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Abstract

Objective: Irrational antibiotic consumption contributes to antimicrobial resistance, adverse effects, and rising costs. Antimicrobial
Stewardship (AMS) supports rational antibiotic use through restrictive and supportive measures. In oral and maxillofacial surgery (OMFS),
antibiotic consumption is consistently high, and evidence-based guidelines are often lacking. We evaluated a multimodal AMS intervention on
antibiotic use in an OMEFS department.

Design: Before-after study.
Setting: OMFS department of a German university hospital.
Patients: Hospitalized patients treated in the OMFS department.

Intervention: For 12 months, the AMS team conducted weekly ward visits, providing recommendations regarding antibiotic therapy and surgical
antibiotic prophylaxis (SAP). In parallel, a mandatory consensus guideline covering these aspects was developed and implemented. Antibiotic use,
prevalence, duration of therapy, and SAP before, during, and after the intervention were evaluated; clinical outcomes were not assessed.

Results: Pre-intervention, over 70% of patients received antibiotics. Median duration of antibiotic therapy and SAP was 12 and 9 days,
respectively. Antibiotic consumption reached 63.8 defined daily dosages per 100 patient days, exceeding national values (median 40.1). During
the intervention, antibiotic prevalence decreased below 50% and the duration of antibiotic therapy and SAP was shortened to 9 and 3 days,
respectively. Antibiotic consumption decreased by 26% whereas national values increased by nearly 50%. After weekly consultations ceased,
antibiotic use rose again but remained below national levels.

Conclusions: Antibiotic consumption is high in OMFS. Regular AMS support including consensus guidelines can reduce antibiotic use
substantially and sustainably. However, clinical outcomes need to be correlated and adequately staffed AMS teams are needed.

(Received 11 January 2026; accepted 18 March 2026)

Introduction overcautiously broad indication for antibiotic therapy and prolonged
SAP.® Excessive antibiotic consumption, however, is a known major
health problem leading to increased side effects for patients,
prolonged hospital stays, nosocomial infections with C. difficile,
MRSA or VRE, increasing resistance and costs.”® Antimicrobial
Stewardship (AMS) programmes aim to reduce unnecessary
antibiotic therapy as well as prolonged antibiotic prophylaxis by
different approaches. Audit and feedback modules as well as
consensual guideline development and implementation have been
proven to be effective in the reduction of antibiotic consumption.’

Several infectious disorders in oral and maxillofacial surgery (OMEFS)
require antibiotic therapy and perioperative surgical antibiotic
prophylaxis (SAP) is routinely given to prevent surgical site infection
for numerous interventions.!~> Robust evidence regarding optimal
choice and duration of antibiotic therapy is lacking. Furthermore, in
an attempt to prevent infectious complications, prolonged SAP is
often administered, especially in high-risk constellations like large
tumor operations involving advanced flap techniques.** For the
majority of infections and interventions, no national or international
guidelines exist regarding the choice of antibiotic, duration of therapy
or length of antibiotic prophylaxis. In an attempt to “shield” the
patient from possible infectious complications, this often leads to an

Materials and methods
Antibiotic consumption

Yearly antibiotic consumption was calculated as defined daily doses
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(DDD) per 100 patient days, in accordance with the WHO ATC/
DDD methodology.'’ Data collection was limited to antibiotics
administered intravenously. Consumption data were extracted via
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Figure 1. Time line of preintervention, intervention and postintervention periods.

the webKESS AVS (antibiotic consumption surveillance) module
provided by the Robert Koch Institute (RKI), using routine hospital
pharmacy dispensing data. Patient-day denominators were obtained
from institutional administrative records. Data on perioperative
single shot prophylaxis that had been administered outside the ward
were not included. National average values were also provided by the
RKI and consisted of the median antibiotic consumption calculated
from data of a reference group of OMFS departments from German
university hospitals. The number of comparator hospitals rose from 7
hospitals in 2017 to 13 in 2023 as more hospitals participated. Data
were collected from 01.01.2017-31.12.2023.

Study patients and data collection

The study was conducted at the university clinic Diisseldorf,
Germany. The OMFS Department consists of an outpatient clinic
and a 32-bed ward. Time line see Figure 1.

Preintervention (01.08.2018-30.09.2018): The AMS team
consisting of a physician and a pharmacist, performed weekly
visits on the OMFS ward over a period of eight weeks. All
hospitalized patients were documented. Recorded data included
main diagnosis, date and type of operation, microbiological results,
antibiotic agent, dosage, route of administration, start, end,
duration and indication (therapy or prophylaxis) of antibiotic
therapy. No recommendations were given at this point.

Intervention (1.10.2018-30.9.2019): Over 12 months the weekly
AMS visits were continued. Each patient receiving an antibiotic was
discussed with the attending physician and written recommendations
were given: Treatment adjustment (de-/escalation, cessation, sched-
uled stop, drug switch, change of doseor route) and recommendations
for further diagnostics. Identical data as mentioned above were
collected. In parallel, a literature review was conducted and a local
consensus guideline was developed, which was officially implemented
in June 2019, 8 months after the intervention started and mandatory
for all OMFS physicians. It included recommendations for
microbiological sampling as well as the antibiotic therapy of typical
OMES infectious disorders. Furthermore, it addressed perioperative
antibiotic prophylaxis for all surgical procedures including recom-
mendations on type, dose, route, duration, alternatives for penicillin-
allergic patients as well as endocarditis prophylaxis.

Postintervention (1.10.2019-31.3.2020): After 12 months of
weekly visits, the regular support was stopped. Over a post-
interventional period of 6 months, irregular, unannounced follow-
up visits were conducted.

Statistics

Over the whole study period, 1,124 patient contacts were recorded.
All hospitalized patients on the ward at the time of each weekly
visit were assessed, so individual patients could be captured
multiple times if present during multiple weeks. These data were
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pooled across all weekly visits within each calendar month to
calculate the monthly point prevalence of antibiotic use, defined as
the total number of patients receiving antibiotics divided by the
total number of patients assessed. This pooled approach accounts
for variation in weekly ward census. In addition, each antibiotic
prescription was classified as either treatment or prophylaxis,
based on clinical documentation. For the analysis of treatment and
prophylaxis duration, duplicate patient entries were removed,
resulting in a cohort of 551 unique patients evaluated for this part
of the study. Single shot SAP that was administered outside the
ward was not recorded.

Descriptive statistics were used to summarize the data.
Categorical variables were reported as absolute numbers and
percentages and continuous variables as medians with ranges. No
inferential statistical tests were performed. All analyses were
conducted using Microsoft Excel LTSC 2021, Version 16.0
(Microsoft Corp., Redmond, WA, USA).

Ethics approval

The study was approved by the university’s ethic committee
(study-no.: 2019-803).

Results

Antibiotic consumption before, during, and after
the AMS intervention

Figure 2 illustrates antibiotic consumption before, during, and
after the AMS intervention.

In 2017, antibiotic use in the OMFS department was 63.8 DDD
per 100 patient-days, which was 59.1% above the national average
(40.1 DDD per 100 patient-days). For 2018, when the intervention
started in October, consumption at the OMFES department was still
33% above the nation average (63.8 and 47.9 DDD per 100 patient-
days for OMFS and national average, respectively). The AMS
intervention lasted for 12 months from October 2018 to October
2019. In 2019, antibiotic consumption in the OMFS department
decreased to 42.65 DDD per 100 patient-days, compared to a
national average of 50.2 DDD. In the postintervention period in
2020, the antibiotic consumption at the OMFS department rose to
47.3 DDD per 100 patient-days, however, the national average rose
at a higher rate to 59.9 DDD per 100 patient-days.

This corresponds to a 26.3% reduction between the pre and
postintervention period at the OMFS department whereas during
the same time period an average increase of 49% in the comparator
hospitals was seen.

This reduction persisted beyond the intervention period, which
ended on September 30, 2019. For 2021 to 2023, the antibiotic
consumption rose again but a) remained lower than preintervention
levels and b) below the national average despite the cessation of the
AMS intervention (Figure 2).


https://doi.org/10.1017/ash.2026.10370

Antimicrobial Stewardship & Healthcare Epidemiology

Antibiotic Use in the Department of Oral and Maxillofacial Surgery
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Prevalence of antibiotic usage before, during, and after the
AMS intervention

In August and September before the intervention, 167 patients
were evaluated during weekly visits. 121 patients received an
antibiotic, which reflects a prevalence in the preintervention
period of 72%. With the start of the intervention—which
consisted of continuous weekly visits, now including discussion
of every patient with the ward team and the provision of written
recommendations—the prevalence dropped to its lowest value
of 33% in July 2019, shortly after the official introduction of the
consensus guideline (Figure 3). Initially, the rate rose after
cessation of the weekly visits and showed variability from month
to month but remained below preintervention values through-
out the whole postintervention period. Notably, no upward
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Figure 2. Antibiotic consumption in the depart-
ment of oral and maxillifacial surgery (OMFS)
from 2016 to 2023 in defined daily dosage (DDD)/
100 patient days. Black bars represent the
antibiotic consumption of the OMFS department
at the University Hospital Duesseldorf. The
dotted line represents the national average data
(see material and methods).
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Figure 3. Antibiotic prevalence in the depart-
ment of oral and maxillifacial surgery from
august, 2018 till march, 2020. Black bars
represent the antibiotic prevalence, the dotted
line represents the linear trend line.
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trend in antibiotic prevalence with increasing time since the end
of the intervention period was observed.

Surgical antibiotic prophylaxis (SAP) and antibiotic therapy

At each visit, the usage of antibiotics was classified as being
either prophylactic or therapeutical. In the preintervention period,
68.6% of all patients receiving antibiotics on the ward, as prolonged
(ie, more than single shot) SAP. During the intervention phase, this
figure fluctuated considerably; however, over the entire period, a
reduction in the prevalence of prolonged SAP were observed. After
the personal intervention ended the values remained below the
preintervention period (40.9% in the fourth quarter of 2019 and
54.3% in the first quarter of 2020; Figure 4).
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Figure 4. Prevalence of prolonged surgical 1. 2018
antibiotic prophylaxis (SAP) at the department & A
of oral and maxillofacial surgery in the prein- Time (quarterly by year)

tervention, intervention and postintervention |
period. |

Table 1. Duration of antibiotic therapy and prophylaxis at the Department of
Oral and Maxillofacial Surgery

Preintervention 1I. 2018 12,0 5;28 9,0 2;22
Intervention IV. 2018 10,0 2;33 4,0 1;44
1. 2019 8,0 3;28 3,0 1;10

1. 2019 6,5 421 5,0 1,9

I1I. 2019 8,0 346 4,0 1;11

Postintervention  IV. 2019 9,5 2;41 3,0 2;16
1. 2020 8,5 2;18 2,0 1,17

Duration of antibiotic therapy and prophylaxis

In the preintervention period, the median duration of antibiotic
therapy was 12 days (range 5-28d, Table 1). This figure dropped to
8 days (range 3-46 d) at the end of the personal intervention and
rose to 8.5 and 9.5 days (range 2-41 and 2-18 d) in the consecutive
quarters after the intervention respectively. For the duration of the
prolonged SAP an even more marked effect was seen: The median
duration before the AMS intervention was 9 days (range 2-22 d),
4 days (range 1-11 d) at the end of the personal intervention and
dropped further to 2 days (range 1-17 d) in the postintervention
period.

Antibiotic substances

During the overall study period, beta-lactam/ beta-lactamase
inhibitor combinations were the predominant antibiotic class;
75.6% of all patients received Ampicillin-Sulbactam. The second
most commonly used antibiotic was Clindamycin which was given
to 11.6% of all patients 70% of which had a penicillin allergy label.
Metronidazol was administered to 7% of all patients. The use of
restricted antibiotics was rare: Fluoquinolones 3.3%; Vancomycin,
Daptomycin, Linezolid combined: 1.7%; Meropenem 0.6%. In
total, 11.2% of all patients received more than one antibiotic. None
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of these proportions changed significantly during or after the
intervention period.

Discussion

This study demonstrates a significant and sustained reduction in
antibiotic consumption within an OMFES department following the
implementation of an Antimicrobial Stewardship AMS interven-
tion. It shows the overall effectiveness of a multifaceted steward-
ship approach that included audit and feedback, guideline
implementation, and educational efforts.

There are no available comparable data regarding the
prevalence of antibiotic use specifically in maxillofacial surgical
patients. However, in a German nationwide prevalence study from
2016, an overall prevalence of antibiotic use of 30.1% was found on
surgical non-intensive care wards.!! In comparison, at our OMFS
ward, the prevalence of patients that received any antibiotic during
the preintervention period was 72% which seems extraordi-
narily high.

Over the entire study period, antibiotic use was reduced by
approximately 26%, which is a substantial decline and all the more
remarkable as the opposite trend was observed in the comparator
group, consisting of OMFS wards from other university hospitals
with presumably comparable patient demographics and clinical
conditions. Here, an increase in antibiotic consumption of almost
50% during the same time period was reported.

Importantly, the initial phase of the intervention—the so-called
“handshake stewardship,” involving weekly interdisciplinary ward
visits with direct discussions and written recommendations—
alone resulted in substantial changes in prescribing behavior. Even
before the formal implementation of the consensus guideline, a
marked decrease in both the prevalence of antibiotic use and the
duration of therapy was observed. This highlights the power of
personal interaction, regular feedback, and shared decision-
making in modifying clinical practice.

Another important observation was the high proportion of
patients receiving prolonged SAP. In the published literature, usually
15-17% of antibiotics are allocated to SAP,'>!*> however deviation
from published protocols are common in different countries and
settings.!*~'® In our cohort, 68.6% of patients received antibiotics in
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the context of prolonged postoperative prophylaxis beyond the
generally recommended single shot regimens given directly before
an operation as these were administered in preop theater and thus
not documented in our cohort.

The indication of SAP in OMEFS is complex. OMFS
encompasses an exceptionally broad spectrum of procedures,
ranging from skin and dentoalveolar surgery to the management of
facial trauma, orthognathic interventions, cleft lip and palate
repair, and tumor surgery. This diversity of operative fields makes
the specialty unique among surgical disciplines, as it integrates
functional, reconstructive, and aesthetic aspects within a single
domain.!” While perioperative antibiotic prophylaxis is often
justified in high-risk surgeries, such as extensive tumor resections
with flap reconstruction, the absence of robust evidence and
standardized national guidance frequently leads to overly broad
and prolonged use. OMF surgery further differs from other
surgical specialties in that aspect that often naturally highly
contaminated wound areas as the oral cavity are involved. Given
the often non sterile surgical site as well as additional patient
associated risk factors like insufficient oral hygiene, diabetes
mellitus, former radiation or osteonecrosis, wound contamination
wound infections are intuitively predictable and thus feared.!$°

However, under the umbrella of patient safety, and denial of the
harmful effects of prolonged antibiotic administration inappropriate
SAP and antibiotic therapy exposes patients to additional risks as
C. difficile infection and accelerated antimicrobial resistance
selection.?’?! This underscores the importance of critically
reassessing prophylactic practices and tailoring them to specific
risk constellations and procedures. At the time of the intervention,
no national guideline addressing the majority of OMFS procedures
had been published. After a literature review for all procedures
requiring SAP, we agreed on a single shot prophylaxis with the
exception of advanced flap procedures and surgical interventions
associated with medication-related osteonecrosis of the jaw.

One of the most encouraging effects of our intervention was the
reduction in the antibiotics used for SAP. In the preintervention
period, nearly 70% of antibiotics were used as postsurgical
prophylaxis with a median duration of 9 days, exceeding any
guideline-recommendations. During and after the intervention,
this dropped substantially, with prophylactic use representing only
40-54% of prescriptions in later quarters. Notably, the duration of
SAP decreased to 3 days and declined further to 2 days after the
intervention stopped. In a parallel study, we assessed whether the
reduction of SAP to a single shot regimen had an influence on
outcome and found that reduced-duration antibiotic prophylaxis
was not associated with increased rates of postoperative
complications as wound dehiscence or clinical infection but
reduced the length of stay for several oral and maxillofacial
procedures.?? The reduction seen due to the AMS intervention
indicates increased awareness and critical evaluation of prophy-
lactic indications, particularly important in a field like OMFS.
Given the high values for antibiotic consumption from the
comparator hospitals, is seems likely that the high rate and
duration of prophylaxis is not a local but general phenomenon. In
the meantime, several studies have confirmed our approach and
demonstrated that single-shot prophylaxis does not lead to an
increased rate of postoperative wound infections in many surgical
procedures.”*26 However, further studies are warranted that
confirm the safety of shortened SAP regimens in certain OMFS
procedures.

Encouragingly, the reduction in antibiotic consumption was
sustained even after the end of the intensive, personal AMS
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intervention. Although some rebound was observed in subsequent
years, antibiotic use remained below both preintervention levels
and the national average, suggesting a sustainable change within
the department. This durability is likely due to the combination of
behavioral change and written recommendations. Frequent
personal interactions during the intervention forstered a trustful
relationship between OMFS surgeons and the AMS team, who very
perceived as a supportive and resourceful clinical partner rather
than antibiotic gatekeepers. This collegial relationship extended
beyond the intervention period, with the AMS team regularly
consulted in complex clinical cases. In addition, the introduction of
clear, mandatory consensus-based guidelines provided structure
and continuity after the direct oversight ended, supporting
especially young clinicians or less experienced staff not yet fully
familiar with local procedures.

In comparison with other studies in surgical disciplines, this
intervention achieved comparable or even greater reductions in
antibiotic consumption. Similar AMS strategies have shown
reductions ranging from 20-30%, particularly when combining
personal interaction with structural tools like guidelines.?’-?°
One strength of our study is its long observation period,
allowing the assessment of sustained effects beyond the active
intervention. However, this study has several limitations. It only
includes data from a single-center and due to its prepost design,
the absence of a control group and possible undetected temporal
confounders or secular trends in antibiotic use limit the ability
to attribute observed effects solely to the intervention. The
limited patient numbers and heterogeneity of clinical presenta-
tions and surgical interventions made it impossible to stratify
the results according to different risk groups and precluded
robust statistical analyses. Most importantly, data on this
specific cohort regarding clinical outcomes are lacking, which
would further validate the safety of the overall reduced
antibiotic use. Also, we did not assess possible side effects of
antibiotic use. However, in a different study covering patients
over two years from 2018-2020, we could show that at least the
reduction in the SAP to a single shot regimen was not associated
with increased postoperative complications.?? It is reasonable to
assume that the marked reduction in antibiotic use, prevalence
and duration of antibiotic prophylaxis reflect a genuine and
clinically relevant effect of the intervention.

Opverall, this study supports the effectiveness and sustained
impact of structured Antimicrobial Stewardship (AMS) inter-
ventions in surgical settings and emphasizes the particular
importance of addressing prophylactic antibiotic use in OMFS.
Our findings underscore that personal engagement—Iike
“handshake stewardship” through regular ward visits and
face-to-face consultations—is key in changing prescribing
behavior. Well-resourced and adequately funded AMS teams
are therefore essential for improving antibiotic therapy in
surgical care.
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