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Compatibility of Vancomycin and Oxacillin During Simulated 
Y-Site Delivery
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ABSTRACT
Background: Vancomycin and oxacillin may be used together as empiric coverage in patients with 
proven or suspected Staphylococcus aureus infections. Though vancomycin hydrochloride 20 mg/mL 
and oxacillin sodium 160 mg/mL are reported to be compatible via Y-site delivery, Y-site compat-
ibility of commonly used concentrations, vancomycin 10 mg/mL and oxacillin 20 mg/mL, has not 
yet been reported.
Objective: To determine the Y-site compatibility of vancomycin 10 mg/mL and oxacillin 20 mg/mL.
Methods: One vancomycin hydrochloride 1 g vial was reconstituted with 10 mL sterile water for 
injection (SWFI) and diluted with 90 mL 5% dextrose in water (D5W) in an evacuated intrave-
nous (IV) bag. One oxacillin sodium 2 g vial was reconstituted with 11.5 mL sterile water for 
injection and diluted with 88 mL sterile water for injection in an evacuated IV bag. Three mL of 
each vancomycin and oxacillin were mixed in 4 test tubes to simulate Y-site delivery. Spectrometry, 
pH evaluation, and visual examination were performed for each test tube immediately following 
mixing and at 30 minutes, 1 hour, and 2 hours after mixing.
Results: Upon visual examination with multiple backgrounds, a white precipitant was immediately 
evident in the test tubes with vancomycin and oxacillin combined. Spectrometry results strongly 
supported evidence of precipitation throughout the duration of the experiment. 
Conclusions: Vancomycin 10 mg/mL and oxacillin 20 mg/mL were determined to be physically 
incompatible for Y-site delivery in this study, despite prior evidence that the 2 medications in dif-
ferent concentrations were suitable for Y-site co-administration.
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Vancomycin is frequently used in addition to 
a beta-lactam antimicrobial agent such as 
oxacillin in the empiric treatment of sus-

pected or proven Staphylococcus aureus infections, 
including bacteremia, endocarditis, and bone and 
joint infections. Reduced morbidity and mortal-
ity in patients with Staphylococcal bacteremia has 
been suggested when combination therapy of van-
comycin and an antistaphylococcal β-lactam such 

as oxacillin, nafcillin, or cefazolin are empirically 
initiated when compared to vancomycin monother-
apy.1 This regimen could be de-escalated based on 
susceptibility data indicating methicillin-susceptible  
Staphylococcal species.2 An in vitro study has 
demonstrated synergy of vancomycin and oxacillin 
for select vancomycin-intermediate S. aureus (VISA) 
strains, suggesting that this combination may be of 
some use in those infections.2  
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Oxacillin and nafcillin are beta-lactam antibiot-
ics, and efficacy is dependent upon sustained drug 
concentrations. Dose optimization is often achieved 
by administration via continuous infusion.  As pedi-
atric patients may frequently have only one intra-
venous (IV) access site through which to receive IV 
medications, compatibility of IV solutions is particu-
larly important when dosing frequencies and infu-
sion strategies are considered. At Riley Hospital for 
Children, continuous infusions of nafcillin and oxa-
cillin are common in combination with intermittent 
vancomycin infusions. Nafcillin 10 mg/mL has been 
demonstrated to be incompatible with vancomycin 2 
to 20 mg/mL, so the 2 drugs at the standard concen-
trations used at Riley Hospital for Children may not 
be co-infused.3 A prior study determined that van-
comycin 20 mg/mL and oxacillin 160 mg/mL were 
physically compatible, but no published studies have 
assessed Y-site compatibility of vancomycin 10 mg/
mL and oxacillin 20 mg/mL.4  The information from 
the previous study has been used at Riley Hospital 
for Children to infer compatibility of the lower con-
centrations, but recent experience has brought their 
compatibility into question. The objective of this 
study was to determine the Y-site compatibility of 
vancomycin and oxacillin at concentrations used at 
Riley Hospital for Children.

METHODS 
The HEPA-filtered laboratory hood was turned 

on 30 minutes prior to starting the study. Vancomy-
cin 10 mg/mL and oxacillin 20 mg/mL stock bags 
were prepared according to the institutional stan-
dards at Riley Hospital for Children. One vancomy-
cin hydrochloride 1 g vial (Hospira, lot # 44455DD) 
was reconstituted with 10 mL sterile water for injec-
tion (SWFI) (Hospira) and diluted with 90 mL 5% 
dextrose in water (D5W) (Baxter) in an empty 150 
mL Intravia container (Baxter). One oxacillin sodium 
2 g vial (Auromedics, lot # 0C0214034) was reconsti-
tuted with 11.5 mL SWFI (Hospira) and diluted with 
88 mL SWFI (Hospira) in an empty 150 mL Intravia 
container (Baxter). Each bag was labeled and given 
a 24-hour expiration date once the bag spike was 
inserted. According to manufacturer-provided infor-
mation, oxacillin in SWFI is stable for 4 days at room 
temperature and vancomycin in D5W is stable for 24 
hours at room temperature.5,6

A Spectronic 20D+ (Thermo Fisher Scientific, 
Waltham, MA) was used to measure absorbance.  It 
was set to a wavelength of 700 nm and calibrated 

with deionized water to an absorbance of 0.000. 
Absorbance of greater than 0.01 was considered 
evidence of turbidity. The pH meter (Oakton Instru-
ments, Vernon Hills, IL) was calibrated with control 
solutions at pH of 7 and 4. Three mL of each vanco-
mycin (10 mg/mL) and oxacillin (20 mg/mL) solu-
tions were mixed in 4 test tubes to simulate Y-site 
delivery. Six mL of each deionized water, D5W, SWFI, 
vancomycin, and oxacillin were added to separate 
test tubes for use as control solutions. Spectrometry, 
pH, and visual examination were performed for each 
test tube immediately following initial mixing (time 
0) and 30 minutes, 1 hour, and 2 hours after mixing. 
Visual examination was performed for each control 
and mixture solution with an unaided eye on a white 
background, unaided eye on a black background, 
with a 4-cell Maglite on a white background, with a 
4-cell Maglite on a black background, through a 4.0 
diopter magnifying glass on a white background, and 
through a 4.0 diopter magnifying glass on a black 
background. 

RESULTS
 White precipitant was immediately present in 

the test tubes when the vancomycin and oxacillin 
solutions were combined (Table 1). The particulate 
matter was readily visualized with the unaided eye; 
therefore, results were unchanged upon examination 
with the magnifying glass or Maglite. Samples ranged 
from milky solutions to layered solutions with solid 
flakes of precipitant. Over the 2 hours of visual 
observation, some of the tubes had white precipitant 
settle to the bottom of the tube. No visual changes 
presented in any of the control solutions.

Spectrometry results strongly supported evidence 
of precipitation in each of the vancomycin and oxa-
cillin mixtures (Table 2). All mixture test tubes dem-
onstrated absorbance greater than 0.01 during each 
spectrometry reading, providing evidence of turbidity 
and particulate matter. During 14 of 16 spectrom-
etry testing points, absorbance was 1.999; the other 
2 were 1.85 and 1.9. No control solution reached 
absorbance of greater than 0.01 at any point during 
the study. 

The pH measurement of each sample was stable 
throughout the 2-hour observation period (Table 2). 
The oxacillin control sample had a mean pH of 7.6 
(range, 7.4-7.9) while the vancomycin control sam-
ple had a mean pH of 3.125 (range, 3.1-3.2). When 
mixed, the vancomycin and oxacillin samples had a 
mean pH of 6.6 (range, 6.4-6.8). 
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Table 1. Visual inspection with unaided eye on black background of each sample and control solution
Solution 0 minutes 30 minutes 1 hour 2 hours

Vancomycin 10 mg/mL 
/ Oxacillin 20 mg/mL

White, cloudy Uniformly cloudy Uniformly cloudy; 
unchanged

Precipitant settled at 
bottom of tube

Vancomycin 10 mg/mL 
/ Oxacillin 20 mg/mL

Chunky, solid, white 
layer between 2 clear 
layers

Chunky; larger chunks 
fall off on agitation

Chunky; larger chunks 
fall off on agitation; 
unchanged

Milky, some 
precipitant settled at 
bottom of tube

Vancomycin 10 mg/mL 
/ Oxacillin 20 mg/mL

Milky white with 
approximately 3 mm 
chunk

Milky, varied with 
some solid parts 
within

Milky, varied with 
some solid parts 
within; unchanged

Layered, with 1 layer 
settled at bottom of 
tube

Vancomycin 10 mg/mL 
/ Oxacillin 20 mg/mL

White flakes, layered 
appearance

Layer of white 
precipitant between 2 
clear layers

Layer of white 
precipitant between 2 
clear layers; unchanged

Milky, with some 
precipitant settled at 
bottom of tube

Vancomycin 10 mg/mL Clear Clear Clear Clear

Oxacillin 20 mg/mL Clear Clear Clear Clear

Deionized water One air bubble Clear Clear Clear

Sterile water for 
injection 

Clear Small air bubbles Small air bubbles Small air bubbles

Dextrose 5% in water Clear Medium air bubbles Medium air bubbles Medium air bubbles

Table 2. Spectrometry and pH of each sample and control solution
0 minutes 30 minutes 1 hour 2 hours

Sample Spectrometry pH Spectrometry pH Spectrometry pH Spectrometry pH

Vancomycin 
10 mg/mL / 
Oxacillin 20 
mg/mL

1.999 6.7 1.999 6.7 1.999 6.5 1.999 6.5

Vancomycin 
10 mg/mL / 
Oxacillin 20 
mg/mL

1.850 6.8 1.999 6.8 1.999 6.4 1.999 6.5

Vancomycin 
10 mg/mL / 
Oxacillin 20 
mg/mL

1.999 6.5 1.999 6.7 1.900 6.5 1.999 6.5

Vancomycin 
10 mg/mL / 
Oxacillin 20 
mg/mL

1.999 6.8 1.999 6.7 1.999 6.5 1.999 6.5

Vancomycin 10 
mg/mL

-0.001 3.1 -0.003 3.2 -0.003 3.1 -0.006 3.1

Oxacillin 20 
mg/mL

-0.001 7.9 -0.002 7.7 0.002 7.4 -0.005 7.4

Deionized water 0.000 7.2 -0.003 5.5 -0.005 5.4 -0.006 5.4

Sterile water for 
injection

0.001 6.5 -0.004 6.0 -0.003 6.1 -0.006 5.9

Dextrose 5% in 
water

0.003 4.3 -0.003 4.4 -0.005 4.4 -0.007 4.3
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DISCUSSION
Vancomycin 10 mg/mL and oxacillin 20 mg/mL 

were determined to be physically incompatible for 
Y-site delivery in this study, despite prior evidence 
that the 2 medications in other concentrations were 
suitable for Y-site co-administration. Trissel used 
different concentrations of each drug (vancomycin 
hydrochloride 20 mg/mL and oxacillin sodium 160 
mg/mL) but used the same diluents as this study and 
demonstrated compatibility.4 Our result was sur-
prising given the compatibility of the mixture when 
higher concentrations were used and the demonstra-
tion of concentration-dependent compatibility of 
vancomycin and beta-lactam antibiotics found by 
Trissel and colleagues.3 Different manufacturers of 
vancomycin and oxacillin were used in Trissel’s study 
(Abbott Laboratories and Apothecon, respectively) 
than in our study, so differences in compatibility 
could be a result of inactive ingredients present in the 
different formulations. 

Chemical differences between vancomycin 
hydrochloride, oxacillin sodium, and their respec-
tive diluents may also explain the precipitation when 
these 2 drugs are mixed. The precipitant may be a 
result of acid-base reactions due to vancomycin being 
a hydrochloride salt (average pH 3.125) whereas oxa-
cillin is a sodium salt (average pH 7.6).7 By increasing 
the pH when the 2 drugs were mixed, the hydrochlo-
ride salt may cause vancomycin to precipitate out of 
the solution. By mixing oxacillin sodium (average pH 
7.6) in the D5W in which the vancomycin is diluted, 
the pH may become too low for oxacillin to remain 
in solution.

Presence of a precipitant in this study indicates 
that vancomycin 10 mg/mL and oxacillin 20 mg/
mL should not be co-administered via Y-site. Due 
to inconsistency with prior studies, knowledge of 

this drug-drug incompatibility may prevent adverse 
events from occurring in future patients who are 
being empirically treated with this combination of 
antibiotics.  Unfortunately, this may prevent patients 
with only one IV access point from empirically receiv-
ing a continuous infusion of oxacillin.
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