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ABSTRACT
Objectives: To assess the magnitude of difference in
antibiotic use between clinical teams in the acute
setting and assess evidence for any adverse
consequences to patient safety or healthcare delivery.
Design: Prospective cohort study (1 week) and
analysis of linked electronic health records (3 years).
Setting: UK tertiary care centre.
Participants: All patients admitted sequentially to the
acute medical service under an infectious diseases acute
physician (IDP) and other medical teams during 1 week
in 2013 (n=297), and 3 years 2012–2014 (n=47 585).
Primary outcome measure: Antibiotic use in days of
therapy (DOT): raw group metrics and regression
analysis adjusted for case mix.
Secondary outcome measures: 30-day all-cause
mortality, treatment failure and length of stay.
Results: Antibiotic use was 173 vs 282 DOT/100
admissions in the IDP versus non-IDP group. Using
case mix-adjusted zero-inflated Poisson regression, IDP
patients were significantly less likely to receive an
antibiotic (adjusted OR=0.25 (95% CI 0.07 to 0.84),
p=0.03) and received shorter courses (adjusted rate ratio
(RR)=0.71 (95% CI 0.54 to 0.93), p=0.01). Clinically
stable IDP patients of uncertain diagnosis were more
likely to have antibiotics held (87% vs 55%; p=0.02).
There was no significant difference in treatment failure
or mortality (adjusted p>0.5; also in the 3-year data set),
but IDP patients were more likely to be admitted
overnight (adjusted OR=3.53 (95% CI 1.24 to 10.03),
p=0.03) and have longer length of stay (adjusted
RR=1.19 (95% CI 1.05 to 1.36), p=0.007).
Conclusions: The IDP-led group used 30% less
antibiotic therapy with no adverse clinical outcome,
suggesting antibiotic use can be reduced safely in the
acute setting. This may be achieved in part by holding
antibiotics and admitting the patient for observation
rather than prescribing, which has implications for costs
and hospital occupancy. More information is needed to
indicate whether any such longer admission will
increase or decrease risk of antibiotic-resistant
infections.

INTRODUCTION
Owing to the increasing profile of the threat
of antimicrobial resistance, there has been an
increased focus on measuring and reducing
antibiotic use.1 Associations between anti-
biotic consumption and resistance2 suggest
that reducing antibiotic use will reduce selec-
tion for resistance. Hospital antibiotic use
accounts for 15% of antibiotic use, and up to
65% of broad-spectrum antibiotic use in
England.3–5 Reducing antibiotic use in the
acute hospital setting provides unique chal-
lenges, requiring rational decision-making
before full results of diagnostic tests are avail-
able, with uncertainty over diagnosis and
severity of illness, and in a pressured environ-
ment. Any pressures to reduce antibiotic pre-
scribing have to be balanced with initiatives,
such as the Surviving Sepsis Campaign, which
highlight the importance of not delaying anti-
biotics on patient outcome.
Previous studies have shown that manage-

ment input from an infectious diseases acute
physician (IDP) can reduce antibiotic use in

Strengths and limitations of this study

▪ Clinical relevance of study population, conducted
in ‘real-life’ hospital environment.

▪ Robust risk-adjusted multivariable analysis of
prescribing to show differences in antibiotic use
is not an artefact of case mix.

▪ Analysis of clinical outcome as well as prescrib-
ing outcome showing antibiotic reduction was
achieved safely.

▪ Data collection by single physician unblinded to
management team, possibility of recording bias,
though objective criteria used where possible.

▪ Single-centre study; relevance to other institu-
tions requires further exploration.
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the acute hospital setting. Studies have demonstrated
that IDP input for patients managed under other acute
physicians is associated with shorter durations of treat-
ment, with more patients having treatment stopped or
shortened.6 IDP input has also been associated with
reduced length of stay,7 costs of antibiotic therapy8 9 and
improved clinical outcome 8 9(also reviewed in).10 11

A few studies have compared management of acute
medical patients by infectious disease and non-infectious
disease-trained hospitalists.12 13 Eron et al13 looked retro-
spectively at the management of patients with diagnosed
infections, showing shorter length of stay and better
patient satisfaction, but did not examine quantity of anti-
biotic use,13 while Borer et al12 compared management of
febrile syndromes between patients managed by IDP hos-
pitalists and non-IDP hospitalists, and showed improved
antimicrobial appropriateness and accuracy of diagnosis,
but did not examine length of stay or mortality.12

Prescribing quality assessments in the acute medical
setting have suggested that up to one-third of prescrip-
tions may be inappropriate.14 15 However, comprehen-
sive assessments of prescribing interventions highlight
the lack of reporting of clinical outcome, where anti-
biotic reductions have been demonstrated.16 17 With an
onus on all physicians to reduce antibiotic use, it is desir-
able to examine further what strategies IDPs may be
using to reduce antibiotic use that can be subsequently
employed by general medical physicians themselves.
Evidence is also required that these reductions can be
achieved safely, in the real-life hospital environment,
with an acutely unwell, heterogeneous group of patients.
The goal of our study was to identify whether general

medical physicians could make significant, safe antibiotic
reductions, and to assess the magnitude of this achiev-
able reduction in an entire, mixed patient cohort from
point of referral to the acute medical service, rather
than in selected conditions.
We also wished to investigate whether there was any evi-

dence for adverse effects from lower antibiotic use on
patient outcome. We were able to do this because in our
institution, a tertiary centre, some acute medical unit
teams are led by an IDP. Our primary objective was there-
fore to assess the difference in total amount of antibiotic
used between IDP-led and non-IDP-led teams.
Comparison at a consultant team level reflected working
practices, and previous studies supporting the commonly
held view among physicians that it is the ‘senior doctor
who ultimately decides what antimicrobial is pre-
scribed’.18 Our secondary objectives were to assess
whether there was any evidence that differential anti-
biotic use led to adverse clinical outcomes or increased
length of stay in the different teams, and to identify spe-
cific differences in antibiotic prescribing strategies.
Antibiotic and clinical data were collected prospectively
as part of a benchmarking audit, and an exploratory
post-hoc analysis of prescribing differences between IDP
and non-IDP teams was performed. To further investigate
outcome between IDP and non-IDP management with

greater statistical power, a 3-year data set of routine elec-
tronic health records was also analysed for mortality and
length of stay (although patient-level prescribing and
clinical response data were not available in this data set).

METHODS
Clinical and prescribing data
Antibiotic prescribing data were collected prospectively
on all acute admissions to the medical service in a UK
tertiary care centre ( John Radcliffe Hospital, Oxford,
from 08:00 16 April to 08:00 23 April 2013) by the lead
author, an active physician in the department, but not
working during this period. Data were collected as a
benchmarking audit of antimicrobial prescribing. In this
service, patients are admitted from primary care and
Emergency Department referrals, and managed under
an on-call consultant acute physician and their team,
who share an on-call team rota with three shifts per day
(08:00–15:59, 16:00–20:59, night shift 21:00–07:59). The
team makes initial management decisions (including
antibiotic prescribing) before or during a consultant
ward round of all newly admitted patients. After initial
care, a small proportion of patients are transferred for
operational reasons to the nearest available bed under
any team or to other non-acute specialities (<5%); the
majority are managed under admitting team (patient
flow chart: see online supplementary figure S1). The
acute team usually consists of a consultant physician
(senior), and three physicians in training with 1–7 years
of postqualification experience ( juniors). An IDP with
triple accreditation in infectious diseases, microbiology
and general (internal) medicine performed usual clin-
ical duties during the audit period. Acute physicians
were informed antibiotic prescribing audits were
ongoing, but were not aware of exact audit dates.
All patients who had a documented referral to

medical team and were reviewed by them were included,
even if they were sent home from the emergency depart-
ment without attending a medical ward. Data were col-
lected on antibiotic use, managing team, principal
diagnosis and factors affecting antibiotic prescribing
including admission timing, allergies and comorbid
status. Principal diagnosis was copied from the attending
physician, not made retrospectively. Infection likelihood
was graded by the lead author based on the consultant
physician’s documented review using the objective cri-
teria: high likelihood—most likely diagnosis documen-
ted was infection; medium—infection was among many
differential diagnoses documented; and low—list of dif-
ferential documented diagnoses did not include infec-
tion. Compliance with local empirical treatment
guidelines was also recorded. First antibiotic was com-
pared to the guidance for the documented working
diagnosis and judged inappropriate if it did not match.
Appropriateness of duration was assessed for completed
courses of empirical therapy without documented com-
plications or changes in diagnosis. Clinical outcomes
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collected were mortality (30 days post discharge),
readmission, escalation/restarting antibiotic treatment
and disease-related complications (see online supple-
mentary information table S1). A composite clinical
outcome of ‘treatment failure’ (any of these outcomes)
was also considered. Delays in treating patients with sepsis
were also recorded. Data were extracted by review of drug
chart, clinical and electronic notes by the lead author.
A larger 3-year data set of hospital electronic health

records was also extracted from the Infections in
Oxfordshire Research Database, for all patients admitted
under the acute medicine service from 00:01 on 1
January 2012 to 23:59 on 31 December 2014, including
managing consultant, International Classification of
Diseases, Revision 10 (ICD-10) diagnosis codes, length
of stay, mortality and readmissions. Patient-level prescrib-
ing and clinical response data were not available in this
data set. During this period, the IDP performed clinical
duties in the acute medicine service, and other depart-
ments together with periods of leave, thus admitting
∼1% of patients in this data set.
Antibiotic use was calculated using several metrics

using previously published definitions,19 and classified
according to physician team who managed the patient at
admission, and included antibiotics to be taken post-
discharge and antibiotics used if transferred to non-
acute medical specialties (including intensive care
units). Bed-days were calculated from changes in calen-
dar date, counting patients admitted and discharged on
the same day as 1 day. The treatment-related length of
stay was duration until recorded as ‘medically fit for dis-
charge’. The primary outcome metric of days of therapy
(DOT) per patient admission was chosen as it best
reflected physician prescribing decision-making and had
fewer potential confounding factors, namely local for-
mulary choice mismatches with the WHO-standard
defined daily dose (DDD)20 and changes in length of
stay; it is a metric choice supported by other prescribing
analyses using regression modelling.19 20 DOT counts
each antibiotic received for 1 day as 1 DOT (so 2 anti-
biotics for 1 day=2 DOT): we also considered length of
therapy (LOT: total calendar days on which one or
more antibiotics were taken).

Statistical analysis
We hypothesised, based on small pilot data, that IDP
management would lead to 30% less total antibiotic use,
with no difference in clinical adverse composite
outcome. In total, 367 patients provided at least 80%
power to detect a reduction in overall antibiotic use
from 300 to 210 DOT/100 admissions (30% reduction)
based on 10 000 simulations from a Poisson distribution,
assuming that 20% patients were admitted under IDP
during audit period, overall 30% patients received anti-
biotics and two-sided α=0.05. Acute medicine admits
300–400 patients per week; 1 week was therefore chosen
as a representative audit sample including out-of-hours
and weekend prescribing.

Baseline characteristics between IDP and non-IDP
groups were compared using Wilcoxon Rank Sum tests for
continuous and Pearson χ2 or Fisher’s exact tests for cat-
egorical factors. Antibiotic prescribing was modelled as a
two-step process (initiation and subsequent decision about
total quantity), representing clinical experience and
national prescribing guidance,21 using a zero-inflated
Poisson model. Because there was clear separation
between DOT in those receiving antibiotics and the zero
DOT in those not receiving antibiotics, and because we
were concerned about the possibility of non-linear effects
of some continuous predictors (particularly age and
laboratory test results), predictors of receiving an anti-
biotic prescription or not were first identified using multi-
variable fractional polynomial logistic regression with
backwards elimination (exit p=0.05; Stata mfp; based on
the 20 factors in table 1). Factors retained in this model
were included in the zero-probability component of a
zero-inflated Poisson regression, with predictors of anti-
biotic quantity identified using a second phase of back-
wards elimination (exit p=0.05). In regression models,
DOT and length of stay were truncated at their 95th per-
centiles (18 and 17 respectively) to avoid undue influence
from outlying observations leading to overfitting. A small
number of patients did not have any biomarkers of infec-
tion measured (19/297); only available data were used in
the regression analysis (complete case). Risk-adjusted
30-day mortality was assessed using a multivariable frac-
tional polynomial logistic model (backward elimination,
exit p=0.05). This analysis was repeated in a larger 3-year
data set of 47 585 admissions to acute medicine 2012–2014
(90% power to detect an IDP-associated mortality increase
from 6% to 11%, assuming IDP saw 1% admissions).
Analysis was performed using Stata V.13.1.

Ethics
The baseline antibiotic prescribing audit was approved
by the Oxford University Hospitals Clinical Audit
Service. Mortality and admission comparisons over
2012–2014 were an approved analysis within the
Infections in Oxfordshire Research Database, which has
Research Ethics Committee (14/SC/1069) and UK
Health Research Authority (5-07(a)/2009) approval as
an anonymised database without individual informed
consent. The IDP gave consent to be identified in these
data, and for the prescribing outcome analysis to be
performed.

RESULTS
Patients managed under IDP received ∼30% less
antibiotic overall, due to fewer patients being given
antibiotics, and shorter antibiotic courses
During a 1-week period, the IDP-led team admitted 56
patients, and non-IDP Acute Physician teams admitted
241 patients. Teams admitted similar patients, except
IDP patients had slightly lower white cell counts (WCC)
and were more likely to be admitted with a frailty

Fawcett NJK, et al. BMJ Open 2016;6:e010969. doi:10.1136/bmjopen-2015-010969 3

Open Access

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010969 on 23 A

ugust 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


syndrome (table 1). Group metrics showed the IDP
team used 173 DOT per 100 admissions versus 282 DOT
per 100 admissions in the non-IDP group, an
(unadjusted) reduction of 39% (table 2). A similar per-
centage reduction was seen in all metrics assessed. 14/
56 (25%) IDP patients were given an antibiotic versus
85/241 (35%) non-IDP patients.

Multivariate analysis adjusting for patient case mix
confirms IDP management associated with lower
antibiotic use
In a patient-level risk-adjusted model (see Methods,
table 3), IDP management was associated with a sig-
nificantly lower odds of initiating antibiotics (adjusted
p=0.03) and fewer DOT (p=0.01) suggesting that the
lower antibiotic use in the IDP group was not simply
an artefact of case mix. Patients presenting with sepsis
or fever, immunosuppressed or frail patients, those
with higher C reactive protein (CRP) or WCC at
admission, and those who had received community
antibiotic therapy were more likely to start antibiotics
in hospital (table 3). Factors associated with greater
DOT were male sex, older age, sepsis, higher CRP on
admission, lower Charlson score23 and admission
during the night.

No evidence of differing antibiotic spectrum, route,
choice, diagnosis treated or guideline compliance
between non-IDP and IDP teams
There was no evidence of a difference in number of
patients started on a broad-spectrum antibiotic (adjusted
p=0.24), broad-spectrum antibiotic DOT (p=0.08),
number of patients started on an intravenous antibiotic
(p=0.12) or intravenous DOT (p=0.23). The reduction
in total antibiotic use was not due to reduced use of anti-
biotic combinations; analysis by total length of therapy
(which counts days on single or combination therapy as
a single day) also showed a 39% unadjusted total reduc-
tion (129 vs 210 LOT/100 admissions) (table 2).
Antibiotic choice and diagnosis treated were similar
between groups (see online supplementary information
table S2 and supplementary figure S2). There was no
evidence of differences between IDP and non-IDP
groups in compliance with guidelines for first prescrip-
tion (14/14 (100%) vs 78/85 (92%) prescriptions com-
pliant, respectively, p=0.59), compliance with guideline
duration for uncomplicated infection without change in
diagnosis (4/5 (80%) vs 39/44 (89%) completed
courses compliant, respectively, p=0.58) or adherence to
documenting a postprescription review (9/12 (75%)
having a documented review in the IDP group and two
decisions to stop (22%), compared with 47/62 (76%)

Table 1 Patient characteristics at presentation to the acute medical service

Non-IDP (N=241) IDP (N=56)

Characteristics N (%) or median (IQR) N (%) or median (IQR) p Value

Age 72 (52–82) 79 (62–83) 0.15

Female 137 (57) 30 (54) 0.66

Charlson score 1 (1–2) 1 (1–2) 0.97

Ischaemic heart disease 34 (14%) 6 (11%) 0.50

Congestive cardiac failure 18 (7%) 5 (9%) 0.71

Pulmonary disease 64 (27%) 10 (18%) 0.18

Cerebrovascular disease 24 (10%) 3 (5%) 0.44

Dementia 13 (5%) 7 (12%) 0.06

Renal disease 25 (10%) 6 (11%) 0.94

Liver disease 5 (2%) 0 (0%) 0.59

Cancer 19 (8%) 5 (9%) 0.80

Immunosuppression* 7 (3%) 4 (7%) 0.13

Sepsis† 20 (8%) 5 (9%) 0.88

Community antibiotic therapy 39 (16%) 11 (20%) 0.53

Fever on admission 17 (7%) 5 (9%) 0.63

C reactive protein 14 (3–60) 14 (5–70) 0.94

White cell count (10^9/l) 8 (7–11) 8 (6–10) 0.03

Weekend admission 57 (24%) 9 (16%) 0.22

Night-time admission 58 (24%) 17 (30%) 0.33

Admission with frailty syndrome‡ 28 (12%) 12 (21%) 0.05

p Values calculated using Wilcoxon rank sum tests for continuous variables and χ2 tests for categorical variables, unless any cell number was
<5 or cell percentage <5% in which case Fisher’s exact test was used.
*Immunosuppression defined as HIV infection, haematological malignancy, other malignancy, renal failure, previous transplant, chemo/
radiotherapy in past 5 years, immunosuppressive drugs, systemic corticosteroids (0.5 mg/kg/day for >14 days). †Sepsis defined as per the
American Society of Critical Care Medicine as fulfilling Systemic Inflammatory Response Syndrome (SIRS) criterion of 2 or more of:
respiratory rate >20, pulse >90, leucocytes <4 or >12, temperature <36°C or >38°C with an infective source.
‡Frailty syndrome as defined by the British Geriatric Society22—falls, immobility, delirium/dementia, polypharmacy, incontinence, end-of-life
care.
IDP, infectious diseases physician.
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Table 2 Antibiotic use according to managing physician in a range of metrics

Metric

Group metrics Non-IDP (241) IDP (56) All Unadjusted RR (95% CI) p Value

Days of therapy (DOT)/100 admissions 282 173 261 0.61 (0.50 to 0.76) <0.001

Defined daily doses (DDDs)/100 admissions 340 227 320 0.67 (0.55 to 0.80) <0.001

Broad-spectrum DOT/100 admissions 169 98 156 0.58 (0.44 to 0.77) <0.001

Length of therapy (LOT)/100 admissions 210 129 195 0.61 (0.48 to 0.78) <0.001

DDDs/100 bed days 66 38 60 0.47 (0.31 to 0.70) <0.001

Patient-level metrics n (%) or med (IQR) n (%) or med (IQR) Adjusted OR /RR (95% CI) p Value

Given an antibiotic* 85 (35%) 14 (25%) 99 (33%) 0.25 (0.07 to 0.84) 0.03*

DOT† 0 (0–5) 0 (0–0.5) 0 (0–5) 0.71 (0.54 to 0.93) 0.01†

DDDs† 0 (0–5.25) 0 (0–0.13) 0 (0–4.5) 0.67 (0.53 to 0.90) 0.006 †

LOT† 0 (0–5) 0 (0–0.5) 0 (0–3) 0.69 (0.52 to 0.94) 0.02†

DOT if started on an antibiotic 6 (5–9) 6 (3–7) 6 (5–9) – –

LOT if started on an antibiotic 5 (4–7) 4 (2–6.5) 5 (3–7) – –

Broad-spectrum*,‡ antibiotic given 70 (29%) 11 (20%) 81 (27%) 0.53 (0.19 to 1.52) 0.24*

Broad-spectrum antibiotic DOT† 0 (0–2) 0 (0–0) 0 (0–1) 0.75 (0.54 to 1.03) 0.08†

Broad:narrow ratio 408/271 (1.51:1) 55/42 (1.31:1) 463/313 (1.48:1) – –

Given intravenous antibiotic* 52 (22%) 8 (14%) 60 (20%) 0.39 (0.12 to 1.27) 0.12*

Intravenous DOT† 0 (0–0) 0 (0–0) 0 (0–0) 0.76 (0.49 to 1.18) 0.23†

Intravenous DOT if given intravenous 2 (1–3) 1 (1–4.5) 2 (1–4) – –

*Multivariable logistic regression model based on backwards elimination from IDP plus table 1 factors.
†From multivariable zero-inflated Poisson regression models based on backwards elimination from IDP plus table 1 factors (see Methods). Table 3 presents the full multivariable model for DOT;
predictors were similar for DDDs and LOT with the only differences being that an admission at the weekend was additionally associated with greater DDDs and Charlson score was not
associated with DDDs; and the only factors associated with greater LOT were male sex, sepsis and higher CRP on admission. Predictors for giving a broad spectrum antibiotic and being given
an intravenous antibiotic were immunosuppression, higher CRP and WCC on admission, with predictors of higher broad spectrum DOT being fever, higher CRP, female sex, age, deprivation
index and admission at night, and predictors of greater intravenous DOT were sepsis, higher CRP, deprivation index and female sex.
‡Broad-spectrum antibiotics: co-amoxiclav, ceftriaxone, meropenem, gentamicin, clindamycin, ceftazidime, ciprofloxacin, piperacillin/tazobactram. CRP, C reactive protein; DDD, defined daily
dose; DOT, days of therapy; IDP, Infectious Diseases Physician; LOT, length of therapy; RR, rate ratio; WCC, white cell counts.
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reviews in the non-IDP group, with 11 decisions to stop
(21%) p>0.9). As numbers were small, data were insuffi-
cient to conclude that prescribing quality was similar
between IDP and non-IDP teams, but there was no
signal that the significant differences observed in the
total volume of antibiotics prescribed could be clearly
attributed to these factors.

A ‘hold-and-observe’ strategy in stable patients where the
diagnosis is not established may contribute to reduced
IDP antibiotic use
There was no difference in antibiotic prescription rates
between IDP versus non-IDP groups in perceived high-
risk patients (classified according to presenting features
as having a high likelihood of infection, sepsis or
immunosuppression), or in patients with low likelihood
of infection. However, there was a difference in anti-
biotic use in cases of uncertain infective diagnosis

without adverse features (table 4). In the IDP group, 2/
16 (13%) were started on antibiotics on admission
versus 31/69 (45%) in the non-IDP group (p=0.02).
About 2/16 patients in the IDP group who had antibio-
tics initially held subsequently had antibiotics started for
the presenting issue after a period of observation, one
for possible bronchitis and one for a possible urinary
tract infection in the absence of conclusive culture
result. Given the difference in prescribing in patients of
uncertain diagnosis, we also looked specifically at this
group and found no evidence of difference in clinical
outcome (table 5).

IDP management was not associated with delays in
treatment, increased mortality or treatment failure, but
was associated with longer length of stay
There was no evidence that management under IDP was
associated with risk-adjusted 30-day all-cause mortality or
the composite ‘treatment failure’ outcome (adjusted

Table 4 Likelihood of starting antibiotics on day of admission in IDP and non-IDP teams, by likelihood of infection and risk of

delaying antibiotics

Likelihood of

infection as per

documented review*

Risk of delaying antibiotics

(presence of sepsis/

immunosuppression)

Non-IDP (N=241)

Number started on

antibiotics on day of

admission/total (%)

IDP

Number started on

antibiotics on day of

admission/total (%) p Value†

High High 17/17 (100) 5/5 (100) –

Low 22/27 (81) 4/5 (80) 1.00

Medium High 7/9 (78) 1/1 (100) 1.00

Low 31/69 (45) 2/16 (13) 0.02

Low High 0/0 (0) 0/0 (0) –

Low 1/119 (1) 0/29 (0) 1.00

*Based on documented consultant review: high=infection most likely diagnosis; medium=infection on list of differential diagnoses;
low=infection not on list of differential diagnosis.
†Fisher’s exact test.
IDP, infectious diseases physician.

Table 3 Independent predictors of days on therapy (DOT) in a zero-inflated Poisson model

Factor Adjusted OR (95% CI) p Value

Association with

starting an antibiotic

Management under IDP 0.32 (0.10 to 0.99) 0.05

Presentation with frailty syndrome 3.87 (1.41 to 10.67) 0.01

Received community antibiotics 10.57 (3.91 to 28.60) <0.001

CRP on admission (per 1 mg/dL higher) 1.02 (1.02 to 1.03) <0.001

Immunosuppression 49.12 (2.85 to 847.89) 0.007

White cell count on admission (per 1^9/L higher) 1.22 (1.11 to 1.34) <0.001

Factor Adjusted RR (95% CI)

Association with greater days

on therapy (DOT) per admission

Management under IDP 0.71 (0.54 to 0.93) 0.01

Female 0.77 (0.65 to 0.92) 0.003

Age (per 10 years older) 1.08 (1.02 to 1.13) 0.005

Charlson score (per 1 unit higher) 0.94 (0.90 to 0.99) 0.01

Sepsis 1.38 (1.15 to 1.65) 0.001

Night admission 1.40 (1.18 to 1.67) <0.001

CRP on admission (per 10 mg/dL higher) 1.02 (1.00 to 1.03) 0.02

Presentation with frailty syndrome 0.77 (0.62 to 0.97) 0.02

Sepsis and fever perfectly predicted antibiotic use and so therefore could not be included in the zero-component of the model. No other
factors in table 1 were independently associated.
CRP, C reactive protein; IDP, infectious diseases physician; RR, rate ratio.
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p>0.5; table 5). However, with relatively small numbers,
95% CIs were wide. There was no evidence of delays in
treating sepsis, with 11/20 non-IDP (55%) and 4/5 (80%)
IDP patients presenting with sepsis based on objective cri-
teria24 receiving antibiotics in <1 hour (p=0.62).
However, IDP management was associated with a slight,

though significant, increase in length of stay (adjusted
p=0.007; table 5). One of the main contributors was an
increased odds of overnight admission in the IDP group,
with 49/56 (88%) patients admitted overnight versus
168/241 (70%) non-IDP patients (adjusted p=0.03). This
was consistent with the previously noted ‘hold and admit’
strategy of the IDP, versus a shorter length of stay ‘pre-
scribe and discharge’ strategy in non-IDP physicians.
To investigate clinical outcome associated with IDP

management further, and explore whether these findings
could be replicated in a larger data set, we also looked in
a 3-year administrative data set of over 47 000 admissions
(2012–2014). Similar to our 1-week data set, this com-
prised patients admitted to the acute, unselected medical
take, during which time the same consultant teams were
operating with broadly the same antibiotic policy. Patient

characteristics available in the 1 week and 3-year data sets
were broadly similar in terms of age, gender, Charlson
score (as calculated using hospital ICD-10 coding in the
3-year data set) and admission at a weekend (see online
supplementary information table S3).
There was no evidence of IDP-associated excess mor-

tality risk in this much larger data set (adjusted p=0.68;
table 5; full regression model in online supplementary
information table S4). Similarly to the 1-week data set,
IDP management was associated with increased likeli-
hood of overnight admission and longer length of stay
(adjusted p<0.001). There was no evidence that the
relationship between IDP management and these clin-
ical outcomes depended on age, Charlson score or
time/date of admission (heterogeneity/interaction
p>0.05). While prescribing and patient clinical data
were not available in this larger data set, these findings
increased our power to detect differences in clinical
outcome, and suggest the increased likelihood of
admission and longer length of stay seen with IDP
management were not restricted to our smaller 1-week
data set.

Table 5 Clinical outcomes including mortality, complications and admissions over 1 week audit and 3 years administrative

data

Clinical outcome

One week audit:

all patients

Non-IDP

n (%) or median

(mean) (IQR)

IDP

n (%) or median

(mean) (IQR)

Total

n (%) or median

(mean) (IQR) Adjusted OR/RR*

(95% CI)(n=241) (n=56) (n=297) p Value*

30-day mortality 36 (15%) 7 (13%) 43 (15%) 1.36 (0.53 to 3.54) 0.52

Escalation of therapy 12 (5%) 3 (5%) 15 (5%)

Disease-specific

complications

2 (1%) 0 (0%) 2 (1%)

ICU admission 4 (2%) 2 (4%) 6 (2%)

Readmission 50 (21%) 10 (18%) 60 (20%)

Composite outcome 87 (36%) 19 (34%) 106 (36%) 1.21 (0.60 to 2.48) 0.59

Admitted overnight 168 (70%) 49 (88%) 217 (73%) 3.53 (1.24 to 10.03) 0.03

Length of stay 2 (5.2) (2–6) 4 (5.9) (3–6) 3 (5.3) (2–6) 1.19 (1.05 to 1.36) 0.007

Treatment-related length of

stay

2 (4.2) (2–5) 3 (5.0) (2–6) 3 (4.3) (2–5) 1.27 (1.11 to 1.47) 0.001

One week audit: patients of

uncertain diagnosis

(n=78) (n=17) (n=95)

30-day mortality 11 (14%) 3 (18%) 14 (15%) 1.16 (0.26 to 5.17) 0.85

Composite outcome 31 (40%) 6 (35%) 37 (39%) 0.99 (0.29 to 3.45) 0.99

Administrative data, 1 Jan

2012–31 Dec 2014

(n=47 108) (n=477) (n=47 585)

30 day mortality 2987 (6.3%) 27 (5.7%) 3014 (6.3%) 0.92 (0.62 to 1.37) 0.68

Admitted overnight 37 329 (79%) 397 (83%) 37 726 (79%) 1.55 (1.20 to 2.01) 0.001

Length of stay 3 (6.8) (2–8) 4 (7.7) (2–8) 3 (6.8) (2–8) 1.15 (1.11 to 1.19) <0.001

*Multivariable regression: 1-week data set: C reactive protein (CRP), white cell count (WCC) and Charlson score independently associated
with 30-day mortality. Sepsis, Charlson score and admission with a frailty syndrome independently associated with adverse composite
outcome. Charlson score, age and later time of day independently associated with admission. Charlson score, age, presentation with a frailty
syndrome, community antibiotics, WCC and admission during a weekday independently associated with longer length of stay. Three-year data
set: Charlson score, age, male gender and non-weekday admission independently associated with mortality, Charlson score, age hour of
admission and non-weekday admission independently associated with admission overnight, Charlson score, female, age, hour of admission
and non-weekday admission independently associated with longer length of stay.
ICU, intensive care unit; IDP, infectious diseases physician; RR, rate ratio.
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DISCUSSION
This analysis of antibiotic prescribing data from a bench-
marking audit suggests that IDP management was asso-
ciated with ∼30% less total antibiotic use in acute
medical admissions compared with other acute physi-
cians, with fewer patients being given an antibiotic and
shorter courses. Examination of clinical outcome in
these audit patients, and in a much larger hospital
administrative data set, suggests this antibiotic reduction
was achieved without adverse patient outcome. The
reduction in total antimicrobial use by the IDP was not
due to differences in antibiotic choice or compliance
with guidance. A key contributory factor was reduced
antibiotic initiation in stable patients where there was
diagnostic uncertainty. However, as a potential unin-
tended consequence, there was an association between
IDP management and increased overnight admissions
and length of stay. In the IDP team, the strategy there-
fore appeared to be ‘hold and observe’, perhaps where
a perceived antibiotic ‘safety net’ was replaced with one
based on observation and greater degree of diagnostic
certainty. This was supported by anecdotal feedback
from junior physicians, who identified (1) an attitude in
the IDP team of ‘you must justify why you gave antibio-
tics’ compared with ‘give antibiotics, just in case’ (as pre-
viously described by others),25 (2) the use of antibiotics
to ‘give a diagnosis’ in cases of uncertainty and (3) the
view that antibiotics are often used as a ‘safety net’
where there is pressure from patients, healthcare
targets26 or limited bed availability to avoid admission.
While a full investigation of these factors was outside the
remit of this study, it reinforces the importance of the
complex decision-making process and social factors on
antibiotic prescribing.18 Increased admissions may also
reflect a tendency to pursue greater diagnostic precision
for infection diagnoses, as previously noted by Borer
et al.12 Alternatively, physicians trained in other special-
ties such as elderly care may have more experience with
community care resources, enabling prompt discharge
of the predominantly older medical population, though
this would not explain the discrepancy in antibiotic use
since antibiotic treatment after discharge was taken into
account when determining DOT.
Study strengths include the ‘real life’ clinical relevance

of the study population and robust risk-adjusted multi-
variable analysis of patient-level data to study prescribing
and clinical outcome. Limitations include the restricted
audit size, which was also smaller than planned. While
we were able to subsequently examine a larger adminis-
trative data set with similar patient characteristics to
assess outcome, individual-level prescribing and clinical
data were not available, requiring extrapolation that IDP
and non-IDP antibiotic use would have been similar over
the longer period of time. During the audit, data collec-
tion was by a single clinician unblinded to management
team, with possibility of recording bias for clinical
factors, although objective criteria were used wherever
possible. Although acute physicians were made aware of

the audit and the exact date were not announced, the
IDP may have been more aware of the monitoring due
to closer professional relationships with the lead author,
and larger differences in prescribing found due to extra
attention on antibiotic use in the IDP team. The study
focused on one IDP; while IDPs with similar training
and integration to acute medicine exist around the UK,
replicating the findings with more IDPs at different loca-
tions is required before these findings can be general-
ised to IDPs as a group. The study was single centre;
understanding generalisability to other centres remains
important. Cost impact has not been assessed, though
we note that as overnight stays currently cost over
£250,27 even small increases in admissions will likely
dwarf modest antibiotic cost savings. Our evaluation did
not challenge the validity of the documented working
diagnosis, which may have been influenced by preferred
antibiotic choice. Judgements on appropriateness can
differ substantially depending on the assessor;28 the
resource requirements for robust assessment were
outside those available for this study. Future work should
include investigating whether the relationship between
reduced antibiotic use and more admissions is seen in
multiple different healthcare settings, and use of newly
available larger hospital data sets with electronic pre-
scribing to further elucidate patient and procedural con-
sequences of changes in prescribing strategies.
Ultimately, more information regarding the complex
factors contributing to the risk and spread of antimicro-
bial resistance in a population is urgently needed.
Our findings confirm those of other studies of the

potential for antibiotic use reduction in the acute mixed-
case setting. A study of 129 adult patients admitted to a
US tertiary hospital found 30% of total antimicrobial days
were judged unnecessary by study investigators,15 but
there was no intervention to treat patients with this
reduced amount. Another interventional study found
that implementing a post-prescription review in 5 US aca-
demic tertiary care centres and 2428 acute hospital
patients found 7% and 16% reductions in antibiotic use
at two sites with established stewardship programmes, but
no reduction at the other three sites.21 This study did not
include antibiotics prescribed for use after discharge and
did not examine clinical outcomes. Analysis of antibiotic
use in a risk-adjusted analysis in 103 US academic
medical centres at an institutional level showed significant
interhospital variability in expected antibiotic use.29

imilar to previous studies, we found IDP input asso-
ciated with a reduction in antibiotic use.10 13 However,
the increased length of stay we observed is contrary to
Borer et al who found IDP management was associated
with shorter lengths of stay.13 This study retrospectively
assessed management of patients diagnosed with infec-
tions, and thus may not have captured management
decisions made with acute patients of uncertain diagno-
sis, which is where we saw the ‘admit and observe’ behav-
iour which was likely contributory to our IDP-associated
longer lengths of stay.
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Our study adds to this body of work by demonstrating
reduced antibiotic prescribing using patient-level data to
adjust for case mix and conducting a robust analysis of
clinical outcome data to assess patient safety, providing
further evidence of the potential for safe antibiotic
reduction. It also examines for the first time the effects
of IDP management in patients at presentation, rather
than after a period of assessment and provisional diag-
nosis of infection being made. It reports an association
with reduced antibiotic use and increased admissions in
the acute setting, contrary to previous studies.7 13

In conclusion, our study provides further support that
antibiotic reduction can be achieved safely in the acute
setting, but at the expense of more and longer admis-
sions. This could be done by replacing a perceived ‘anti-
biotic safety net’ (prescribe and discharge) with one
based on observation and greater degree of diagnostic
certainty (hold and observe). While the findings require
replication in other healthcare settings, they suggest that
attempts to reduce antibiotic use may come at the
expense of increasing admissions and exposure to the
hospital environment; this may increase costs to health-
care services and the burden on already-stretched acute
services. Given that admission to hospital is a risk factor
for resistant infection, it may also conversely increase the
spread of resistance.30 Ultimately, while this study sup-
ports the potential to reduce antibiotic use, it also high-
lights the need for robust assessment of potential
‘unintended consequences’ of antibiotic reduction pol-
icies and their effect on clinical, as well as prescribing,
outcomes.
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