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Abstract 

Background The perioperative antibiotic prophylaxis with 1st or 2nd generation cephalosporins is evidence-based 
in orthopedic surgery. There are, however, situations with a high risk of prophylaxis-resistant surgical site infections 
(SSI).

Methods We perform a superiority randomized controlled trial with a 10% margin and a power of 90% in favor 
of the broad-spectrum prophylaxis. We will randomize orthopedic interventions with a high risk for SSI due to selec-
tion of resistant pathogens (open fractures, surgery under therapeutic antibiotics, orthopedic tumor surgery, spine 
surgery with American Society of Anesthesiologists (ASA) score ≥ 3 points) in a prospective-alternating scheme (1:1, 
standard prophylaxis with cefuroxime versus a broad-spectrum prophylaxis of a combined single-shot of vancomy-
cin 1 g and gentamicin 5 mg/kg parenterally). The primary outcome is “remission” at 6 weeks for most orthopedic 
surgeries or at 1 year for surgeries with implant. Secondary outcomes are the risk for prophylaxis-resistant SSI patho-
gens, revision surgery for any reason, change of antibiotic therapy during the treatment of infection, adverse events, 
and the postoperative healthcare-associated infections other than SSI within 6 weeks (e.g., urine infections or pneu-
monia). With event-free surgeries to 95% in the broad-spectrum versus 85% in the standard prophylaxis arm, we need 
2 × 207 orthopedic surgeries.

Discussion In selected patients with a high risk for infections due to selection of prophylaxis-resistant SSI, a broad-
spectrum combination with vancomycin and gentamycin might prevent SSIs (and other postoperative infections) 
better than the prophylaxis with cefuroxime.

Trial registration ClinicalTrial.gov NCT05502380. Registered on 12 August 2022. Protocol version: 2 (3 June 2022)

Keywords Orthopedic surgery, Broad-spectrum antibiotic prophylaxis, Surgical site infections, Postoperative 
healthcare-associated infections, Randomized-controlled trial
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Introduction
Background and rationale
We investigate a possible superiority of a broad-spectrum 
antibiotic prophylaxis for selected orthopedic patients 
with an elevated risk of surgical site infections (SSI) due 
to multidrug-resistant pathogens. The perioperative 
antibiotic prophylaxis is a cornerstone in the preven-
tion of deep SSI [1]. While the surgical debate regarding 
its duration (single versus triple-dose), double-dosing in 
obese patients [2], the pathogens to be targeted, or con-
cerning the timing (before or after the intraoperative 
sampling) continues [2–9], there is less discussion for the 
choice of the antibiotic agents. In clean surgery such as 
the orthopedic field, most experts recommend the use 
of 2nd generation cephalosporins [1] or vancomycin in 
cases of allergy to β-lactam agents and/or skin coloniza-
tion by methicillin-resistant Staphylococcus aureus [1, 6].

However, up to the half of all pathogens of the deep 
orthopedic SSIs are not covered by this cephalospor-
ins [2–9] and reveal, for example, SSIs due to methicil-
lin-resistant skin commensals [6] or Gram-negative, 
non-fermenting rods [5]. This high proportion of proph-
ylaxis-resistant SSIs occurs in selected patient popula-
tions with orthopedic tumors [8, 9], open fractures [10], 
patient operated for wound dehiscence [11], ulcerated 
diabetic foot infections [3, 12], or in orthopedic patients 
that are operated under concomitant therapeutic anti-
biotic regimens [3, 13] for any reasons. In these popula-
tions, the therapeutic antibiotics are often much broader 
in the spectrum than the standard cephalosporin prophy-
laxes and tend to select more microorganisms in case of 
the occurrence of SSIs. Indeed, at least 10% of all new 
intraoperative tissue samples in orthopedic surgery, sam-
pled under therapeutic antibiotics and open wounds, 
yield new pathogens that were previously unknown to 
the clinicians [3].

We call this a “selection” under antibiotic therapy or 
prophylaxis. The current antibiotics only kill the previ-
ously detected pathogens but left over newly introduced 
contaminants, especially if new microorganisms might 
penetrate into an unclosed wound. This selection leads 
to new SSIs occurring at the same orthopedic site [3]. 
However, and unfortunately, it is unpredictable to guess 
the future pathogens. These might be Gram-positive skin 
commensals or (multi)-resistant Gram-negative rods [3].

We ignore how to prevent selection in the aforemen-
tioned situations. Clinicians try with various approaches, 
for example, many patients under therapy of co-amox-
iclav for aspiration pneumonia receive cefuroxime 
prophylaxis when operated, only because of existent 
and standardized protocols that advocate cefuroxime 
[1]. This makes no sense. Practically, no microorganism 
is covered more by cefuroxime than by co-amoxiclav. 

Other colleagues try to circumvent selection by routinely 
replacing cephalosporins by vancomycin in patients 
under therapeutic antibiotics or by vancomycin prophy-
laxis for patients with long hospitalization times prior 
to orthopedic surgery. However, this broadening of the 
prophylaxis only towards Gram-positive skin commen-
sals regularly failed to show benefit in retrospective and 
prospective studies [4], because a substantial proportion 
of SSIs were Gram-negative [3–5]. From a microbiologi-
cal perspective, only a maximal Gram-positive coverage, 
alongside with a large Gram-negative coverage, would 
cover most selections in these patient populations.

The BAPTIST Trial only concerns the perioperative 
antibiotic prophylaxis in selected orthopedic surgeries 
with a high risk of selection of prophylaxis-resistant SSI 
pathogens or of other healthcare-associated infections 
in the immediate postsurgical period: these are tumor 
surgery, surgery for dehiscent wounds, any orthopedic 
surgery under concomitant therapeutic antibiotics, open 
fractures, surgeries with skin colonization with multi-
drug-resistant bacteria, plus, as a control, orthopedic 
spine surgery in multimorbid patients. This spine surgery 
patients are closest to the study population in terms of 
demographic characteristics. We alternately randomize 
the standard prophylaxis (cefuroxime, clindamycin, or 
the current antibiotic treatment) to the broad-spectrum 
single-shot of vancomycin 1  g and single-shot of gen-
tamicin 5 mg/kg intravenously. The rest of the medical 
and surgical interventions, the eventual use of negative-
pressure vacuum therapy [14], the eventual use of topical 
anti-infective agents [15–17], and all other infection con-
trol measures remain unchanged [1, 18].

Methods
Study setting
The Balgrist University Hospital in Zurich is a tertiary, 
referral center for orthopedic surgery (including for 
orthopedic infections) and is affiliated to the University 
of Zurich. It presents a multi-disciplinary team composed 
of orthopedic surgeons, internists, specialized nurses and 
physiotherapists, musculoskeletal expert radiologists, 
and infectious diseases physicians who are specialized in 
orthopedic infections. Moreover, this team is accompa-
nied by the Unit for Clinical and Applied Research with 
experience in investigative designs (www. balgr ist. ch). 
The BAPTIST Trial starts at the Balgrist but is expand-
able to other (international) centers.

Study objectives
We investigate if a perioperative broad-spectrum antibi-
otic prophylaxis would better prevent the occurrence of 
deep (prophylaxis-resistant) SSI, and/or the other bacte-
rial nosocomial infections after the index surgery, when 

https://www.balgrist.ch
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compared to standard prophylaxis in selected patient 
population at high risk for (prophylaxis-resistant) infec-
tions. We want to circumvent the potential selection of 
multi-resistant pathogens during their index surgery.

Definitions and study outcomes
Tables 1 and 2 present key definitions and the outcomes 
of the trial. Briefly, an “orthopedic infection” requires the 
microbiological evidence of bacteria in at least two deep 
intraoperative tissue samples together with radiological 
(osteitis, collections, inflammation) and/or clinical evi-
dence of infection (pus, discharge, sinus tracts, rubor, 
calor, pain). The presence of a histological proof is fac-
ultative. We define implants as any deep foreign mate-
rial, except for allografts, transient wires, or fixator pins. 
“Remission” is the absence of clinical and/or radiological 
and/or laboratory signs of an eventual infection after a 
minimal follow-up time of 6 weeks for soft-tissue surgery 
or 1 year for implant-related surgery.

Interventions and study conduct
The study team screens all entries for potential study 
candidates on a daily basis, including the weekends and 
the night shifts. We randomize the high-risk surgeries in 
an alternating scheme (1:1) according to the scheduled 
position in our eight operating theatres. The anesthe-
tists (or the nurses at the ward) administer the antibiotic 

prophylaxis immediately before surgery or after the 
intraoperative microbiological samples during surgery. 
After the prophylactic regimen, the clinicians are free to 
continue with any therapeutic antibiotic regimen, if there 
is suspicion of infection. Such a subsequent systemic or 
local (intraosseous) antimicrobial therapy per se is not an 
objective of the BAPTIST Trial. Likewise, we also allow 
other molecules to be (auto)administered by the patients, 
such as herbal medicine, homeopathic drugs, or skin 
antiseptic agents before surgery, e.g., in the frame of a 
presurgical decolonization. Figure  1 presents the inclu-
sion and exclusion criteria and Fig. 2 the study flowchart. 
There will be no blinding of persons except for the micro-
biologist, and there will be no placebos. The Pharmacy of 
the Balgrist supplies all antibiotics.

During the study, we assess the following variables:

– Patient’s characteristics: age, sex, immune-suppres-
sion (diabetes, renal dialysis, cirrhosis, pregnancy, 
medicamentous immune-suppression, untreated 
HIV disease, agranulocytosis, active cancer), Ameri-
can Society of Anesthesiologists’ (ASA) score

– Surgery and infection data: number and type of sur-
geries for the actual problem, agent, dose and dura-
tion of pre-surgical antibiotic therapy, local anti-
infective agents, therapeutic antibiotics, pathogens 
and numbers of positive cultures

Table 1 Key study definitions

Standard prophylaxis:
1st–3rd generation cephalosporins, co-amoxiclav, clindamycin intravenously

Broad-spectrum antibiotic prophylaxis:
Vancomycin 1 g together with gentamicin 5 mg/kg intravenously

Broad-spectrum antibiotic treatment:
4–5th generation cephalosporins, quinolones, carbapenems, vancomycin, daptomycin, linezolid, aminoglycosides, colistin, metronidazole

Remission
No clinical, anamnestic, radiology, or laboratory signs for infection at the test-of-cure visit

Table 2 Outcome parameters and assessments of both randomized trials

Assessment of outcomes: prospective assessment by study team during hospitalization. Retrospective assessment by study nurses and surgeons during the surgical 
controls after hospitalization. These controls are standard after 6 weeks and 1 year

Primary outcome
    - Remission (and inversely deep surgical site infection) at 6 weeks for surgeries without implant and 1 year for surgeries with implant

Secondary outcomes:
    - Risk of (antibiotic-resistant) pathogens in the deep surgical site of the study patients

    - Revision surgery for non-infections reasons within 6 weeks

    - Change of antibiotic therapy for infection, based on intraoperative findings

    - Spectrum and adverse events of therapeutic antibiotic use (if any)

    - Incidence and antibiotic resistance of non-SSI infections within 6 weeks (e.g., urine)

    - Body colonization with multi-resistant bacteria at 4–-6 weeks (if any samples)
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– Outcomes: wound problems, presence and dura-
tion of vacuum-assisted negative pressure therapy, 
all adverse events, all nosocomial infections dur-
ing and/or after hospitalization, date and reasons 
for re-hospitalization and re-treatment, follow-up 
data, fatalities for any reason

After surgery, the study participants will be followed 
up for a minimum of 12 months in case of implant and 
bone surgery or for 6 weeks for soft tissue surgery. The 
study team will equally review all medical charts to seek 
for unscheduled visits. During the routine study visits, 
we assess the history, adverse events, and the surgical 
status (Fig. 3).

• Visit 1—enrollment (day 1)

• End of treatment (EOT) (visit 2; end of microbiologi-
cal cultures)—day 14 (± 3 days)

• Test of cure (TOC) (visit 3; surgical control after hos-
pitalization)—day 42 (± 14 days)

• Follow-up (surgical control or by telephone) for 
implant surgeries—1 year (± 2 months)

Procedures at each visit
Enrolment visit (day 1)
At enrollment (visit 1), the patient will be randomized 
into the investigational or the control prophylaxis group. 
The anesthetist (or the nurses on the ward) administers 
the prophylaxis. The study nurse collects all data. In case 
of (presumed) infection, the surgeons sample at least 
three intraoperative tissues for microbiological cultures, 

Fig. 1 Study criteria
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histology if facultative. Additionally, we usually request 
consent for the review of participants’ medical records 
and for the collection of blood and tissue samples to diag-
nose infection. Likewise, we concomitantly might collect 
and store biological specimens for genetic or molecular 
analyses in future (ancillary) studies.

Visit 2 (end of treatment)
The EOT visit corresponds to the termination of the 
microbiological cultures at the Laboratory for Bacteriol-
ogy (IMM) in Zurich (incubated routinely during 14 days 
for orthopedic infections). The study nurse collects the 
study-specific data from the Bacterial Laboratory and 
from the medical and nursing files. If the patient is still 
hospitalized and during the entire hospitalization, the 
study nurse and the clinicians prospectively collect all 
relevant medical data in the medical and study-specific 
files.

Visit 3 (test of cure)
The TOC visit corresponds to the usual outpatient sur-
gical control at 6 weeks post-intervention (1 year if case 
of implant and bone surgery). Besides the clinical con-
trols with eventual facultative radiological, microbiologi-
cal, and blood exams for clinical reasons, the clinicians 
and study investigators specifically ask for eventual 
adverse events. Additionally, the team screens all files for 
unscheduled microbiological results of all samples taken.

Follow‑up for surgeries with implants in place
Usually, we see patient with implant-related and bone 
surgery for a surgical control after 1 year. If this is not the 
case for various reasons, the study nurse, or the investiga-
tors, might make a phone call to the patient for informa-
tion regarding the study outcomes.

Risks for the participants
All patients can have adverse events related to the sur-
gery, anesthesia, and antibiotic administrations that, 
however, are mostly related to the surgery itself. One 
theoretical risk could be a higher incidence of acute 
nephrotoxicity, immunologic problems [19], pseu-
domembranous colitis, or an increase in the proportion 
of (multidrug)-resistant bacterial body carriage in the 
broad-spectrum arm [20]. We usually see such antibiotic-
related adverse events during a broad-spectrum antibi-
otic therapy and not after a single-shot prophylaxis.

Allocation
After written informed consent, we will randomize all 
participants alternately with a 1:1 ratio according to a 
predefined sequence. The first patient starts with the 
broad-prophylaxis. Concretely, the sponsor-investigator 
(or his replacement) obtains the signature and confirms 
the randomization sequence with the study nurse. Prac-
tically, the person informing and the person randomiz-
ing are different. The surgeons and the anesthesiologists 

Fig. 2 Main study flowchart
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cannot influence the randomization and will be informed 
immediately before surgery. The list of the alternate ran-
domization sequence is on an internal computer only 
accessible by the investigator team.

We chose an alternate randomization method because 
of organizational reasons. Different teams, at any time 
and for any reason, regularly change the operation plan-
ning on a central website. Frequently, the planning of the 
early morning is not that of the afternoon. Regarding our 
trial, the randomization arm remains fixed to the patient. 
This alternating scheme will not change in cases of drop-
outs, postponing of surgeries, re-scheduling of the opera-
tions, or in case of re-interventions (e.g., for hematoma 
or fracture). Hence, a patient randomized for a given 
surgery will remain in the same arm independently of 
the number of re-operations. If the operation order is 
changed on that day, the allocation remains the same. 
Only if a patient is re-operated for a new indication at a 
different body site during the 2-year study period, he/she 
is re-randomized and may become allocated in a opposite 
arm.

Participant timetable
For the BAPTIST Trial, we probably need 24 months, 
starting in 25 October 2022 (Table 3).

Monitoring and audits
The Unit for Clinical and Applied Research (UCAR) will 
assign an independent monitor (with experience in pro-
spective-randomized trials). The monitor verifies all, or 
a part of the CRFs, data and written informed consents. 
The first visit will occur prior to the start, the second dur-
ing the interim analyses, and the last visit at the study 
end (Table  4). A quality assurance audit/inspection of 
this study may be conducted by the competent authority. 
The auditor/inspectors have access to all medical records, 
the investigator’s study-related files and correspondence, 
and the informed consent form. The investigator will 
allow the persons being responsible for the audit to have 
access to the source data/documents and to answer any 
questions. All involved parties will keep the patient data 
strictly confidential.

Fig. 3 SPIRIT flowchart of enrolments and assessments during the trials. Visit times related to the Allocation (Inclusion) day:  V1 = Day =, start 
of therapy,  V2= Day 14 (+/- 3 days; end-of-treatment visit),  V3 = Day 42 (+/- 14 days; test-of-cure visit). Baseline variables: age, sex, known 
immune-suppression (diabetes mellitus, renal dialysis, cirrhosis, pregnancy, medicamentous immune-suppression, untreated HIV disease, 
agranulocytosis, active cancer), American Society of Anesthesiologists’ (ASA)-Score  Surgery specific baseline data: number and type of surgeries 
for the actual problem, agent, dose and duration of pre-surgical antibiotic therapy, local antibiotics used in the bone, cell count (if any), initial serum 
CRP level, presence of initial bacteremia. Anatomical localization of surgery, type of surgery, microbiological results, histology (facultative). Control 
and outcome variables: number of surgeries to treat infection, total duration of antibiotic therapy, duration, agent and dose of intravenous 
and oral antibiotic therapy, wound healing problems, presence and duration of vacuum-assisted negative pressure therapy, adverse events, clinical 
or and microbiological recurrence, date and reasons for re-hospitalization and re-treatment, follow-up data, fatalities. Administrative data: total 
hospitalization length, BioBanking of infected tissues at the Balgrist Campus*The visits are all standard. The data is collected from the medical record
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Statistical analyses, sample size calculations, 
and recruitment potential
Sample size calculations
The daily prevalence of antibiotic use in the Balgrist is 
approximatively 20% (range, 15–25%). Important post-
operative wound problems occur in up to 5–10% of all 
orthopedic interventions in high-risk patients [11]. The 
annual number of oncologic interventions is 120–150 
surgeries. The proportion of selection of resistant bac-
teria is 10% [3]. We perform a superiority trial with a 
10% margin and a power of 90% in favor of the broad-
spectrum prophylaxis. With event-free surgeries to 95% 
in the broad-spectrum [1, 11] versus 85% in the standard 
arm [2, 3], we need 2 × 207 surgery episodes among the 
selected patient groups. At the Balgrist, we perform at 
least 6000 surgical operations per year. With a very con-
servative estimation, we see 300 surgical episodes each 
year (5%) that meet our inclusion criteria. Of note, we 
calculate all our estimations specifically for event-free 
orthopedic surgeries in tertiary centers in Switzerland 
and among a particular multimorbid population [1–3, 
11].

Statistical analyses
We first perform all analyses for the entire study popula-
tion and stratify in a second step upon the presence of 

an infected implant and the orthopedic specialty. We use 
descriptive statistics and group comparisons using the 
Pearson χ2 test, the Fisher exact test, or the Wilcoxon 
rank-sum test, as appropriate. We also perform multivar-
iate analysis using a Cox regression model [21]. Variables 
with a p value ≤  0.2 in univariate analysis are included 
in a stepwise forward selection process for multivariate 
analysis. Key variables are checked for co-linearity and 
interaction. The number of variables in the final model is 
limited to the ratio of 1 variable to 5 to 8 outcome events 
[21]. If the BAPTIST Trial expands towards a multicenter 
study, or if there are more than 10% of all patients partici-
pating several times, we will add a cluster-specific analy-
sis. The intent-to-treat (ITT) population will consist of all 
randomized patients. The per-protocol (PP) population 
will consist of all randomized patients who complete the 
study without important deviations from the protocol.

Interim analyses and early termination
We perform one interim analyses after 1  year, follow-
ing the inclusion of the first patient. If the differences in 
the primary outcomes between the broad and standard 
prophylaxes are important, or statistically significant, 
the independent data monitoring committee will decide 
upon the interruption or termination of the study and has 
the right to call on an additional interim analysis. If the 
group comparison analysis is not sufficiently meaningful, 

Table 3 Time table of the BAPTIST Trial

Timetable Activity (year) 2022 2023

P S A W P S A W

P = Spring
S = Summer
A = Autumn
W = Winter

Preparations

Clinical study

Database

Interim analyses

Final analyses

Writing of paper

Table 4 Monitoring plan

Study period Time Monitoring activities

Before study Autumn 2022 Monitoring will be informed about study conduct concerning data sampling and safety reporting.
Monitor controls if
• Documents are approved
• Documents are at site
• Investigators are familiar with study protocol and safety reporting
• Investigators know their duties and responsibilities

Interim analysis Autumn 2023 All subjects: Control for existence and informed consent
First trial participant and at least 10% of trial participants recruited at the time of the visit, as far 
as available: eligibility, primary endpoint, (serious) adverse events

Study end December 2024 Control for completeness of source data
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we consider the trial not being able to demonstrate the 
results, and the recruitment is no more ethical.

Handling of missing data and drop-outs
Important missing data will lead to patients’ dropout of 
the study. However, we do not expect many missing data, 
because the intervention only consists of a prophylaxis, 
and all the data are routinely enregistered electronically 
for all surgical interventions, independently of this trial. 
Hence, we renounce on statistical imputations of missing 
data. Dropouts will be reported in the final publications, 
and their data will be archived for 10  years after study 
termination.

Ethical and regulatory aspects
Study registration
The study is registered in the Swiss Federal Comple-
mentary Database (BASEC 2022-00800) and in the 
international registry ClinicalTrials.gov (Number 
NCT05502380) in line with the requirements of the 
World Health Trial Registration Data Set. Supplementary 
file 1 is the original protocol. Supplementary file 2 is the 
checklist of for this publication.

Categorization of this study, safety reports, and eventual 
amendments
This study only makes use of prophylactic antibiotic 
agents that are already authorized in Switzerland. The 
indication and the dosage are used in accordance with 
the prescribing information and international guidelines. 
The study protocol will not be changed or amended with-
out prior sponsor’s and ethical committee’s approval. 
Premature interruption is reported within 30 days. The 
regular end of the study is reported to the ethical com-
mittee within 90 days and the final study report within 
1 year. The ethical committee and authorities will receive 
annual safety reports and are informed about the study 
end. The study will be carried out in accordance with the 
Declaration of Helsinki, the guidelines of Good Clini-
cal Practice (GCP), and the Swiss regulatory authority’s 
requirements. To communicate important modifications 
(e.g., changes to eligibility criteria, outcomes, analyses) 
to relevant parties (e.g., investigators, authorities, trial 
participants, registries, regulators), the sponsor and the 
study nurse use official channels (https:// swiss ethics. ch/ 
basec). This communication is via secured e-mail. Pre-
viously, they might discuss with the independent data 
monitoring committee.

Patient information and early termination of the study
The investigators will inform potential participants about 
the study, its voluntary nature, procedures involved, 
expected duration, potential risks and benefits, and any 

potential discomfort. All participants will be provided 
an information sheet and informed consent form. Sup-
plementary file 3 is a model consent form in English 
language. The investigators uphold the principle of the 
participant’s right to privacy and that they shall comply 
with applicable privacy laws. Subject confidentiality will 
be further ensured by code numbers corresponding to 
the computer files. For verification, the ethics committee 
and regulatory authorities may require access to medical 
records, including the medical history.

The sponsor may terminate the study prematurely in 
certain circumstances, e.g., ethical concerns, insufficient 
recruitment, when the safety of the participants is at risk, 
respectively, alterations in accepted clinical practice mak-
ing the continuation unwise, early evidence of benefit or 
harm of the experimental intervention. All patients are 
free to withdraw from participation in this study at any 
time, for any reason, and without prejudice. The reason 
for withdrawal should be documented wherever possible. 
The withdrawal will not affect the actual medical assis-
tance or future treatments. On rare occasions, the inves-
tigators may terminate a patient’s participation to protect 
his/her best interest. After study termination, the evalu-
ations required at the next scheduled clinical visits will 
remain.

Safety
All surgeries will be performed in the participation of 
an experienced surgeon. The antibiotic prophylaxis is 
ordered and supervised by anesthetists, internists, the 
pharmacy, and by infectious diseases physicians with 
experience in orthopedic infections.

Definition and assessment of (serious) adverse events 
and other safety-related events
An adverse event (AE) is any medical occurrence in a 
study participant, which does not necessarily have a 
causal relationship with the study procedure. A serious 
adverse event (SAE) is classified as any untoward medical 
occurrence that results in death, hospitalization, or a sig-
nificant prolongation of hospitalization, or persistent or 
significant disability or is life-threatening. The investiga-
tors make a causality assessment. All SAEs are reported 
within 24 h to the sponsor-investigator. SAEs resulting in 
death are reported to the ethics committee within 7 days. 
The sponsor-investigator will report the safety signals 
within 7 days to the local ethics committee.

Data handling and record keeping/archiving
Data is only saved, and stored, using the secured soft-
ware REDCap®. Data can only be accessed by defined 
persons that are investigators. An electronic case report 
form is generated for every participant. All data will be 

https://swissethics.ch/basec
https://swissethics.ch/basec
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recorded by study nurses. The ID numbers are assigned 
by the REDCap® system. Corrections can only be made 
by authorized persons.

Analysis and archiving
For data analysis, subject-related data from REDCap® 
will be exported and analyzed in a statistic software 
(SPSS™ and/or STATA™). All health-related data will be 
archived in the REDCap®. Before data export, all patient 
identifiers are removed. All data will be stored for a mini-
mum of 10 years. Collection, disclosure, and storage of 
data is carried out in accordance with the Swiss data pro-
tection regulations and the Human Research Act.

Discussion
The BAPTIST Trial shall demonstrate the superiority of 
a perioperative broad-spectrum antibiotic prophylaxis 
targeting against most Gram-positive and Gram-neg-
ative pathogens. However, it only investigates an adult 
patient population with a high risk for “prophylaxis-
resistant” nosocomial infections (including SSIs), namely 
for patients undergoing tumor surgery [8], with open 
fractures [10], body colonization with multi-resistant 
bacteria [22], wound revisions [11], and surgeries under 
current antibiotic therapies (e.g., second looks of infec-
tion debridement, fracture repair with concomitant 
pneumonia, diabetic foot surgery during an ongoing anti-
biotic treatment, etc.) [3].

We exclude “standard” patients, for whom a broad-
spectrum prophylaxis is very likely to fail to show 
benefit. Various research groups already compared a 
narrow-spectrum antibiotic prophylaxis to a broader 
one. For example, McMurtrie et  al. compared cefazolin 
(or clindamycin) with piperacillin-tazobactam. The latter 
was four times more expensive but not better in reduc-
ing the infection risk [23] in open fractures. Saveli et al. 
performed a prospective trial in open fractures rand-
omizing cefazolin versus a combination of cefazolin 
and vancomycin. The SSI risks were 15% vs. 19% [24]. 
Another research group retrospectively compared the 
efficacy of carbapenems with cefuroxime in open frac-
tures. Carbapenems did not prevent more [25]. Redfern 
et al. compared cefazolin plus gentamicin versus pipera-
cillin-tazobactam and saw similar SSI risks [26]. We also 
renounce on investigating the duration of prophylaxis. 
No data advocate that a prolonged prophylaxis reduces 
the SSI risk in orthopedic surgery, including in high-risk 
patients [1, 5].

Similarly, we know very few about non-immuno-
logic AE related to antibiotic prophylaxes. It might be 
enhanced in combination prophylaxes. For example, 
infectious diseases experts in Boston published that, 
across all types of surgeries, the risk of an acute kidney 

injury was increased in a combined prophylaxis arm 
compared to a single agent (vancomycin plus a beta-lac-
tam agent 2971/12,508 [23.8%] versus 1058/5089 [20.8%] 
for vancomycin alone versus 7314/52,504 [13.9%] for a 
beta-lactam alone) [27]. Further studies are needed. We 
hope our study will contribute to this lack of knowledge.

Moreover, regarding an important secondary objec-
tive, operated patients reveal more healthcare-associated 
infections than patients hospitalized on medical wards 
[28]. The SSI burden is additional to a similar same back-
ground of other bacterial nosocomial infections such as 
respirators tract and urinary tract of bloodstream infec-
tions [28]. Theoretically, the surgical prophylaxis might 
also influence the antibiotic susceptibility and the inci-
dence of other nosocomial, non-SSI, entities, especially in 
urinary tract infections [29].

As a “control group,” we chose multimorbid patients 
undergoing orthopedic spine surgery. The reason is sim-
ple. Our circumvent surgery population comes closest to 
the patient population of interest in terms of co-morbid-
ities, ASA scores, immune suppression, and, equally, the 
microbiology of SSI. Many scientific reports revealing 
the species of Gram-negative SSI in adult spine surgery 
report a high proportion of multi-resistant, non-ferment-
ing rods [30, 31] that are naturally resistant to cefuroxime 
and maybe selected by the use of vancomycin powder 
[32] that the surgeons administer before wound closure 
at the end of the intervention.

Concerning the arbitrary spectrum of the broader 
prophylaxis, we choose the combination of vancomycin 
and gentamicin for several reasons. Both are not expen-
sive and well tolerated. Vancomycin is already a well-
established prophylactic drug in practically all surgical 
disciplines [1, 18] and covers almost all Gram-positive 
pathogens. In Switzerland, gentamicin remains suscep-
tible to most Gram-negative pathogens, including non-
fermenters and Gram-positive pathogens. Gentamicin 
is widely used in orthopedic surgery as a local agent for 
the treatment of local infections, including for wound 
and ulcer infections [15–17]. Theoretically, there would 
be other alternative agents to choose for a broad-spec-
trum coverage such as carbapenems. However, due to the 
increase of carbapenem-resistance all over the world [33, 
34] and programs against their misuse [35], we renounce 
on carbapenems for this study.

Limitations
We do not expect major difficulties performing the BAP-
TIST Trial, provided that patients and surgeons agree to 
participate. An important limitation is the lack of control 
for the surgical skills and techniques, which are para-
mount in the prevention of [36] but remain very difficult 
to analyze and are practically impossible to adjust for in a 
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multi-variate model. On the other hand, we are a teach-
ing hospital for orthopedic surgery with academic inter-
est and a high volume of different types of interventions, 
which might help to reduce potential surgical biases as 
much as possible. Moreover, we perform a randomized-
controlled trial with a large sample size, hoping to reduce 
possible biases by the randomization process. Secondly, 
patients who are continued to be treated outside of our 
hospital may have been lost or have their treatment 
changed. However, our center is the largest public hospi-
tal for orthopedic surgery in the region, making it again 
unlikely to be a major bias. Thirdly, our investigation 
targets all possible situations with a risk of (multidrug-
resistant) SSI. We principally explore a concept of an 
(arbitrary) broad-spectrum prophylaxis in selected situ-
ations. In this light, the trial rather investigates a proof 
of concept and not specific prophylactic regimens for a 
given patient population or the type of orthopedic sur-
gery, which may vary substantially among many orthope-
dic centers in the world. Fourthly, we perform our trial in 
Zurich (Central Europe). Here, the prevalence of multid-
rug-resistant pathogens is small in comparison to many 
places in the world. It could be that the results of our trial 
could be different in settings where this prevalence would 
be, let us say, 5–10 times higher [37].

In conclusion, we are confident to finish the BAP-
TIST Trials, to reveal some answers to some frequent 
questions regarding an optimized perioperative antibi-
otic prophylaxis in selected patients with a high risk for 
(prophylaxis-resistant) SSIs and other nosocomial infec-
tions [28].

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063- 023- 07605-5.

Additional file 1: Supplementary file 1. Clinical study protocol.

Additional file 2: Supplementary file 2. SPIRIT 2013 checklist.

Additional file 3: Supplementary file 3. Model consent form.

Acknowledgements
We thank to all teams of the Balgrist University Hospital for support, to the 
Institute of Medical Microbiology, University of Zurich, for the bacterial analy-
ses, and to the Pharmacy of the Balgrist Hospital for the antibiotics. We are 
indebted to Mrs. Jessica Wolf-Wettstein, main research assistant, for the initial 
set-up and her invaluable help in conducting the trial.

Role of the sponsor-investigator
The sponsor-investigator of the BAPTIST Trials is Prof. Dr. med. Ilker Uçkay. Dr. 
Uçkay has a long-standing experience in performing clinical trials in ortho-
pedic surgery and contributes substantially to the design, analyses, and the 
future publication of this trial.

Publication policies
The sponsor will make every endeavor to publish the data in (a) medi-
cal journal(s), to communicate the results to healthcare professionals and 
the public. We will present preliminary results in scientific meetings. All 

investigators, and additional colleagues participating in the future, will be 
co-authors according to their contributions. The article will be oriented on 
the SPIRIT checklist (Supplementary file 2 [38, 39]) and the SPIRIT publication 
criteria [39, 40] that we consider as the state-of-the-art in trial reporting.

Trial status
The study started on 25 October 2022 and is recruiting. By 10 June 2023, we 
have already included 226 episodes.

Authors’ contributions
HN, IU, MB; and MF drafted the studs. IU leads the study. MR, DM an IU enrol 
patients.

Authors’ information
All authors work at Balgrist University Hospital, Forchstrasse 340, 8008 Zurich, 
Switzerland.

Funding
The project starts with an internal grant of Balgrist University Hospital of 8000 
Swiss Francs (Wissenschaftsnummer W955). We request additional grants 
during the project. Any damage developed in relation to study participation 
is covered by the Balgrist research insurance (Police Nr. 14.050.565 Winterthur 
Insurance).

Availability of data and materials
We may provide anonymized key elements of the datasets upon reasonable 
scientific request.

Declarations

Ethics approval and consent to participate
The study protocol is approved by the Cantonal Ethical Commission of Zurich, 
Stampfenbachstrasse 121, 8090 Zürich, Switzerland.

Consent for publication
The investigators distribute a written informed consent form to the partici-
pants and inform them orally.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedic Surgery, Balgrist University Hospital, Univer-
sity of Zurich, Forchstrasse 340, 8008 Zurich, Switzerland. 2 Unit for Clinical 
and Applied Research, Balgrist University Hospital, University of Zurich, Forch-
strasse 340, 8008 Zurich, Switzerland. 3 Infection Control, Balgrist University 
Hospital, University of Zurich, Forchstrasse 340, 8008 Zurich, Switzerland. 
4 Department of Anesthesiology, Intensive Care and Pain Medicine, Balgrist 
University Hospital, University of Zurich, Forchstrasse 340, 8008 Zurich, Swit-
zerland. 5 Balgrist University Hospital, University of Zurich, Forchstrasse 340, 
8008 Zurich, Switzerland. 

Received: 27 October 2022   Accepted: 26 August 2023

References
 1. Uçkay I, Hoffmeyer P, Lew D, Pittet D. Prevention of surgical site infections 

in orthopaedic surgery and bone trauma: state-of-the-art update. J Hosp 
Infect. 2013;84:5–12.

 2. Hasler A, Unterfrauner I, Olthof MGL, Jans P, Betz M, Achermann Y, Uçkay 
I. Deep surgical site infections following double-dose perioperative 
antibiotic prophylaxis in adult obese orthopedic patients. Int J Infect Dis. 
2021;108:537–42.

 3. Wuarin L, Abbas M, Harbarth S, Waibel FAW, Holy D, Burkhard J, et al. 
Changing perioperative prophylaxis during antibiotic therapy and itera-
tive debridement for orthopedic infections? PLoS One. 2019;14:0226674.

https://doi.org/10.1186/s13063-023-07605-5
https://doi.org/10.1186/s13063-023-07605-5


Page 11 of 11Uçkay et al. Trials           (2024) 25:69  

 4. Davat M, Wuarin L, Stafylakis D, Abbas M, Harbarth S, Hannouche D, et al. 
Should antibiotic prophylaxis before orthopedic implant surgery depend 
on the duration of pre-surgical hospital stay? Antimicrob Resist Infect 
Control. 2018;7:131.

 5. Jamei O, Gjoni S, Zenelaj B, Kressmann B, Belaieff W, Hannouche D, et al. 
Which orthopaedic patients are infected with Gram-negative non-
fermenting rods? J Bone Jt Infect. 2017;2:73–6.

 6. Uçkay I, Harbarth S, Ferry T, Lübbeke A, Emonet S, Hoffmeyer P, et al. 
Meticillin resistance in orthopaedic coagulase-negative staphylococcal 
infections. J Hosp Infect. 2011;79:248–53.

 7. Cohen ME, Salmasian H, Li J, Liu J, Zachariah P, Wright JD, et al. Surgical 
antibiotic prophylaxis and risk for postoperative antibiotic-resistant infec-
tions. J Am Coll Surg. 2017;225(5):631-8 e3.

 8. Müller D, Kaiser D, Sairanen K, Studhalter T, Uçkay I. Antimicrobial prophy-
laxis for the prevention of surgical site infections in orthopaedic oncology 
- a narrative review of current concepts. J Bone Jt Infect. 2019;4:254263.

 9. Rod-Fleury T, Uçkay I. Microbiological particularities of surgical site 
infections in oncologic orthopedic surgery compared to non - onco-
logic surgery-single center experience and literature review. Clin Surg. 
2019;4:2443.

 10. Dunkel N, Pittet D, Tovmirzaeva L, Suvà D, Bernard L, Lew D, et al. Short 
duration of antibiotic prophylaxis in open fractures does not enhance risk 
of subsequent infection. Bone Joint J. 2013;95-B:831–7.

 11. Uçkay I, Agostinho A, Belaieff W, Toutous-Trellu L, Scherer-Pietramaggiori 
S, Andres A, et al. Noninfectious wound complications in clean surgery: 
epidemiology, risk factors, and association with antibiotic use. World J 
Surg. 2011;35:973–80.

 12. Ertuğrul B, Uçkay I, Schöni M, Peter-Riesch B, Lipsky BA. Management of 
diabetic foot infections in the light of recent literature and new interna-
tional guidelines. Expert Rev Anti Infect Ther. 2020;18:293–305.

 13. Al-Mayahi M, Cian A, Lipsky BA, Suvà D, Müller C, Landelle C, et al. 
Administration of antibiotic agents before intraoperative sampling in 
orthopedic infections alters culture results. J Infect. 2015;71:518–25.

 14. Karaca S, Ҫikirikcioğlu M, Uçkay I, Afksendyios K. Comparison of vacuum-
assisted closure device and conservative treatment for fasciotomy 
wound healing in ischemia-reperfusion syndrome: preliminary results. Int 
Wound J. 2011;8:229–36.

 15. Uçkay I, Kressmann B, Di Tommaso S, Portela M, Alwan H, Vuagnat H, 
et al. A randomized controlled trial of the safety and efficacy of a topical 
gentamicin-collagen sponge in diabetic patients with a mild foot ulcer 
infection. SAGE Open Med. 2018;6:2050312118773950.

 16. Uçkay I, Kressmann B, Malacarne S, Toumanova A, Jaafar J, Lew D, et al. 
A randomized, controlled study to investigate the efficacy and safety 
of a topical gentamicin-collagen sponge in combination with systemic 
antibiotic therapy in diabetic patients with a moderate or severe foot 
ulcer infection. BMC Infect Dis. 2018;18:361.

 17. Cui Q, Mihalko WM, Shields JS, Ries M, Saleh KJ. Antibiotic-impregnated 
cement spacers for the treatment of infection associated with total hip or 
knee arthroplasty. J Bone Joint Surg Am. 2007;89:871–82.

 18. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for 
prevention of surgical site infection, 1999. Infect Control Hosp Epidemiol. 
1999;20:250–78.

 19. Vauthey L, Uçkay I, Abrassart S, Bernard L, Assal M, Ferry T, et al. 
Vancomycin-induced DRESS syndrome in a female patient. Pharmacol-
ogy. 2008;82:138–41.

 20. Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic 
prophylaxis after cardiovascular surgery and its effect on surgical site 
infections and antimicrobial resistance. Circulation. 2000;101:2916–21.

 21. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in 
logistic and Cox regression. Am J Epidemiol. 2007;165:710–8.

 22. Agostinho A, Renzi G, Haustein T, Jourdan G, Bonfillon C, Rougemont 
M, et al. Epidemiology and acquisition of extended-spectrum beta-
lactamase-producing Enterobacteriaceae in a septic orthopedic ward. 
SpringerPlus. 2013;2:91.

 23. McMurtrie T, Prather J, Cone R, Montgomery T, Patel C, McGwin G, et al. 
Extended antibiotic coverage in the management of type II open frac-
tures. Surg Infect (Larchmt). 2021;22:662–7.

 24. Saveli CC, Morgan SJ, Belknap RW, Ross E, Stahel PF, Chaus GW, et al. Pro-
phylactic antibiotics in open fractures: a pilot randomized clinical safety 
study. J Orthop Trauma. 2013;27:552–7.

 25. Gonzalez A, Suvà D, Dunkel N, Nicodème JD, Lomessy A, Lauper N, et al. 
Are there clinical variables determining antibiotic prophylaxis-susceptible 
versus resistant infection in open fractures? Int Orthop. 2014;38:2323–7.

 26. Redfern J, Wasilko SM, Groth ME, McMillian WD, Bartlett CS 3rd. Surgi-
cal site infections in patients with type 3 open fractures: comparing 
antibiotic prophylaxis with cefazolin plus gentamicin versus piperacillin/
tazobactam. J Orthop Trauma. 2016;30:415–9.

 27. Branch-Elliman W, Ripollone JE, O’Brien WJ, Itani KMF, Schweizer ML, 
Perencevich E, et al. Risk of surgical site infection, acute kidney injury, and 
Clostridium difficile infection following antibiotic prophylaxis with vanco-
mycin plus a beta-lactam versus either drug alone: a national propensity-
score-adjusted retrospective cohort study. PLoS Med. 2017;14:1002340.

 28 Sax H, Uçkay I, Balmelli C, Bernasconi E, Boubaker K, Mühlemann K, et al. 
Overall burden of healthcare-associated infections among surgical 
patients. Results of a national study. Ann Surg. 2011;253:365–70.

 29. Uçkay I, Sax H, Gayet-Agéron A, Ruef C, Mühlemann K, Troillet N, et al. 
High proportion of healthcare-associated urinary tract infection in the 
absence of prior exposure to urinary catheter: a cross-sectional study. 
Antimicrob Resist Infect Control. 2013;2:5.

 30 Abdul-Jabbar A, Berven SH, Hu SS, Chou D, Mummaneni PV, Takemoto S, 
et al. Surgical site infections in spine surgery: identification of micro-
biologic and surgical characteristics in 239 cases. Spine (Phila Pa 1976). 
2013;38:1425–31.

 31. Yoon JW, Wanderman NR, Kerezoudis P, Alvi MA, De Biase G, Akinduro OO, 
et al. Enterobacter infection after spine surgery: an institutional experi-
ence. World Neurosurg. 2019;123:330–7.

 32. Gande A, Rosinski A, Cunningham T, Bhatia N, Lee YP. Selection pressures 
of vancomycin powder use in spine surgery: a meta-analysis. Spine J. 
2019;19:1076–84.

 33. Oli AN, Itumo CJ, Okam PC, Ezebialu IU, Okeke KN, Ifezulike CC, et al. 
Carbapenem-resistant Enterobacteriaceae posing a dilemma in effective 
healthcare delivery. Antibiotics (Basel). 2019;8:156.

 34. Valour F, Dutronc H, Dinh A, Cazorla C, Pavèse P, Lesens O, et al. Difficult-
to-treat Gram-negative bone and joint infections: efficacy and safety of 
prolonged intravenous colistin. Int J Antimicrob Agents. 2013;41:197–9.

 35. Li X, Chen H, Zhu S, Liu Y, Yang J, Yuan Z, et al. Efficacy and feasibility of a 
collaborative multidisciplinary program for antibiotic prophylaxis in clean 
wound surgery. Int J Clin Pharm. 2018;40:150–9.

 36. Wójkowska-Mach J, Bulanda M, Jaje E, Romaniszyn D, Ziółkowski G, 
Frańczuk B, et al. The risk related to surgical site infections after hip 
endoarthroplasty-surveillance outcome analysis in two Polish orthopae-
dic centres. Ortop Traumatol Rehabil. 2009;11:253–63.

 37. Shah S, Singhal T, Naik R, Thakkar P. Predominance of multidrug-resistant 
Gram-negative organisms as cause of surgical site infections at a 
private tertiary care hospital in Mumbai India. Indian J Med Microbiol. 
2020;38:344–50.

 38. Qureshi R, Gough A, Loudon K. The SPIRIT Checklist-lessons from the 
experience of SPIRIT protocol editors. Trials. 2022;23:359.

 39. Chan A, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. 
SPIRIT 2013 explanation and elaboration: guidance for protocols of clini-
cal trials. BMJ. 2013;346:7586.

 40. Li T, Boutron I, Al-Shahi Salman R, Cobo E, Flemyng E, et al. Review and 
publication of protocol submissions to Trials - what have we learned in 10 
years? Trials. 2017;18:34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Broad-spectrum antibiotic prophylaxis in tumor and infected orthopedic surgery—the prospective-randomized, microbiologist-blinded, stratified, superiority trials: BAPTIST Trials
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale

	Methods
	Study setting
	Study objectives
	Definitions and study outcomes
	Interventions and study conduct
	Procedures at each visit
	Enrolment visit (day 1)
	Visit 2 (end of treatment)
	Visit 3 (test of cure)
	Follow-up for surgeries with implants in place

	Risks for the participants
	Allocation
	Participant timetable
	Monitoring and audits

	Statistical analyses, sample size calculations, and recruitment potential
	Sample size calculations
	Statistical analyses
	Interim analyses and early termination
	Handling of missing data and drop-outs

	Ethical and regulatory aspects
	Study registration
	Categorization of this study, safety reports, and eventual amendments
	Patient information and early termination of the study

	Safety
	Definition and assessment of (serious) adverse events and other safety-related events
	Data handling and record keepingarchiving
	Analysis and archiving

	Discussion
	Limitations

	Acknowledgements
	References


