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ABSTRACT
Background: Published literature has demonstrated commercially available premix vancomycin  
(5 mg/mL) and piperacillin-tazobactam (67.5 mg/mL) as physically compatible via simulated Y-site 
methodology. Compatibility via actual Y-site infusion has yet to be established.
Objective: To assess and compare the compatibility of commercially available premix concentra-
tions of vancomycin and piperacillin-tazobactam via simulated and actual Y-site evaluation.
Methods: Vancomycin and piperacillin-tazobactam were tested using simulated and actual Y-site 
infusion methodologies. Simulated Y-site compatibility was performed using previously published 
methods via visual inspection, turbidity evaluation, and pH evaluation. Evaluation occurred imme-
diately, 60 minutes, 120 minutes, and 240 minutes following mixing for each mixture and control. 
Mixtures were considered physically incompatible if there was visual evidence of precipitation or 
haze, an absorbance value was greater than 0.01 A, or an absolute change of 1.0 pH unit occurred. 
Actual Y-site infusion was simulated to mirror antibiotic infusion in the clinical setting by nursing 
personnel using smart pumps and intravenous tubing. 
Results: No evidence of physical incompatibility was observed during simulated Y-site testing via 
visual inspection, turbidity assessment, and pH evaluation. Conversely, physical incompatibility 
was observed to the unaided eye within 2 minutes during actual Y-site infusion. 
Conclusions: Despite observed compatibility between vancomycin and piperacillin-tazobactam 
via simulated Y-site testing, visual evidence of physical incompatibility was observed during 
actual Y-site infusion. This poses a potential compromise to patient safety if these antibiotics 
are administered simultaneously in the clinical setting. Actual Y-site testing should be per-
formed prior to clinical adoption of compatibility studies that are based solely on simulated 
methodologies. 
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The combination of vancomycin hydrochloride 
and piperacillin-tazobactam is a commonly 
utilized antibiotic regimen for patients who 

require broad-spectrum antibiotic coverage, includ-
ing patients with sepsis.1 Vancomycin and piperacil-
lin-tazobactam are commercially available as premix 
formulations in dextrose 5% water (D5W) with con-
centrations of 5 mg/mL and 67.5 mg/mL, respec-
tively.2,3 These premix formulations are theoretically 
advantageous because they minimize the preparation 
time required by pharmacy personnel and are able to 
be stored on medical floors in automated dispensing 
cabinets. Simultaneous infusion of these therapies is 
desirable in the clinical setting in order to reduce time 
to antibiotic administration and potentially improve 
patient outcomes.4-6 

Vancomycin and piperacillin-tazobactam have 
historically been considered to be Y-site incompatible 
at various concentrations.7-10 However, recent pub-
lished data suggest that vancomycin and piperacillin-
tazobactam are physically compatible, particularly at 
commercially available premix formulation concen-
trations.11 Given the logistical advantages of simul-
taneous administration, some institutions may have 
considered allowing concurrent Y-site administration 
for these agents in the clinical setting based on these 
reports. However, anecdotal reports from our institu-
tion suggest vancomycin and piperacillin-tazobactam 
are visually incompatible via Y-site infusion at pre-
mix concentrations. The discordance between the 
published data and our clinical experience may be 
related to the methodology utilized in compatibility 
testing. Most compatibility studies mix investigated 
medications in a 1:1 mixture within a test tube and 
test physical compatibility using simulated Y-site 
compatibility methodology including visual inspec-
tion, turbidity assessment, and pH evaluation.7-11 
This procedure does not account for physiochemical 
interactions that may occur during actual adminis-
tration, such as the interaction between medications 
and intravenous (IV) tubing. Furthermore, previous 
literature has suggested that some medications show 
evidence of physical incompatibility during actual 
Y-site administration.12-14 It is therefore prudent to 
assess the compatibility of these medications during 
both simulated and actual Y-site administration.

We sought to confirm the physical compatibility 
of premix vancomycin 5 mg/mL and piperacillin-
tazobactam 67.5 mg/mL in D5W via simulated Y-site 
infusion. Additionally, we also sought to assess the 
compatibility of these antibiotics during actual Y-site 
infusion. Herein, we report our compatibility findings 

of premix vancomycin 5 mg/mL and piperacillin-
tazobactam 67.5 mg/mL in D5W during simulated 
and actual Y-site infusion.

METHODS
Commercially available premix vancomycina 5 

mg/mL in D5W and premix piperacillin-tazobactamb 
67.5 mg/mL in D5W were obtained from hospital 
stock. Piperacillin-tazobactam content was expressed 
in terms of the combination product. Expiration dates 
of these antibiotics were reviewed to ensure expired 
products were not utilized. Premix preparations were 
thawed per manufacturer recommendations. Once 
thawed, vancomycin and piperacillin-tazobactam 
were assigned a 30-day and 14-day expiration date, 
respectively.2,3 All preparations were stored at 4°C 
until the morning of the experiment and brought to 
room temperature (21°C -25°C) prior to analysis. All 
experiments were completed at least twice to enhance 
the validity and accuracy of simulated Y-site testing.

The methods used to simulate Y-site infusion 
were similar to that reported in previous publica-
tions.15-20 During Y-site infusion, drugs were mixed in 
a 1:1 ratio.15 To simulate this, 5 samples were created 
containing 2 mL of premix vancomycin 5 mg/mL in 
D5W with 2 mL of premix piperacillin-tazobactam 
67.5 mg/mL in D5W. Control solutions containing 
either 2 mL of vancomycin 5 mg/mL in D5W or 
piperacillin-tazobactam 67.5 mg/mL in D5W were 
also created. All samples were prepared in glass test 
tubes. Test samples were prepared by first adding 
vancomycin to the glass test tubes and then rapidly 
adding piperacillin-tazobactam to simulate a simul-
taneously delivered 1:1 mixture.

All samples were initially assessed for evidence 
of visual incompatibility using the unaided eye. If 
evidence of visual incompatibility was detected, the 
experiment was terminated for that sample. Samples 
without evidence of visual incompatibility to the 
unaided eye were then assessed using enhanced visual 
inspection, turbidity measurements in the visible light 
wavelength range, and pH evaluation. Assessments 
were performed at 0, 60, 120, and 240 minutes after 
mixing for each mixture and control. All visual assess-
ments were independently completed by 2 separate 
reviewers and compared to control solutions. Visual 
inspection was performed using an unaided eye, a 
high-intensity light source, and a magnifying glass 
against white and black backgrounds.16-18, 21 Absor-
bance was measured at 660 nanometers (nm) using a 
laboratory grade scanning spectrophotometerc with a 
photometric accuracy of ± 0.005 A. This wavelength 
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was selected based on previous publications and the 
known spectra of turbid samples.9,22 Based on the 
spectrophotometer’s photometric accuracy, absor-
bance <0.005 A was reported as <0.005 A. Sample 
pH was assessed using a pH meterd. All laboratory 
equipment was calibrated and checked for accuracy 
by expert personnel prior to use. Based on previously 
published literature, incompatibility was defined as 
the presence of haze, particulate formation, gas evo-
lution, color change, or precipitation on visual inspec-
tion, ≥1 pH unit change over the 4-hour course of the 
experiment, or any absorbance of >0.01 A.7-11,23-25

To simulate actual Y-site infusion, we sought to 
replicate the infusion process conducted by nursing 
personnel in the clinical setting. All actual Y-site infu-
sions were completed in duplicate to enhance the 
validity and accuracy of this study. Three Alaris smart 
pumpse, each with 2 infusion channels, were obtained. 
Primary Smartsite infusion setsf with secondary sites 
(Y-site) were used in each channel. Each infusion set 
was nonlatex, non-di(2-ethylhexyl)phthalate (DEHP), 
single-use lumens. Each respective lumen was 
primed with either vancomycin 5 mg/mL in D5W or 
 piperacillin-tazobactam 67.5 mg/mL in D5W to sim-
ulate our institution’s clinical practice. Vancomycin 
5 mg/mL in D5W and piperacillin-tazobactam 67.5 
mg/mL in D5W were run as independent, primary 
infusions on the first smart pump to serve as negative 
controls. Vancomycin 5 mg/mL in D5W and piper-
acillin-tazobactam 67.5 mg/mL in D5W were run on 
the second and third smart pump and were connected 
via a secondary site (Y-site) below the infusion chan-
nels. Vancomycin and piperacillin-tazobactam were 
run at a rate of 200 mL/h and 12.5 mL/h, respectively, 
to mirror current clinical practice. All infusions were 

run into sterile glass collection vialsg. To control for 
possible interactions with the infusion pump and IV 
tubing, additional samples containing vancomycin  
5 mg/mL in D5W, piperacillin-tazobactam 67.5 mg/
mL in D5W, and a 1:1 combination of vancomycin 
5 mg/mL and piperacillin-tazobactam 67.5 mg/mL in 
D5W were created by directly injecting the antibiotic 
solutions into separate sterile glass vials. Absorbance 
and pH analyses were not performed for time zero of 
the solutions during actual Y-site infusion. 

RESULTS
Simulated Y-site Infusion

No evidence of physical incompatibility was 
observed over the 4-hour study period. Mixtures 
appeared similar to control solutions at all time 
points, and there was no identified evidence of haze, 
discoloration, or precipitation. Visual differences 
were not identified using the unaided eye, a high-
intensity light source, or a magnifying glass. All sam-
ples appeared similar to controls against white and 
black backgrounds. 

Results of the absorbance and pH measure-
ments are represented in Table 1. Again, no evidence 
of incompatibility was observed over the 4-hour 
study period. The largest pH change observed over 
the 4-hour course of the experiment was 0.20 (6.36 
vs 6.46), which is well below the established cutoff 
change of  ≥1 pH unit. No sample had more than a 
3% absolute change in pH, and there was less than 
4% variability in the experiment as a whole. All absor-
bance readings were below the level of the spectro-
photometer’s photometric accuracy (± 0.005 A) and 
mixtures were, therefore, similar to baseline controls.

Table 1. Absorbance and pH measurements during simulated Y-site evaluation
Vancomycin 5 mg/mL in D5W and Piperacillin-Tazobactam 67.5 mg/mL in D5W

Time (minutes)

0 60 120 240

Absorbance (A) pH Absorbance (A) pH Absorbance (A) pH Absorbance (A) pH

Sample 1 <0.005 6.36 <0.005 6.50 <0.005 6.52 <0.005 6.54

Sample 2 <0.005 6.39 <0.005 6.54 <0.005 6.55 <0.005 6.56

Sample 3 <0.005 6.38 <0.005 6.53 <0.005 6.52 <0.005 6.56

Sample 4 <0.005 6.39 <0.005 6.54 <0.005 6.56 <0.005 6.56

Sample 5 <0.005 6.41 <0.005 6.54 <0.005 6.55 <0.005 6.56

Note: D5W = dextrose 5% in water.
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Actual Y-site Infusion
For actual Y-site infusion, visual evidence of 

physical incompatibility was noted within the first 
2 minutes of all infusions. In both circumstances, a 
white, opaque, turbid liquid formed in the sterile glass 
vials collecting the vancomycin and piperacillin-tazo-
bactam mixture. This was visibly different from the 
vancomycin and piperacillin-tazobactam controls, 
which were run as independent, primary infusions. 
These control solutions appeared clear, and there was 
no evidence of precipitation or physical incompatibil-
ity. Additionally, the control containing the vancomy-
cin and piperacillin-tazobactam mixture, prepared via 
direct injection into sterile glass vials, was also clear 
and showed no evidence of physical incompatibility. 
Visual inspection of the IV tubing revealed evidence 
of physical incompatibility below the Y-site connec-
tor within the first 30 minutes for all infusions. This 
is described as a white precipitant, similar to the one 
noted above, in addition to crystal particulate matter. 
No evidence of incompatibility was noted in the tub-
ing sets of the vancomycin and piperacillin-tazobac-
tam control infusions. Absorbance and pH analyses 
were not performed for experimental samples because 
gross visual evidence of physical incompatibility was 
quickly observed.

DISCUSSION
We observed clear evidence of physical incom-

patibility, including precipitation below the Y-site 
connector, when vancomycin 5 mg/mL in D5W was 
given as an actual Y-site infusion with piperacillin-
tazobactam 67.5 mg/mL in D5W. This white pre-
cipitant was consistent with previous reports of 
vancomycin and piperacillin-tazobactam incompat-
ibility.8,9 No evidence of physical incompatibility 
was noted when standard procedures were used to 
simulate Y-site infusion. The mechanism of this dis-
crepancy is unclear, but we believe it may likely be 
secondary to an interaction between the IV tubing 
and the combined mixture of vancomycin and piper-
acillin-tazobactam. This hypothesis is supported by 
2 observations. First, there was no evidence of physi-
cal incompatibility when the medications were run 
as primary, independent infusions, indicating that the 
combined mixture is necessary for precipitant for-
mation. Second, no evidence of incompatibility was 
observed when the medications were combined via 
direct injection into a sterile glass vial. This indicates 
that not only the combined mixture is necessary to 

cause incompatibility, but also the combined infusion 
through the IV tubing.

Based on the available literature, Y-site compat-
ibility of vancomycin and piperacillin-tazobactam 
appears to be concentration-dependent.7-11 These 
studies used standard methods to simulate Y-site infu-
sion, mixing vancomycin and piperacillin-tazobac-
tam in a 1:1 ratio in glass test tubes. Several of these 
studies showed these medications were compatible 
at a variety of concentrations. Leung and colleagues 
found vancomycin 4 mg/mL in normal saline (NS) 
and piperacillin-tazobactam 33.75 to 45 mg/mL in 
NS were physically compatible.7 Wade and colleagues 
found that vancomycin 4 mg/mL in D5W was physi-
cally compatible with piperacillin-tazobactam 40 mg/
mL in D5W.8 O’Donnell and colleagues found that 
vancomycin 4 to 7 mg/mL in D5W or NS was physi-
cally compatible with piperacillin-tazobactam 33.75 
to 90 mg/mL in D5W or NS.11 Based on these studies, 
it would appear that vancomycin and piperacillin-
tazobactam are physically compatible at a variety 
of concentrations. However, none of these studies 
assessed actual Y-site compatibility, using a smart 
pump and IV tubing. Our study showed no evidence 
of physical incompatibility via stimulated Y-site 
infusion, which is consistent with the findings by 
O’Donnell and colleagues at commercially available 
premix concentrations.11 Conversely, physical incom-
patibility was evident within minutes of initiating 
actual Y-site infusion. Therefore, we do not believe 
the results of these previous studies can be applied to 
clinical practice. 

This is the first report to our knowledge attribut-
ing an incompatibility to IV tubing, and it calls into 
question our current practices for determining Y-site 
compatibility. Most Y-site compatibility studies estab-
lish the absence or presence of incompatibility in a test 
tube. Any evidence of incompatibility would strongly 
suggest a similar reaction in a clinical practice. How-
ever, the absence of incompatibility from this method 
cannot absolutely confirm the absence of incom-
patibility in clinical practice given the discordance 
between our simulated and actual Y-site results, as the 
simulated Y-site infusion method does not control for 
commonly encountered variables such as IV tubing. 

Though less common, some studies have uti-
lized actual Y-site infusion to assess the compatibility 
of medications. Condie and colleagues assessed the 
physical compatibility of IV caspofungin and 31 com-
monly utilized medications.12 Caspofungin was deliv-
ered through a polyvinyl chloride (PVC) tubing set. All 
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other medications were infused through a secondary 
site. The authors used visual inspection and micros-
copy to assess for physical compatibility. Hutchings 
and colleagues assessed the physical compatibility of 
cefmetazole sodium and 34 commonly used drugs 
and solutions.14 Cefmetazole sodium was delivered 
as a primary injection and all other medications were 
delivered via IV push, IV infusion, or syringe pump 
using the secondary site. The authors used visual 
methods and microscopy to assess for physical com-
patibility. Based on our results, we would encourage 
clinicians to consider performing actual Y-site infu-
sion in addition to simulated Y-site infusion when 
assessing drug compatibility.

Our study has several important limitations to 
consider. First, the clinical significance of the observed 
incompatibility in the sterile glass vial is unclear. 
More than likely, these medications would rapidly 
distribute, and it is possible that this incompatibility 
would not occur when administered to the patient. 
However, these samples contain an approximate 1:1 
mixture of vancomycin and piperacillin-tazobactam. 
This approximates the 1:1 mixtures collected in many 
compatibility studies in glass test tubes. Evidence of 
incompatibility within minutes of mixing would con-
stitute evidence of incompatibility. Additionally, infu-
sions are frequently stopped and restarted in clinical 
practice. These mixtures reflected the static combina-
tion of vancomycin and piperacillin-tazobactam, and 
evidence of incompatibility in this state is concern-
ing. Furthermore, the clinical relevance of incompat-
ibility in the IV tubing is unquestionable. Second, we 
used commercially available, fixed concentrations of 
vancomycin and piperacillin-tazobactam premix for-
mulations that were relevant to our institution. It is 
unclear if these results can be extrapolated to other 
concentrations and preparations. Third, we used com-
mon IV tubing specific to our hospital. It is unclear 
whether similar results would be observed if other 
types of IV tubing were used. Last, our results during 
actual Y-site infusion cannot definitively determine 
incompatibility risks when these therapies are infused 
directly into a patient in the clinical setting. However, 
it would be unethical to simultaneously administer 
these 2 antibiotics at these concentrations to a patient 
in the clinical setting after our observed results of 
actual Y-site evaluation.

CONCLUSION
Commercially available premix formulations  

of vancomycin 5 mg/mL in D5W combined with 

piperacillin-tazobactam 67.5 mg/mL in D5W via 
simulated Y-site infusion demonstrated no evidence 
of physical incompatibility. However, actual Y-site 
infusion of the 2 antibiotics at these fixed concen-
trations resulted in the formation of a white precipi-
tate suggestive of physical incompatibility. Our study 
clearly demonstrates discordance between simulated 
and actual Y-site evaluation. Furthermore, our results 
suggest the importance of including actual Y-site 
 evaluation as a component of future compatibility 
studies. Clinicians are encouraged to confirm our com-
patibility results before implementing  simultaneous 
infusions of vancomycin and piperacillin-tazobactam 
at commercially available premix concentrations in 
the clinical practice setting. 
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a Vancomycin injection in Galaxy plastic container, Baxter Healthcare Corpora-
tion, Deerfield, IL, lot NC097147.

b Piperacillin-Tazobactam injection in Galaxy plastic container, Pfizer, Philadel-
phia, PA, lot LN098632.

c Beckman DU-640B UV-Visible, Scanning Spectrophotometer, Fullerton, CA

d Markson Microcomputer pH Meter (model 6200), Honolulu, HI

e Alaris Smart Pump Module, Carefusion Corporation, San Diego, CA

f Smartsite Infusion Set, Carefusion Corporation, San Diego, CA

g Sterile 30 mL Empty Vial, Hospira, Lake Forest, IL, lot 51044EV
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