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W Individualized Feedback of Volatile Agent Use

I Reduces Fresh Gas Flow Rate, but Fails to Favorably
- Affect Agent Choice
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Background: Cost reduction has become an important fiscal
aim of many hospitals and anesthetic departments, despite its
inherent limitations. Volatile anesthetic agents are some of the
few drugs that are amenable to such treatment because fresh
gas flow rate (FGFR) can be independent of patient volatile
anesthetic agent requirement.

Methods: FGFR and drug use were recorded at the temporal
midpoint of 2,031 general anesthetics during a 2-month prein-
tervention period. Staff and residents were provided with their
preintervention individual mean FGEFR, their peer group mean,
and educational material regarding volatile agent costs and low-
flow anesthesia. FGFR and drug use were remeasured over a
2-month period (postintervention) immediately after this infor-
mation (N = 2,242) and again 5 months later (delayed follow-
up), for a further 2-month period (N = 2,056).

Results: For all cases, FGFR decreased from 2.4 + 1.1 to 1.8 +
1.0 I/min (26% reduction) after the intervention and increased
to 1.9 £ 1.1 I/min (5% increase of preintervention FGFR) at the
time of delayed follow-up. Use of more expensive volatile
agents (desflurane and sevoflurane) increased during the study
period (P < 0.01). In a subgroup of 44 staff members with more
than five cases in all study periods, 42 members decreased their
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mean FGFR after intervention. At delayed follow-up, 30 mem-
bers had increased their FGFR above postintervention FGFR but
below their initial FGFR. After accounting for other predictors
of FGFR, the effectiveness of the intervention was significantly
reduced at follow-up (28% reduction), but retained a significant
effect compared to preintervention FGFR (19% reduction).

Conclusions: Although individual feedback and education re-
garding volatile agent use was effective at reducing FGFR, effec-
tiveness was reduced without continued feedback. Use of more
expensive volatile agents was not reduced by education regard-
ing drug cost, and actually increased. (Key words: Attitude of
health personnel; cost savings; healthcare costs; inhalation an-
esthesia.)

ANESTHESIOLOGISTS are aware of the current impor-
tance of hospital drug cost-minimization efforts. Yet,
little information is available regarding more appropriate
cost-utilization or cost-benefit analyses for nearly all an-
esthetic drugs. Because volatile agent use can be inde-
pendent of drug delivery to the patient, there is an
opportunity for cost minimization, without an apparent
reduction in patient benefit or an increase in adverse
events.

Reduction in anesthetic drug use has been attempted
previously using practice guidelines, educational pro-
grams, and incentivized or restrictive drug purchasing. '
Few studies have evaluated the effectiveness of feedback
of an anesthesiologist’s drug use on overall resource
utilization,"* and fewer still have evaluated the effect of
subsequently removing the feedback upon the effective-
ness of cost minimization.*? Because of difficulties with
recording volatile agent use, no previous study has eval-
uated the effectiveness of individualized feedback with
the subsequent removal of that feedback on volatile
agent use. This study was undertaken to assess the im-
portance of information regarding a person’s drug use
and cost upon volatile anesthetic agent use and drug
choice. The specific aims of the study were to determine
the effectiveness of an education program on volatile
agent use and drug choice, and to quantify the extent of
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regression or retention of effectiveness in the absence of
further education.

Methods

With Institutional Review Board approval, the hard-
copy anesthesia records of all patients undergoing sur-
gery at Brigham and Women’s Hospital during Septem-
ber and October 1996 (preintervention period) were
evaluated for the volatile agent used and fresh gas flow
rate (FGFR) at the temporal midpoint of the anesthetic.
Patients were excluded from analysis if they underwent
anesthesia for cardiac surgery, childbirth or its compli-
cations, or anesthesia at a non-operation room location,
did not undergo general anesthesia, or were adminis-
tered two volatile anesthetic agents. Staff and residents
were not advised of the initial data collection.

In late March 1997, a detailed and physician-specific
period of education was provided to all staff members
and residents. Each was advised by letter from the de-
partment chairman of their mean FGFR, an estimate of
volatile agent cost, and their relation to peer-group
mean, derived from data from the preintervention pe-
riod. Individuals were advised to use low-flow anesthesia
and were provided with education regarding the suitabil-
ity and economics of low-flow anesthesia and informa-
tion on individual volatile agent cost. Individuals were
advised to reduce FGFR to 1 I/min for isoflurane and
desflurane and 2 I/min for sevoflurane. The flow rates
were arbitrarily set and not developed by consensus, to
avoid consensus-group membership as a confounding
variable. The use of isoflurane, instead of sevoflurane or
desflurane, was also advised. No specific indications for
desflurane use were offered to the staff or residents,
because consensus was not sought or obtained. The use
of sevoflurane was requested to be only in outpatients
and those undergoing a volatile agent induction. No
other practice guidelines for volatile agents were pro-
vided during the study period. Individuals were advised
that further data collection would be undertaken at a
later, unspecified time.

In April and May 1997 (postintervention period) and
September and October 1997 (delayed follow-up period)
anesthesia records were again evaluated. Between the
postintervention period and the delayed follow-up pe-
riod, no further educational or provider-specific informa-
tion was provided to individuals. Vaporizers for isoflu-
rane and desflurane were available in every operating
room. Sevoflurane vaporizers were available in 18 of 34
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operating rooms, and additional vaporizers were avail-
able for any room on request. Company representatives
were not informed of the study and were not permitted
to have direct contact with the staff or residents.

Statistical Analysis

Two types of analysis were performed. First, all eligible
patients were analyzed to estimate effectiveness of the
intervention on all staff and residents (postintervention
period) and to assess the regression or retention of
effectiveness of the intervention over time (delayed fol-
low-up period). Second, a group of 44 staff members
were identified who had more than five patients in each
study period, to quantify analysis across all three time
periods.

Summary information is described as mean * SD. Com-
parisons were made using Student 7 test and two-way
analysis of variance, as appropriate. Accounting for mul-
tiple comparisons was performed by Tukey-Kramer
HSD. A multivariable model of FGFR was performed
using forward stepwise linear regression. Variables were
included based on perceived clinical relevance and an
entry P value < 0.05. Exit P value was defined as 0.01.
Staff and residents were treated as random-effects vari-
ables, and interactions and potential confounding be-
tween variables were evaluated. All tests were two tailed
and significance was assumed at P value < 0.05. Statis-
tical analysis was performed using JMP Software (Ver-

Results

From the three time periods 12,856 patients who un-
derwent surgical procedures were identified. After ap-
plication of the exclusion criteria, 7,821 patients were
eligible for entry into the study population. Data were
available for 6,329 patients who were administered an-
esthesia by 76 staff anesthesiologists. Data were not
available in the remaining 1,510 (19%) patients because
of missing charts and missing or illegible data. Patients
for whom data were not available were more likely to be
outpatients (£ < 0.01) and to have undergone shorter
surgery (P < 0.001) than those for whom data were
available. There was no difference in distribution across
the surgical services between those for whom data were
available and those for whom data were not.

Inpatients comprised 73% of the study population,
with 6% of all patients undergoing operations less than
60 min in duration and 14% undergoing operations less
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Table 1. Comparison of Volatile Agent Utilization between the Three Time Periods

for All Patients (N = 6329)

Preintervention Period

Postintervention Period

Delayed Follow-up Period

(N = 2031) (N = 2242) (N = 2056)
Flow (I/min)
Mean = SD 2411 BN 0E 1.9 +11*
25", 50", 75" percentiles 2.0,2.0,3.0 1.0,1.7,2.0 1.0,2.0,2.5

=1 I/min (%)
=2 I/min (%)
Flow (I/min)
isoflurane
Desflurane
Sevoflurane

Inpatient drug use

270 (13%)
1081 (53%)

I+

NN N

4
.0
il

I+ 1+
th Ly o
N I ()

656 (29%)"
1736 (77%)"

585 (29%)"t
1483 (72%)"t

11:81==10197 240 2= ql.0)¢
1B 0% 1.4 1.0
2.2 =098 2.4 .05

Isoflurane 1137 (76%) 1179 (73%)§ 1039 (68%)1§

Desflurane 256 (17%) 358 (22%)§ 408 (26%)18§

Sevoflurane 94 (6%) 88 (5%) 86 (6%)

N 1487 1625 1528
Outpatient drug use

Isoflurane 186 (34%) 206 (33%) 187 (35%)

Desflurane 156 (29%) 160 (26%) 125 (24%)§

Sevoflurane 202 (37%) 251 (41%) 216 (41%)

N 544 617 528

* Significantly different from pre-intervention period (P < 0.001).
t Significantly different from post-intervention period (P < 0.05).
¥ Significantly different from post-intervention period (P < 0.001).
§ Significantly different from pre-intervention period (P < 0.01).

than 120 min in duration. Volatile agent use was not
randomly distributed across cases of different surgical
durations, being longer for isoflurane (318 + 210 min)
than desflurane (244 = 152 min) and sevoflurane (140 +
93 min) (P < 0.001). Furthermore, admission status was
predictive of volatile agent choice and FGFR (P < 0.001,
table 1). There was an increase in the frequency of
staff-only anesthesia during the study (10 vs. 27 vs. 23%:
Ei=0:001).

For all patients, mean FGFR was reduced after the
intervention by 26% (P < 0.001, table 1). Mean FGFR
increased in the delayed follow-up period by 5% of the
preintervention FGFR (P < 0.05), and remained signifi-
cantly reduced from the preintervention FGFR (P <
0.01). Conformation to flow guidelines increased after
intervention (19 to 38%; P < 0.001) and remained in-
creased at delayed follow-up (37%). There was a statisti-
cally significant trend for increased desflurane use for
inpatients during the study, with an equivalent reduction
in isoflurane use (table 1). Outpatient use of desflurane
decreased with equivalent nonsignificant increases in
sevoflurane and isoflurane. Overall, the use of more
expensive volatile agents increased throughout the study
(35 vs. 38 vs. 40%; P < 0.01).

Analysis of staff with more than five cases (N = 44),
performed with or without residents, during all three
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periods, revealed that in 42 individuals mean FGFR de-
creased after intervention. At delayed follow-up, 30 in-
dividuals increased their FGFR above postintervention
flows. A linear regression model of FGFR in this group of
44 individuals was derived to determine whether the
observed FGFR reduction, ascribed to the intervention.,
was due to confounding by patient or other factors that
varied across the time periods. Although the interven-
tion was an important determinant of FGFR, several
other factors, including volatile agent used (P < 0.001),
admission status (P < 0.0001), anesthesia provider (P <
0.0001), and anesthesia duration (P < 0.0001), also in-
dependently predicted FGFR, but did not confound the
effect of the intervention on FGFR. There was an inter-
action between staff and period that was also predictive
in the model (r* = 0.33). After accounting for these
factors, there was a significant reduction in FGFR after
the intervention from a mean of 2.4 = 2.0to 1.8 + 1.8
I/min (28% of baseline; P < 0.001) and a significant
increase in FGFR in the delayed follow-up period to
2.0 £ 2.1 l/min (9% of baseline; P < 0.01), but it
remained significantly reduced from preintervention
FGFR (P < 0.01). Staff and residents both independently
determined FGFR. However, on average, staff had the
same mean FGFR when working with residents, or
alone.

¥20Z UoJe €1 U0 3sanb Aq Jpd"€£000-00070666-2S0000/L6ELEE/LLL 1/7/06/3pd-2loIE/ABOIOISaLISBUE/WOD UIBYDIBAIIS ZESE//:dRY WOY papeojumog




BODY ET AL.

Discussion

This study shows that education and provider-specific
feedback of volatile agent use reduced volatile agent
FGFR, but failed to reduce the frequency of use of more
expensive volatile agents (sevoflurane and desflurane).
Furthermore, this study found that a significant reduc-
tion in intervention effectiveness occurred when no
further feedback was provided, but rates did not return
to preintervention FGFR. Other investigators demon-
strated greater reductions (55%) in FGFR (8 to 4 1/min)
using only provider education,” but lesser reductions in
FGFR when trying to achieve flow rates of 1 l/min or
3> These levels of cost reduction are important
because anesthesia drug costs are approximately 5.6% of
total hospital surgical costs® and volatile agent costs are
approximately 25% of total anesthesia drug costs.” Edu-
cational programs have been shown to be less effective
than practice guidelines for reducing most drug costs.>’
Practice guidelines, however, have been shown to be
less effective for volatile agents than for other drugs.
Individual feedback further reduces drug cost.' At insti-
tutions in which feedback is ongoing, there is mainte-
nance of the effectiveness of costreduction programs,’
except where increased marketing efforts reduce effec-
tiveness.” Our observation that, without continued feed-
back, intervention effectiveness was diminished with
time is consistent with previous literature for other an-
esthetic drugs.' ™ Continued feedback is probably nec-
essary to obtain greater, and more sustained, improve-
ments in drug use.

Uniquely, we were unable to show any reduction in
use of more expensive volatile agents (sevoflurane and
desflurane), with desflurane use actually increasing after
the intervention. We cannot explain why anesthesia pro-
viders did not reduce expensive volatile anesthetic agent
use, despite the request to do so. Possibly, they chose a
more expensive volatile agent because of a belief of
greater clinical benefit, or because there was a belief that
low-flow anesthesia is more easily conducted with des-
flurane.® Cost reduction is most successful when strate-
gies for flow reduction and the use of cheaper volatile
agents are implemented. Thus, to be effective, a reduc-
tion in the use of expensive volatile agents may best be
achieved by limitation of drug availability, initiation of
strong institutional guidelines, and provision of educa-
tional material and individualized feedback. Because ed-
ucation and individualized feedback were ineffective at
reducing use of more expensive volatile agents, alterna-
tive strategies should be devised and tested.

less.
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Cost-minimization programs can be effective at reduc-
ing anesthetic drug use, but may potentially increase
adverse outcomes.” We believe that patient adverse out-
comes caused by low-flow anesthesia should have been
equally low compared to high-flow anesthesia in this
study. This is because there is no evidence of adverse
patient outcomes with low-flow anesthesia, or when one
volatile agent is chosen versus another, except perhaps
in specific situations.'’ ' Prolonged postanesthesia care
unit (PACU) duration is an adverse and potentially costly
event. Low-solubility agents are able to provide more
rapid induction, changes in anesthetic depth, and return
to psychomotor recovery, even at low FGFRs.'*™'” How-
ever, although emergence and duration in the PACU may
be modified by volatile agent choice, with current mod-
els, PACU costs are semifixed, unless there is delay in
PACU discharge.'® Furthermore, no study has shown a
reduction in PACU cost attributable to volatile agent
clioice "

Despite its limitations, we chose a study methodology
using a prospective cohort, instead of a randomized trial
consisting of treatment and control groups. It was
thought to be impractical to separate staff and residents
into control and feedback groups, because the control
group would have been contaminated by awareness of
the study and by working with staff or residents from the
feedback group, and would perhaps modify their prac-
tice. It is possible that volatile agent FGFRs may have
decreased because of increasing general awareness of
cost issues and heightened awareness of the literature.
To minimize the influence of other forms of education
on volatile agent use, we included a postintervention
delayed follow-up period. There were other cost-con-
tainment programs in action throughout the entire study
period. These were limitations to the use of colloids,
ondansetron, propofol, and expensive short-acting, non-
depolarizing muscle relaxants. There were other limita-
tions to this study. Volatile agent use was not validated
against volatile agent stock levels within the operating
room because we were recording maintenance flows
only, and the operating room volatile agent stocking
system was too haphazard to be useful. We did not
record vaporizer dial, inspired, or end-tidal volatile agent
concentrations because these figures were inconsis-
tently charted and subject to error, even though vapor-
izer concentration is an important determinant of cost.
These data and flow rates throughout the entire duration
of the case would have enabled an accurate cost assess-
ment.

This study shows that education and individual feed-
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back reduces volatile agent FGFR but does not reduce
the use of more expensive volatile anesthetic agents. In
the absence of further feedback, the effectiveness of the
intervention was significantly reduced with time, but the
effect persisted compared to preintervention FGFRs.
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