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Background: Numerous studies have shown that spe-
cific computerized interventions may reduce medica-
tion errors, but few have examined adverse drug events
(ADEs) across all stages of the computerized medica-
tion process. We describe the frequency and type of
inpatient ADEs that occurred following the adoption of
multiple computerized medication ordering and admin-
istration systems, including computerized physician or-
der entry (CPOE).

Methods: Using explicit standardized criteria, pharma-
cists classified inpatient ADEs from prospective daily re-
views of electronic medical records from a random sample
of all admissions during a 20-week period at a Veterans
Administration hospital. We analyzed ADEs that neces-
sitated a changed treatment plan.

Results: Among 937 hospital admissions, 483 clini-
cally significant inpatient ADEs were identified, account-

ing for 52 ADEs per 100 admissions and an incidence den-
sity of 70 ADEs per 1000 patient-days. One quarter of
the hospitalizations had at least 1 ADE. Of all ADEs, 9%
resulted in serious harm, 22% in additional monitoring
and interventions, 32% in interventions alone, and 11%
in monitoring alone; 27% should have resulted in addi-
tional interventions or monitoring. Medication errors con-
tributed to 27% of these ADEs. Errors associated with
ADEs occurred in the following stages: 61% ordering, 25%
monitoring, 13% administration, 1% dispensing, and 0%
transcription. The medical record reflected recognition
of 76% of the ADEs.

Conclusions: High rates of ADEs may continue to oc-
cur after implementation of CPOE and related comput-
erized medication systems that lack decision support for
drug selection, dosing, and monitoring.
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ULTIPLE BROAD-BASED
studies during the past
15 years have demon-
strated that adverse
drug events (ADEs)
account for up to 41%" of all hospital ad-
missions and more than $2 billion annu-
ally in inpatient costs.** Several of these
studies have also estimated that as many
as a quarter of inpatient ADEs may be pre-
ventable through interventions such as
computerized physician order entry
(CPOE) and related systems.”” On the ba-
sis of these projections and the proven suc-
cess of these systems in identifying ADEs
and reducing medication errors,*!! com-
puterized medication processes have been
widely promoted as essential to prevent-
ing actual ADEs %1213
Recently, some researchers have ques-
tioned the extent to which currently avail-
able CPOE and related systems are pre-
venting ADEs.'*1 There are concerns that
features of commercial CPOE products
vary widely and that few can match the so-

phistication of custom systems devel-
oped at institutions that have success-
fully reduced targeted ADEs.!?17-2!
Moreover, broad-based surveys of ADEs
in institutions that have implemented mul-
tiple computerized medication systems
have not been published; it is unclear how
these interventions together have af-
fected the occurrence of ADEs linked to
problems across stages of medication pro-
cessing (ie, ordering, transcription, dis-
pensing, administration, and monitor-
ing).’

The Veterans Administration (VA)
Healthcare System, one of the largest in-
tegrated delivery systems in the country,
is a leader in patient safety and has ac-
tively sought to reduce medication errors
using multiple computerized interven-
tions such as CPOE,??-?° bar code-—
controlled medication delivery,”*"*® a com-
plete electronic medical record,'?°3!
automated drug-drug interaction check-
ing,*>?*> and computerized allergy track-
ing and alerting.’**® The White House has
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recently praised the advanced technologies of the VA com-
puter system and suggested that it could be widely dis-
tributed to private medical practices.’® Hospitals in sev-
eral European and African countries already use the VA
computer system.” Both the broad implementation of
computer-assisted medication processes and the poten-
tial national significance of the VA’s computer systems
make the VA an important setting for a new survey of
ADEs.

- EEETEES

The VA Medical Center in Salt Lake City isa 110-bed, tertiary-
care teaching facility. At the time of the study, the VA com-
puterized medical record included all orders, results, medica-
tions, and notes. It did not include images and flow sheets used
by nurses and anesthesiologists. Computerized order check-
ing was fully functional for allergies, many drug-drug interac-
tions, and limited drug-disease interactions; it did not feature
sophisticated decision support algorithms. In particular, it did
not offer drug selection, dosing, or monitoring advice. Bar code
medication administration, a method by which patients’ iden-
tification bands and prepackaged drugs are scanned prior to
administration, was active in most units, and 81% of study pa-
tient—days were fully covered by this technology. As in other
VA medical centers, this center had implemented additional pro-
grams that have been demonstrated to reduce ADEs, such as
full-time patient safety coordinators,**** unit dosing,** clinical
pharmacists who perform rounds with the medical team,**>*##
and care by resident physicians supervised by faculty.*

During a 20-week period (August 13, 2000, through De-
cember 31, 2000), newly admitted patients to all wards (medi-
cal, surgical, intensive care, rehabilitation, and psychiatric) were
randomly assigned to prospective case review by 1 of 2 full-
time clinical pharmacists. Every other day, the pharmacists re-
viewed all new notes, orders, laboratory test results, and dis-
charge summaries available in the electronic medical record and
examined other sections of the record as needed.

The Food and Drug Administration (FDA), World Health
Organization, and International Committee on Harmonisa-
tion define an adverse drug reaction as “a response to a drug
which is noxious and unintended and occurs at doses used in
man for prophylaxis, diagnosis, therapy, or modification of physi-
ologic functions.”*®'> We chose to study ADEs, defined as
“injury resulting from the use of a drug.”>*®8% Specifically
for this study, ADEs included all traditional adverse drug re-
actions plus harm from overdoses, harm from inappropriate dose
reductions or discontinuations, and intolerable harm from dose
titration.*® Self-limited harm and harm from titration, such as
extreme glucose and electrolyte abnormalities, that did not re-
sult in a serious event according to the FDA or in drug discon-
tinuation were excluded. The harm must have started in the
hospital and have been probably or certainly** caused by drug
therapy. All harm reflected by laboratory findings was also de-
fined by explicit criteria and based on training material from a
prior study in Boston, Mass,” with the addition of electrolyte
and glucose abnormalities. Deaths were not attributed to an ADE
if the patient had an underlying medical condition indepen-
dent of the ADE that significantly contributed to the death.

Classifications were formulated from the literature with an
emphasis on national or international standards for pharma-
cological typology,* causality assessment,* error type,* event
terminology,* drug class,* seriousness index,”® and medica-
tion error category index.*” The set of error types was ex-
panded to include failure to provide prophylaxis against com-
mon drug reactions, such as not prescribing potassium with a

higher-dose loop diuretic. Errors were graded on a 4-point con-
fidence scale, and only those judged probable or certain were
included in the analysis. For the error subanalysis, we in-
cluded only errors associated with ADEs.

Other classifications not commonly found in the literature
were also used. Additional resource utilization in response to
ADEs was scored as a sole, sufficient, or necessary cause of ad-
ditional monitoring and interventions. Additional monitoring
was scored when the occurrence of an ADE resulted in orders
for laboratory tests, additional nursing time, follow-up appoint-
ments, diagnostic procedures, prolongation of hospitaliza-
tion, or transfer to a higher level of care. Additional interven-
tions were scored when an ADE required treatment, such as
drugs for counteracting an effect, therapeutic procedures, or
other treatments, but not when the only intervention was to
reduce or discontinue offending drugs or to change to a new
class of drug. To distinguish among a large category of mod-
erately serious events, moderately serious outcomes were clas-
sified according to whether the patient had to undergo addi-
tional tests and monitoring. For an ADE to be included for
analysis, it either must have resulted in a serious outcome, moni-
toring, interventions, or adjustments to the offending drug be-
yond routine titration or should have resulted in monitoring
or interventions. Consensus was reached on these classifica-
tion criteria at weekly confirmation committee meetings at-
tended by 2 physicians, 2 clinical pharmacists, a nurse-
researcher, and the project coordinator.

Finally, health care professional documentation and recogni-
tion of ADEs were evaluated. Recognition of an ADE was judged
to have occurred when symptoms or signs were documented or
an order was written to treat the ADE. The ADEs identified through
laboratory results and other findings required a reference in the
progress notes (eg, “low potassium”); merely copying the labo-
ratory value was not judged to be sufficient evidence for recog-
nizing harm. A documented association between the manifesta-
tion and the drug in the progress notes by any health care
professional was scored as recognition of an association or link
between the event and the ADE.

All statistics were calculated using Stata SE version 8.2 sta-
tistical software (College Station, Tex). Categorical variables
were analyzed with the x? test or Fisher exact test as appropri-
ate, and adjustments for multiple comparisons were made us-
ing the Holm method. Agreement between pharmacists for the
presence of an ADE was calculated in a sample of patients to-
ward the end of the study using the k statistic.

B RESULTS

Of 2306 admissions, 937 (41%) were randomly selected
for review, accounting for 6856 patient-days. Overall, 483
clinically significant ADEs were identified, correspond-
ing to an incidence density of 70 ADEs per 1000 patient-
days or 52 ADEs per 100 admissions. Two-hundred forty-
one (26%) of the reviewed admissions had at least 1 ADE,
among which were identified a mean of 3.2 ADEs, a me-
dian of 2 ADEs, and a range of 1 to 20 ADEs. Using World
Health Organization criteria, 294 events (60%) were cat-
egorized as certain ADEs and 189 (39%) as probable ADEs.
For the ADE to be clinically significant, it required a
change in the treatment plan; 337 (67%) of the ADEs had
changes for which the ADE was judged to be the sole
cause. Interrater agreement for the presence of an ADE
in an admission was 100% (k=1.00; P<<.001).
Adverse drug reactions accounted for 448 events
(93%), whereas the remaining 35 ADEs (7%) resulted
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Table 1. ADE Seriousness of Outcome and Error by Most Common FDA Drug Classes
Seriousness of Outcome, No. (%)

IAdiustment Intervention and FDA I Error, No.
FDA Drug Class of Drug* Monitoring  Intervention Monitoring Seriousness (%)
Analgesics-narcotics (n = 126), in 26% of ADEst 35 (28) 6 (5) 61 (48)% 13 (10)§ 11 (9) 44 (35)
Diuretics (n = 87), in 18% of ADEs 7(8)t 13 (15) 24 (28) 38 (44)F 5 (6) 31 (36)
Cardiovascular-renal agents (n = 84), in 17% of ADEs 28 (33) 11 (13) 19 (23) 15 (18) 11 (13) 22 (26)
Replacements/regulators of electrolytes/water balance 6 (13) 8 (17) 24 (50)§ 5(10) 5(10) 22 (46)t

(n =48), in 10% of ADEs

Antimicrobials (n = 37), in 8% of ADEs 4 (11) (14) 13 (35) 13 (35) 2(5) 3(8)
Anticoagulants/thrombolytics (n = 34), in 7% of ADEs 9 (26) 9) 5(15) 11 (32) 6 (18) 6 (18)
Sedatives/hypnotics (n = 31), in 6% of ADEs 16 (52)§ (16) 1(3)§ 4(13) 5(16) 5 (16)
Blood glucose regulators (n = 26), in 5% of ADEs 1(4)§ (15) 4 (15) 15 (58)% 2(8) 8 (31)
Antipsychotics/antimanics (n = 25), in 5% of ADEs 12 (48) (16) 5(20) 3(12) 1(4) 2(8)
Antidepressants (n = 17), in 4% of ADEs 13 (76)% 3(18) 1(6) 0 3(18)
Gastrointestinals (n = 15), in 3% of ADEs 8 (53) 5(33) 2 (13) 0 2 (13)
Analgesics-nonnarcotics (n = 12), in 2% of ADEs 5 (42) (8) 3 (25) 1(8) 2(17) 4 (33)
Respiratory tract agents (n = 9), in 2% of ADEs 3(33) (22) 3(33) 1(11) 0 0
Other classes (n = 64), in 13% of ADEs 23 (36) (8) 20 (31) 7(11) 9 (14) 12 (19)

Abbreviations: ADE, adverse drug event; FDA, Food and Drug Administration.

*Recognized ADEs resulted in adjustment of the offending medication; unrecognized ADEs should have resulted in other treatment.
tMultiple drug classes often contributed to a single ADE, so the total of these percentages exceeds 100%.

tAdjusted P=.005.
§Significantly different from all other diagnoses: adjusted P<.05.

from overdosing or underdosing of medications. Ad-
verse drug reactions were composed of 2 standard phar-
macological types: 402 (90%) dose-dependent events and
46 (10%) idiosyncratic events (43 nonallergic and 3 al-
lergic). Of the dose-dependent adverse drug reactions,
14 (3%) occurred at doses near the lower end of recom-
mended dose ranges for the offending drug.

The ADEs commonly occurred from various drug in-
teractions. Additive drug-drug interactions, in which the
physiologic effects of 2 or more drugs were similar, ac-
counted for 189 (39%) of the ADEs (eg, cardiovascular-
diuretic combinations caused 10 episodes of hypoten-
sion). Drug-condition interactions accounted for 142
ADEs (29%) (eg, renal failure increasing the drug’s effect
or congestive heart failure exacerbated by a 3-blocker).
Only 3 ADEs (<1%) were attributed to drug-age inter-
actions and 4 (<1%) to drug-drug metabolic reactions,
in which one drug increased the level of another.

Using the LDS Hospital classification scale,” 438 ADEs
(91%) were scored as moderate and 45 (9%) as serious.
Further classifying moderate events by actual treat-
ments for the ADE, 105 (22%) required interventions and
monitoring procedures, 154 (32%) required only inter-
ventions without additional monitoring, 51 (11%) re-
quired monitoring without additional interventions, and
128 (27%) required only discontinuation or adjusting the
dose of the offending drug. Using National Coordinat-
ing Council for Medication Error Reporting and Preven-
tion indexing,”” 421 ADEs (87%) required treatment (cat-
egory E), 22 (4%) required prolonged hospitalization
(category F), 1 (<1%) resulted in permanent harm (cat-
egory G), 16 (3%) resulted in a near-death experience
(category H), and 6 (1%) were fatal (category I). Fatal
reactions included narcotics leading to apnea (2 ADEs),
narcotics leading to stupor, vomiting, and aspiration (1
ADE), toxic blood levels of lidocaine leading to progres-

sive bradycardia and asystole (1 ADE), and combina-
tions of nonsteroidal anti-inflammatory drugs and hep-
arin analogues leading to upper gastrointestinal bleeding
and either aspiration (1 ADE) or myocardial infarction
(1 ADE).

A total of 172 errors contributed to 129 ADEs (27%).
There was an average of 1.4 errors for ADEs with at least
1 error. Thirty-five ADEs (27%) were categorized as ex-
ecution errors, and 107 (83%) were categorized as plan-
ning errors.”* The most common error types were fail-
ure to provide prophylaxis for expected adverse drug
reactions (36%), failure to start or complete adequate
monitoring for common adverse drug reactions (33%),
and prescription of improper doses (33%) or inappro-
priate medications (7%). With respect to prophylaxis er-
rors, the most common were failure to prescribe an as-
needed or routine bowel regimen for narcotics (10% of
errors) and failure to prescribe potassium with diuretics
when the serum potassium level was in a low-normal
range (8% of errors). Errors occurred at the following
stages of care’: 61% ordering, 0% transcription, 1% dis-
pensing, 13% administration, and 25% monitoring.

The most common drug classes associated with ADEs
(Table 1), either alone or in conjunction with other
agents, were narcotic analgesics (26%), diuretics (18%),
and cardiovascular or renal agents (17%). These 3 classes
also had high error rates, but the difference in rates com-
pared with other drug classes did not reach statistical sig-
nificance after adjusting for multiple comparisons. Re-
actions to narcotic analgesics and diuretics required an
intervention, such as a procedure or a counteracting drug,
significantly more often than reactions to other classes.
The 3 most common event syndromes (Table 2) were
constipation (14%), hypokalemia (10%), and hypoten-
sion (10%). Significantly higher percentages of these ADEs
led to additional interventions. Error rates were signifi-
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Table 2. ADE Seriousness of Outcome and Error by Most Common Diagnoses
Seriousness of Outcome, No. (%)

IAdiustment Intervention FDA Error, No.
MedDRA Lower-Level Term of Drug* Monitoring Intervention and Monitoring Seriousness (%)
Constipation (n = 67), 14% 12 (18) 0t 49 (73)t 34t 3(4) 37 (55)1
Hypokalemia (n = 49), 10% 12t 5(10) 13 (27) 29 (59)1 1(2) 23 (47)t
Hypotension NOS (n = 46), 10% 14 (30) 7 (15) 8(17) 11 (24) 6 (13) 12 (26)
Hypoglycemia (n = 18), 4% 1 (6) 3(17) 2 (11) 10 (56)t 2 (11) 4(22)
Hemorrhage (n = 16), 3% 6 (38) 1(6) 3(19) 5(31) 1 (6) 0
Hyperkalemia (n = 16), 3% 0 6 (38)t 3(19) 6 (38) 1 (6) 5(31)
Somnolence (n = 15), 3% 12 (80)t 3(20) 0F 0 0 0
Delirium (n =12), 2% 5(42) 2 (17) 1(8) 2(1 2 (17) 2 (17)
Respiratory depression (n = 12), 2% 4 (33) 0 3 (25) 2(1 3 (25) 0
Vomiting NOS (n = 12), 2% 4(33) 1(8) 7 (58) 0 0 3(25)
Other diagnoses (n = 220), 46% 69 (31) 23 (10) 65 (30) 37 (17) 26 (12) 43 (20)%
Total ADEs (n = 483), 100% 128 (27) 51 (11) 154 (32) 105 (22 45 (9) 129 (27)

Abbreviations: ADE, adverse drug event; FDA, Food and Drug Administration; MedDRA, the Medical Dictionary for Regulatory Activities*®; NOS, not otherwise

specified.

*Recognized ADEs resulted in adjustment of the offending medication; unrecognized ADEs should have resulted in other treatment.

tAdjusted P<.005.
tSignificantly different from all other diagnoses: adjusted P=<.05.

cantly higher for constipation (55%; P<<.001) and hy-
pokalemia (47%; P=.04). The proportion of ADEs across
the Medical Dictionary for Regulatory Activities*™ sys-
tem organ classes was 24% gastrointestinal, 21% me-
tabolism and nutrition,14% vascular (including bleed-
ing), 7% nervous system, 6% respiratory, 6% psychiatric,
5% cardiac, 4% infections, and 2% renal and urinary.
Documentation by a clinical professional of an accu-
rate association between the ADE and a candidate drug
was identified for 61% of the ADEs. Of the notes docu-
menting specific ADEs in association with a drug, 18%
included causality assessment statements. Only 1% of
ADESs were described in the adverse-reaction section of
the medical record. No indication of recognition of the
ADE was found in any note or order for 24% of ADEs.

BN  COMMENT Sy

High rates of clinically significant ADEs, ordering er-
rors, and unrecognized ADEs were noted at a VA hospi-
tal that had adopted a wide range of computer technolo-
gies and personnel strategies designed to improve
medication safety. In interpreting our findings, several
factors should be considered.

The incidence density of 6.6 serious and 0.9 fatal ADEs
per 1000 patient-days highlights the frequency with which
serious iatrogenic injuries can result during inpatient care.
Annually, our 110-bed VA hospital is expected to expe-
rience 40 deaths from ADEs. The overall incidence den-
sity of 70 ADEs per 1000 patient-days is 5°' to 19°° times
higher than that reported in prior studies, whereas the
incidence density of serious ADEs is many times higher
than that reported previously,”%°! with rare excep-
tions.* Differences in definitions and specific criteria were
unlikely to permit excessive case inflation, since more
than 93% of our ADEs met the relatively restrictive FDA
definition of an adverse drug reaction, and mild reac-
tions were excluded. Notwithstanding, this study does

not provide evidence that the true rate of ADEs is higher
than in other hospitals previously studied. It is likely that
the case finding in this study was facilitated by legible
and accessible electronic data, iterative case review, and
use of clinical pharmacists, who typically find higher rates
of ADEs.">12

This hospital’s rates of error at various stages of medi-
cation use differed from those reported at a Boston hos-
pital before the implementation of CPOE.” The propor-
tion of errors at the ordering stage was higher in Salt Lake
City (74% vs 56%), whereas the proportions of errors at
the transcription and administration stages were lower
(0% vs 6% and 11% vs 24%, respectively). It appears from
the shift in distributions of error-associated ADEs that
the VA computerized interventions worked to reduce er-
ror-related ADEs almost exactly as designed. For ex-
ample, lack of decision support for drug selection, dos-
age, and monitoring permitted high rates of errors in these
stages. On the other hand, CPOE appears to have virtu-
ally eliminated ADEs associated with transcription er-
rors, and bar code medication administration, although
not shown in studies to prevent ADEs,” may have re-
sulted in relatively fewer ADEs associated with admin-
istration errors at the study site.

As reported in a previous Salt Lake City study,™ rec-
ognition was lacking and documentation of ADEs was
rare. In our study, only 1% of all ADEs were docu-
mented in the allergy or adverse drug reaction section
of the record. Medical residents at our site frequently re-
ported that they assumed that documentation was ap-
propriate only for hypersensitivity reactions. Although
the patient care team may not have recognized one quar-
ter of the ADEs, we found evidence in this study that the
treating team recognized more ADEs per patient-day than
were detected under the scrutiny of research teams in most
other studies of ADEs. Such high clinical recognition may
have been facilitated by the easy access to legible patient
data provided by the VA’s computerized record system.
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The limitations of our study should be acknowl-
edged. First, capabilities and implementations of vari-
ous CPOE systems differ markedly.”*"> However, the VA
health care system uses only 1 electronic medical rec-
ord platform, and the embedded ADE safeguards have
changed little since this study was completed. Second,
although case-based assignments of causality, error, and
harm are subject to bias, the use of standardized causa-
tion criteria and generally conservative scoring of error
and harm was designed to minimize this bias.">** Third,
the lack of a control group precludes strong inferences
about how computerized systems reduced or increased
rates of ADEs. An unbiased quasi-experimental pre-
post design would be impractical because computerized
systems for medication management and note documen-
tation were deployed over several years. Finally, this study
did not examine potential ADEs; that is, medication er-
rors that did not cause harm. However, because current
computerized medication systems have been shown to
reduce potential ADEs or medication errors" but have
inconsistently reduced actual ADEs'>** and because three
quarters of ADEs are not caused by error, a focus on as-
sessing harm is warranted.”

The high rate of ADEs and the seriousness of the ADEs
in this study provide empirical support for improve-
ments in computerized interventions. The CPOE sys-
tems must address dosing, prophylaxis, and monitoring
errors through such approaches as standard order sets
or automated suggestions for prophylaxis and monitor-
ing strategies.® For example, at the time a physician en-
ters an order for a loop diuretic, CPOE should suggest
an order for a potassium supplement and orders for moni-
toring serum creatinine and potassium levels. Bar code
medication administration data on dosage and effective-
ness of as-needed medications should feed into comput-
erized algorithms for medication titration, such as insu-
lin for diabetes or narcotics for pain control. Drug order
checking could be revised to de-emphasize rare drug-
drug interactions and emphasize common, additive drug-
drug interactions.’* Finally, ADE documentation could
be improved through computerized documentation sys-
tems that facilitate recording and displaying causality, se-
riousness, or dosage information, which would im-
prove the usefulness of ADE reports to regulatory agencies
and alerts at the time of drug ordering.* For example,
because 93% of ADEs were dose related, the inability to
integrate individualized, “unsafe” dosage ranges into or-
der checking is a missed opportunity for patient safety
efforts.

In conclusion, our study found high rates of clini-
cally important ADEs related to problems in drug selec-
tion, dosage, and monitoring in a VA medical center af-
ter the adoption of computerized systems that offered
minimal decision support for these specific aspects of the
medication process. Because the VA’s computerized pa-
tient record system likely makes ADEs more visible than
would a paper-based system, this study does not sup-
port the interpretation that the VA computerized pa-
tient record system induces ADEs. However, our find-
ings do imply that purchasers of CPOE systems should
not rely on generic CPOE and bar code medication ad-
ministration systems alone to dramatically reduce ADE

rates. Rather, health care organizations desirous of pre-
venting ADEs should consider whether candidate com-
puterized medication systems offer decision support func-
tions that address the most troublesome aspects of the
medication administration process.
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