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Abstract

Objective: To investigate whether using a computer-based patient record

(CPR) affects the completeness of documentation and appropriateness of documented clinical

decisions.

Design: A blinded expert panel of four experienced internists evaluated 50 progress notes of
patients who had chronic diseases and whose physicians used either a CPR or a traditional

paper record.

Measurements: Completeness of problem and medication lists in progress notes, allergies noted
in the entire record, consideration of relevant patient factors in the progress note’s diagnostic and
treatment plans, and appropriateness of documented clinical decisions.

Results: The expert reviewers rated the problem lists and medication lists in the CPR progress
notes as more complete (1.79/2.00 vs. 0.93/2.00, P < 0.001, and 1.75/2.00 vs. 0.91/2.00, P < 0.001,
respectively) than those in the paper record. The allergy lists in both records were similar.
Providers using a CPR documented consideration of more relevant patient factors when making
their decisions (1.53/2.00 vs. 1.07/2.00, P < 0.001), and documented more appropriate clinical
decisions (3.63/5.00 vs. 2.50/5.00, P < 0.001), compared with providers who used traditional

paper records.

Conclusions: Physicians in our study who used a CPR produced more complete documentation
and documented more appropriate clinical decisions, as judged by an expert review panel.
Because the physicians who used the CPR in our study volunteered to do so, further study is
warranted to test whether the same conclusions would apply to all CPR users and whether the
improvement in documentation leads to better clinical outcomes.

m JAMIA. 1999;6:245-251.

The medical record has been used for more than a
century as a tool to assist clinicians in the care of pa-
tients. Today, the medical record has a comprehensive
purpose: “to recall observations, to inform others, to
instruct students, to gain knowledge, to monitor per-

formance, and to justify interventions.” ' Whether the
record has evolved to meet these contemporary goals
is subject to debate. An early critic of the utility of the
record, Florence Nightingale, found the record lacking
in many respects. In her 1873 essay Notes on a Hospital,
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Table 1 m

Characteristics of Patients Whose Charts Were
Reviewed

Characteristic CPR Group  Paper-record Group
Male 17 14
Female 8 11
Mean age (years) 55.8 56.8
Average no. of problems 6.2 5.6
Average no. of current 7.4 5.8
medications

NorTE: CPR indicates computer-based patient record.

she wrote

In attempting to arrive at the truth, I have applied
everywhere for information, but in scarcely an in-
stance have I been able to obtain hospital records fit
for any purposes of comparison. If they could be ob-
tained, they would enable us to decide many other
questions besides the one alluded to. They would
show subscribers how their money was being spent,
what amount of good was really being done with it,
or whether the money was not doing mischief rather
than good.

Today her words still ring true. Managed care, out-
come research, cost-effectiveness studies, and data-
base mining are contemporary vernacular for the in-
formation needs that Nightingale articulated so
clearly more than a century ago.

Subsequent commentators have documented the lim-
itations of the current record-keeping system. Several
investigators have quantified the problem of data
missing from the record itself.””> One study examined
the ability of physicians to find information in the rec-
ord: In 81 percent of return visits to an ambulatory
care clinic, because relevant patient information was
inaccessible clinicians either postponed their decisions
or made decisions based on incomplete information;
on average, four pieces of information relevant to the
decisions made during the encounter were not avail-
able to the physicians.® Such empirical studies vali-
date clinicians’ impressions that the current paper rec-
ord is an inadequate tool to support the task of
providing patient care.

Not only is the paper record a poor repository of pa-
tient information, but also the tasks associated with
such record keeping consume up to 38 percent of the
physician’s time associated with an outpatient visit.”
With mounting pressures on physicians to improve
the cost and time efficiency of patient-care encounters,
tasks that consume more than one third of the phy-
sicians’ time are logical targets for analysis and im-
provement. In one study, physicians were better able

to predict their patients’ future symptoms and labo-
ratory test results when they had access to a com-
puter-based flowsheet of summary data.® In this
study, we compared the completeness of documenta-
tion and the appropriateness of documented decisions
of physicians who volunteered to use a CPR with
those of physicians using traditional paper records in
the same clinic.

Methods

A panel of four expert physicians analyzed medical
records from an internal medicine practice in which
approximately one half of the clinicians (15 of 33) had
been using a CPR since July 1996. The expert panel
members were board-certified in internal medicine
and had been in practice for an average of 28 years.
No expert panel member was involved in the CPR
project or was a member of the practice studied. The
CPR system (EpicCare, developed by Epic Systems,
Madison, Wisconsin) allowed providers to enter di-
rectly problems, medications, allergies, progress notes,
and orders. Any active problems, medications, and
allergies that are entered into a patient’s record are
automatically included in progress notes. Laboratory
test results are entered into the record automatically
through electronic interfaces and can be displayed in
flowsheet or graphic formats. During the study pe-
riod, the CPR did not provide clinical alerts.

All study providers practicing in the internal medi-
cine clinic were board-certified attending physicians.
Approximately half the physicians elected to partici-
pate in a pilot project that involved using a CPR in
daily practice. The group of physicians using the CPR
(CPR users) included 11 men and 4 women. The re-
maining physicians, who continued to use the paper
record, included 6 men and 8 women. The average
number of years in practice for the physicians using
a CPR was 11; that for physicians using a paper record
was 12.

To assess the possible effects of a CPR on clinical doc-
umentation, patient records were selected as the units
of analysis. Included in the pool of eligible records
were those associated with patients diagnosed with
one or more chronic diseases (e.g., asthma, hyperten-
sion, diabetes, congestive heart failure, hypothyroid-
ism, chronic renal failure, or rheumatoid arthritis)
who were seen in the internal medicine clinic four or
more times between September 1996 and August
1997. There were 491 records of patients whose phy-
sicians used the CPR and 435 records of patients
whose physicians used the traditional paper record.
We randomly selected patient records from the eligi-
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Table 2 m

Comparison of Completeness of Documentation and Appropriateness of Medical Decisions Made,
Between Providers Who Used Computer-based Patient Records (CPRs) and Those Who Used Paper

Records
CPR Users Paper-Record Users
Rating Dimension n (Mean)/Highest Possible Score (Mean)/Highest Possible Score Significance
Major problems documented 169 1.79/2.00 0.93/2.00 <0.001
in problem list
Medications documented in 171 1.75/2.00 0.91/2.00 <0.001
medication list
Allergies documented in mini-record 169 1.97/2.00 1.85/2.00 0.07
Relevant clinical factors considered 172 1.53/2.00 1.07/2.00 <0.001
in assessment and plan
Appropriateness of assessment and 172 3.63/5.00 2.50/5.00 <0.001
plan

ble pools. We conducted a power analysis to deter-
mine an appropriate sample size of records for the
study cohorts.”

For each randomly selected medical record, progress
notes were transcribed into a standard format. A tran-
scribed version of the medical record face sheet (con-
taining the problem, medication, and allergy lists,
when available), four consecutive internal medicine
clinic progress notes, and the results of diagnostic
tests ordered during the covered encounters were as-
sembled as a “mini-record” for the expert panel.

Each expert reviewed an identical set of 56-mini-rec-
ords. Twenty-five mini-records represented those of
providers using a CPR; 25 represented those of pro-
viders using paper records. Six duplicate records—
three from each group—were added to the study sets
so that we could assess intracoder reliability. The ex-
perts were blinded to whether a note was recorded
by a provider using a CPR or a paper record. All re-
viewers evaluated five aspects of each of the 56 med-
ical records. They were instructed to rate the com-
pleteness of the problem list (on a scale from O,
indicating “does not exist,”” to 2, “itemizes most major
problems for this patient”’) and medication list (on a
scale from 0 to 2, where 2 indicates “itemizes most
active medications and instructions’’) in the most re-
cent progress note by using information in the entire
mini-record. Thus, the reviewer is evaluating the doc-
umentation of what transpired during the most recent
encounter in the context of information from recent
previous visits. This is intended to be similar to the
information context in which the provider operated
during the actual encounter. Reviewers rated the com-
pleteness of allergy documentation anywhere in the
mini-record (on a scale from 0 to 2, where 2 indicates
“itemizes most allergies”). The reviewers were then
instructed to rate the degree to which relevant patient

factors were considered in the assessment and plan
(on a scale from 0, indicating “considered none of the
relevant patient factors,” to 2, “considered most of the
relevant patient factors’) of the most recent progress
note in the mini-record using the information in the
entire mini-record. Similarly, the reviewers were
asked to rate the appropriateness of the assessment
and diagnostic and treatment decisions documented
during the most recent encounter (on a scale from 0,
indicating “completely inappropriate,” to 5, “com-
pletely appropriate”’) considering information in the
entire mini-record. All data were entered into SPSS
version 7.0 for statistical analysis.

Results

Each reviewer completed a review of 56-mini-records.
We evaluated intracoder reliability using a test—retest
reliability model. The calculated intraclass correlation
coefficient was 0.94 (using the Kendall coefficient of
concordance). Coefficients above 0.90 are considered
highly reliable."’ Characteristics of the patients whose
records were reviewed appear in Table 1.

We compared (Using the Mann-Whitney U-test) the
experts’ ratings of medical records from the two
groups of providers in each of the five aspects eval-
uated (Table 2). The expert reviewers rated the prob-
lem lists and medication lists in the CPR progress
notes as significantly more complete than those in the
progress notes in the paper record (1.79/2.00 vs. 0.93/
2.00, P < 0.001, and 1.75/2.00 vs. 0.91/2.00; P < 0.001,
respectively). The allergy information in the entire
CPR and paper record were similar (1.97/2.00 vs.
1.85/2.00, P = 0.07). Physicians who used a CPR pro-
vided more evidence in their documented assessment
that they had considered relevant patient factors in
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PROBLEM LIST

Diabetes with circulatory disorder

Peripheral vascular disease

Diabetic retinopathy

Type 1V renal tubular acidosis with chronic renal insufficiency
S/P CVA

Coronary atherosclerosis

S/P Anterior wall M1

S/P Ventricular septal defect repair

Aortic stenosis — moderate to severe

S/P Amputation of toes

CHF with concentric left ventricular hypertrophy
Arteriosclerotic dementia

MEDICATION LIST

Cognex 10 mg qid

Glucophage 850 mg tid

Glucotrol 10 mg bid

Lasix 20 mg q day

Kayexelate powder 15 mg five times every two weeks
Ecotrin 325 mg bid

Coumadin 5 mg alternating with 2.5 every other day

HISTORY OF PRESENT ILLNESS: Patient returns with a complaint of acid taste in the mouth
and heartburn. Otherwise, the patient is doing well but family reports that he remains confused.
There have been no significant improvements since the introduction of the Cognex. The family
is now considering stopping the medication. The patient has had his Lasix increased to reduce

the water in his lungs, heard by the visiting nurse. Patient denied that he has been out of breath.

PHYSICAL EXAMINATION

General — no acute distress

HEENT - Fundi were benign and the oropharynx was normal. The neck was supple. There was
no adenopathy, thyromegaly or carotid bruit.

Musculoskeletal — no spinal or CVA tenderness

Lungs — dry crackles a third of the way up the right base, posteriorly. There were no crackles in
the left.

CV —RRR with no S3, S4 but there was a 2/4 systolic ejection murmur at the left upper sternal
border

Abdomen — soft and flat. Bowel sounds were normal. There was no tenderness. No masses or
organomegaly.

Extremities — no edema or cyanosis. There were no skin ulcers.

Neuro - DTRs were symmetric

ASSESSMENT/PLAN

Heartburn — most likely reflux. Will try Zantac 150 mg bid. The patient is to notify me if this
does not improve after a month.

Dementia — no change. Will consider discontinuation of the Cognex. We will try the patient on
this for one more month at a qid dosage. Will discontinue if there is no improvement.
Peripheral vascular disease — stable. Will check PT today.

Type IV renal tubular acidosis — will check SMA today

CHF — stable. Will continue with the present Lasix.

Patient to return in three months.

Figure 1 Sample progress note from a computer-based patient record user. This record was assigned an average
score of 4.0 for appropriateness by the expert review panel.
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making their decisions (1.53/2.00 vs. 1.07/2.00, P <
0.001) and documented more appropriate decisions
(3.63/5.00 vs. 2.50/5.00, P < 0.001) than did those who
used traditional paper patient records. Examples of
progress notes from a CPR user and from a paper-
record user are shown in Figures 1 and 2.

More thorough documentation of consideration of rel-
evant patient factors was independently and signifi-
cantly correlated with a more complete progress note
problem list (P < 0.01) and with a more complete
progress note medication list (P < 0.01), by a two-
tailed Kendall tau-b analysis. Furthermore, there was
a statistically significant correlation between docu-
mentation of consideration of relevant factors in the
assessment and plans and the appropriateness of the
documented medical decisions (P < 0.01), as judged
by the expert panel.

As noted in the introduction, prior studies have doc-
umented several limitations of the paper medical rec-
ord. In our study, a blinded expert panel judged the
documented decisions of physicians using a CPR as
more appropriate than those using traditional paper
records in the same clinic.

At least three possibilities could explain part of the
differences in appropriateness of documented deci-
sions when physicians used a CPR. First, having com-
plete information available during patient encounters
may have directly improved the decisions made. Sec-
ond, the improved legibility and organization of data
may have facilitated physicians” ability to find infor-
mation. Third, physician use of a CPR may have af-
fected documentation habits.

Since the CPR system automatically included previ-
ously entered problems, medications, and allergies in
the progress note, one would expect that CPR users’
progress notes would be more complete (assuming
the physician entered the information in the past). Ob-
viously, this is a benefit of using a CPR. Theoretically,
if the face sheet in a paper record were accurately
maintained and providers referred to it during the
course of an encounter, paper-record users and CPR
users would have access to similar information. How-
ever, in the opinion of the blinded reviewers, the doc-
umented consideration of relevant problems and
medications was less complete and the documented
decisions were less appropriate.

During the early implementation of a CPR at Duke,
investigators evaluated the extent to which previously

PROBLEM LIST

Diabetes — uncomplicated — adult onset
Hypertension

Asthma

MEDICATION LIST

ALLERGIES

REASON FOR VISIT: Regularly scheduled follow-up.
VITAL SIGNS: Blood Pressure 134/80

PHYSICAL EXAMINATION
Lungs — clear to A&P
Heart — RRR with normal S1, S2. There is no S3, S4, rub or murmur.

ASSESSMENT/PLAN
Check HbA 1c this visit.

Figure 2 Sample progress note from a paper record
user. This progress note was assigned an average score
of 2.3 for appropriateness by the expert review panel.

noted problems, findings, and laboratory results were
overlooked when a CPR was used, compared with a
manual record."" The investigators randomized pa-
tients to be seen either with a CPR or with a paper
record. During encounters using the CPR, providers
received a preprinted encounter form, which included
a flowsheet of previous subjective, objective, and lab-
oratory data. After the provider wrote notes on the
encounter form, clerks entered the data into the com-
puter system. After each visit, one of the physician in-
vestigators examined the chart to determine whether
any information in the record had not been acted on.
They found that physicians acted more frequently on
information recorded in the CPR compared with the
paper record. Our study extends these findings by
showing an improvement in the completeness of doc-
umentation and the appropriateness of documented
decisions, based on the judgment of an expert panel.
Also, in this study the entire encounter was conducted
using an online CPR. The providers reviewed prior
patient information on the computer and entered doc-
umentation and orders directly into the computer.
One might be concerned that the additional effort ex-
pended by the physician users to enter data them-
selves might negatively affect the documentation hab-
its. We found the opposite to be true.

Other studies have demonstrated that computer-
based reminders can change physician behavior.>”"
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During the study period, our CPR system did not em-
ploy a rules-driven reminder system. Consequently,
we were able to isolate the effect on documentation
of using a CPR from the possible additional positive
effects of computer-based decision support in the
form of reminders and alerts.

The reader should keep our choice of reference stan-
dard in mind when judging the clinical importance of
our findings. We chose to construct a reference stan-
dard in the form of a mini-record derived from either
the CPR or the paper record. Only with full knowl-
edge of a patient’s complete history and every eval-
uative finding (physical sign and laboratory test re-
sult) could a true “gold standard” be established.
Even then, whether a patient has a firm diagnosis or
a notable problem is subject to interpretation. Also,
there are often inconsistencies in documented histor-
ical and physical findings. Consequently, in actual
practice each clinician is faced with the task of glean-
ing accurate information from the available medical
record, and our reference standard mimics this situa-
tion. The actual clinical decision maker may have re-
called information from prior encounters with the pa-
tient that were not reflected in our reference standard.
Similarly, we chose appropriateness of documented
decisions as a measurement because of the difficulty
of determining whether other decisions had been
made but not documented in the record.

Finally, the generality of our findings may be limited
by a self-selection bias due to voluntary participation
as a CPR user in our study. Inherent differences be-
tween those who chose to use the CPR and those who
did not may account for some of the differences mea-
sured. Several factors tend to diminish the impact of
the potential self-selection bias on our results: all the
physicians in the study were hired into the same di-
vision (using similar hiring criteria); each group con-
stituted approximately half of the division (i.e., not a
small minority of the division); and the physicians
were part of the same group practice environment.
Further study is warranted to test whether the same
results would apply to all CPR users.

Conclusion

Although there are significant challenges to overcome
(e.g., terminology standards, capital requirements, or-
ganizational change) before CPR systems can be de-
ployed on a broad scale and put into routine use,”
systems such as the one used in this study are becom-
ing increasingly available. As in many information-
intensive industries, a compelling argument can be
made that providing effective information manage-

ment tools to high-level professionals will improve
the likelihood that these people will make appropriate
decisions. Before health care professionals and the
health care industry will act on the Institute of Med-
icine’s recommendation to adopt CPRs for routine use
in patient care,”’ we need to prove that the potential
benefits are obtainable. This study shows that the CPR
improves the completeness of documentation and that
documented decisions are more appropriate when
evaluated by an expert panel on the basis of infor-
mation contained in the record. We argue that an im-
provement in documentation is an improvement in
practice. Additional study is needed to determine
whether this improvement in practice results in an im-
provement in clinical outcomes.

The authors thank their project-team colleagues who imple-
mented the computer-based patient record system in the clinic:
Wendy Marquardt, RN, Barbara Boggs, Cynthia Fellencer, RN,
Mary Jaworski, RN, Nancy Kreider, RN, Carol Newcomb, Pa-
tricia Sandlund, RN, and James Yarnold. They thank the expert
review panel members, John H. Buehler, MD, Gary A. Noskin,
MD, Arvydas D. Vanagunas, MD, and James R. Webster, MD.
They thank the clinicians at the General Internal Medicine
Clinic at Northwestern Medical Faculty Foundation for their
participation in the study, and the members of the Information
Services Division of Northwestern Memorial Hospital for their
technical support. They thank Lyn Dupré for her editorial as-
sistance.

References m

1. Reiser SJ. The clinical record in medicine, part I: learning
from cases. Ann Intern Med 1991;114:902-7.

2. Tufo HM, Speidel J]J. Problems with medical records. Med
Care. 1971;9:509-17.

3. Dawes KS. Survey of general practice records. BMJ. 1972;3:
219-23.

4. Zuckerman J, Starfield B, Hochreiter C, Kovasznay B. Vali-
dating the content of pediatric outpatient medical records
by means of tape-recording doctor—patient encounters. Pe-
diatrics. 1975;56:407-11.

5. Romm FJ, Putnam SM. The validity of the medical record.
Med Care. 1981;19:310-5.

6. Tang PC, Fafchamps D, Shortliffe EH. Traditional medical
records as a source of clinical data in the outpatient setting.
Proc 18th Annu Symp Comput Appl Med Care. 1994;575—
9.

7. Mamlin JJ, Baker DH. Combined time-motion and work
sampling study in a general medicine clinic. Med Care.
1973; 11:449-56.

8. Whiting-O’Keefe QE, Simborg DW, Epstein WV, Warger A.
A computerized summary medical record system can pro-
vide more information than the standard medical record.
JAMA. 1985;254:1185-92.

9. Cohen ]. Statistical Power Analysis for the Behavioral Sci-
ences, 2nd ed. New York: Academic Press, 1977.



Journal of the American Medical Informatics Association Volume 6 Number 3 May / Jun 1999

10.

11.

12.

13.

14.

15.

Bankowitz RA, McNeil MA, Challinor SM, Parker RC, Ka-
poor WN, Miller RA. A computer-assisted medical diag-
nostic consultation service. Implementation and prospective
evaluation of a prototype. Ann Intern Med 1989;110:824—
32.

Garrett LEJ, Hammond WE, Stead WW. The effects of com-
puterized medical records on provider efficiency and qual-
ity of care. Methods Inf Med. 1986;25:151-7.

Sullivan F, Mitchell E. Has general practitioner computing
made a difference to patient care? A systematic review of
published reports. BM]. 1995;311:848-52.

Shea S, DuMouchel W, Bahamonde L. A meta-analysis of
16 randomized controlled trials to evaluate computer-based
clinical reminder systems for preventive care in the ambu-
latory setting. ] Am Med Inform Assoc. 1996;3:399-409.
Johnson M, Langton KB, Haynes RB, Mathieu A. Effects of
computer-based clinical decision support systems on clini-
cian performance and patient outcome: a critical appraisal.
Ann Intern Med. 1994;120:135-42.

Tierney WM, Miller ME, Overhage JM, McDonald CJ. Phy-
sician inpatient order writing on microcomputer worksta-

16.

17.

18.

19.

20.

21.

251

tions: effects on resource utilization. JAMA. 1993;269:379 —
3.

McDonald CJ, Hui SL, Tierney WM. Effects of computer
reminders for influenza vaccination on morbidity during
influenza epidemics. MD Comput. 1992;9:304-12.
Overhage JM, Tierney WM, McDonald CJ. Computer re-
minders to implement preventive care guidelines for hos-
pitalized patients. Arch Intern Med. 1996;156:1551—6.
McDonald CJ, Hui SL, Smith DM, et al. Reminders to phy-
sicians from an introspective computer medical record: a
two-year randomized trial. Ann Intern Med. 1984;100:130—
8.

McDonald CJ. Protocol-based computer reminders, the
quality of care and the non-perfectability of man. N Engl J
Med. 1976;295:1351-5.

McDonald CJ. The barriers to electronic medical record sys-
tems and how to overcome them. ] Am Med Inform Assoc.
1997;4:213-21.

IOM Committee on Improving the Patient Record. The
Computer-based Patient Record: An Essential Technology
for Health Care, Revised Edition. 2nd ed. Washington, D.C.:
National Academy Press, 1997.



