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IN TRADITIONAL HOSPITAL PRACTICE

most of the burden of drug therapy
decision making falls on the phy-
sician. However, studies have

shown that physicians sometimes make
errors in prescribing drugs.1,2 While
most errors are harmless or are inter-
cepted, some result in adverse drug
events (ADEs). The pharmacist’s role
in prescribing is typically reactive: re-
sponding to prescription errors long af-
ter the decision has been made for pa-
tients about whom he or she has little
direct clinical knowledge. Thus, the
specialized knowledge of the pharma-
cist is not utilized when it would be
most useful: at the time of ordering.

Studies show that pharmacist retro-
spective review of medication orders
prevents errors.3-5 However, the phar-
macist’s impact might be substantially
greater if he or she could provide in-
put earlier, at the time of prescribing.
It has been shown that pharmacist con-
sultation with physicians and others in
an intensive care unit (ICU) resulted in
a net saving from reduced drug use of
$10 011 in a 3-month period.6 How-
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Context Pharmacist review of medication orders in the intensive care unit (ICU) has
been shown to prevent errors, and pharmacist consultation has reduced drug costs.
However, whether pharmacist participation in the ICU at the time of drug prescribing
reduces adverse events has not been studied.

Objective To measure the effect of pharmacist participation on medical rounds in
the ICU on the rate of preventable adverse drug events (ADEs) caused by ordering
errors.

Design Before-after comparison between phase 1 (baseline) and phase 2 (after in-
tervention implemented) and phase 2 comparison with a control unit that did not re-
ceive the intervention.

Setting A medical ICU (study unit) and a coronary care unit (control unit) in a large
urban teaching hospital.

Patients Seventy-five patients randomly selected from each of 3 groups: all admis-
sions to the study unit from February 1, 1993, through July 31, 1993 (baseline) and
all admissions to the study unit (postintervention) and control unit from October 1,
1994, through July 7, 1995. In addition, 50 patients were selected at random from
the control unit during the baseline period.

Intervention A senior pharmacist made rounds with the ICU team and remained in
the ICU for consultation in the morning, and was available on call throughout the day.

Main Outcome Measures Preventable ADEs due to ordering (prescribing) errors
and the number, type, and acceptance of interventions made by the pharmacist. Pre-
ventable ADEs were identified by review of medical records of the randomly selected
patients during both preintervention and postintervention phases. Pharmacists re-
corded all recommendations, which were then analyzed by type and acceptance.

Results The rate of preventable ordering ADEs decreased by 66% from 10.4 per
1000 patient-days (95% confidence interval [CI], 7-14) before the intervention to 3.5
(95% CI, 1-5; P,.001) after the intervention. In the control unit, the rate was essen-
tially unchanged during the same time periods: 10.9 (95% CI, 6-16) and 12.4 (95%
CI, 8-17) per 1000 patient-days. The pharmacist made 366 recommendations related
to drug ordering, of which 362 (99%) were accepted by physicians.

Conclusions The presence of a pharmacist on rounds as a full member of the pa-
tient care team in a medical ICU was associated with a substantially lower rate of ADEs
caused by prescribing errors. Nearly all the changes were readily accepted by physicians.
JAMA. 1999;282:267-270 www.jama.com
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ever, we know of no controlled stud-
ies that have evaluated the effect of
pharmacist participation on the key out-
come measure of error prevention—
the rate of ADEs.

For these reasons, we conducted a
controlled clinical trial of the efficacy of
pharmacist participation in physician
rounds in a medical ICU as part of a con-
tinuing study of systems changes to pre-
vent ADEs. The ADE rate is higher
among patients in ICUs, both because
they have pathophysiological abnor-
malities and often receive many drugs.

We asked the following questions:
(1) Is pharmacist participation on
rounds associated with a reduction in the
rate of preventable ADEs? (2) What
types of interventions does the pharma-
cist make? and (3) Is pharmacist par-
ticipation on ICU rounds accepted by
physicians and nurses?

METHODS
The study was carried out in 2 medi-
cal ICUs at Massachusetts General Hos-
pital, a large tertiary care hospital in
Boston, during 2 periods: February 1,
1993, through July 31, 1993 (phase 1,
preintervention), and October 1, 1994,
through July 7, 1995 (phase 2, postint-
ervention).

The study unit was a 17-bed medi-
cal ICU and the control unit was a 15-
bed coronary care unit (CCU). The av-
erage daily census was 13.9 in the
medical ICU and 12.9 in the CCU dur-
ing phase 1 and 12.4 and 11.9, respec-
tively, during phase 2. Nurse and phy-
sician staffing ratios were similar in the
2 units. Patients in the medical ICU had
a range of acute and chronic medical
illness other than primary cardiac dis-
ease, while those in the CCU were pri-
marily cardiac patients. Each unit fre-
quently admitted both categories of
patients when the other unit was full.
Patients receiving ventilatory support
constituted 70% of patients in the medi-
cal ICU and 60% of patients in the CCU.

Sample
We compared outcomes in the study
unit before and after the intervention,
and between the study unit and a con-

trol unit during the same period after
the intervention. Using a random num-
ber generator, we selected 75 patients
from each of 3 groups: all patients ad-
mitted to the study unit during phase
1 and phase 2 and all patients admit-
ted to the control unit during phase 2.
To detect whether unmeasured vari-
ables may have altered the rate of ADEs
(secular trend), we also randomly se-
lected 50 patients from all those admit-
ted to the control unit during phase 1.

The intervention was the assignment
of an experienced senior pharmacist to
make rounds with the patient care team
in the study ICU. The pharmacist made
rounds with the residents, nurses, and
attending staff each morning, was pres-
ent in the unit for consultation and as-
sistance to the nursing staff during the
rest of the morning, and was available on
call as necessary throughout the day. The
total commitment was approximately
half of the pharmacist’s time. In the con-
trol ICU, as is the usual practice, an-
other pharmacist was available in the unit
for part of the day but did not make
rounds with physicians and nurses. The
intervention began in May 1994. Data
collection began in October 1994 and
continued through July 1995.

Outcome Measures
We assessed the effect of pharmacist
participation with 2 measures: (1) the
change in the rate of preventable ADEs
in the ordering stage and (2) the num-
ber and acceptance of interventions rec-
ommended by the pharmacist. We de-
fined an ADE as an injury related to the
use of a medication. A preventable ADE
is an injury caused by an error in the
use of a medication (eg, hypotension
or hypoglycemia, changes in mental sta-
tus, bleeding, or cardiac arrest).1

Adverse Drug Events
Using previously described methods,7

trained and experienced investigators
(1 nurse and 1 pharmacist) identified
incidents (apparent medication errors
or ADEs) by review of medical rec-
ords in which they examined all
progress notes, orders, and laboratory
results during the index admission.

Incidents were evaluated indepen-
dently by 2 physician reviewers (L.L.L.
and D.W.B.) who classified them ac-
cording to whether or not an ADE or
potential ADE was present. Using pre-
established criteria,7 they also made
judgments of severity, preventability,
and, if an error was present, the type
of error and the stage in the process at
which the error occurred. When there
were disagreements the reviewers met
and reached consensus. If consensus
could not be reached, a third reviewer
evaluated the incident. Reliability for
these judgments has previously been re-
ported7(for judgments about whether
an incident was an ADE, k = 0.81-0.98;
for preventability, k = 0.92; and for se-
verity, k = 0.32-0.37). All reviewers and
investigators were blinded to patient
group assignment.

Pharmacist Interventions
To develop descriptive information
about changes suggested by the phar-
macist, we measured the number of in-
terventions, the type of intervention,
and the percentage of recommenda-
tions accepted. For this purpose, the
pharmacist completed a report form for
each intervention that could poten-
tially lead to a change in orders, not-
ing the date, drug, nature of the order,
the specific recommendation, and
whether or not it was accepted by the
physicians. The type of intervention was
then classified as shown in TABLE 1. The
pharmacist also recorded events that did
not involve order changes, such as er-
rors in the pharmacy system or iden-
tification of ADEs.

Analysis
The primary measure used to assess the
effect of the interventions was the rate
of preventable ADEs due to prescrib-
ing errors. We conducted compari-
sons at 2 points in time in the study
unit, before and after the interven-
tion, and between the study and con-
trol units after the intervention.

For the before-after evaluation, we
compared the rate of occurrence of pre-
ventable ordering ADEs among pa-
tients in the study unit during phase 1
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with the rate in the same unit during
phase 2. For the between-unit compari-
son, we compared the rate in the study
unit during phase 2 with the rate of oc-
currence in the control unit in phase 2.
To assess potential secular trends, we
also compared the rate in the control unit
in phase 1 with its rate in phase 2.

Comparisons between rates in phases
1 and 2 in the study unit (before and
after) and between the study unit and
the control unit in phase 2 (contem-
poraneous) were made using un-
paired t tests. Analyses were per-
formed using SAS statistical software.8

RESULTS
ADE Rates

The overall rates, expressed as prevent-
able ordering ADEs per 1000 patient-
days, are shown for both phases for both
units in TABLE 2. In the before and af-
ter comparison, the rate of prevent-
able ordering ADEs per 1000 patient-
days decreased in the study unit by 66%
from phase 1 to phase 2 (10.4 [95% CI,
7-14] to 3.5 [95% CI, 1-5]; P,.001).

When the intervention unit was com-
pared with the control unit during the
same time period (phase 2), the rate of
preventable ordering ADEs in the study
unit was 72% lower than in the con-
trol unit (3.5 [95% CI, 1-5] vs 12.4
[95% CI, 8-17] per 1000 patient-days;
P,.001). The preventable ordering
ADE rate in the control unit rose slightly
from phase 1 to phase 2 (10.9 [95% CI,
6-16] to 12.4 [95% CI, 8-17]), but this
change was not significant (P = .76).

Whenresultswerecalculated in terms
of number of patients (admissions), the
differences in rates were similar: in the
study unit, the rate of preventable order-
ing ADEs decreased by two thirds, from
12% in phase 1 to 4% in phase 2, while
it was essentially unchanged in the con-
trol unit (10% to 11%).

The rate of all ADEs also decreased
substantially in the study unit from
phase 1 to phase 2 (33.0 [95% CI, 27-
39] to 11.6 [95% CI, 8-15]; P,.001).
However, the rate rose in the control
unit by 34.3% (34.7 [95% CI, 26-43]
to 46.6 [95% CI, 38-55; P,.001).

Pharmacist Interventions
During phase 2, a total of 398 pharma-
cist interventions were recorded (Table
1). Of these, 366 were related to order-
ing, of which 362 (99%) were accepted
by the physicians. Nearly half (178/389
[46%]) were pharmacist-initiated clari-
fication or correction of a proposed or
previous order. These errors included
incomplete orders, wrong dose, wrong
frequency, inappropriate choice, and
duplicate therapy. Examples were a rec-
ommendation to reduce the dose of in-
travenous phenytoin from 300 mg 3
times per day, the correct oral dose, to
100 mg 3 times per day and reduction
of the dose of ampicillin administered
to a patient with renal failure.

In 100 instances, the pharmacist pro-
vided drug use information, most of-
ten at the time the decision was being
made about whether to order a drug. Ex-
amples were education of the house staff
on the selection of sedatives in patients
receiving ventilatory support and the risk
of extrapyramidal adverse effects from
excessive doses of droperidol.

The pharmacist recommended alter-
native therapy in 47 cases, suggesting
drugs that were safer or cheaper but
equally effective, such as changing from
intravenous to oral metoclopromide.
Potential problems relating to drug in-
teractions and drug allergies were iden-
tified by the pharmacist in 22 cases and
use of alternative drugs was recom-
mended.

Thirty-two of the pharmacist inter-
ventions did not relate to ordering.
Among these, the pharmacist provided

special order drugs or approved nonfor-
mularyuseofadrugin14instances, iden-
tified 6 previously unrecognized ADEs,
and uncovered 12 systems errors in the
pharmacy dispensing system. One
example of dispensing errors was that a
medication was prepared for peripheral
intravenous infusionwhenasmallervol-
ume was required for central adminis-
tration to minimize fluid load.

COMMENT
In previous studies, we demonstrated
that nearly half of preventable ADEs re-
sulted from errors in the prescribing pro-
cess.1 Prescribing errors frequently have
a cascade effect, causing errors down-
stream in dispensing or administra-
tion. The major cause of prescribing er-
rors was physicians’ lack of essential drug

Table 1. Pharmacist Interventions

Intervention No. (%)*

Clarification or correction of order† 178 (45)
Provision of drug information 100 (25)
Recommendation of alternative

therapy
47 (12)

Identification of drug interaction 14 (4)
Identification of “systems error” 12 (3)
Identification of drug allergy 8 (2)
Approval of nonformulary use

of drug
7 (2)

Provision of special order drug 7 (2)
Identification of adverse drug event 6 (2)
Miscellaneous or unspecified 19 (5)
Total 398

*Percentages sum to more than 100% because of round-
ing.

†Four dose corrections recommended by the pharma-
cist were not accepted by the physicians. All were rec-
ommendations for dose reduction in patients with some
evidence of renal failure. Three of the 4 were immuno-
compromised patients (acquired immunodeficiency syn-
drome, leukemia, and lung transplantation) for whom
the physicians believed the benefit of continued treat-
ment outweighed the risk of drug toxicity or further re-
nal damage. All were carefully monitored and none suf-
fered progressive damage.

Table 2. Adverse Drug Event Rates*

Study Unit Control Unit

Phase 1 Phase 2 Phase 1 Phase 2

Average daily census 13.9 12.4 12.9 11.9

Total patient-days No. 787 861 461 644

No. of patients 75 75 50 75

All adverse drug events, No. 35 10 16 30

Rate per 1000 patient-days† 33.0 (27-39) 11.6 (8-15)‡ 34.7 (26-43) 46.6 (38-55)

Preventable ordering adverse drug
events, No.

11 3 5 8

Rate per 1000 patient-days† 10.4 (7-14) 3.5 (1-5)‡ 10.9 (6-16) 12.4 (8-17)

*Phase 1 (preintervention) February 1, 1993-July 31, 1993; phase 2 (postintervention) October 1, 1994-July 7, 1995.
†Data expressed as percentage (95% confidence interval).
‡P,.001 for comparison with both phase 1 in the study unit and phase 2 in the control unit.
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and patient information at the time of
ordering.2

One method of providing such infor-
mation is computerized physician or-
der entry, which has been shown to re-
duce the rate of serious medication
errors by more than half.9 Evans et al10

have demonstrated that a computer-
assisted management program for anti-
biotics can substantially reduce exces-
sive use and misuse of antibiotics as well
as reduce length of hospital stay and
costs. However, most hospitals do not
yet have computerized ordering by phy-
sicians, so incorporation of the pharma-
cist into the patient care team is a more
feasible alternative at present, espe-
cially in units with high medication use.

We estimated the financial impact of
the 66% reduction in ADEs. The cost of
an ADE has been estimated at $2000 to
$2500 per event in 1993.11,12 However,
the cost of a preventable ADE, one due
to an error, was estimated at $4685.9 For
the year 1995 , we estimate that 58 ADEs
were prevented. At $4685 each, the cost
reduction in this single unit would be
approximately $270 000 per year. The
intervention required no additional re-
sources and represented a different use
of the existing pharmacist’s time. Rather
than spending time checking and cor-
recting orders after they had been sent
to the pharmacy, the pharmacist was in-
volved at the time the order was writ-
ten. While participating in rounds as a
member of the patient care team, the
pharmacist reduced ADEs both by pre-
venting errors and by intercepting them.
He prevented errors by providing infor-
mation about doses, interactions, indi-
cations, and drug alternatives to physi-
cians at the time of ordering. He
intercepted errors by immediately re-
viewing all orders and correcting defi-
ciencies before the orders were trans-
mitted to the pharmacy. In addition, the
pharmacist prevented nursing medica-
tion errors by providing ready consul-
tation to the nursing staff and teaching
drug safety.

Finally, the on-site pharmacist took
overall responsibility for medication
safety, spotting unsafe conditions and
identifying needs for process improve-

ment. For example, during the study
period the pharmacist identified 12 sys-
tems errors in pharmacy function and
6 ADEs that probably would not have
otherwise been discovered.

The presence of the pharmacist on
rounds was well accepted by physi-
cians, as evidenced by the fact that 99% of
the recommendations were accepted.
While staff perceptions were not evalu-
ated systematically, in our experience,
nurses also accepted this role easily, ap-
preciating the reduction in extra work,
such as telephoning physicians to have
orders corrected. The pharmacist in this
study had to overcome the traditional im-
pression of the medical staff that phar-
macists may be primarily concerned with
costs. This academic medical ICU envi-
ronment had the added challenge of deal-
ing with a new group of house staff, fel-
lows, and attending physicians every few
weeks. In ICUs where the attending phy-
sicians are permanent and fellows are as-
signed for many months, acceptance
might be enhanced.

Our study has several limitations. We
studied only 1 ICU in 1 teaching hos-
pital. Adverse drug events are more com-
mon in teaching hospitals than in com-
munity hospitals13 and occur more
frequently in ICUs,1 so these findings are
not generalizable to all types of units or
all types of hospitals. However, the mag-
nitude of the impact of the pharma-
cist’s presence was so great that a sub-
stantial effect would probably be found
in ICUs in other hospitals. Second, our
results do not represent the full extent
of preventable ADEs, since record re-
view does not capture all events, nor
does it capture most potential ADEs, the
“near misses,” because they are seldom
recorded in patient charts. Third, phy-
sicians and nurses in this ICU function
as a team and make rounds together.
Pharmacist participation would be more
difficult to arrange in units where mul-
tiple physicians make rounds at differ-
ent times. Finally, the success of the
pharmacist intervention depends on in-
terpersonal relationships. Thus, the per-
sonality and cooperativeness of the phar-
macist and the medical staff are critical
factors in making this system work, es-

pecially at the beginning. Similar pre-
vention of ADEs prompted by a desig-
nated ICU pharmacist probably would
be less likely to occur in ICUs in which
staff are not part of a multidisciplinary
team and when ICU staff are not open
to the important role that the pharma-
cist can play in optimizing ICU man-
agement.

We conclude that participation of a
pharmacist on medical rounds can be
a powerful means of reducing the risk
of ADEs.
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Pott Puffy Tumor Associated
With Intranasal Methamphetamine

To the Editor: Pott puffy tumor (PPT) is an anterior exten-
sion of a frontal sinus infection that results in frontal bone os-
teomyelitis and subperiosteal abscess. Since the advent of an-
tibiotics, PPT has been rarely reported and most cases have been
described in children and adolescents. We report a case of PPT
associated with use of intranasal methamphetamine hydro-
chloride.

Report of a Case. A 34-year-old woman presented with
fever, chills, photophobia, and neck pain for 9 days. Nine
months previously, she had developed swelling on her fore-
head that gradually enlarged over 5 days and then sponta-
neously drained purulent material. Over several weeks, a
fistula developed at the site of the forehead swelling, and
was accompanied by intermittent bloody, purulent drain-
age for approximately 9 months. The patient had no other
contributory medical illnesses. However, she had used in-
tranasal and inhaled methamphetamine weekly for 15 years
and reported continued intranasal use immediately prior to
the development of the forehead lesion. She reported no his-
tory of intravenous or other drug use.

Physical examination revealed a sinocutaneous fistula in
the midline of the forehead with seropurulent drainage but
no local erythema or tenderness. The patient had nuchal ri-
gidity, but findings of the neurologic examination were within
normal limits. The remainder of the physical examination
was noncontributory. The white blood cell count was 15.3 3
109/L (77 neutrophils and 9 bands). Examination of cere-
brospinal fluid, obtained by lumbar puncture, revealed a
white blood cell count of 0.5 3 109/L (91% neutrophils, 2%
lymphocytes), glucose level of 63 mg/dL (3.5 mmol/L), and
a total protein level of 81 mg/dL. A Gram stain showed no
organisms and the cerebrospinal fluid cultures and blood
cultures were sterile. Computed tomographic scan of the
head showed complete opacification of all sinuses with a
1-cm connection between the anterior frontal sinus and the
skin. There were no epidural fluid collections or underly-
ing brain parenchymal lesions.

The patient was treated with intravenous clindamycin and
ceftriaxone sodium, and oral ciprofloxacin for osteomyeli-
tis with presumed bacterial meningitis secondary to a

contiguous focus of infection. On day 5 of her hospital stay,
she underwent endoscopic sinus surgery. A second surgi-
cal procedure for debridement of the infected frontal bone,
ablation of the frontal sinus, and repair of the frontal sino-
cutaneous fistula was also performed. Aerobic and anaero-
bic cultures of the purulent drainage from the maxillary si-
nuses grew Streptococcus milleri and Candida albicans. At the
end of 2 weeks, antibiotics were changed to intravenous ce-
fazolin and oral metronidazole and this therapy was con-
tinued for 4 additional weeks at home. No further compli-
cations occurred at 2 months. The patient was then lost to
follow-up.

Comment. Osteomyelitis of the frontal bone is most com-
monly caused by trauma and frontal sinusitis.1 We propose
that the use of intranasal methamphetamine by this patient
contributed to chronic sinus inflammation, which led to the
frontal bone osteomyelitis and subperiosteal abscess. Noskin
and Kalish2 have implicated the use of intranasal cocaine
as a cause of chronic sinusitis associated with PPT in a 34-
year-old man. The sympathomimetic effects of metham-
phetamine cause vasoconstriction of the mucosal vessels that
may result in ischemic injury to the sinus mucosa, and
thereby could provide an environment conducive to bacte-
rial growth. We propose that PPT is a potential complica-
tion of methamphetamine use.

Peyman Banooni, MD
Leland S. Rickman, MD
David M. Ward, MD
University of California, San Diego
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CORRECTIONS

Incorrect Value and Wording: In the Caring for the Critically Ill Patient article
entitled “Pharmacist Participation on Physician Rounds and Adverse Drug Events
in the Intensive Care Unit” published in the July 21, 1999, issue of THE JOURNAL
(1999;282:267-270), there was an incorrect value in a table. On page 269, in
Table 2, the number of total patients days for Phase 1 in the Study Unit should
be 1061 and not 787 as listed. In the “Results” section on the same page, the
statement that 300 mg 3 times per day is the correct oral dose of phenytoin is
erroneous. It should read “Examples were a recommendation to reduce an exces-
sive dose of intravenous phenytoin from 300 mg 3 times per day to 100 mg 3
times per day. . . .”

Omissions: In the Original Contribution entitled “Sertraline in Children and Ado-
lescents With Obsessive-Compulsive Disorder: A Multicenter Randomized Con-
trolled Trial” published in the November 25, 1998, issue of THE JOURNAL (1998;
280:1752-1756), Hans Steiner, MD, of the Department of Psychiatry, Stanford
University, Stanford, Calif, was omitted from the list of authors. Additionally, on
page 1754, at the end of the second paragraph under the heading “Sample Char-
acteristics,” the following sentences were omitted: “The mean CY-BOCS score at
baseline was 23.4 for patients randomized to sertraline and 22.2 for patients ran-
domized to placebo. The mean NIMH GOCS score at baseline was 9.2 for pa-
tients randomized to sertraline and 9.1 for patients randomized to placebo. The
mean CGI-S score was 4.7 for patients randomized to sertraline and 4.6 for pa-
tients randomized to placebo.”
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