and 333 with the WDRC. The
average reported hearing aid use time
for the 3 circuits did not differ signifi-
cantly and averaged about 9.8 (SD, 4)
hours per day.

Speech Recognition Tests

FIGURE 3 provides a summary of the
mean percentage correct results for the
unaided and aided conditions for the
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NU-6 test for each of the 3 circuits to-
gether with the benelit scores (aided mi-
nus unaided). For statistical testing, per-
centage correct scores for the NU-6 test
were arcsine transformed to stabilize the
error variance.”* Comparison of the un-
aided means with the aided means
showed that each of the 3 circuits im-
proved the mean word recognition score
by a substantial amount (approxi-
mately 29% in absolute score differ-

o ————— |
Figure 3. Mean Percentage of Correctly
Recognized Monosyllabic Words
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Clindicates compression limiter; PC, linear peak clip-
per; and WDRC, wide dynamic range compressor. The
unaided values were obtained in the same test ses-
sion as the aided values. Sample sizes varied slightly
across conditions (320 to 324 for the aided condi-
tions and 288 to 291 for the unaided conditions).

ences; P<<.001). The overall statistical test
comparing the 3 circuits was signifi-
cant (P=.002 for the aided scores and
P=.002 for the benefit scores). Pairwise
comparison tests showed that the WDRC
circuit was superior to the other 2 cir-
cuits for the aided scores and superior
to the PC circuit for the benefit scores.

FIGURE 4 summarizes the findings for
the aided and unaided CST results. Per-
centage correct scores were arcsine
transformed to stabilize the error vari-
ance.” As expected, there were no dif-
ferences among unaided means. How-
ever, significantly higher CST scores
(P<<.001) were achieved for all aided
conditions relative to the unaided con-
ditions. The overall statistical test com-
paring the 3 circuits for aided CST
scores was significant for 1 condition
(62/0; P=.006). Pairwise comparisons
showed that the WDRC circuit was in-
ferior to the CL and PC circuits.

The mean CST benefit scores (aided
minus unaided) are shown in FIGURE 5.
Comparison of the 3 circuits showed
significant differences for the 62/0
(P=.04) and 74/0 conditions (P=.02).
Pairwise comparison tests showed that
for the 62/0 condition, the WDRC cir-
cuit was inferior to the CL circuit; and

Figure 4. Connected Speech Recognition of Different Ratios of Signal to Ambient Noise
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CL indicates compression limiter; PC, linear peak clipper; WDRC, wide dynamic range compressor; and SPL,
sound pressure level. Mean unaided and aided scores on the Connected Speech Test (CST) shown for 10 test
conditions for the 3 circuits. The abscissa labels the conditions by signal/babble levels (dB) for 9 conditions
(52/-3 through 74/+3). S/8B indicates signal-to-babble; Q, that the test was performed in quiet. Sample sizes
varied across conditions (from 280 to 322 for unaided conditions and 320 to 336 for aided conditions).
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for the 74/0 condition, the WDRC cir-
cuit was superior to the CL circuit.

The data presented in Figures 4 and
5 also show that the 3 circuits provided
similar amounts of improvement in test
scores, but all showed successively less
benefit as a function of signal level when
background noise was present. A
marked decrease in CST benefit scores
from about 26% for the 52-dB condi-
tions to approximately 6% for the 74-dB
conditions was observed, suggesting that
the hearing aids were less helpful at
higher than at lower and moderate in-
put levels. Furthermore, the Figures
show that all 3 circuits provide measur-
able benefit in noisy conditions.

Quality Rating Test

The Quality Rating Test was adminis-
tered at 3 signal levels in quiet (desig-
nated as 52Q, 62Q, 74Q) and elicited rat-
ings of loudness, noise interference, and
overall liking. It was also administered
at the same signal levels with an abso-
lute S/B ratio of 10 dB (designated as 52N,
62N, and 74N), which means that the
level of the speech was 10 dB greater than
the level of the multitalker babble.

TABLE 1 shows no differences in the
loudness ratings between the unaided
means for each condition. Significant dif-
ferences were observed, however, for the
aided condition across the 3 circuits for
both the quiet and background noise
conditions for the lowest (52-dB SPL)
and for the highest signal levels (74-dB
SPL) (P<.001). The WDRC circuit was
rated as being more comfortably loud (i,
arating closer to 5) than the other 2 cir-
cuits for the 52-dB SPL conditions
(P=.003) and 74-dB SPL conditions
(P=.003). The CL circuit was more com-
fortably loud compared with the PC cir-
cuit for the 74-dB SPL condition. -

A summary of data for the noise in-
terference task is shown in TABLE 2.
Analysis of the mean unaided data re-
vealed no differences. For the aided
data, the analysis also showed no sig-
nificant differences among circuit types,
except for the 62N condition (P=.01).
Pairwise comparison revealed that the
PC circuit scored higher (less noise in-
terference) than the WDRC circuit.
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A summary of data for the overall lik-
ing task is shown in TABLE 3. There were
no significant differences between the un-
aided means at each condition. The
analyses of the data among circuit types
for the aided condition showed signifi-
cance for the 74Q condition (P=.001).
Pairwise comparisons across circuits
showed that the PC was less liked than
both the CL and the WDRC.

Finally, for each circuit, significant
improvement in overall liking was ob-
served for soft and conversational
speech levels (P=.05). For the loud
conditions (74Q, 74N), however, nega-
tive average benefit ratings were ob-
served (P=.01) except for the 74N
condition for the WDRC (P=.39), sug-
gesting that the aided experience was
rated as being less liked than the un-
aided experience for loud sounds.

Subjective Assessment

No differences were observed among
the unaided means for the PHAP. For
the aided means, the analysis showed
statistical significance (P<<.001) for 2
of the 7 scales: distortion of sounds and
aversiveness of environmental sounds.
Pairwise comparisons showed that the
scores for the PC wete significantly dif-
ferent (ie, higher frequency of prob-
lems) than both the CL and WDRC cir-
cuits on the aversion and distortion
scales (P=.02). The mean values for the
PC circuit were 4% to 5% higher (ie,
higher frequency of problems) for aver-
sion and were 2% to 3% higher for dis-
tortion.

The PHAB scores also showed that
each circuit significantly reduced the fre-
quency of problems reported on 6 of the
7 scales (P<.001). For aversion, how-
ever, all circuits produced a signifi-
cantly higher frequency of problems
(P<.001) than in the unaided condi-
tion. In the analysis comparing circuit
types, significant differences were ob-
served for aversion (P<<.001) and dis-
tortion (P=.02). Pairwise comparisons
for aversion showed that the PC circuit
was more aversive than both of the other
circuits (P=.003) with the mean fre-
quency of problems being 4% to 5%
higher. The PHAB scores also showed
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that the PC score was significantly higher
than the WDRC for distortion (P=.02)
with the mean difference between PC and
WDRC being 3%.

Finally, on completion of the study,
the patients provided, from memory, a
ranking of the 3 hearing aid circuits. The

EFFICACY OF HEARING AID CIRCUITS

CL circuit received the highest percent-
age of first rankings (41.6%), {ollowed
by the WDRC (29.8%), and the PC
(28.6%). In addition, the CL circuit was
ranked third by the lowest percentage
of patients (25.4% for the CL vs 36.2%
for the PC and 38.4% for the WDRCQ).

Figure 5. Mean Benefit Scores on the CST of Different Ratios of Signal to Ambient Noise
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Abbreviations are expanded in the legend of Figure 4. The abscissa labels the conditions as signal/babble level
(dB) for 9 conditions (52/~3 through 74/+3). S/B indicates signal-to-babble; Q that the test was performed in
quiet. Sample sizes across condltlons varied from 277 to 321.

T S O S W
Table 1. Loudness Ratings Obtained in the Aided and Unaided Conditions*

Aided Unaided
Condition, Type of ‘ No. of o No. of ‘
dB Circuit Subjects  Mean (SD) P Value Subjects Mean (SD) P Value
52Q CL 335 4.14(0.94) 7 318 2.77 (1. 24) )
PC 333 4.15(1.00) i <.001t 314 2.77 (1. Sﬂ —’ 97
WDRC 330 4.43(0.99) — ' 312 2.78 (1. 26) J
52N CL 335 3.92 {1.06) _] §18 2.46 (1 23) B
PC 333 3.81(1.08) <‘ <.0011 316 2.45 (1.24) ‘ .92
WDRC 328 4.21(1.07) 312 2.43(1.22) J
62Q CL 335 5.33 (0.90) “! 325 4.36 (1.21) ‘!
PC 333 5.34 (0.90) '1 .26 325 4.31(1.22) 48
WDRC 330 5.41 (1.00) _ 320 4.29 (1.16) J
62N CL 334 5.31 (1.19) 7 326 3.85 (1 27) 7
PC 333 5.20 (1.09) ! .35 3_25 3.86 (1.33) 73
WDRC 330 5.25(1.31) | 550 3.90 (1.37) J
74Q CL 335 7.96 (1.55) 7 335 6.30 (1.63) 7
PC 333 8.31 (1.49) ! <.001% 332 6.28 (1.64) .84
WDRC 330 7.73(1.59) _! 330 6.30 (1.67)
74N CL 335 7.57 (1.89) 1 33_5 5.88(1.72) 7
PC 333 8.11 (1.69) } <.001% 534 5.81 (1.74) 72
WDRC 330 7.26 (1.94) 330 5.87 (1.84)
*CL indicates compression limiter: PC. linear peak clipper; and WDRC, wide: dynamic range compressor.
tPairwise comparison reveals PC and WDRC, and CL and WDRC are statistically significant.
FPairwise comparison reveals all 3 circuits are statistically significantly different.
(Reprinted) JAMA, October 11, 2000—\ ol 284, No. 14 1811
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Statistical analysis using the Friedman
test showed a significant overall differ-
ence among the rankings (P=.002). Sub-
sequent analyses using the Wilcoxon test
showed that, overall, the CL was pre-

ferred more frequently than the PC
(P=.001) and the WDRC (P=.001) and
that there were no significant differ-
ences between the rankings for the PC
and the WDRC (P=.86).

—————— e
Table 2. Noise Interference Ratings Obtained in the Aided and Unaided Conditions*

Aided Unaided
M T ]
Condition, Typeof No. of No. of
dB Circuit Subjects Mean (SD) P Value _Subjects Mean (SD) P Value
52Q CL 335 9.74 (0.93) 7] 317 9.53 (1.33) 7]
PC 332 9.80 (0.79) 42 314 9.57 (1.15) 16
WDRC 329 9.74 (0.86) 309 9.45 (1.46)
52N CL 336 0(2.24) 7 316 6.96 (2.43) 7]
PC 332 7.18(2.24) .56 315 6.93 (2.41) .99
WDRC 330 7.07 (2.19) 309 6.95 (2.47) _
62Q CL 336 9.83 (0.66) 323 9.66 (1.25) 7]
PC 332 9.85 (0.53) .86 324 9.74 (0.95) 22
WDRC 328 9.83(0.57) 318 9.66 (1.15)
62N CL 336 6.41(2.28) 7 320 6.36 (2.28) 7]
B PC 333 6.55 (2.34) 01t 322 6.37 (2.29) .62
WDRC 329 6.17 (2.38) 317 6.47 (2.23) J
. 74Q CL 336 9.74 (0.73) 7] 332 9.67 (1.22) 7]
i PC 331 9.73 (0.85) 92 330 9.74 (1.07) .22
WDRC 329 9.72 (0.77) 327 9.66 (1.20) J
74N CL 336 5.13(2.47) 7 334 5.48 (2.31) 7]
PC 333 5.18 (2.48) .69 333 5.37 (2.36) .80
WDRC 329 5.25 (2.65) _ 329 5.43 (2.34) _J

*CL mdlcates compression limiter; PC, linear peak clipper; and WDRC, wide dynamic range compressor.
‘+Comparison of PC circuit with WDRC. circuit, which is statistically significantly different in paurwnse comparison tests.

e ————————————————————
Table 3. Overall Liking Ratings Obtained in the Aided and Unaided Conditions*

Aided Unaided
Condition, Type of [ No. of . No. of 1
dB Circuit Subjects Mean (SD) P Value Subjects Mean(SD) P Value
52Q CL 335 7.70(2.36) 7] 316 5.63 (2.93) 7
PC 333 7.78 (2.39) 14 314 5.56 (2.80) .88
WDRC 330 7.96 (2.21) 308 5.57 (2.81)
52N CL 335 6.77 (2.38) 7 316 4.86 (2.77) 7]
PC 332 6.66 (2.45) .64 314 4.87 (2.74) 72
WDRC 330 6.76 (2.33) 309 4.75 (2.76)
62Q CL 336 8.44 (1.85) 7] 322 7.28 (2.53)
PC 331 8.43 (1.84) 97 323 7.31(2.55) .28
WDRC 330 8.45(1.78) _| 318 7.14(2.51)
62N CL 335 6.85(2.27) 7] 321 5.86 (2.55) 7]
PC 330 6.97 (2.30) .07 323 5.82 (2.51) 90
WDRC 330 6.70 (2.30) 318 5.79 (2.60) _
74Q CL 336 7.43 (2.60) 7 331 7.73(2.31) 7]
PC 332 6.91 (2.76) 0017 330 7.94 (2.23) .08
WDRC 329 7.49 (2.54) _| 325 7.72(2.24) |
74N CL 336 5.80 (2.57) 7] 334 6.04 (2.39) 7
PC 331 5.59 (2.77) 12 333 6.05 (2.55) .70
WDRC 330 5.92 (2.64) 329 5.97 (2.47)

*CL indicates compression limiter; PC, linear peak cllpper and WDRC, wide dynamic range compression.
‘tComparison of CL circuit with PC circuit and comparison of PC circuit with WDRC circuit are statistically different in

pairwise comparison tests.
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COMMENT
Each of the 3 hearing aid circuits pro-
vides substantial benefit over unaided lis-
tening. Benefit was observed for mea-
sures of speech recognition and ratings
of speech quality ina variety of noisy and
quiet conditions as well as for subjec-
tive measures. Each circuit improved
monosyllabic word recognition scores in
aquiet background at conversational lev-
els by an average of 29% (absolute score
improvement). Speech recognition abil-
ity, as shown by the CST, in noise was
improved by each circuit by amounts
ranging from 10% to 30% (absolute score
improvement), with greater improve-
ment observed for speech at soft and con-
versational levels. Loudness rating data
suggested that all 3 circuits amplified soft
and conversationally loud speech to com-
fortable levels. The noise interference rat-
ings showed that none of the circuits had
adeleterious effect. For soft and conver-
sational speech levels, each circuit im-
proved the overall quality of the listen-
ing experience. For loud speech, the
overall quality of listening was not sig-
nificantly degraded. The results of 6 of
the 7 subscales of the subjective mea-
sure of hearing aid benefit (PHAB)
showed a significant reduction in the fre-
quency of problems associated with corn-
munication in everyday environments.
Statistically significant differences
(small in comparison with the benefits
seen with each of the circuits) were noted
among the circuits on several compo-
nents of the outcome measures. The re-
sults of the loudness rating suggest that
the WDRC circuit was more comfort-
ably loud than the other 2 circuits for soft
and for loud speech input conditions. Be-
cause of its operating characteristics, the
WDRC was expected to produce a more
comfortable listening experience for the
softand loud input levels. Differences in
scores on the PHAP/PHAB for 2 subs-
cales were statistically significantamong
circuits, with the PC rated as 4.5% more
aversive than the other 2 circuits and pro-
ducing an average of 3% more prob-
lems for distortion of sounds compared
with the WDRC circuit. The preference
rankings provided at the end of the trial
favored the CL circuit. Because the dif-
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ferences between the hearing aid cir-
cuits were small in most cases, dispens-
ing decisions should take into account
cost vs benefit considerations for indi-
vidual patients. In this regard, many pro-
grammable hearing aids (such as the one
used in this trial) may be configured to
function asa PC, CL, or WDRC and, as
such, there are no cost differences be-
tween circuit options; however, for con-
ventional, nonprogrammable devices,
compression circuitry (either CL or
WDRC) adds significantly to the single-
unit price of the device.

Because concerted efforts were made
to recruit patients into the study from
both sexes and all racial groups, the
study sample was a good representa-
tion of US adults who are candidates for
hearing aids. We believe, therefore, that
the study results are generalizable to the
US population with sensorineural hear-
ing loss. One limitation of the trial is
that it did not measure other domains,
such as affect and cognition, which are
influenced by hearing loss.
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