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Background: In patients with spinal cord injuries (SCIs), infections continue to be a leading cause of morbidity, 
mortality and hospital admission.

Objectives: This study evaluated the long-term impact of a weekly, multidisciplinary Spinal/Antimicrobial 
Stewardship (AMS) meeting for acute-care SCI inpatients, on antimicrobial prescribing over 3 years.

Methods: A retrospective, longitudinal, pre-post comparison of antimicrobial prescribing was conducted at our 
tertiary hospital in Melbourne. Antimicrobial prescribing was audited in 6 month blocks pre- (25 April 2017 to 
24 October 2017), immediately post- (27 March 2018 to 25 September 2018) and 3 years post-implementation 
(2 March 2021 to 31 August 2021). Antimicrobial orders for patients admitted under the spinal unit at the meet-
ing time were included.

Results: The number of SCI patients prescribed an antimicrobial at the time of the weekly meeting decreased by 
40% at 3 years post-implementation [incidence rate ratio (IRR) 0.63; 95% CI 0.51–0.79; P ≤ 0.001]. The overall 
number of antimicrobial orders decreased by over 22% at 3 years post-implementation (IRR 0.78; 95% CI 0.61– 
1.00; P = 0.052). A shorter antimicrobial order duration in the 3 year post-implementation period was observed 
(−28%; 95% CI −39% to −15%; P ≤ 0.001). This was most noticeable in IV orders at 3 years (−36%; 95% CI −51% 
to −16%; P = 0.001), and was also observed for oral orders at 3 years (−25%; 95% CI −38% to −10%; P = 0.003). 
Antimicrobial course duration (days) decreased for multiple indications: skin and soft tissue infections (−43%; 
95% CI −67% to −1%; P = 0.045), pulmonary infections (−45%; 95% CI −67% to −9%; P = 0.022) and urinary 
infections (−31%; 95% CI −47% to −9%; P = 0.009). Ninety-day mortality rates were not impacted.

Conclusions: This study showed that consistent, collaborative meetings between the Spinal and AMS teams can 
reduce antimicrobial exposure for acute-care SCI patients without adversely impacting 90 day mortality.
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Introduction
In the spinal cord injury (SCI) population, infections continue to be 
a leading cause of hospital admission, morbidity and mortality.1–3

In particular, the high frequency of urinary tract infections, pneu-
monia and primary bacteraemia results in repeated antimicrobial 
exposure, and the emergence of multidrug resistant organisms 

(MDROs) and Clostridioides difficile infection (CDI).4–7 Patients 
with SCI have additional risk factors for colonization with 
MDROs, such as regular contact with the healthcare system, 
and the need for invasive devices such as urinary catheters.8

Despite a high burden of infection and antimicrobial consump-
tion, published antimicrobial stewardship (AMS) studies in the SCI 
population are limited.8 This study aimed to examine the impact 
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of a weekly, multidisciplinary team (MDT) Spinal/AMS meeting in-
troduced for SCI acute-care inpatients on antimicrobial prescrib-
ing patterns. Primary outcome measure was median duration of 
antimicrobial orders. Secondary outcome measures were the 
number of antimicrobial orders, median duration (days) of ther-
apy stratified by indication (courses), and 90-day mortality.

Materials and methods
Design
A retrospective, longitudinal, pre-post comparison of antimicrobial pre-
scribing was conducted at Austin Health (Melbourne, Australia). Austin 
Health provides state-wide, tertiary referral spinal care services in a 
26-bed acute SCI ward. Despite a well-embedded, hospital-wide AMS pol-
icy (Figure S1, available as Supplementary data at JAC-AMR Online), local 
quality assurance audits highlighted the need for improved assistance 
and guidance when prescribing for complex, acute SCI patients at our in-
stitution. The meeting was first introduced in March 2018. The interven-
tion included a weekly MDT meeting attended by the Spinal consultants 
and junior medical staff from the Spinal team, an Infectious Diseases 
(ID) physician, acute SCI pharmacist and AMS pharmacist. The core inter-
ventional team of Spinal consultants, ID physician and AMS pharmacist 
have remained the same over the 3 year period. Preparation for the meet-
ing approximated 1.5 h, whereas the meeting itself was approximately 
30 min each week. Post-meeting documentation and implementation 
took up to 30 min, performed jointly by junior medical staff and the 
AMS pharmacist. Further details of the meeting structure are outlined 
in Figure S2. Antimicrobial usage was audited in 6 month blocks, pre- 
(25 April 2017 to 24 October 2017), immediately post- (27 March 2018 
to 25 September 2018) and 3 years post-implementation (2 March 
2021 to 31 August 2021).

Collation of microbiological results, antimicrobial selection, dosing, route 
and duration review was prepared by the AMS pharmacist prior to the meet-
ing and shared with attending ID physicians. The meeting transitioned from 
in-person attendance to an online model during the COVID global pandemic 
(May 2020). When electronic patient medical records (EMRs) were intro-
duced in May 2021, an antimicrobial plan, summarizing relevant clinical ac-
tions, was sent by the AMS pharmacist, post-meeting, to all attendees, and 
documented in the patient’s EMR. This study was approved by the Austin 
Human Research Ethics Committee (LNR17/Austin/312).

Inclusion and exclusion criteria
Antimicrobial orders were included in the study if they were prescribed for 
patients admitted under the Spinal unit bed-card, on the Acute SCI ward, 
at 10.00 am on a Tuesday. The entire course durations of IV, oral (PO) and 
topical orders were included (even if commenced in the emergency de-
partment or the ICU).

Antimicrobial orders were excluded if they were prescribed for long- 
term prophylaxis (i.e. methenamine hippurate, antimicrobials prescribed 
for chronic osteomyelitis suppression), or commenced prior to the study 
periods. Patients transferred to another hospital, where antimicrobial 
durations were unknown, were also excluded.

Occasionally, a patient with a severe infection such as infective endo-
carditis or Staphylococcus aureus bacteraemia would present, requiring 
more frequent review in the early phase of admission (Days 0–7). This 
was performed by ID advanced trainees in conjunction with the ID physi-
cians attached to the spinal AMS round, and thus was included in analysis.

Prescribing data
Antimicrobial consumption was quantified as days of therapy (DOT) per 
1000 occupied bed days (OBD). DOT data were obtained from an auto-
mated report generated by the electronic prescribing system.

Total antimicrobial duration information was obtained via reconcili-
ation of electronic prescriptions and hospital dispensing records. A single 
antimicrobial order was prescribed via a single route for consecutive day 
or days, at a regular frequency. An antimicrobial course was any combin-
ation of antimicrobial orders prescribed for a single indication (see 
Additional information in Supplementary data).

AMS interventions were classified according to previously published 
‘Five Moments of AMS’—escalation, de-escalation, discontinuation, 
switch to oral therapy and optimization.9

Statistical analysis
Immediately post- and 3 years post-implementation periods were 
compared with the pre-implementation period. Fisher’s exact and 
rank sum tests were used for comparison of participant characteris-
tics. Count data (number of patients, orders, courses) were compared 
using negative binomial regression (total number of SCI patients con-
sidered). Antimicrobial course duration was compared using linear re-
gression, adjusting for indication (outcome transformed, standard 
errors adjusted for clustering within participants). Results are ex-
pressed as incidence rate ratios (IRRs) and exponentiated coeffi-
cients, respectively, both with 95% CIs. Stata 17.0 was used for 
analysis.

Results
Across the study periods (pre, 68; immediately post, 66; 3 years 
post, 51) 185 patients were reviewed. Tables 1 and S1 summarize 
the complete results.

The number of SCI inpatients prescribed an antimicrobial at 
the time of the weekly meeting decreased by 40% over the 
3 year period (IRR 0.63; 95% CI 0.51–0.79; P ≤ 0.001). The median 
number of SCI patients admitted to the ward did not change sig-
nificantly over the same time (Table 1). The overall number of 
antimicrobial orders decreased by 22% over the 3 year period 
(IRR 0.78; 95% CI 0.61–1.00; P = 0.052), whereas the number of 
antimicrobial courses showed a smaller reduction of 15% (IRR 
0.85; 95% CI 0.63–1.13; P = 0.25). Figure 1 shows specific anti-
microbial use patterns over the 3 year period (DOT/1000 OBD). 
Narrower spectrum antimicrobials were used preferentially 
where possible (Tables S2 and S3). Figure S3 highlights the down-
ward trend in total systemic antimicrobial DOT/1000 OBD, par-
ticularly at 3 years.

After adjusting for indication, shorter antimicrobial order dura-
tions were observed at both subsequent time periods, when com-
pared with the pre-implementation period (24% shorter 
immediately post; 95% CI −34% to −12%; P < 0.001; and 28% 
shorter 3 years post; 95% CI −39% to −15%; P ≤ 0.001). This 
was most noticeable in IV orders at 3 years (36% shorter; 95% 
CI −51% to −16%; P = 0.001). A significant reduction in PO order 
duration was also observed at 3 years (25% shorter; 95% CI 
−38% to −10%; P = 0.003). No significant changes were observed 
in the frequency or duration of topical antimicrobial orders or 
courses.

After adjusting for indication, a significant reduction in overall 
course duration was also observed at both time periods (28% 
shorter immediately post; 95% CI −40% to −13%; P = 0.001; 
and 31% shorter 3 years post; 95% CI −44% to −17%; P <  
0.001). When stratified for indication, this reduction was ob-
served for skin and soft tissue infections (SSTIs) (43% shorter; 
95% CI −67% to −1%]; P = 0.045), pulmonary infections 
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(45% shorter; 95% CI −67% to −9%; P = 0.022) and urinary infec-
tions (31% shorter; 95% CI −47% to −9%; P = 0.009) at 3 years. 
Other non-significant reductions in course durations were noted 
for bone and joint infections, and gastrointestinal infections (P >  
0.05) (Tables 1 and S4). Ninety-day mortality rates were not 
impacted.

At least one AMS moment was recommended for 79% (imme-
diately post) and 84% (3 years post) of antimicrobial orders. 
These were accepted on 95% of occasions in the 3 year post- 
implementation period (Table S5).

Discussion
We demonstrated that a sustained, weekly MDT Spinal-AMS 
meeting on the acute SCI ward can significantly reduce the fre-
quency of antimicrobial prescribing and reduce antimicrobial or-
der duration with high compliance. This is consistent with two 
other similar interventional pre/post studies in SCI patients that 
demonstrated a reduction in days of antimicrobial therapy per 
100 patient days.8,10 Our results uniquely demonstrated a reduc-
tion in both IV and oral antimicrobial prescribing in the SCI 

Table 1. Baseline demographics, AMS round details and antimicrobial prescribing for studied cohorts

Pre-implementation
Immediately 

post-implementation
3 years 

post-implementation
P 

valuea
P 

valueb

Stewardship round
Number of rounds 27 (potential) 27 27
Number of all patients on ward per round, 

median (IQR)
25 (25–27) 23 (21–26) 26 (23–27)

Number of SCI patients on ward per round, 
median (IQR)

20 (19–21) 18 (15–20) 19 (15–21) 0.52 0.24

Number of SCI patients prescribed 
antimicrobials on ward per round, median 
(IQR)

8 (7–9) 6 (5–8) 4 (3–6) 0.86 <0.001

Antimicrobial orders reviewed, n 148 141 108 0.66 0.05
Antimicrobial courses reviewed, n 104 103 82 0.51 0.25
Average AMS moments per round, n NA 5 5 NA NA
AMS acceptance rate, % NA 92 95 NA NA
Patient demographics (patients included in review)
N 68 66 51
LOS, days, median (IQR) 15 (7–49) 25 (9–65) 20 (9–49) 0.14 0.50
Male, n (%) 50 (74) 50 (76) 43 (84) 0.84 0.18
Age, years, median (IQR) 55 (44–67) 54 (39–64) 59 (38–71) 0.36 0.59
CCI, median (IQR) 2 (0–4) 2 (0–4) 2 (1–4) 0.74 0.95
90 day mortality, n (%) 2 (3) 3 (5) 3 (6) 0.67 0.65
Antimicrobial (Abx) order duration, days, median (IQR)
N 148 141 108
Total Abx duration 7 (5–11) 6 (4–11) 5 (3–7) <0.001 <0.001
IV Abx duration 7 (4–8) 6 (4–14) 3 (2–7) 0.78 <0.001
PO Abx duration 8 (6–14) 6 (4–10) 6 (4–10) <0.001 0.003
Topical antimicrobial duration 20 (8–31) 14 (4–26) 42 (13–42) 0.35 0.53
Antimicrobial course duration by indication, days, median (IQR)
Overall course duration 11 (8–19) (n = 104) 10 (6–15) (n = 103) 7 (5–11) (n = 82) 0.001 <0.001
Skin/soft tissue infection 12 (7–14) (n = 17) 13 (10–15) (n= 16) 5 (4–12) (n = 7) 0.62 0.045
Bacteraemia 15 (14–15) (n = 5) 14 (12–14) (n = 6) 21 (12–30) (n = 4) 0.16 0.64
Pulmonary infection 10 (7–12) (n= 23) 6 (5–7) (n = 17) 5 (5–8) (n = 11) 0.001 0.022
Osteomyelitis/septic arthritis 42 (15–72) (n= 8) 46 (41–50) (n = 10) 42 (38–46) (n = 3) 0.78 0.97
Gastrointestinal infection 12 (9–17) (n = 4) 11 (10–20) (n = 6) 10 (10–13) (n = 8) 0.72 0.85
Urogenital infection 9 (6–12) (n= 30) 7 (5–10) (n= 27) 7 (5–8) (n = 39) 0.073 0.009
Prophylactic antimicrobials 10 (9–10) (n = 2) 3 (1–5) (n = 4) 3 (3–4) (n = 2) 0.042 0.010
Superficial fungal infection 20 (24–52) (n = 12) 15 (12–24) (n = 14) 30 (19–41) (n = 6) 0.019 0.49
Other (deep source) 19 (13–20) (n = 3) 40 (38–54) (n = 3) 15 (1–23) (n = 2) 0.033 0.59

AMS, antimicrobial stewardship; CCI, Charlson Comorbidity Index; LOS, length of stay; NA, not applicable; PO, per os (orally); SCI, spinal cord injury. 
aImmediately post- versus pre-implementation. 
bThree years versus pre-implementation; non-parametric tests.
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population. Reduced IV prescribing has been shown in other po-
pulations to reduce nursing care time, line-associated infections 
and hospital length of stay.11,12 This is in addition to the estab-
lished benefits of reducing overall duration on the emergence 
of CDI and MDRO infections.5 These outcomes require validation 
in the SCI population.

The sustained reduction in antimicrobial course duration, 
stratified for indication, is a unique feature of our study. Clarke 
et al.8 delineate the initial indication for antimicrobials, with 

genitourinary being the most common, followed by SSTIs and 
pulmonary infections. Rigazzi et al.13 show the high variability in 
antimicrobial course duration for osteomyelitis in a single specia-
lized SCI centre where no AMS services are provided. We observed 
similar prevalences of pulmonary infections, SSTIs and urinary in-
fections to Clarke et al.; however, we were also able to demon-
strate a sustained reduction in median course duration for all 
three indication groups. Shorter durations have been shown to 
be as effective as longer courses for a range of clinical indications 

Figure 1. Days of therapy (DOT) per 1000 patient bed days for broad spectrum antimicrobials and narrower spectrum alternatives.
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and often result in fewer adverse events and/or reduced preva-
lence of drug-resistant infections.14,15 For indications where a re-
duction was not observed, short durations were already being 
prescribed (e.g. bone and joint infection).

Other AMS interventions in the SCI population have demon-
strated a significant impact on broad-spectrum antimicrobial 
prescribing.16,17 Tedeschi et al.10 reduced carbapenem use by 
97% from 13 to 0.4 defined daily dose (DDD)/100 patient days 
over 3 years, whereas fluoroquinolones decreased by 92% from 
11.8 to 0.99 DDD/100 patient days. Due to a well-embedded, 
institution-wide AMS policy (Figure S1), our hospital had com-
paratively low starting rates of broad-spectrum antimicrobial 
use (Figure 1).9

Our study demonstrates that when broad-spectrum antimicro-
bials are not frequently prescribed, opportunities remain within the 
SCI population to deploy narrower antimicrobials and decrease 
overall antimicrobial exposure with reduced days of therapy. The 
narrower antibiotic spectrum may be attributable, in part, to com-
bined effects of the AMS meeting and secular prescribing habits 
within a hospital with a strong AMS presence. However, the reduc-
tion in antibiotic treatment duration, contrasted against a highly 
vulnerable population with complex infections, is thought to be a 
specific achievement of the AMS meeting. With enhanced control 
of antibiotic spectrum and duration, future studies may move to-
wards stewardship of topical therapies, which are common in this 
population due to complex wound care, but were not directly tar-
geted or impacted by our intervention.

The number of antimicrobial orders initiated by the Spinal 
team for SCI patients reduced significantly over the study period, 
and the predominant AMS intervention changed from discontinu-
ation of antimicrobials to optimization (Table S5), suggesting a 
prescribing practice change within the spinal unit over 3 years. 
Although this requires qualitative analysis and validation, we 
postulate that a collaborative and co-operative learning culture, 
with consistent senior representation from both the Spinal 
and ID teams, resulted in more appropriate prescribing and 
enhanced confidence to use antimicrobials less frequently. The 
meeting also created anticipation of regular prescribing review 
and thereby triggered self-evaluation by the Spinal team them-
selves. The effects of consistent and continued AMS education 
on improved prescribing in SCI patients have been discussed 
elsewhere.5,17,18

Limitations of this study include the retrospective cohort de-
sign, single centre examination, patients/antimicrobial courses 
missed between rounds, and the unknown impact on antimicro-
bial resistance. Further studies examining the incidence of hos-
pital readmission, ICU admission and prevalence of CDI/ 
MDRO-related infections in the SCI population at our hospital 
are warranted. Future examinations of outpatient prescribing 
and subacute admissions are also required.

This study has shown that a sustained, consistent and collab-
orative meeting between the Spinal unit and AMS team can result 
in reduced antimicrobial initiation and duration of both IV and PO 
orders, and reduced overall course duration without adversely 
impacting 90 day mortality of reviewed patients. Weekly meet-
ings represent a time-effective approach that can be replicated 
for other speciality units frequently prescribing antimicrobials 
and whose patients are at risk of developing increasingly 
difficult-to-treat infections.
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