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Utilizing retrospective pharmacokinetic data to assess vancomycin outcomes and dosing guidelines at the Alaska Native Medical Center

Purpose: 
Vancomycin is a glycopeptide antibiotic with activity against aerobic and anaerobic gram-positive cocci.  The intravenous administration of this medication is indicated to treat suspected 
methicillin-resistant Staphylococcus aureus (MRSA) infection. This results in frequent ordering for a variety of cases ranging from skin and soft tissue structures to deeper infections like 
osteomyelitis or those involving the central nervous system.  At Alaska Native Medical Center (ANMC), around 800 to 900 patients may receive vancomycin each year.  Due to the interpatient 
variability regarding its pharmacokinetics, pharmacodynamics and infection severity, treatment with vancomycin requires close monitoring.  Over-exposure to vancomycin may subject patients 
to an unnecessary risk of nephrotoxicity, ototoxicity, and some hematologic and immunologic effects.  Due to this potential risk, Alaska Native Medical Center has developed a protocol for 
pharmacist-led dosing and monitoring of vancomycin orders.  Inconsistencies in vancomycin therapy still remain due to the variety of dosing calculations and strategies among pharmacists.  
 recommendations regarding vancomycin dosing indicate that using a pharmacokinetic calculation for the area under the curve (AUC) of each given dose, in select patients, will produce a 
more accurate dosing strategy that will expose the patient to less risk of toxicities compared to conventional dosing strategies.
 The primary objective of this review is to evaluate current vancomycin dosing practices among pharmacists in relation to the ANMC vancomycin dosing and monitoring protocol for 
hospitalized patients by assessing the proportion of patients who actually received AUC0-24:MIC-directed dosing.  Related objectives include investigating the occurrence of vancomycin-
induced nephrotoxicity (VIN) and a descriptive sub-analysis of trough-based dosing across renal function categories, BMI categories, total daily dose and culture MIC.  This review was 
conducted to identify any deficiencies in current practice with pharmacist-led dosing that will expose opportunities to implement feasible, evidence-based interventions.

Methods: 
This review involved retrospective evaluation of vancomycin dosing and safety monitoring strategies by pharmacists.  TheraDoc®, the institution’s clinical surveillance software, 
was used to collect health data from included patients who received intravenous vancomycin between 01/01/18 and 07/31/19.  Patient records were considered for this review based on
 meeting clinical criteria necessary for reliable AUC-targeted dosing strategies as well as reflecting criteria of the population eligible for this dosing per the institution’s protocol.  Patients who 
were 18 years and older were included if receiving a total daily dose of >4,000 mg of vancomycin at any point in therapy, treatment of suspected S. aureus infection, and treatment of 
infections with high trough goals of 15-20 mg/L (endocarditis, osteomyelitis, pneumonia).  Patients were excluded from the review if treatment was indicated for CNS infection, receiving
 hemodialysis or continuous renal replacement therapy, or renal function was unstable upon initiation of vancomycin (>30% change in SCr 24 hours apart).  To investigate the primary 
objective, vancomycin levels drawn from eligible patients were used to estimate an AUC0-24 utilizing a pharmacokinetic calculator based on the Sawchuk-Zaske method.  Additional 
patient and treatment-related data were collected from these records to assist in the investigation of secondary endpoints and sub-analyses, including: SCr, height, weight, total daily 
dose of vancomycin and culture MIC values.  Patient health data were recorded in password-protected documents, which were stored on a central drive within the medical center’s 
secure network. 

Results: 
The initial search using TheraDoc® to identify adult patients receiving IV vancomycin between 01/01/2018-07/31/2019 produced 3,640 patients.  Further patient selection due to 
inclusion and exclusion criteria requirements regarding treatment indication, total daily dose and renal function resulted 43 eligible patients.  After manual review of these patient records, 
16 patients were further excluded due to insufficient therapy duration and a lack of vancomycin levels.  The patient population representing this study was 70% male, had an average age
 of 35 (ranging 18-63 years old), 30% were categorized as overweight, 33% obese, and 11% represented infections with MIC>1.  AUC0-24:MIC dosing was only performed on 6 of the 
eligible patients (22%) from whom an average of patient-specific kinetic parameters were able to be calculated: Ke=0.22hr.-1, Vd=0.5L/kg, and Cl=6.9L/hr.  Analysis of doses administered 
following the AUC0-24:MIC-based strategy showed 8% had an estimated AUC0-24 <400 mg*hr/L, 66% between 400 and 700 mg*hr/L and 26% exceeding 700mg*hr/L.  Considering those 
receiving the traditional trough-based dosing, 6% had an estimated AUC0-24 <400 mg*hr/L, 54% falling between 400 and 700 mg*hr/L and 40% >700mg*hr/L.  Analysis of estimated 
AUC0-24 from all patients based on available levels showed that 76% of the total troughs collected were estimated to meet or exceed the recommended therapeutic target of AUC0-24:MIC
 >400, leaving 24% correlated with subtherapeutic eAUC0-24.  From these, 37% exceeded an estimated AUC0-24 (eAUC0-24) of 700, above which the risk of nephrotoxicity is increased.  
Mean values of the whole study population associate therapeutic and safe AUC0-24 levels (400-700) to troughs of 9.3-16.2mg/L.  Fourteen cases of VIN were reported during the same time
 frame that these pharmacokinetic data were pulled, of which only one case is represented by the cases captured in this study.  
This particular case involved the treatment of an organism with an MIC >1mg/L requiring higher AUC0-24 exposure as well as the presence of other nephrotoxic medications.  Over 55% 
of the patients reviewed had documentation of having received at least one other nephrotoxic medication during therapy with vancomycin.  Regarding renal function, creatinine clearance
 was calculated utilizing the Cockcroft-Gault method.  Mean troughs correlating with therapeutic and safe AUC0-24 levels differed only slightly after stratification over renal function groups:
 CrCl <80 mL/min (11.5-20.0mg/L), CrCl 80-100mL/min (10.1-17.6mg/L), CrCl 100-120mL/min (9.0-15.7mg/L), and CrCl >120mL/min (9.1-15.8mg/L).   This is the only stratification that also
 showed a slight trend with regard to mean eAUC0-24 exposure, specifically inversely proportional to renal function: CrCl <80 mL/min (1010mg*hr/L), CrCl 80-100mL/min (812mg*hr/L), 
CrCl 100-120mL/min (719mg*hr/L), CrCl >120mL/min (617mg*hr/L).  Similarly, a slight trend can be seen in mean trough levels with respect to increasing BMI classification (no patients 
represented obesity class II): Normal (8.6-15.1mg/L), Overweight (9.3-16.2mg/L), Obesity Class I (9.5-16.5mg/L), and Obesity Class III (10.8-18.9mg/L).  With regard to total daily doses 
of vancomycin, average troughs required for therapeutic and safe AUC0-24 were (9.2—16.0mg/L) if <4,000mg, (9.5-16.6mg/L) if 4,000mg-5,000mg, and (11.4-19.9mg/L) if >5,000mg.  
There was no detectable difference in average trough levels between cases of S. aureus with MIC <1mg/L (9.1-16.1mg/L) and MIC>1mg/L (9.6-16.8mg/L).

Conclusions:  
This review shows that pharmacists adhered to the institutional protocol in 22% of the patients considered eligible per the protocol’s outlined criteria.  Doses administered following protocol 
versus those based on trough resulted in slightly more subtherapeutic eAUC0-24 values (8% v. 6%), more therapeutic eAUC0-24 (66% v. 54%) and fewer supratherapeutic eAUC0-24 
values (26% v. 40%).  After estimation of AUC0-24 from all doses, 28% were found to exceed 700 mg*hr/L, above which patients were put at risk of nephrotoxicity.  The concern for this
 risk is amplified by the fact that over half of these patients also had at least one other nephrotoxic medication administered concomitantly.  This review showed that of the fourteen
 incidences of VIN occurring during this timeframe, only one event was captured in this population despite the predominant use of trough-based dosing of vancomycin.  The difference
 between risk of nephrotoxicity and actual observed incidence may be explained either by the failure to capture additional events due to the high degree of exclusivity of eligible patients 
or by the daily attention and continuous observation of patient regimens provided by pharmacist-led vancomycin dosing.  Considering the whole population, the mean trough levels 
calculated to be related to therapeutic and safe AUC0-24 levels were 9.3-16.2mg/L, lower than the targeted range of 15-20mg/L per indication.  This seems to be similarly reflected across
 categories of organism MIC, daily dose, BMI and CrCl, with slight differences only in CrCl <80 mL/min: (11.5-20.0mg/L) and total daily doses of > 5,000mg: (11.4-19.9mg/L).  The 
Sawchuk-Zaske-based calculator produced an estimated AUC0-24 from trough levels using population parameters which assumed an average Vd=0.7L/kg, more specifically with a
 Vd=0.57 L/kg for those with CrCl>60mL/min and a Clearance of 70-80% CrCl.  In the context of these assumptions, the mean patient-specific parameters do not, alone, provide any
 concern for maintaining the assumptions of the calculation method for the rest of the population from whom only trough levels were available.  It should be acknowledged, however, 
that because this review was not powered to detect any statistically significant differences in endpoints, the assumption that there is no impactful difference between the kinetics of this
 specific population and the general population is prone to type II error.
This review resulted in a population of only 27 patients and was not designed to power inferential analyses for statistical significance in the stated objectives.  A primary limitation to this 
review as mentioned is the small patient population due, in part, to the exclusivity of the criteria for which patients are considered for AUC0-24:MIC dosing.  This method of estimating 
AUC0-24 is inherently limited by a lack of the pharmacokinetic data available to retrospective review necessary for accurate estimation.  The Sawchuk-Zaske-based method does have
 competitive precision in comparison to other methods, but also includes more bias compared to models produced by Bayesian software.  Although this review cannot independently justify
 specific recommendations for altering trough goals in specific patient populations, the results do suggest a detectable lack of accuracy and consistency that can be expected from trough
 levels as a surrogate monitoring parameter in populations at higher risk of vancomycin accumulation.  This lack of accuracy and consistency should ideally be addressed by ensuring a
 higher degree of compliance with AUC0-24:MIC dosing through clarification of expectations in written protocols and procedures and reflecting these clarifications in training modules for 
pharmacists that are specific to the utilization of a reliable eAUC calculator to perform this dosing strategy.  Additional obstacles may also be investigated by polling pharmacists on 
reasons that this strategy is not implemented, such as a lack of sufficient time and resources or a lack of confidence in other departments that are depended on for cooperation to ensure
 the fidelity of this method.  The population which is currently considered eligible for AUC0-24:MIC dosing may also be considered too exclusive.  As previously mentioned, only one of 
fourteen cases of vancomycin-induced nephrotoxicity were identified in the review.  Further investigation should be performed in larger populations of more clinically diverse patients to
 explore the application and benefit of AUC0-24:MIC-targeted dosing. 

Alaska Native Medical Center  - Anchorage, Alaska




