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ABSTRACT

Vancomycin is frequently administered for treating periprosthetic joint infection (PJI), with serum trough levels
routinely monitored to ensure therapeutic adequacy. However, the extent to which measured concentrations
actually remain within the desired range during treatment is not well defined. In addition, the frequency of
necessary dose modifications and patient characteristics that contribute to subtherapeutic or supratherapeutic
levels have not been sufficiently explored. Accordingly, the primary objectives of this study were (1) to evaluate
whether serum vancomycin concentrations in PJI patients fall within the recommended therapeutic range, and (2)
to determine the number of trough measurements and dose adjustments required during standard treatment. This
single-center cohort analysis included 108 patients who underwent surgical management for PJI followed by
postoperative intravenous vancomycin therapy. Cases were identified through a local arthroplasty registry, and
supplementary clinical data were extracted from electronic health records. The study population consisted of 41%
women, with a median age of 71 years (IQR 63-79). Hip infections were predominant (73%). Before vancomycin
therapy, 54% of patients had undergone a DAIR (debridement, antibiotics, and implant retention) procedure, and
39% had received vancomycin-enriched bone cement during previous revision surgery. Across 791 trough
measurements, only 58.2% were within the therapeutic target range of 15-20 mg/L, while 18.5% were below and
23.4% exceeded it. Overall, 71% of patients required at least one dose adjustment, and the median treatment
duration was 8 days. Vancomycin trough levels showed moderate positive correlations with age (Spearman’s rho
= 0.35, P < 0.001) and baseline creatinine (Spearman’s rho = 0.34, P < 0.001). No significant difference was
observed between patients who received vancomycin-loaded cement and those who did not. A considerable
proportion of vancomycin serum levels in PJI patients fall outside the recommended therapeutic window despite
guideline-based dosing. Elderly patients and those with impaired renal function appear particularly vulnerable to
abnormal concentrations. These findings support consideration of alternative broad-spectrum antibiotics that
require less intensive therapeutic drug monitoring.
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Introduction

Periprosthetic joint infection (PJI) represents one of the most serious complications after arthroplasty surgery. Its
reported incidence after hip or knee replacement is typically between 1% and 2%, although several studies indicate
that this figure may be underestimated and that rates are increasing, particularly in Nordic populations [1-4]. The
infection develops when microorganisms adhere to prosthetic surfaces, a process that can occur through
hematogenous spread, perioperative contamination, or postoperative infection, most often associated with surgical
site infections [5].
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Diagnostic criteria for PJI have been proposed by multiple groups, with the European Bone and Joint Infection
Society (EBJIS) definition now being widely adopted [6]. This system integrates clinical findings, laboratory
parameters, microbiological results, histopathology, and imaging, and classifies cases into three categories: (1)
“infection unlikely,” indicating absence of evidence; (2) “infection likely,” defined by at least two supportive
findings; and (3) “infection confirmed,” based on at least one definitive diagnostic criterion [7].

Depending on the timing of symptom onset, PJI is further divided into three clinical patterns. Early postoperative
infection occurs within 1 month of surgery and is usually contiguous in origin. Acute hematogenous infection
occurs after an initially uneventful postoperative period due to bloodstream spread of bacteria. Chronic PJI
develops beyond the early postoperative phase and persists for more than three weeks, with both hematogenous
and contiguous mechanisms potentially contributing to its development [8].

Management of PJI requires a combination of surgical intervention and antimicrobial therapy. Surgical strategies
include debridement with implant retention (DAIR) and one-stage or two-stage revision procedures [8]. DAIR is
mainly suitable for early postoperative infections and selected acute hematogenous cases of limited duration,
whereas chronic infections typically require implant removal and staged reconstruction. Antibiotic therapy is
guided by microbiological cultures, infection classification, surgical approach, and clinical judgment when
cultures are inconclusive. Empirical broad-spectrum antibiotics are routinely initiated following DAIR or revision
surgery until pathogen identification is confirmed through culture, sonication, or molecular diagnostics, and
vancomycin is frequently selected at this stage due to its broad activity against Gram-positive organisms.
Vancomycin is a tricyclic glycopeptide antibiotic that inhibits bacterial cell wall synthesis. It binds specifically to
the D-alanyl-D-alanine terminal of peptidoglycan precursors, preventing polymerization of cell wall components
[9, 10]. Its antimicrobial spectrum includes staphylococci, such as methicillin-resistant Staphylococcus aureus
(MRSA) and coagulase-negative staphylococci (CoNS), as well as enterococci. Because oral absorption is poor,
vancomycin is administered intravenously [5]. The drug has approximately 55% plasma protein binding, a half-
life of 4-6 hours, and reaches steady-state concentrations within about two days. It is not metabolized and is
primarily eliminated via renal glomerular filtration.

Therapeutic monitoring relies on measuring trough serum concentrations immediately before the next dose, with
a target range of 15-20 mg/L according to local protocols based on Swedish national guidelines [5]. In patients
with normal renal function, treatment typically begins with a loading dose of 30 mg/kg (often 2 g), followed by 1
g every 8 hours. Dosing adjustments are subsequently made based on measured trough levels, with changes in
dose and interval used to maintain concentrations within the therapeutic range [10].

In addition to systemic therapy, vancomycin is also commonly incorporated into antibiotic-loaded bone cement
(ALBC) during revision surgery. In one-stage exchanges and in the second stage of two-stage procedures,
definitive implants are frequently fixed using vancomycin-containing cement. In the first stage of two-stage
revisions, spacers—either articulating or non-articulating—are often constructed using antibiotic-loaded cement.
This results in simultaneous systemic and local exposure to vancomycin in patients with PJI.

Patients with PJI are typically elderly and have multiple comorbidities, yet relatively little evidence exists
regarding how reliably systemic vancomycin concentrations remain within the therapeutic range in this population
[11]. Moreover, the combined effect of intravenous vancomycin administration and local release from bone
cement on serum trough concentrations has not been thoroughly investigated.

Accordingly, the primary objectives of this study were (1) to evaluate whether serum vancomycin concentrations
in PJI patients fall within the recommended therapeutic range, and (2) to determine the number of trough
measurements and dose adjustments required during standard treatment. Secondary objectives included analysis
of correlations between vancomycin trough levels and serum creatinine, BMI, age, and sex, as well as assessment
of whether additional exposure from vancomycin-loaded bone cement influences systemic vancomycin
concentrations in patients receiving intravenous therapy.

Materials and Methods

Study design and patient selection

We conducted an observational, longitudinal cohort study at a single tertiary referral center, including patients
who received intravenous vancomycin for hip or knee PJI between 23 November 2017 and 4 August 2023. The
inclusion period was defined based on a major update to the electronic medical record medication module in
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October 2017, which enabled reliable continuous recording of vancomycin dosing and dosing intervals from that
point onward.

Using the local arthroplasty registry, 158 surgically treated PJI patients who had received IV vancomycin were
initially identified. After applying inclusion criteria and excluding cases mainly due to prior vancomycin exposure
and incomplete or erroneous documentation, the final study cohort consisted of 108 patients. None of these
patients developed bacteremia following the index surgical procedure (Figure 1).
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treatment for PJI who
received Vancomycin
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2nd episode of care, n =24
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> 4th episode of care, n =1
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Patients with surgical Total. n = 30
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Trough value never measured, n =3

Final population K Total, n = 20 /

Y
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Figure 1. Study cohort flow diagram. Cosmic refers to the electronic medical record platform used at our
institution.

Antibiotic-loaded bone cement

At our institution, the most frequently used antibiotic-loaded bone cement is Copal G+V® (Heraeus, Wehrheim,
Germany). Each 43 g package of cement powder contains 2 g vancomycin and 0.5 g gentamicin. The required
number of cement packs per patient depends on the prosthetic reconstruction. For cemented procedures, a
minimum of two packs is generally used—one for the acetabular component and one for a standard primary
femoral component. In more extensive revision cases, particularly those involving long-stem femoral implants,
the number may increase to 4 packs, including 1 for the acetabulum and up to 3 for the femoral reconstruction.

Variables and data collection

Clinical and demographic variables—age, sex, BMI, date of surgery, involved joint (hip or knee), revision
category, and ALBC use at the index procedure—were collected from the local arthroplasty register. To
complement this, additional information was retrieved from electronic health records and merged with the registry
dataset. These included the timing of vancomycin initiation, the daily vancomycin dose, the number of trough-
level assessments, measured vancomycin serum concentrations, details of dose adjustments, and overall treatment
duration. Laboratory data were likewise obtained from the medical charts and comprised eGFR, serum creatinine,
CRP, ESR, leukocyte count, and cystatin C.

Vancomycin concentration measurements

Vancomycin therapy necessitates close therapeutic monitoring to maintain serum levels within the recommended
15-20 mg/L range [12, 13]. At Uppsala University Hospital, institutional protocol dictates that trough
concentrations are obtained immediately before the third dose, along with assessment of eGFR. Monitoring is
continued until pharmacokinetic stability is reached, defined as three consecutive trough measurements within the
target range without any changes to dose or dosing interval. Although local guidelines permit extending the
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monitoring interval to every 7 days once stability has been achieved, trough sampling is often performed more
frequently in routine practice due to concerns about potential deviation from the therapeutic window [12].

Ethics

The research adhered to the ethical principles described in the Declaration of Helsinki. The Regional Ethical
Review Board in Uppsala, Sweden, gave its initial approval (Dnr 2016/214; 15 June, 2016). A subsequent
amendment, which allowed review of medical records for the specified cohort, received clearance from the
Swedish Ethical Review Authority (Dnr 2024-02581-02; 26 April, 2024).

Statistics

All data files were stored securely on the Uppsala University Hospital intranet, with an additional layer of
password protection. Statistical analyses were performed after importing the dataset into R (version 4.3.2; 2023-
10-31) and RStudio (version 2023.09.1+494). Descriptive results for quantitative variables were presented using
tables, boxplots, and bar charts. Associations between out-of-range vancomycin trough measurements and BMI
or age were evaluated using Spearman’s rank correlation coefficient. The same approach was used to examine the
relationship between the initial vancomycin trough concentration and serum creatinine. Group comparisons,
including sex-based differences and differences between patients treated with or without ALBC regarding out-of-
range trough levels, were assessed using the Wilcoxon rank-sum test. Given that most variables were not normally
distributed, non-parametric statistical methods were applied throughout. A two-sided P-value < 0.05 was
considered statistically significant.

Results and Discussion

Description of the study population

The study population consisted of 108 individuals, with a median age of 71 years and a median BMI of 27.4
(Table 1). Most infections involved hip prostheses, representing 73% of cases. Before vancomycin therapy, the
most frequently performed revision procedure was debridement with implant retention (DAIR), performed in 54%
of patients.

Use of antibiotic-loaded bone cement containing vancomycin (Copal G+V®) was documented in 42 patients
(39%). In contrast, 61% did not receive any cement augmentation. This group mainly included patients managed
with DAIR, where only modular components were exchanged, as well as cases in which uncemented prosthetic
components were used during revision surgery.

During the clinical course, 22 patients were discharged while still receiving intravenous vancomycin, with therapy
continued at their referring institutions. The median duration of intravenous treatment was 8 days, ranging from
1 to 24 days.

Microbiological assessment of intraoperative tissue cultures showed that Staphylococcus epidermidis was the
predominant pathogen.

Table 1. Summary of baseline features of the study cohort. 1 Median (IQR); n (%).

Characteristic Value (n = 108)
Aget 71 (63, 79)
Sex
¢ Female 44 (41%)
* Male 64 (59%)
BMIt 27.4(25.1,31.1)
* Missing data 7
Affected Joint
 Hip 79 (73%)
* Knee 29 (27%)
Surgical procedure before vancomycin use
* Alternative surgical procedure 2 (1.9%)
* DAIR 58 (54%)
« Single-stage exchange 19 (18%)
» Two-stage exchange (stage 1) 24 (22%)
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» Two-stage exchange (stage 2) 3 (2.8%)
« Open biopsy 1 (0.9%)
* Missing data 1
Bone cement usage
¢ Containing vancomycin 42 (39%)
¢ No cement applied 66 61%)

Trough concentrations
A dataset of 791 vancomycin trough measurements was evaluated. Of these readings, 58.2% were within the
intended therapeutic window, while 18.5% fell below the target limits and 23.4% exceeded them (Figures 2 and
3). In the overall cohort, 69% of patients had at least one supratherapeutic trough value, and 66% had at least one
subtherapeutic trough value. Age showed a positive relationship with the proportion of elevated trough
concentrations (rho = 0.35; P < 0.001); (Figure 4). Likewise, higher baseline serum creatinine levels were
associated with increased vancomycin trough concentrations (rho = 0.34; P < 0.001); (Figure 5). No meaningful
association was detected between BMI and out-of-range trough levels. Moreover, initial trough concentrations
did not differ significantly between patients treated with vancomycin-loaded ALBC and those without this

intervention (P = 0.84). Mean trough levels were 16.39 (SD = 0.19) in the ALBC group and 16.12 (SD =0.19) in
the non-ALBC group.
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Figure 2. Overview of all vancomycin trough concentration measurements across the study population.
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Figure 3. Vancomycin trough levels (mg/L) plotted by day after the index procedure. In cases where more
than one sample was taken on the same day (for example, day 1), individual readings are labeled 1-3 in the
legend and displayed in different shades of gray. The red reference lines mark the therapeutic target interval,
and values plotted beyond the whiskers represent outliers.
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Figure 4. Association between patient age and the fraction of vancomycin trough values above the
therapeutic range (Rho = 0.35, P < 0.001). The blue curve depicts the linear regression fit.
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Figure 5. Association between serum creatinine (umol/L) and the first recorded vancomycin trough
concentration (umol/L) obtained on the same day (Rho = 0.34, P < 0.001). The blue line shows the linear

regression fit.
Dose changes
Vancomycin dosing was often adjusted during therapy, with only 29% of patients remaining on the initial standard

regimen without modification (Table 2). On average, patients underwent 1.2 dose changes each.

Table 2. Frequency of dose modifications among patients.

Number of dose changes n (%)
0 31 (29%)
1 44 (41%)
2 22 (20%)
3 5 (4.6%)
4 (3.7%)
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5 2(1.9%)

Renal function

Renal function was assessed in all patients using repeated creatinine measurements over time. Values above 150
pmol/L were mainly observed during the first 6 days of vancomycin administration, whereas similarly elevated
levels became uncommon thereafter (Figure 6). Given the low number of readings above the reference limit, a
multivariable regression analysis to explore determinants of elevated creatinine could not be conducted.
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Figure 6. Creatinine (umol/L) measurements were recorded across days after the index procedure. In
instances where multiple samples were taken on the same day (e.g., day 1), these are labeled 1-4 in the legend
and visualized with varying gray tones.

Treatment costs

We performed a cost estimation for vancomycin therapy in patients with PJI. In the regional healthcare setting,
vancomycin powder vials (0.5 g and 1 g) are priced at SEK 66 and SEK 88, respectively, not including dispensing
charges. One ready-to-administer dose is estimated to cost SEK 220, while each trough concentration test costs
SEK 94. Costs related to nursing and pharmacy workload, protective equipment, consumables, and vascular access
were excluded from the calculations. Using this simplified model, an 8-day treatment course with 1 g of
vancomycin administered three times daily results in a drug cost of SEK 5282, with an additional SEK 754 for
monitoring. When inpatient stay costs are included, the total estimated expenditure is SEK 86,684, roughly
equivalent to USD 8,000 [14].

Vancomycin is widely used in the management of PJI due to its activity against Gram-positive pathogens,
including MRSA. In this indication, administration is primarily intravenous, although adjunctive local delivery
strategies—such as vancomycin-impregnated bone cement—may also be used to obtain high concentrations at
the infection site.

In our cohort, trough levels frequently fell outside the desired therapeutic window, and most patients required a
dose adjustment; approximately 10% needed 3 or more adjustments. Higher age and impaired renal function
(reduced eGFR) were associated with an increased likelihood of supratherapeutic concentrations. By contrast,
concomitant exposure to systemic and locally delivered vancomycin did not result in higher serum trough levels
than systemic therapy alone.

Limitations and strengths

Because this was a retrospective study based on electronic health record review, missing data, incomplete
documentation, and occasional recording errors were expected. Consequently, around one-third of all eligible
cases were excluded due to insufficient or incorrect information. Even within the final dataset, several clinically
relevant variables could not be fully assessed, including the incidence of common adverse reactions associated
with vancomycin.

Rapid administration of vancomycin may lead to infusion-related reactions, including phlebitis, histamine-
mediated pseudoallergic reactions, and upper-body flushing (“red-person syndrome”). More frequently reported
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adverse effects (> 1/100 to <1/10) include hypotension, dyspnea, stridor, pruritus, urticaria, skin rash, mucosal
irritation, and impaired renal function. Less common events (> 1/1000 to < 1/100) include transient or permanent
hearing loss [9]. Nephrotoxicity remains a key safety concern due to renal elimination and potential kidney injury.
Published incidence rates vary considerably; Filippone et al. [15] reported values ranging from 0% to more than
40%. Recognized risk factors include elevated trough concentrations, obesity, pre-existing renal dysfunction,
severe illness, and concomitant nephrotoxic agents. Horey et al. [16] demonstrated a direct association between
increasing vancomycin trough levels and higher nephrotoxicity risk. Evidence on ototoxicity is inconsistent:
Humphrey et al. [17] observed an incidence of approximately 8% among nearly 100 patients, mostly with mild to
moderate hearing impairment, whereas Forouzesh et al. [18] reported a 12% incidence, with all affected patients
older than 52 years, suggesting age as a potential risk factor. Nevertheless, the Swedish Medical Products Agency
classifies ototoxicity as an uncommon adverse effect (> 1/1000 to < 1/100) [9].

No severe adverse outcomes such as profound hypotension, acute renal failure, or clinically relevant hearing loss
were documented in our cohort. Longitudinal creatinine trends also did not suggest any episodes of acute kidney
failure. However, the absence of documentation of mild adverse events cannot be interpreted as evidence of their
nonoccurrence; therefore, these outcomes were not formally analyzed.

As the dataset was derived from a single institutional registry and local electronic records, an additional limitation
is the inability to track patients who were transferred back to their referring hospitals while still receiving
vancomycin therapy. For these patients, post-transfer trough levels and total treatment duration were not available,
and follow-up was censored at the time of transfer.

Being a single-center study limits generalisability. Institutional protocols, clinical routines, and resource
availability may have influenced treatment patterns and outcomes, and these factors may not be directly applicable
to other healthcare settings. This should be considered when interpreting the findings.

Focusing exclusively on trough concentrations is debatable. Vancomycin requires close therapeutic monitoring to
balance efficacy and toxicity, with recommended trough targets of 15-20 mg/L [12, 13]. At our institution, trough
levels and estimated glomerular filtration rate are routinely monitored before every third dose [12]. However,
Alvarez et al. [18] have proposed that the area under the curve to MIC ratio (AUC/MIC) provides a more accurate
pharmacokinetic target. Despite this, AUC/MIC-based monitoring is more complex and resource-intensive,
whereas trough-based monitoring is simpler and remains the standard practice locally, although its limitations are
acknowledged [19, 20]. Recent work by Chen et al. [20] using machine learning suggests that daily dose and GFR
alone may accurately predict vancomycin trough concentrations, potentially simplifying dosing strategies without
requiring AUC/MIC estimation.

The study also has notable strengths. VVancomycin is widely recommended for infections caused by oxacillin-
resistant staphylococci and enterococci, and is an accepted alternative in streptococcal PJI according to
international guidelines and consensus statements [21, 22]. Thus, its use in our cohort reflects established clinical
practice. Monitoring routines used in this study align with national recommendations [23, 24], although newer
Infectious Diseases Society of America guidelines advocate AUC/MIC-based monitoring to reduce nephrotoxicity
and improve efficacy [25]. Finally, all PJI diagnoses were made according to strict EBJIS criteria, and all patients
had infection confirmed by at least 2 positive intraoperative cultures obtained during index surgery.

Accord and discord with previous studies

The observation that a considerable proportion of patients treated with vancomycin received concentrations
outside the therapeutic window, despite strict compliance with local and national dosing recommendations, is not
unique. This issue has been particularly explored in obese populations, where a systematic review has shown that
even with adjusted or extensively modified dosing strategies, a substantial number of patients still present with
initial trough levels outside the desired range [26]. Furthermore, vancomycin trough concentrations demonstrate
only a moderate relationship with AUC, with an R2 of 0.51 reported in one study [27]. Nevertheless, AUC- or
AUC/MIC-based monitoring has been proposed as a more precise approach for therapeutic drug monitoring [18].
The associations we observed between age, serum creatinine, and vancomycin trough concentrations are
consistent with previous literature. These variables have also been incorporated jointly into dosing nomograms to
improve the selection of initial vancomycin regimens [28].

We did not identify any local or systemic adverse effects associated with locally administered vancomycin in
ALBC, consistent with earlier studies [29, 30]. In the investigation by Kendoff et al. [29], 20 patients received
industrially produced Copal G+V® bone cement during hip arthroplasty revision for established PJI. The highest
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reported systemic vancomycin concentration in that study was 0.74 mcg/mL, well below therapeutic levels
achieved with systemic therapy. Similarly, Oe et al. [30] reported peak serum concentrations up to 3 mcg/mL,
which also remained far below therapeutic thresholds. These findings are consistent with our observation that
adjunctive local vancomycin delivery via ALBC does not lead to excessive systemic trough concentrations in
patients already receiving intravenous vancomycin for PJI. To our knowledge, no formal analysis correlating local
and systemic vancomycin levels after ALBC use has been published. However, some studies have evaluated
vancomycin concentrations in wound drainage fluid and serum [29]. It has also been demonstrated that
vancomycin levels in peri-spacer tissue correlate with the quantity of antibiotic-loaded cement used in spacer
fabrication [31].

Although our study was not designed to evaluate economic outcomes, the observed frequency of trough
monitoring, repeated dose adjustments, and prolonged hospitalization associated with intravenous vancomycin
prompted an exploratory cost consideration. Using a simplified calculation, we estimated that an 8-day course of
1 g vancomycin administered three times daily results in total costs of approximately SEK 86,000, including
inpatient care. In comparison, dalbavancin is considerably more expensive per administered dose, at SEK 21,564
per ready-to-use dose. Rappo et al. [32] demonstrated that two doses of 1500 mg dalbavancin, administered on
days 1 and 8, achieved outcomes comparable to those of 4-6 weeks of intravenous vancomycin therapy in patients
with osteomyelitis. This regimen may reduce or eliminate the need for hospitalization solely for intravenous
vancomycin administration. However, the referenced trial included only 80 patients, used a 7:1 randomization in
favor of dalbavancin, and involved osteomyelitis rather than PJI, limiting its direct applicability. To date, no large
randomized controlled trials have evaluated dalbavancin in this context. Despite this, dalbavancin has been used
selectively in PJI cases at our institution, enabling earlier discharge following surgical intervention and potentially
shortening hospital stay. In addition, unlike vancomycin, dalbavancin does not require intensive therapeutic drug
monitoring; the Swedish Society of Infectious Diseases recommends monitoring only when available, with a
single sample suggested after 3-5 weeks, depending on eGFR [5]. Overall, substituting a 3-5-day inpatient
vancomycin regimen with dalbavancin treatment would result in estimated costs of SEK 51,807-73,371, excluding
monitoring expenses [12], and may therefore offer both economic and logistical advantages.

Daptomycin represents another intravenous alternative for PJI management. Its once-daily dosing allows
outpatient administration and potential hospital discharge. However, in the Swedish healthcare context, its
implementation requires considerable logistical coordination, including agreements with municipal home care
services to manage drug administration, vascular access care, and blood sampling. In addition, routine creatine
kinase monitoring is necessary to detect potential rhabdomyolysis [5]. Overall, while daptomycin facilitates
outpatient therapy, its practical implementation appears more complex from an organizational standpoint

Conclusion

A substantial proportion of vancomycin trough levels in patients with PJI did not fall within the intended
therapeutic window, with just over half remaining outside the target range. Increasing age and higher baseline
creatinine were both associated with progressively higher trough concentrations. Given the frequent need for dose
modifications and prolonged treatment courses, alternative therapies such as dalbavancin may be worth
considering to improve treatment efficiency and potentially reduce hospital stay.
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