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Cost and health care benefits of an

antimicrobial management programme

mm By Caron Weeks, MRPharms, DipPharmPrac, Graeme Jones, MRCP, FRCPath,

== OBJECTIVE —To assess the cost and
health care benefits of a
multidisciplinary antimicrobial
management team (AMT) comprising a
consultant microbiologist and a clinical
pharmacist operating within the medical
and care of the elderly directorates of an
NHS trust.

== METHODS — AMT input was assessed
over a three-month period. Performance
indicators were; AMT input with respect
to modification of antimicrobial
prescriptions, patient outcome and cost
(calculated by extrapolation). A net
saving to the trust was calculated from
the assumption that the patients’
doctors would have made all the
antimicrobial changes made by the AMT
by day 3.5.

== RESULTS — Assuming that the patients
would have continued as per their
doctor’s prescription for a further 3.5
days after the review, savings in
antimicrobial acquisition costs of 42 per
cent and 24 per cent were estimated in
the medical directorate and care of the
elderly directorate respectively. The use
of intravenous antimicrobials was also
reduced by 48 per cent and 40 per cent
respectively.

== CONCLUSION — The AMT was
estimated to have reduced the cost of
antimicrobial prescribing with no
observed detrimental effect on patient
care. The AMT reinforces good
antimicrobial practice and helps educate
staff.

Caron Weeks is directorate pharmacist for
medicine and elderly care, Graeme Jones is
consultant medical microbiologist and at the time
of writing Sarah Wyllie was a specialist registrar
in microbiology at Southampton University
Hospitals NHS Trust.
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se of antibiotics is directly linked
to the development of antimicro-
bial resistance and to the incidence
of hospital-acquired infection,
both of which are detrimental to patient
outcome and impose a substantial economic
burden on health care expenditure.* Most
antimicrobial use is in the community (80
per cent in the UK*). However, most infec-
tions with resistant bacteria such as
methicillin-resistant ~ Staphylococcus — aureus
(MRSA) or multi-resistant Pseudomonas
aeroginosa and Acinetobacter spp, which are
associated with increased morbidity, mortali-
ty and health care costs, occur in hospitals.>®
Antimicrobial use may be controlled by a
number of strategies, including educational
programmes, which need continual rein-
forcement, antimicrobial formulary
restriction, therapeutic substitution and de-
escalation and switching from parenteral to
oral therapy. Selective microbiology labora-
tory reporting of the antimicrobial
susceptibility of the infecting organism facili-
tates appropriate and targeted antimicrobial
prescribing. Computerised prescribing sys-
tems can link the prescription to the
pathology results and patient-specific infor-
mation, allowing for more sophisticated
patient-directed antimicrobial prescribing.
Antimicrobial use may be further controlled
by a multidisciplinary antimicrobial manage-
ment team (AMT) comprising an infectious
disease doctor and/or a clinical microbiolo-
gist and a clinical pharmacist, as a minimum
requirement. An infection control practi-
tioner and/or a hospital epidemiologist may
also be included. The primary responsibility
of the AMT s to assist doctors in the use of
antimicrobials for optimal patient care.”
AMTs have been shown to improve
patient care and outcome, reduce prevalence
of antimicrobial-resistant organisms and
control costs.>** An EU conference in 1998
recommended that every hospital should
establish an antimicrobial management
team.** In the UK, antimicrobial control
measures have relied upon antimicrobial for-
mulary restriction and antimicrobial policies
with supporting educational programmes.*
However, the Government has recognised
antimicrobial drug resistance as a significant
public health issue and has also identified
hospital pharmacists as an underused
resource.” Subsequently, the Department of
Health set aside £12 million for improving

antimicrobial prescribing through increased
hospital pharmacist activity.*

This observational study prospectively
assessed the cost and health care benefits of
the AMT operating within the medical and
care of the elderly directorates at
Southampton University Hospitals NHS
Trust (SUHT). The SUHT AMT comprises
a consultant microbiologist and a direc-
torate-based clinical pharmacist, who have
provided weekly consultations since Sep-
tember 2000. These teams were introduced
to support other hospital antimicrobial con-
trol measures already in operation, including
education and an antimicrobial formulary.
The consultant microbiologist provides
expert antimicrobial advice, liaising between
the microbiology laboratory, the attending
team and patients. The pharmacist ensures
that the advice adheres to the hospital for-
mulary and provides the knowledge of
appropriate antimicrobial prescribing in
relation to patient data such as liver and
renal function. The AMT provides a valu-
able educational opportunity for trainees in
microbiology and pharmacy and provides
feedback and teaching opportunities for
ward-based medical and nursing staff.

Ward-based pharmacists identify patients
who are prescribed intravenous or second
line oral antibiotics and a list of those
patients is faxed to the consultant microbiol-
ogist responsible for the directorate within
two hours of the ward round. The microbi-
ologist collates the relevant pathology data
for each of the patients listed. The antimi-
crobial requirement of each patient is then
assessed on the ward round. Most changes in
prescription are made directly by the micro-
biologist, as agreed with the directorate
from inception of the AMT rounds. Any
changes made are documented in the
patient’s notes. If the clinical case is compli-
cated and further discussion is required then
a doctor from the patient’s own team is con-
tacted.

The care of the elderly AMT covers 90
beds and deals with elderly patients who
often have non-specific symptoms and signs
of infection and who are exceedingly vul-
nerable to Clostridium difficile infection or
antibiotic-associated diarrhoea. The medical
AMT covers 208 beds and deals with a large
and diverse inpatient population. Both the
patient population and the attending doc-
tors have rapid turn-around times.
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Panel 1. Classification of input
from the AMT

A = Define management plan (choice of
antimicrobial, route and course length)
B = Agree with current antimicrobials
prescribed by attending doctors or
surgeons

B"“ = Continue current antimicrobials or
management plan as suggested by
microbiology

C = Stop all antimicrobials (immediately
or within 48 hours of ward round)

D = Narrow the focus of antimicrobial
therapy

E = Change or broaden antimicrobial
therapy

F = Change dose of antimicrobials

G = Intravenous to oral switch

== Methods

Impact of the AMT was assessed over a
three-month period from January 2003
using the performance indicators outlined
below:

® AMT input with respect to
modification of antimicrobial
prescription.

@ Patient outcome (mortality at 28 days
and length of stay).

@® Cost. The costing analysis was worked
out by extrapolation since it is unknown
whether or not the antibiotic changes
made by the AMT would have been
made by the patients’ own doctors. A
net saving to the trust was calculated
from the assumption that the patients’
doctors would have made all the
antimicrobial changes as made by the
AMT by day 3.5.

The input from the AMT was classified as
described in Panel 1.

Inputs B and B™ are monitoring activities
rather than interventional activities. Inputs A
and C-G are interventional activities. Indi-
vidual patient reviews may be allocated
more than one AMT input if one of the
inputs was the definition of a management
plan.

This study was an observational descrip-
tion of current practice and therefore ethical

Table 1: Antimicrobial management team input over three months

Directorate

rounds seen
Care of the elderly 11 69
Medicine 10 263

No of ward No of patients Average time/ Total no of

Directorate Total daily cost (£)
of antimicrobials

pre-ward round

567
3,323

Care of the elderly
Medicine

approval was not required.
== Results

Table 1 shows the breakdown of AMT
input over a period of three months at the
beginning of 2003.

During the study period 69 care of the
elderly patients and 263 medicine patients
were seen, with approximately five minutes
allocated for each patient review.

A management plan (A) was made in 19
(25 per cent) of the care of the elderly AMT
inputs and 77 (25 per cent) of the medical
AMT inputs. A management plan is defined
as recommending either the choice of
antimicrobial, the preferred route, the dura-
tion of therapy or the criteria for changing
the antimicrobial from an intravenous to an
oral formulation.

Having established a management plan, 24
(31 per cent) of the AMT inputs in care of
the elderly and 79 (26 per cent) of the AMT
inputs in medicine represented monitoring
activities (B and BY), ie, ensuring that the
plan was appropriate. Monitoring is defined
as agreement with the current antimicrobials
prescribed by the attending doctors or con-
tinuation of the current antimicrobials or
management plan as suggested by microbi-
ology.

One or more antimicrobials were stopped
(C and D) in 19 (25 per cent) of the care of
the elderly AMT inputs and 73 (24 per cent)
of the medicine AMT inputs. In these cases
either all of the antimicrobials were stopped
or the focus of the antimicrobial therapy was
narrowed.

A change in antimicrobial or a change in
the dose of the prescribed antimicrobials (E
and F) was recommended in eight (10 per
cent) of the care of the elderly AMT inputs
and 21 (7 per cent) of the medicine AMT

patient (mins) AMT inputs

6 77
6 306

Table 2:Total daily cost of all antimicrobials prescribed for
reviewed patients pre- and post-AMT ward round*

Total daily cost (£) Saving

of antimicrobials (per cent)
post-ward round

430 24

1,934 42

*Figures are averaged for the three-month study period

inputs .

An intravenous to oral switch (G) was
made in seven (9 per cent) of the care of the
elderly AMT inputs and 77 (25 per cent) of
the medicine AMT inputs.

Overall, a management plan was made in
25 per cent of both the care of the elderly
and the medicine AMT inputs. The rate for
monitoring activities, stopping antimicro-
bials and changing antimicrobials or their
dose was similar for both care of the elderly
and medicine patients. The main difference
between the care of the elderly and medi-
cine AMT inputs was in the intravenous to
oral switch category. Only 9 per cent of the
care of the elderly AMT inputs represented
an intravenous to oral switch, and this is
accounted for by the fact that many of the
care of the elderly patients were awaiting an
assessment of their swallowing ability and
therefore the oral route of administration
was not available.

Patient outcome No differences were
observed in mortality at 28 days or in length
of stay when comparing the patient group
in whom all antimicrobials were stopped by
the AMT with the patient group in whom
antimicrobials were continued as per the
doctor’s own prescription. This second
group was reviewed by the AMT but their
therapy was assessed as appropriate and
therefore their antimicrobials were contin-
ued. The patients in the two groups were
broadly comparable in terms of age, sex and
underlying disease states.

Follow up of AMT ward rounds All of the
patients who were assessed by the AMT ward
round over the third month were reassessed at
48 hours and again at seven days, to determine
whether the advice given on the ward round
had been adhered to by the patients’ own
doctors. Monitoring involved reviewing the
patients’ notes and the drug charts.

In the care of the elderly directorate, 22
patients were reviewed by the AMT during
month three. Follow up showed that all
antimicrobial prescription changes suggest-
ed by the AMT had been accepted by the
patients’ doctors.

In the medical directorate, 125 patients
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were reviewed by the AMT during month
three. Follow up showed that three patients
who had antimicrobials stopped by the
AMT were restarted on antimicrobials by
the patients’ own team. In two of these three
patients, antimicrobials were stopped again
on the following AMT ward round. In the
third patient, the same antimicrobials were
restarted on the basis of a new fever and signs
of infection. In another case a recommenda-
tion of switching from intravenous to oral
antimicrobials was not adhered to because
the patient remained unable to swallow safe-
ly. In one patient a recommendation of a
five-day treatment course was not adhered
to and the antimicrobials were continued
until the following week when they were
stopped by the AMT. Finally, in one patient
the antimicrobial management plan advised
by the AMT was not adhered to because of a
new diagnosis. Therefore, in the medical
directorate, the advice given by the AMT
was not adhered to in six out of 125 (4.8 per
cent) patient episodes. The advice was not
adhered to in three of these six cases due to
new clinical circumstances which arose after
the AMT ward round.

== Financial evaluation

Costing of prescribed antimicrobials
The cost (price paid by the trust) of each
prescribed daily dose of antimicrobial was
calculated for each patient. The total daily
cost of all antimicrobials prescribed before
and after AMT intervention was calculated,
and is shown in Table 2 (p180).

AMT costing The cost of each ward round
was determined by calculating the microbi-
ologist’s time spent reviewing the patients’
results, the pharmacists’ time collating the
patient antimicrobial information and both
the pharmacist’s and microbiologist’s time
spent on the ward round. The cost of the
weekly AMT ward round was calculated to
be approximately £45 and £163 for the care
of the elderly and medicine directorates,
respectively.

Overall cost saving From the antimicrobial
cost saving made per ward round per day and
the cost of the weekly AMT, a cost saving was
calculated. Actual cost savings could only be

Table 4: Total daily number of intravenous and oral
antimicrobials (Abs) prescribed pre- and post- antimicrobial
management team ward round*

Directorate

1V Abs oral Abs
Care of the elderly 72 55
Medicine 267 175

Pre-round Pre-round Post-round Post-round % reduction

1V Abs oral Abs in 1V Abs
43 47 40
138 197 48

*Figures are averaged for the three-month study period

predicted since it is not known if and when
the attending team would have made similar
prescription changes to the AMT.

AMT ward rounds have been performed
across all of the wards for a number of years
and so there was no specific control group. It
was not therefore possible to define the
absolute cost savings.

Antibiotic prescription changes made on
AMT ward rounds are cost effective where
they pre-empt decisions by the attending
team to change the prescription. Higher sav-
ings are achieved when a change is made by
the AMT that would otherwise not have
been made until several days later by the
attending team. They are not cost effective if
the changes were to be made by the attend-
ing team on the same day as the AMT round.
However, in the medical directorate, assum-
ing no change was made by the attending
team in between the weekly rounds, a cost
saving of £42,000 would be achieved for the
263 patients assessed (Table 3).

Reduction in the use of intravenous
antimicrobials The use of intravenous
antibiotics was reduced on the care of the
elderly and medical wards by 40 per cent and
48 per cent, respectively, following the AMT
ward round. This was done by either stop-
ping antibiotics or by switching to a suitable
oral agent (Table 4).

== Discussion

At SUHT, AMTs have been in operation
since 2000, reviewing patients on selected
antimicrobial therapy. Patients with serious

Table 3: Annual antimicrobial acquisition cost savings

Directorate
per week
per ward

round per day

AMT cost Antimicrobial
cost saving

Estimated cost saving, assuming
similar prescription changes
would have been made by
attending team after:

infections who are on appropriate antimi-
crobial treatment are also identified and
reviewed as part of the round. Patients on
inappropriate treatment may not be
reviewed, if this therapy is initiated [or?]
changed by the attending team in between
AMT ward rounds.

Over the three-month study period,
AMTSs achieved a 42 per cent direct reduc-
tion in antimicrobial acquisition costs for the
patients assessed in the medical directorate
and a 24 per cent reduction for assessed
patients in the care of the elderly directorate.
These percentages are based on the assump-
tion that the patients’ antimicrobials would
have continued as per their doctors’ pre-
scription for a further 3.5 days.

The medical and care of the elderly AMT
ward rounds reduced the number of antimi-
crobials prescribed intravenously by 48 per
cent and 40 per cent respectively. Convert-
ing the route of administration of
antimicrobials from intravenous to oral
results in direct cost savings in terms of
antimicrobial costs, indirect cost savings in
terms of nursing time and furthermore
reduces the risk to the patient of complica-
tions as a result of the presence of an
intravenous cannula. The presence of an
intravascular line is associated with an eight-
fold increase in the risk of health
care-associated infection,? including MRSA
bacteraemia.” Switching to an effective oral
therapy can also allow earlier discharge,
improve patient comfort and mobility and
can significantly reduce the cost of treat-
ment.* Patients who develop a health care
associated infection have been shown to
remain in hospital 2.5 times longer than
uninfected patients and incur costs 2.8 times
higher than uninfected patients.?

Clostridium difficile is the leading cause of
antibiotic-associated diarrhoea'” and its inci-
dence reflects antibiotic usage. Data from the
care of the elderly directorate demonstrates a
reduction in the number of new cases of C
difficile in parallel with a reduction in the use

Oneday  3.5days 7 days of cephalosporins.*
There was no detrimental effect identi-
Care of the elderly £45 £125 -£1,700 -£80 £2,200 fied, on either patient mortality or length of
Medicine £163 £139 -£1,200 £17,000 £42,000 stay as a result of stopping the antimicrobials
when compared with the group in whom
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antimicrobials were continued as per the doctor’s own prescription.
It may have been expected that stopping antimicrobials would short-
en the length of stay in hospital, however many other factors are
involved and this study was not powerful enough to demonstrate any
significant effect. The impact of the AMT on antibiotic resistance was
not assessed.

The doctors at SUHT respect and value the AMT and the clinical
pharmacists and clinicians found the ward rounds to be a good forum
for discussion and education. The AMT reinforces good antimicrobial
prescribing practice and educates the junior staff in the appropriate use
and delivery of antimicrobials.

== | imitations

Limitations of this study include:

@ It was not possible to assess the initial impact of introducing the
AMT in this study, since they had been in operation for 2.5
years.

@ The costing analysis was worked out by extrapolation and the
net saving to the trust was calculated from the assumption that
the patients’ own doctors would have made all the antimicrobial
changes as made by the AMT by day 3.5. In our experience this
is a reasonable estimate of the rate of change of antimicrobials if
not prompted by the AMT.

@ The cost saving in terms of prevention of hospital-acquired
infection and prevention of antibiotic resistance is unquantifiable
on the basis of this prospective non-comparative study.

@ The assessment of the AMTSs was a short period (three
months).

This project was labour intensive because of the lack of informa-

tion systems allowing data retrieval. Computerised prescribing and
computerised ward round feedback would facilitate future evalua-
tions of the performance of the AMTs.

== Conclusion

This observational study has shown that antimicrobial management
teams consisting of a consultant microbiologist and a senior directorate-
based clinical pharmacist are interventional, educational and improve
antimicrobial prescribing, as shown through current episode specific
feedback. The AMT was estimated to have reduced the cost of antimicro-
bial prescribing and had no observed detrimental effect on patient care.A
close working relationship between the clinical pharmacists and the
microbiologist is essential to promote effective antimicrobial prescribing.

== References

1. Shlaes DM, Gerding DN, John JF Jr, Craig WA, Bornstein DL, Duncan RA et al. Society
for Healthcare Epidemiology of America and Infectious Diseases Society of America
Joint Committee on the Prevention of Antimicrobial Resistance: Guidelines for the
prevention of antimicrobial resistance in hospitals. Infection Control and Hospital
Epidemiology 1997;18:275-91.

2. PlowmanR, Graves N, Griffin M, Roberts JA, Swan AV, Cookson B et al. The rate and
cost of hospital-acquired infections occurring in patients admitted to selected
specialities of a district general hospital in England and the national burden
imposed. Journal of Hospital Infection 2000;3:196—-209.

3. The socio-economic burden of hospital-acquired infection. London: Public Health
Laboratory Service; 2000.

4. House of Lords Select Committee on Science and Technology. Resistance to
antibiotics and other antimicrobial agents. 7th report. Session 1997-8, London:
HM Stationery Office.

5. Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ, Karchmer AW, Carmeli Y.
Comparison of mortality associated with methicillin-resistant and methicillin-
susceptible Staphylococcus aureus bacteraemia: a meta-analysis. Clinical Infectious
Diseases 2003;36:53-9.

6. Niederman MS. Impact of antibiotic resistance on clinical outcomes and the cost of
care. Critical Care Medicine 2001;29(supplement):N114-20.

7. Marr JJ, Moffet HL, Kunin CM. Guidelines for improving the use of antimicrobial
agents in hospitals: A statement by the Infectious Diseases Society of America.
Journal of Infectious Diseases 1988;157:869—76.

8. Byl B, Clevenbergh P, Jacobs F, Struelens MJ, Zech F, Kentos A, Thys J-P. Impact of
infectious diseases specialists and microbiological data on the appropriateness of
antimicrobial therapy for bacteraemia. Clinical Infectious Diseases 1999;29:60-6.

9. Gross R, Morgan AS, Kinky DE, Weiner M, Gibson GA, Fishman NO. Impact of a
hospital-based antimicrobial management program on clinical and economic
outcomes. Clinical Infectious Diseases 2001;33:289-95.

10. Lemmen SW, Becker G, Frank U, Daschner F. Influence of an infectious disease
consulting service on quality and costs of antibiotic prescriptions in a university
hospital. Scandanavian Journal of Infectious Diseases 2001;33:219-21.

11. Mevius DJ, Sprenger MJ, Wegener HC. EU conference “The microbial threat”.
International Journal of Antimicrobial Agents 1999;11:101-5.

12. The Working Party of the British Society for Antimicrobial Chemotherapy. Working
party report: Hospital antibiotic control measures in the UK. Journal of Antimicrobial
Chemotherapy 1994;34:21-42.

13. The Audit Commission for Local Authorities and the National Health Service in
England and Wales. A spoonful of sugar. Medicines management in NHS hospitals.
London: Audit Commissions Publications; 2001.

14. Hospital Pharmacy initiative for promoting prudent use of antibiotics in hospitals
(PL/CM0/2003/3, PL,Ph0/2003/3). A letter from the Chief Medical Officer and the
Chief Pharmaceutical Officer. London: Department of Health; 2003.

15. Solberg CO. Spread of Staphylococcus aureus in hospitals : causes and prevention.
Scandanavian Journal of Infectious Diseases 2000;32:587-95.

16. Seving F, Prins JM, Koopmans RP, Langendijk PNJ, Bossuyt PM, Dankert J et al. Early
switch from intravenous to oral antibiotics: guidelines and implementation in a
large teaching hospital. Journal of Antimicrobial Chemotherapy 1999;43:601-6.

17. Bartlett JG. Antibiotic—associated diarrhoea. New England Journal of Medicine
2002;346:334-39.

18 Helen Roberts, Graeme Jones. Cost effectiveness of an antibiotic policy to reduce the
risk of Clostridium difficile associated diarrhoea. Age and Ageing 2000; 29: 369.

HOSPITAL PHARMACIST May 2006 = Vor.13



