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Abstract
Objective To evaluate the effect of implementing
comprehensive, integrated electronic health record
systems on use and quality of ambulatory care
Design Retrospective, serial, cross sectional study.
Setting Colorado and Northwest regions of Kaiser
Permanente, a US integrated healthcare delivery
system.
Population 367 795 members in the Colorado region
and 449 728 members in the Northwest region.
Intervention Implementation of electronic health
record systems.
Main outcome measures Total number of office visits
and use of primary care, specialty care, clinical
laboratory, radiology services, and telephone contact.
Health Plan Employer Data and Information Set to
assess quality.
Results Two years after electronic health records were
fully implemented, age adjusted rates of office visits
fell by 9% in both regions. Age adjusted primary care
visits decreased by 11% in both regions and specialty
care visits decreased by 5% in Colorado and 6% in the
Northwest. All these decreases were significant
(P < 0.0001). The percentage of members making ≥ 3
visits a year decreased by 10% in Colorado and 11%
in the Northwest, and the percentage of members
with ≤ 2 visits a year increased. In the Northwest,
scheduled telephone contact increased from a
baseline of 1.26 per member per year to 2.09 after two
years. Use of clinical laboratory and radiology services
did not change conclusively. Intermediate measures of
quality of health care remained unchanged or
improved slightly.
Conclusions Readily available, comprehensive,
integrated clinical information reduced use of
ambulatory care while maintaining quality and
allowed doctors to replace some office visits with
telephone contacts. Shifting patterns of use suggest
reduced numbers of ambulatory care visits that are
inappropriate or marginally productive.

Introduction
Widescale development of electronic health record
systems has been repeatedly recommended in the
United States,1 2 3 but only about 5% of US primary
care providers use them.4 Illegible or unavailable paper
records may necessitate conservative management

strategies and redundant or marginally productive vis-
its, diagnostic and screening tests, and interventions.
Electronic health records provide greater accessibility,
accuracy, and completeness of clinical information.3

Two Kaiser Permanente regions separately imple-
mented comprehensive electronic health record
systems. We examined their effect on selected
measures of use and quality of ambulatory care.

Methods
Kaiser Permanente is the largest, not for profit,
integrated healthcare delivery system in the United
States. It provides all healthcare needs for adults and
children, including preventive, routine, specialty, emer-
gency, and inpatient care, ancillary testing, pharmacy
and rehabilitative services, and home care. Two Kaiser
Permanente regions, Colorado and the Northwest,
implemented electronic health record systems (table).

Electronic health record systems
Before implementation, individual paper based medi-
cal records were manually delivered to multiple sites
throughout the integrated Kaiser Permanente system,
often several miles apart; availability of records for
same day and unscheduled care was unreliable.

Although the regions implemented different
systems (an internally developed system in Colorado
and an externally supplied system in the Northwest
region) they shared important characteristics:
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Characteristics of Colorado and Northwest healthcare regions

Colorado Northwest

No of members (December 2002) 367 795* 449 728

% aged 65 or older:

1995 10.4 12.2

1998 12.3 11.0

2000 14.9 10.8

No of primary care doctors † 214 263

No of other primary care practitioners† 36 84

No of specialty care doctors† 324 425

No of other specialty care practitioners† 136 126

Outpatient medical offices 16 32

*Membership in the six county Denver/Boulder area where electronic health records were implemented.
†Full time equivalents.
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x Integrated documentation and reporting of clinical
results reporting, including comprehensive recording
of use of primary and specialty care, telephone contact,
urgent care, and emergency departments
x Computerised entry of physician orders for tests
and prescriptions
x 24 hour availability of medical records at the point
of care
x Immediate availability for all potential users—for
example, staff in telephone advice centres, pharma-
cists, and staff reporting clinical results
x Easy searching.

Design
We conducted retrospective serial cross sectional stud-
ies for each region. We assessed usage from
administrative data and quality of care from the Health
Plan Employer Data and Information Set. This nation-
wide information set is a series of standardised
performance measures covering all population needs
and pressing public health problems. Results are based
on statistically valid random samples of members and
are rigorously audited.

The electronic health records were introduced pro-
gressively over more than a year and in different calen-
dar years in the two regions. We reviewed data for
entire calendar years, delimiting the implementation
period by the calendar year in which primary care
implementation began (year I1) and the calendar year
in which it was completed (year I2). Given natural lags
in implementation and impact, the baseline period
includes year I1 and the intervention period begins in
year I2.

We conducted interviews with roughly 100 clinical
and operations leaders and staff. The interviews
suggested the electronic system increased the effi-
ciency of ambulatory care visits and reduced
redundant or marginally productive healthcare serv-
ices by allowing patient issues to be resolved during the
first contact, enabling more services to be offered per
visit and reducing the need for separate health mainte-
nance visits. Informants also reported reduced use of
clinical laboratory, radiology, and emergency services
and increased effectiveness of scheduled and unsched-
uled telephone contact with patients.

To evaluate these impressions, we examined total
office visits and separated use into primary and
specialty care. We included visits to doctors and other
health professionals. We examined the frequency
distribution of primary care visits. Data on total office
visits and use of emergency departments, radiology
departments, clinical laboratories, and telephone call
centres were obtained from regional data warehouses.

To assess quality of care, we selected three
measures from the information set that represented
activities in primary and specialty care, care of routine
and chronic conditions, and care requiring a cross
departmental referral. These were percentages of
relevant members receiving advice on stopping
smoking, screening for cervical cancer, and retinal
examinations in diabetes.

Statistical analysis
We stratified the annual rates of total office visits per
region by primary care and specialty care and adjusted
to a fixed age distribution over the study period (0-64
years and ≥ 65). We calculated the difference between

the age adjusted visit rates in year I1 and the
observation period.

Year I1 was selected as the baseline year for several
reasons. In keeping with national trends, use of ambu-
latory care had been rising at Kaiser Permanente
before electronic health records were introduced
(figure 1). Reasons include changing reimbursement
mechanisms, policies to review usage, and new
technologies.5 Year I1 represents maximum capture of
this upward trend. It also represents the last point of
substantially steady state operational practices in
ambulatory care. Although implementation began in
year I1, most of the implementation of electronic
records occurred in year I2.

We selected year 2 as the primary comparison year
because it was the last point for which consistent data
from both regions were available. Regional measures
of use of ambulatory care subsequently changed.

Results
At the time of assessment, the Colorado and Northwest
regions had two and four years’ experience, respec-
tively, with electronic health records.

Use of ambulatory care
Both regions had significant decreases in use of
services. The age adjusted number of total office visits
per member in year 2 decreased by 9% compared with
year I1 (P < 0.0001, in both regions), and age adjusted
primary care visits decreased by 11%. Age adjusted
specialty care visits decreased by 5% in Colorado and
6% in the Northwest (both P < 0.0001). In year 4, the
total office visit rate in the Northwest region was 8%
lower than before electronic records became available
(fig 1). Partial implementation had minimal effect
during year I1.

The frequency pattern of ambulatory primary care
visits suggested a general decrease in use across all
patients. The percentage of members making three or
more visits a year decreased by 10% in the Colorado
region and 11% in the Northwest region between year
I1 and year 2. In year 4, the rate in the Northwest region
had decreased by an additional 2%. Moreover, the per-
centage of members with ≤ 2 visits a year increased.
This finding is particularly striking in Colorado, since a
disproportionate number of people aged 65 and over
were enrolled during the study period, and is
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consistent with the effects of electronic health records
described by clinical and operational leaders.

We reviewed other data that could potentially
explain decreased use of ambulatory care. Rates of
visits to emergency departments (internal and external
to Kaiser Permanente) did not rise over the study, and
the ratio of all primary care providers to members and
the ratio of referrals to outside providers in both
regions throughout the study both remained stable.

To rule out other global influences, we examined
the rate of change in office visits, as independently
defined by three other Kaiser Permanente regions, for
the same period. The data did not show comparable
decreases. The rate of ambulatory care visits by people
aged 45 or older increased by 14% across the United
States between 1992 and 2002, which encompasses
our study period.6

Telephone contact
In the Northwest region, telephone encounters sched-
uled at the discretion of physicians increased from a
baseline of 1.26 per member per year to 2.09 after two
years. In the Colorado region, staffing of call centres
briefly shifted from primarily nursing staff to include
doctors with access to electronic health records.
Appointments needed by patients after telephone con-
tact with access to electronic health records decreased
by 7%. Doctors reported being able to resolve more
health issues by phone. Rates of appointments after
telephone contact rose when staffing reverted to
nurses.

Radiology and clinical laboratory services
Age adjusted rates of use of radiology services
decreased by 14% in the first two years after introduc-
tion of electronic health records in the Northwest
region. Despite more recent increases in general use of
imaging inside Kaiser Permanente and industry-wide,
the age adjusted rate remained 4% lower than before
implementation. The chief of radiology in the
Colorado region believed strongly that availability of
electronic records to all carers improved interpretation
of films.

Laboratory usage in the Northwest region had
decreased by 18% four years after electronic health
record were introduced; rates subsequently increased
5-7% annually. Rates of laboratory usage in the
Colorado region remained generally stable, rising 14%
before electronic health records were introduced and
falling 2.9% in the two subsequent years.

Quality of care process measures
Quality of health care, as assessed by the three
predefined measures, remained unchanged or slightly
improved after electronic health records were intro-
duced (see bmj.com). This allays any fleeting concerns
that decreased usage compromised quality of care.

Discussion
We compared use of ambulatory care before and after
the introduction of electronic health records and
found decreased use of both primary and specialty
services. In addition, the percentage of members with
more than three visits a year fell. Telephone contacts
supplanted some outpatient visits and we found stable
or improved quality of care measures.

Possible explanations
The observed changes have many potential explana-
tions. Efficiency of outpatient care may have been
increased by the readily available comprehensive clini-
cal information. This conclusion is supported by the
shifting frequency distribution of visits, the increased
use of phone contact in lieu of a visit, and doctors’ con-
sistent observations across the two regions that
electronic health records enabled them to identify and
resolve patients’ health issues in the first contact or
with fewer contacts.

We were able to eliminate several confounding fac-
tors as potential causes of reduced use of ambulatory
care: changes in age distribution, reduced practitioner
availability (as measured by the ratio of all primary care
providers to members), and possible shifting of
primary care to specialty, emergency, or outside care
(as measured by rates of visits and outside referral
rates).

Organisational pressure to reduce use of ambula-
tory care could have caused similar effects. Despite
differing operating systems and organisational goals,
neither region had an implicit or explicit goal to
reduce outpatient visits during the study. No meaning-
ful changes occurred in copayments for primary
care or specialty care, and neither the health plan
products nor the products offered by employer
purchaser groups changed substantially during the
study period.

Applicability
Neither region represents an unusual patient popula-
tion and both have an average or above average illness
burden.

Some questions about electronic health records
remain unanswered. For instance, informants
expected that improved availability of complete
laboratory data would eliminate redundant testing, yet
we found no conclusive evidence of this. Decreases in
use of laboratory services were neither consistent in
the two regions nor sustained over time. However,
before the availability of electronic health records
there may also have been underuse of some tests (such
as lipid screening).

Effect on doctors
Some research indicates that electronic health record
systems impose a greater burden on clinicians.7–9 This
effect may be temporary10 or situation dependent.11

However, internal Kaiser Permanente work indicates
that the effect is highly variable but time neutral on
average (unpublished data). Additionally, Geisinger
Health System noted a significant improvement in
productivity after introducing electronic records
(personal communication, 2003).

Interviews with clinical and operations leaders
indicated that strong leadership support for realising
potential efficiency gains was key to successful
implementation. Organisational structure supporting
free flow of information and efficiency gains is key
to realising the benefits of electronic health record
implementation.12

Effect on quality
Despite perceptions of improved quality of care after
electronic health records were introduced, we found
generally stable and only occasionally improved
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performance on selected measures. Both regions are
high performing, which may make it more difficult to
identify marginal quality improvements. At a mini-
mum, we can assert that electronic health records and
the resulting effects on usage do not reduce the quality
of care and may in fact increase appropriate use of
healthcare services.
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What is already known on this topic

Electronic medical records have been shown to
improve the quality of health care in specific areas

Their effect on overall use and quality of
ambulatory care is unknown

What this study adds

Introduction of electronic records reduced visits to
primary and specialist outpatient care in two
regions of a US health maintenance organisation

No concomitant increase in use of other services
was found

Selected measures of quality of care were unaffected

My most unfortunate mistake

Not always looking on the bright side of life

One of my first tasks as a new senior house officer in
vascular surgery was to get a patient’s consent for
elective abdominal aortic aneurysm repair. He was a
slim, active, very anxious
73 year old with a 5.6 cm asymptomatic aneurysm. He
was intensely interested in the mechanics of the
operation.
I drew many diagrams and explained in detail the
risks of surgery.

I told him there was a 5% risk of death, pausing to
emphasise the gravity of the situation, and then
solemnly described in painstaking detail the risks of
embolisation—limb loss, paraplegia, bowel ischaemia,
and cardiac and renal failure. I told him of the slim
chance of survival in the event of rupture. It was a
bleak picture.

He acquired a deathly pallor and, gripping the pen
in trembling fingers, leant over to sign the consent
form, complaining as he did so of a sharp pain in the
back. He jumped up in an attempt to relieve his
“muscle spasm” and then felt a little faint. He was
hypotensive with bradycardia and pain on straight leg
raising, a non-tender aneurysm, and a normal
electrocardiogram. With reassurance from me and his
wife, his pulse and blood pressure rapidly returned to
normal.

I thought that his back pain must be neuromuscular.
He had been leaning at an awkward angle when he
signed the consent form. The sharp twinge of pain
combined with suddenly rising to his feet must have
induced a vasovagal attack. I returned to the ward later

to find him nervously pacing the corridor with the air
of a condemned man. Walking eased his back pain, he
told me. Reassured, I went home.

At his operation the next day, he was found to have a
large, fresh, contained aortic rupture involving two
thirds of the posterior wall of the aorta and exposing
the anterior longitudinal ligament of the spine. There
were no complications, and he made a rapid recovery.

He was so pleased to find himself alive and still able
to walk after the operation that he made light of my
probably causing and then failing to diagnose his
rupture. Instead, he suggested that in future I should
adopt a more jovial approach to obtaining consent
and that setting a few words to song might lighten the
mood. I’m still struggling to find a suitable tune and
something that rhymes with paraplegia. Any
suggestions?

Ruth James research fellow in vascular surgery, Nuffield
Department of Surgery, John Radcliffe Hospital, Oxford
(ruth@ruthjames.fsnet.co.uk)

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My
most unfortunate mistake, or any other piece conveying
instruction, pathos, or humour. Please submit the
article on http://submit.bmj.com Permission is needed
from the patient or a relative if an identifiable patient is
referred to. We also welcome contributions for
“Endpieces,” consisting of quotations of up to 80 words
(but most are considerably shorter) from any source,
ancient or modern, which have appealed to the reader.
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