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s u m m a r y 

Objectives: To evaluate the effectiveness of an antimicrobial guideline for vancomycin prescribing de- 

ployed using electronic prescribing aid and web/phone-based app. To define factors associated with 

guideline compliance and drug levels, and to investigate if antimicrobial dosing recommendations can 

be refined using routinely collected electronic healthcare record data. 

Methods: We used data from Oxford University Hospitals between 01-January-2016 and 01-June-2021 

and multivariable regression models to investigate factors associated with dosing compliance, drug levels 

and acute kidney injury (AKI). 

Results: 3767 patients received intravenous vancomycin for ≥24 h. Compliance with recommended load- 

ing and initial maintenance doses reached 84% and 70% respectively; 72% of subsequent maintenance 

doses were correctly adjusted. However, only 26% first and 32% subsequent levels reached the target 

range, and for patients with ongoing vancomycin treatment, 55–63% achieved target levels at 5 days. 

Drug levels were independently higher in older patients. Incidence of AKI was low (5.7%). Model esti- 

mates were used to propose updated age, weight and eGFR specific guidelines. 

Conclusion: Despite good compliance with guidelines for vancomycin dosing, the proportion of drug lev- 

els achieving the target range remained suboptimal. Routinely collected electronic data can be used at 

scale to inform pharmacokinetic studies and could improve vancomycin dosing. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Widespread use of electronic patient records provides a ma- 

or opportunity to improve antimicrobial prescribing. Sophisticated 

rescribing aids can flag allergies, recommend dosages with adjust- 

ent for patient factors such as weight or renal function, as well 

s automating requesting of therapeutic drug monitoring (TDM). 

eb and smart phone-based apps can help disseminate guide- 

ines. Electronic patient record data also provide an opportunity 

o review guideline compliance and (where measured) drug levels 

chieved, as well as factors associated with both. We describe our 
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xperience of deploying a new vancomycin guideline supported 

y these approaches, and use our findings to provide an example 

f how real-world pharmacokinetics based on electronic patient 

ecord data can be used to suggest improved dosing guidelines. 

Vancomycin is widely prescribed to treat infections caused by 

ram-positive bacteria, including methicillin-resistant Staphylococ- 

us aureus (MRSA) and Enterococcus facium . However, vancomycin’s 

arrow therapeutic index (requiring balancing efficacy against the 

isk of acute kidney injury (AKI)) and inter-personal variability in 

harmacokinetics makes dosing difficult and necessitates TDM. In- 

ernational guidelines now recommend that vancomycin is mon- 

tored using the ratio of the area under the 24 h unbound drug 

lasma concentration-time curve to minimum inhibitory concen- 

ration (AUC 24h /MIC), 1 targeting a ratio of 40 0–60 0. 2 , 3 
ion Association. This is an open access article under the CC BY license 
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However, in practice many hospitals still use vancomycin trough 

evels as a widely adopted, but imperfect, surrogate target for 

UC 24h /MIC to simplify clinical management. 2 

The need for individualised vancomycin dosing and TDM, along- 

ide the logistical challenges of coordinating phlebotomy and drug 

dministration in busy hospital settings, hinders implementation. 

nstitutional and national consensus guidelines can facilitate van- 

omycin dosing and monitoring. 2–5 However, guideline implemen- 

ation has often been less effective than expected. 6–11 Both incom- 

lete guideline compliance and failure to achieve levels despite 

ollowing guidance contribute to sub-optimal dosing and may re- 

ult in antibiotic resistance and increased treatment failure, 12 high- 

ighting the need to further investigate the factors affecting van- 

omycin dosing and clinical outcomes. 

Our hospital group has implemented a new vancomycin dos- 

ng guideline since August 2016 using vancomycin trough targets, 

ased on international guidelines from 2009, 2 including increas- 

ng the target trough level from 10–15 mg/L to 15–20 mg/L. Our 

uidelines, 13 delivered via a phone-based app and hospital com- 

uters, provide detailed instructions on loading and initial main- 

enance doses based on the patient’s body weight and renal func- 

ion, and advise clinicians how to adjust subsequent maintenance 

oses based on TDM. Implementation is supported by a semi- 

utomatic “powerplan” calculator within the hospital’s electronic 

atient record system prompting clinicians to prescribe loading 

nd initial maintenance doses based on the guidelines and auto- 

atically generating a request for the first vancomycin drug level. 

his study aimed to investigate the effectiveness of the new van- 

omycin dosing guideline, identify factors associated with dose and 

rug levels, and further optimise the guideline accordingly. 

ethods 

Data were extracted from the Infections in Oxfordshire Research 

atabase (IORD), containing all admissions to the Oxford Univer- 

ity Hospitals (OUH) NHS Foundation Trust in Oxfordshire, United 

ingdom. OUH contains 10 0 0 beds in four hospitals, providing sec- 

ndary care to a population of approximately 60 0,0 0 0 and special- 

st services to the surrounding region. IORD has approvals from the 

ational Research Ethics Service South Central – Oxford C Research 

thics Committee (19/SC/0403), the Health Research Authority and 

he national Confidentiality Advisory Group (19/CAG/0144). 

Vancomycin is the first-line glycopeptide antibiotic in OUH. The 

urrent adult dosing guideline for intravenous vancomycin was im- 

lemented on 1 August 2016 (Tables S1–S3). The patient’s actual 

ody weight and estimated glomerular filtration rate (eGFR) de- 

ermine the loading dose and initial maintenance dose. The first 

rug trough level should be taken after 48 h, i.e., before the fourth 

aintenance dose for twice-daily dosing and before the second 

aintenance dose for once-daily dosing. Recommendations are in- 

luded for adjusting subsequent maintenance doses according to 

rough levels obtained. The target trough level is 15–20 mg/L. 

We included inpatient treatment courses with intravenous van- 

omycin lasting ≥24 h, defining new treatment courses by > 14 

ays between successive doses. Each treatment course contained 

t least one prescription plus records of individual drug admin- 

strations. Patients under 16 years and those admitted to Paedi- 

trics, Paediatric Surgery and Renal Medicine were not covered 

y the new guideline and so were excluded. We extracted patient 

haracteristics (age, weight, sex, ethnicity, Charlson and Elixhauser 

cores) and information related to the prescription, administration 

nd monitoring of vancomycin (date and time of prescription and 

dministration, dose, drug trough levels and serum creatinine mea- 

urements). Pre-treatment creatinine was the mean over all mea- 

urements within two weeks before each treatment course. eGFR 
383 
as calculated using the Modified Diet in Renal Disease (MDRD) 

quation. 14 

tatistical analyses 

Regression analyses of different outcomes investigated the 

ew guideline’s effectiveness and examined factors associated 

ith doses and drug levels (details in Supplementary Methods; 

able S4). Compliance of loading doses with the guideline was ex- 

mined using logistic regression, and resulting first drug trough 

evels with linear regression. Multinomial logistic and linear re- 

ression was used to investigate dose adjustments during mainte- 

ance dosing (higher, lower, unchanged) and their impact on sub- 

equent drug levels. The cumulative incidence of reaching the rec- 

mmended target drug level was investigated using competing risk 

nalysis, and risk factors for AKI were determined using ordinal 

ogistic regression. AKI was defined using the Kidney Disease Im- 

roving Global Outcomes (KDIGO) guideline, 15 with AKI stages 1, 2 

nd 3 of AKI defined as 1.5–1.9-fold or ≥26.5 μmol/l increase from 

aseline, 2.0–2.9-fold increase, and ≥3-fold increase or serum cre- 

tinine ≥353.6 μmol/l, respectively. 

Continuous explanatory variables were truncated at 1% and 99% 

o reduce the influence of outliers. Potential non-linear associa- 

ions were investigated using natural cubic splines. The number of 

nots was determined based on Akaike Information Criteria (AIC) 

n univariate models, and then the non-linearity was retained in 

ultivariable models only where it improved model fit ( p < 0.05). 

wo-way interactions were included in models where the interac- 

ion p < 0.05. 

Regression model findings were used to suggest updated guide- 

ines by predicting the optimal initial maintenance dose across dif- 

erent patient ages, weights and eGFR. We also evaluated the prob- 

ble impact of these new guidelines using pharmacokinetic mod- 

ls. TDMx which simulates from six population pharmacokinetic 

odels 16 was used to predict trough levels and AUC 24h /MIC ratios. 

esults 

From 1 January 2016 to 1 June 2021, there were 4573 inpa- 

ient vancomycin treatment courses lasting ≥24 h in 3767 patients 

Fig. S1). The median age, weight and eGFR at the start of each 

ourse were 62.5 (IQR 48.9–73.2) years, 80.0 (IQR 67.2–93.7) kg, 

nd 90.8 (IQR 70.1–112.2) mL/min/1.73 m ², respectively; 58.1% of 

ourses were in males ( Table 1 ). Patients had relatively few comor- 

idities, with most admitted to Trauma and Orthopaedics (57.5%), 

eurosurgery (10.5%) and Clinical Haematology (8.7%). 

hanges in doses following new guideline implementation 

Following the implementation of the new vancomycin dosing 

uideline in August 2016, there were notable shifts in loading 

oses from predominantly 10 0 0 mg (66%) to 20 0 0 mg (57%), and

n initial maintenance doses which were more varied with the new 

uideline ( Fig. 1 A/B/D/E). Guideline compliance continued to in- 

rease slightly over 2017–2021 for both loading and initial main- 

enance doses (to 84% and 70%, respectively) ( Fig. 1 G/H). 

There were multiple independent predictors of loading doses 

omplying with the guideline (Tables S5, S6). Guideline compliance 

ndependently increased with patient age (odds ratio (OR) = 1.14 

er 10 years higher, [95%CI 1.09,1.20]) and eGFR (OR = 1.05 per 

0 mL/min/1.73 m ² higher [1.03,1.08]) but decreased with higher 

lixhauser scores (OR = 0.91 [0.84,0.98]). Compliance was inde- 

endently lower in those admitted to Trauma and Orthopaedics 

OR = 0.30 [0.18,0.49]) and Cardiology (OR = 0.37 [0.17,0.78]) com- 

ared to General Internal Medicine. Compliance increased signif- 

cantly in the months before the formal implementation of the 
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Fig. 1. Vancomycin doses and compliance with guidelines. Loading doses, initial maintenance doses and first drug trough levels are shown in panels A–C, by year for 2016 

to 2021, and panels D–F by months in 2016. Panels G and H show the proportion of loading and initial maintenance doses compliant with the guidelines by year, and panel 

I the proportion of drug levels in range (15–20 mg/L). The dashed red lines in panel C and F indicate the target vancomycin trough level ranges. 

Table 1 

Patient characteristics. Characteristics are shown per treatment 

course, at the initial prescription for each vancomycin treatment 

course between 01 January 2016 and 01 June 2021. 

Variable Overall ( N = 4573) 

Age at admission (years) 

Median (Q1, Q3) 62.5 (48.9, 73.2) 

Sex 

Male 2658 (58.1%) 

Female 1915 (41.9%) 

Weight (kg) 

Median (Q1, Q3) 80.0 (67.2, 93.7) 

eGFR (mL/min/1.73 m ²) 
Median (Q1, Q3) 90.8 (70.1, 112.2) 

Ethnicity 

White 3567 (78.0%) 

Black 70 (1.5%) 

Asian 123 (2.7%) 

Other 74 (1.6%) 

Unknown 739 (16.2%) 

Charlson score 

Median (Q1, Q3) 1 (0, 1) 

Elixhauser score 

median (Q1, Q3) 2 (1, 3) 

Speciality admitted to 

Trauma and Orthopaedics 2630 (57.5%) 

Neurosurgery 482 (10.5%) 

Clinical Haematology 397 (8.7%) 

General Surgery 260 (5.7%) 

General Internal Medicine 139 (3.0%) 

Geriatric Medicine 104 (2.3%) 

Gastroenterology 83 (1.8%) 

Infectious Diseases 82 (1.8%) 

Cardiology 68 (1.5%) 

Emergency Medicine 7 (0.2%) 

Other Medical specialties 135 (3.0%) 

Other Surgical specialties 166 (3.6%) 

Other 20 (0.4%) 
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uidelines (OR = 4.41 per month [1.96,9.91]) and continued to in- 

rease after implementation but at a much slower rate (OR = 1.02 

1.02,1.03]). Compliance rose slightly from the beginning of August 

the annual start time for each new cohort of junior doctors) to 

he end of the following July (OR = 1.04 per month [1.02,1.06]). Ad- 

itionally, compliance was higher for prescriptions written around 

idday than at midnight (Fig. S2) and was lower for prescriptions 

ritten on Mondays (OR = 0.58 vs Wednesday [0.45,0.74]). 

3156 (69%) treatment courses had a drug level taken within 

2 h of starting intravenous vancomycin (median 43.0 h (IQR 36.9–

7.4) [range 19.6,71.9]). The substantial shifts in loading and initial 

aintenance dose over time ( Fig. 1 A/B/D/E) had relatively small ef- 

ects on the first drug trough levels ( Fig. 1 C/F), with only a mod-

stly increasing trend over 2016–2021 and a limited increase in 

he proportion of first drug levels reaching the target range (from 

7% to 26%, Fig. 1 I). Notably, even in those following the guideline- 

ecommended loading and initial maintenance dose, only 20% of 

rst drug levels reached the target range. 

First drug trough levels were independently associated with 

everal baseline factors (Tables S7, S8) with the strongest effects 

rom eGFR and age rather than dose per kg or dosing compli- 

nce. Drug levels were independently lower in those with higher 

GFR (0.74 mg/L lower for every ten mL/min/1.73m ² higher [95% CI 

.62,0.86]). Drug levels were higher in older individuals when ini- 

ial maintenance doses were administered twice daily (1.12 mg/L 

er 10 years older [0.95,1.28]), with no evidence of the effect of 

ge with once-daily administration ( −0.01 mg/L [ −0.47,0.45, inter- 

ction p < 0.0 0 01]). Drug levels were also higher in those with 

igher Elixhauser scores (0.81 mg/L per unit higher [0.58,1.03]). 

s expected for levels obtained ∼48 h into treatment, the ini- 

ial maintenance dose had a stronger effect (0.23 mg/L higher 

er 1 mg/kg/day higher [0.16,0.29]) than the effect of the load- 

ng dose ( −0.06 mg/L lower per 1 mg/kg/day higher [ −0.11,0.01]). 

nderdosing compared to guideline recommendations in the load- 
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Fig. 2. Changes in vancomycin prescriptions following a drug level by drug level (panels) and renal function (x-axis). Under-target, target and over-target are drug levels 

< 15 mg/L, 15–20 mg/L and > 20 mg/L respectively. Effects shown are marginalised over the levels of all other factors. 
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ng dose and initial maintenance dose resulted in lower drug lev- 

ls ( −0.92 mg/L [ −1.47, −0.37] and −0.67 mg/L [ −1.45,0.11], respec- 

ively) and conversely overdosing in higher drug levels (1.73 mg/L 

0.14,3.32] and 1.11 mg/L [0.37,1.84], respectively). 

hanges in maintenance doses after initial drug levels 

Compared to changes in loading and initial maintenance 

oses, there were minor changes in the subsequent mainte- 

ance doses after guideline implementation (Fig. S3A/B). Subse- 

uent maintenance doses increased slightly from August 2016 

nd remained high over 2017–2021. Proportionally, doses within 

0–40 mg/kg/day rose by about 17%, while doses within 10–

0 mg/kg/day fell by about 7% (Fig. S3C). 

For maintenance dose prescriptions issued following measured 

rug levels ( N = 4715), 833 (21%) followed a trough level within 

he target range. Following below target drug levels 2076/2927 

71%) maintenance dose prescriptions increased the dose, and fol- 

owing above target drug levels 706/955 (74%) lowered the dose. 

he median dose changes (mg/day) following measured drug level 

t < 10 mg/L, 10–15 mg/L, 15–20 mg/L and > 20 mg/L were 500 

IQR 20 0–10 0 0), 50 0 (IQR 0–50 0), 0 (IQR −250–0), −50 0 (IQR

500–0), respectively (Fig. S4, also shows percentage changes). Ex- 

mining the effects of drug levels on subsequent dose adjustments 

sing multinomial logistic regression (Tables S9, S10), the strongest 

ssociations were with most recent eGFR, but these varied accord- 

ng to the previous drug level ( Fig. 2 ). When the previous drug

evel was below target ( < 15 mg/L), maintenance doses were gener- 

lly (72–77% of the time) increased in patients with normal renal 

unction (eGFR ≥80 mL/min/1.73 m ²), while the likelihood of main- 

aining or even lowering the current dose increased with lower 

GFR. Conversely, high drug levels ( > 20 mg/L) generally (78–80% 

f the time) led to lower subsequent maintenance doses, although 

his decreased at higher eGFR ( ≥80 mL/min/1.73 m ²). Effects of 

ther factors were much smaller (see Supplementary Results). 

ubsequent drug levels 

Like first drug trough levels, there was also a slightly increasing 

rend in subsequent drug levels from 2016 to 2021(Fig. S5), with an 

ncreasing percentage of subsequent drug levels within the target 

ange (from 28% to 32%). 

Subsequent drug levels ( N = 5176) were most strongly associ- 

ted with maintenance doses and dose adjustments as expected 

Tables S11, S12). Drug levels increased non-linearly with total daily 
385
oses (Fig. S6A), with 20–60 mg/kg/day associated with mean lev- 

ls in range. Adjustments made to maintenance doses in response 

o drug levels were typically more successful at reducing levels 

han increasing them: reducing maintenance doses (by a median 

 mg/kg/day [IQR 6–12]) typically brought the drug levels within 

he target range, while increasing doses (by a median 9 mg/kg/day 

IQR 6–13]) did not (Fig. S6B). Like initial drug levels, drug levels 

ere higher in older adults when maintenance doses were admin- 

stered twice daily (1.14 mg/L per 10 years older [95%CI 1.03,1.25], 

ith no evidence of an association with age with once-daily dos- 

ng ( −0.04 mg/L [ −0.33,0.24, interaction p < 0.0 0 01], (Fig. S6C). 

rug levels were lower in those with higher eGFR (0.46 mg/L 

ower per 10 mL/min/1.73 m ² higher [0.40,0.52]) and were higher 

n those with higher Elixhauser scores (0.72 mg/L per unit higher 

0.57,0.88]). As expected, drug levels were lower the longer the 

ime from the last dose to the drug level measurement (Fig. S6D), 

ith significant variability in the timing of trough levels which did 

ot always follow the recommended timeframe (12 h for twice- 

aily dosing, 24 h for once-daily dosing). 

ime to reach therapeutic levels 

There was no evidence that higher loading doses per kg led to 

 higher cumulative incidence of reaching the target level within 

2 h ( p = 0.47, Tables S13, S14, Fig. 3 A), although they did appear

o increase the early probability of reaching target levels (within 

0 h). Over the longer term, the probability of reaching the target 

efore stopping vancomycin was higher in the low and medium 

oading dose groups ( p = 0.002). Higher loading doses were also 

ssociated with a higher cumulative incidence of vancomycin dis- 

ontinuation ( p = 0.0 0 01). 

In those remaining on vancomycin, the conditional probability 

f achieving target levels at 5 days was 55–63%; it was similar in 

he medium and high loading dose groups at 10 days (89–90%), 

lightly higher than the low dose group (85%) ( Fig. 3 B). 

cute kidney injury 

The risk of nephrotoxicity was relatively low, with only 147 

4.5%), 29 (0.9%) and 9 (0.3%) Stage 1, Stage 2 and Stage 3 AKI 

ases respectively in 3252 courses with post-treatment creatinine 

easurements (Table S15). Where AKI occurred ( n = 185), at the 

nd of treatment 50% (93/185) patients had recovered to within 

1.5 times their pre-treatment creatinine level; for those cases 

ith data recorded within six months ( n = 101), 88% had recov- 

red (89/101). Higher average drug levels were linearly associated 
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Fig. 3. Cumulative incidence of achieving the target trough level. Panel A shows the cumulative incidence of achieving the target trough level (solid line) versus stopping 

vancomycin before being observed to reach the target (dashed line). Panel B shows the probability of achieving the target conditional on remaining on vancomycin. Both 

plots are shown according to loading dose 10–20 mg/kg (yellow), 20–30 mg/kg (green), 30–40 mg/kg (purple). Follow-up time was censored at 240 h. 

Fig. 4. Associations between the probability of different stages of AKI and average drug levels. Panel A shows the probability of stage 1, 2 and 3 AKI, and panel B the odds 

ratios for AKI (centred at 17.5 mg/L). Other predictors were held constant at their mean (for continuous variables) or reference levels (for categorical variables). There was 

no evidence of non-linearity between drug levels and the risk of AKI ( p = 0.34). 
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ith an increased odds of AKI, such that there was no clear “cut- 

ff” trough value for AKI, however predicted probabilities of AKI 

ith trough levels of 15–20 mg/L were not substantially higher 

han at 10–15 mg/L ( Fig. 4 A/B, Table S17). Observed AKI incidence 

n patients with time-averaged trough levels of 15–20 mg/L was 

till relatively low (5.5%, 33/596, Table S16). AKI risk was higher in 

hose with lower pre-treatment eGFR and higher Elixhauser scores 

Fig. S7, Table S17). There was no evidence of a change in AKI rate 

ver calendar time after guideline implementation after adjusting 

or baseline characteristics (odds ratio = 1.09 per year, 95%CI = 0.97–

.22, p = 0.14). 

roposed guideline update 

Based on a regression model for the relationship between initial 

aintenance doses and first drug trough levels in patients of dif- 

erent ages groups, eGFR and body weight, the initial maintenance 

ose required to achieve the target drug levels in the younger pa- 

ients (40–60 years) was predicted to be 50 0–150 0 mg higher than 

he daily dose recommended by the current guideline ( Fig. 5 ). The 

redicted optimal dose for patients aged 60–80 years was simi- 

ar to the current guideline recommendation in patients with eGFR 

elow 90 mL/min/1.73 m ², but was higher than the guideline dose 

n patients with eGFR above 90 mL/min/1.73 m ². For patients 60–

0 years and ≥110 kg, the predicted optimal dose was lower than 

he current guideline-recommended dose. New initial maintenance 

osing recommendations, based on the current loading dose, are 

resented in Table S19. Estimates from pharmacokinetic models 16 

upported that our updated guidelines were likely to increase the 

umber of patients achieving trough levels of 15–20 mg/L (Table 
386 
20), with all but one age-eGFR-weight group predicted to achieve 

evels of 14–20 mg/L. Estimated AUC 24h /MIC ratios were 40 0–70 0 

or nearly all groups. 

iscussion 

Using five years of vancomycin data we show implementing 

ew guidelines increased dosing successfully, but had a more lim- 

ted impact on achieving therapeutic drug levels. Several previous 

tudies have reported limited vancomycin dosing guideline com- 

liance. 6–10 In contrast and supporting the value of the electronic 

rescribing aids and web/phone app implemented, loading and ini- 

ial maintenance dose prescriptions in our hospitals showed rapid 

nd good compliance with the new guidelines (reaching 70–80% 

ompliance). Subsequent maintenance doses also adhered well to 

he guideline recommendations (with 72% of prescriptions cor- 

ectly adjusting the dose when the drug level was outside the tar- 

et range). Some variation in practice remained, e.g., with lower 

ompliance in some specialties or when each new cohort of junior 

octors started work. However despite the high levels of compli- 

nce achieved and the guidelines being tailored to patients’ weight 

nd eGFR, the proportion of drug levels reaching the target range 

as suboptimal (26% initial trough levels and 32% subsequent 

rough levels). Similar to previous reports, 17 only 20% of first drug 

evels achieved the target even when the guideline was followed, 

ith most patients under-dosed, suggesting that current guidelines 

ay need revision or to account for other patient factors, includ- 

ng age. Drug levels were independently lower and more likely to 

e below target in younger patients, those without morbidities and 

hose with normal renal function. 
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Fig. 5. Proposed updated initial maintenance doses by age group, weight and renal function. Model predictions are shown as a solid line, dosing recommendations rounded 

to doses that can be reliably administered are shown as a dashed line. The current guideline is shown as a dotted line. Dose predictions were not made for patients aged 

less than 40 years, with eGFR less than 45 mL/min/1.73 m ² and in some weight ranges due to a lack of sufficient amounts of data. 
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The real-world pharmacokinetic data we collected from elec- 

ronic patient record data allow us to propose updated guidelines. 

lthough current consensus recommendations suggest AUC 24h /MIC 

atio based dosing, many hospitals still use trough levels to 

uide dosing for logistical reasons and the existence of cur- 

ent competency in this approach. We therefore propose up- 

ates to better achieve trough levels of 15–20 mg/L. Theoreti- 

ally, higher loading doses may help initial control of infection and 

ore rapidly achieve minimum vancomycin concentrations (e.g., 

0 mg/L) needed to prevent the emergence of antibiotic resis- 

ance. 18 However, trough drug levels at steady state are more re- 

ated to initial maintenance doses. 17 We found no evidence that 

igher loading doses increased the percentage achieving target lev- 

ls by 72 h, although there was some evidence of increased lev- 

ls within 40 h. Therefore, while maintaining the current loading 

ose, we propose updating initial maintenance dosing to optimise 

rug levels and accounting for patient age, which is not consid- 

red at present. Using regression model predictions suggests pa- 

ients 40–60 years should receive higher maintenance doses than 

urrently recommended (by 50 0–150 0 mg per day) and higher 

oses than those 60–80 years. Based on our model simulations, 

he updated guideline achieved trough levels of 15–20 mg/L and 

UC 24h /MIC of 40 0–70 0 in most cases. The latter is within the 

UC 24h /MIC range recommended by some authors, 19 but higher 

han the target of 40 0–60 0 in US guidelines. 2 , 3 Despite the higher 

redicted AUC 24h /MIC, the incidence of AKI in our study remained 

cceptable where trough levels were 15–20 mg/L. Differences be- 

ween predicted drug levels from our regression models and pop- 

lation pharmacokinetic models in some age-weight-eGFR groups 

ay reflect differences in the calibration of pharmacokinetic mod- 

ls across different population groups. We had insufficient data to 

roduce recommendations for patients < 40 or > 80 years; careful 

mplementation of recommendations for 40–60 and 60–80 years 

or these groups could be considered. Further changes such as 

hrice-daily administration may be required in younger patients, 

.g., a retrospective study of 151 patients revealed that 40% of pa- 

ients under 40 years of age eventually required more frequent 

osing (every 8 h) and took longer to achieve target serum lev- 

ls. 20 
387
Higher drug levels in older patients reflect vancomycin has a 

onger half-life, a larger volume of distribution and lower clearance 

n older patients, such that the same dosing regimen may result 

n higher drug levels. 21–24 Therefore, solely relying on creatinine- 

ased eGFR calculations may not accurately reflect the true impact 

f underlying renal function on clearance in older patients. 25 The 

ack of relationship between age and drug levels in those on once- 

aily doses in our study likely reflects their poorer renal func- 

ion, driving a once-daily regime, is the primary determinant of 

rug levels for these patients rather than age. Although our in- 

titutional guideline suggested initial TDM at 48 h in all patients, 

atients with impaired renal function take longer to reach steady- 

tate concentrations and obtaining trough levels at 72 h in those 

n once daily dosing with impaired renal function may be more 

ccurate. 26 , 27 

For subsequent dose adjustments, intriguingly, we found that 

rug levels were generally reduced to within the target range af- 

er reducing the maintenance dose, whilst increasing maintenance 

oses did not raise drug levels to the target within 72 h. Our 

urrent recommendation is to increase dosing by ∼25% for those 

ith sub-therapeutic levels (which was broadly followed, Fig. S4C); 

owever, this may be too conservative, particularly with concur- 

ently improving renal function as individuals recover from acute 

nfection or with augmented renal clearance of vancomycin. 28 

Despite the modest and inconsistent effectiveness of 

UC 24h /MIC in predicting clinical outcomes, 29 the latest con- 

ensus guideline suggests transitioning to AUC-guided dosing due 

o concerns about the increased risk of nephrotoxicity, particu- 

arly if trough levels above those actually needed are targetted. 3 

owever, we found a low overall risk of AKI (5.7%, most of which 

as mild), which remained low (5.5%) in patients with trough 

evels of 15–20 mg/L. This is lower than the range reported for 

ancomycin-induced nephrotoxicity (10–40%), 30–33 and may reflect 

n part the nature of the condition being treated; many of our 

ohort were given vancomycin for orthopaedic device or neuro- 

urgical infections rather than blood stream infections. We found 

o evidence of increased nephrotoxicity after increasing our target 

rough level from 10–15 mg/L to 15–20 mg/L, suggesting concerns 

bout nephrotoxicity from targeting 15–20 mg/L trough levels may 
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e smaller than previously reported. 31 , 34 , 35 However, the transition 

o AUC-based monitoring may still be beneficial, allowing for more 

exible timing of blood sampling during TDM (e.g., using Bayesian 

ethods, two-point estimates), 6 , 36 , 37 which may otherwise lead to 

isinterpretation of trough levels and consequent failure of dosing 

djustments. Many studies have reported inappropriately timed 

ample collection, 6 , 36–39 and our observations also show this. 

Although the implementation of AUC-guided dosing and/or con- 

inuous infusions may further optimise vancomycin dosing, this re- 

uires significant training and logistics. 19 , 40–43 An alternative is to 

hift to other drugs, e.g. teicoplanin, another glycopeptide antimi- 

robial with comparable efficacy and better tolerability, which is 

impler to dose. 44 

The limitations of this study include that it was performed in a 

ingle centre based on electronic health records, so there may have 

een unmeasured confounding factors and generalisability cannot 

e assumed. Our guidelines were implemented prior to revised 

onsensus guidelines, with recommendations remaining based on 

rough levels instead of AUC or AUC 24h /MIC. We have not clinically 

alidated our new dosing recommendations, and this should be 

 focus of future work, however, pharmacokinetic estimates sug- 

est that resulting drug levels are likely to be as intended. We 

lso found that sex affects drug levels, and although we omit- 

ed this from our age, weight and renal function specific guide- 

ine for simplicity, this could be considered in future guidelines 

here computer aided prescribing allows for more complex mod- 

ls to be used. We did not update loading dose recommendations, 

s the effect of loading doses on steady-state levels may be limited. 

his study did not assess the effect of concomitant use of other 

ephrotoxic drugs on AKI, e.g., piperacillin-tazobactam. 45 , 46 Addi- 

ionally, we focused on meeting an externally specified consensus 

rough target level. We therefore did not examine the clinical out- 

omes of patients given the heterogeneity in the indications for 

reatment ranging from localised orthopaedic device infection to 

uspected bacteraemia in profoundly immunosuppressed patients, 

owever this clearly a key aspect of setting optimal dosing targets 

hat could be studied further using large-scale electronic patient 

ecord data. 

onclusions 

Good compliance with vancomycin guidelines was achieved 

ith the assistance of a widely used web and phone app and 

lectronic patient record prompts containing a full suite of an- 

imicrobial guidelines and infection advice. New guidelines suc- 

essfully achieved higher doses of vancomycin administration, but 

any patients had sub-therapeutic drug levels. We propose that 

nitial maintenance doses be adjusted for age, as well as weight 

nd renal function. The risk of AKI in our study was relatively low 

t 5.7%. The narrow therapeutic window of vancomycin poses an 

ngoing challenge for dosing optimisation, and the impact of ex- 

sting guidelines needs to be continuously monitored and adjusted 

o ensure therapeutic drug levels are achieved. 
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