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Purpose: Co-administering multiple intravenous (IV) agents via Y-connectors is a common practice in hospitalised and fasting
surgical patients. However, there is a lack of reliable data confirming the physical compatibility of some combinations including IV
oxycodone, a drug that is gaining increasing popularity in the perioperative period. Concern regarding physical drug incompatibilities
precludes concurrent coadministration with other common drugs through a single lumen. This can result in the cessation of infusions to
allow the administration of other medications, resulting in exacerbation of acute pain. This study aims to evaluate the physical
compatibility of IV oxycodone with some commonly co-administered drugs and IV fluids.

Methods: Mixtures of oxycodone (Img.mL™") and the tested drugs and IV fluids were prepared in a ratio of 1:1. The mixtures were
examined at 0 and 60 minutes from mixing and assessed using the European Conference Consensus Standards. This involved visual
inspection (precipitation, turbidity, colour change, gas formation), spectrophotometry, and pH change. The tested drugs included
ketamine, tramadol, clonidine, vancomycin, piperacillin/tazobactam, dexmedetomidine, cefotaxime, gentamicin, and paracetamol. In
addition, the commonly used IV fluids tested included glucose 5% + sodium chloride 0.9% + 60 mmol potassium chloride, plasmalyte
+ dextrose 5%;plasmalyte + dextrose 5% + 55 mmol potassium chloride, plasmalyte + dextrose 5% + 55mmol potassium acetate,
plasmalyte + dextrose 5% + 55mmol potassium dihydrogen phosphate, Hartmann’s solution, Standard pediatric Total Parenteral
Nutrition (TPN) 20/100 and TPN 25/150.

Results: IV oxycodone (1 mg.mL ") showed no visual changes; no spectrophotometric absorption variability at 350, 410, or 550nm;
and no pH changes of >0.5 at 0 or 60 minutes with any of the tested drugs or fluids in the concentrations tested.

Conclusion: According to European Consensus Conference Standards, IV Oxycodone at 1 mg.mL ™' is physically compatible in
a ratio of 1:1 v/v with all investigated drugs and fluids tested for at least 60 minutes.
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Introduction
Intravenous (IV) drug incompatibility has been defined as the physical or chemical reactions that occur in vitro between
two or more drugs when the solutions are combined in the same syringe, tubing, or bottle.' The increasing diversity and
frequency of IV therapies in the perioperative period has led to a robust body of literature around administration errors,
with studies quoting error rates of 10.1% to 69.7%> of which up to 25.5% have been classed as ‘serious’ errors.”
Physical drug incompatibility has been identified as one of the four most significant and common sources of IV
therapeutics administration errors.” Efforts to avoid this error have resulted in the practice of non-administration of
two agents through the same line at the same time unless physical compatibility has been demonstrated.

Insufficiently managed postoperative pain may predispose individuals to chronic postsurgical pain, impede rehabilita-
tion, hinder recovery efforts, prolong hospitalisation, necessitate readmission, lower quality of life, and reduce patient
satisfaction. Providing continuous IV analgesia was found to be favourable compared to other methods in managing pain,
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especially during the immediate post-operative period, demonstrating faster onset relief and more predictable
pharmacokinetics.”

IV oxycodone is available in wards as a continuous infusion or for use in a bolus-dose technique. A 2019 meta-analysis
of opioids for post-operative pain demonstrated oxycodone to have better analgesic efficacy than fentanyl, and comparable
analgesic efficacy to morphine but with fewer adverse events.> As such, its use in Patient Controlled Analgesia (PCA),
Nurse Controlled Analgesia (NCA), and continuous infusion techniques is becoming widely accepted in Australasia.

However, there is limited data on IV oxycodone’s physical compatibility with other drugs and fluids commonly used
in the perioperative period.

Some studies reported the stability of oxycodone with ketamine in polypropylene syringes and polyvinyl chloride
bags’ and with a range of drugs.® However, not all prescribed combinations have had their compatibility parameters
established. This lack of data, and the clear and significant clinical implications of drug incompatibility errors,” means
that oxycodone infusions may be ceased whilst other agents are administered, risking inadequate analgesia and associated
risk of pain-related complications and prolonged recovery; or that additional I'V access may need to be sited with the risk
of infection and thrombophlebitis, especially in fasting perioperative patients.”'°

This study provides physical compatibility data for IV oxycodone with other commonly administered IV drugs and
fluids. The compatibility criteria used were the European Consensus Conference Standards'' due to their widespread
acceptance in the pharmacy, medication, and nursing literature. The tested drugs were ketamine, clonidine, tramadol,
vancomycin, piperacillin/tazobactam, dexmedetomidine, cefotaxime, gentamicin, and paracetamol. The fluids tested
included commonly used combinations of glucose 5%, sodium chloride 0.9%, potassium chloride, plasmalyte plus
dextrose 5%, potassium acetate, potassium dihydrogen phosphate, Hartmann’s solution, and Total Parenteral Nutrition
(TPN) solutions.

The most concentrated clinically relevant preparations and concentrations of these drugs with IV oxycodone (1mg.
mL™") were tested, if any drug was to demonstrate physical incompatibility, increasing dilutions of the drug would be

tested until either no changes were observed, or the concentrations became so dilute as to be clinically irrelevant.

Materials and Methods

Materials

The medications and IV fluids used in this study were kindly provided by Women & Children Hospital Pharmacy
(Adelaide, South Australia, Australia) and include Oxycodone HCI for injection (Kalceks - Medsurge, Melbourne,
Australia), Ketamine HCI for injection (Baxter Pharmaceuticals, Ahmedabad, India), Clonidine (Medicianz Healthcare
Pty Limited, Melbourne, Australia), Tramadol HCI for injection (Sandoz, New South Wales, Australia), Vancomycin
HCI; 500 mg powder for injection (Alphapharm (Mylan Australia), Queensland, Australia), Dexmedetomidine HCI for
injection (InterPharma Pty Ltd, New South Wales, Australia), Piperacillin 4 g (as sodium salt) / Tazobactam 500 mg (as
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sodium salt) (Piptaz-AFT 4 g/0.5g) (AFT Pharmaceuticals, New South Wales, Australia), Cefotaxime sodium powder for
injection (Pfizer, New South Wales, Australia), Gentamicin for injection (Pfizer, New South Wales, Australia), and
Paracetamol for injection (B. Braun, New South Wales, Australia). Additionally, the IV fluids included plasmalyte + 5%
dextrose (Baxter, New South Wales, Australia), glucose 5% + sodium chloride 0.9% (Baxter, New South Wales,
Australia), potassium chloride (10 mmol) (Pfizer, New South Wales, Australia), potassium acetate (25 mmol) (Pfizer,
New South Wales, Australia), potassium dihydrogen phosphate (13.6%) (Phebra, New South Wales, Australia),
Hartmann's (compound sodium lactate) solution (Baxter, New South Wales, Australia), standard paediatric TPN (20/
100) and (25/150) (Baxter, New South Wales, Australia), and sodium chloride injection BP 0.9% (Fresenius Kabi, New
South Wales, Australia).

Methods

Oxycodone was tested at a concentration of 1 mg.mL™" which is generally used in ICU ward settings. Other tested drugs
were prepared at the highest concentrations used clinically, made up with the standard diluent of sodium chloride injection
BP 0.9% based on local IV administration guidelines.” The tested drugs are detailed in Table 1 and IV fluids in Table 2.

Physical compatibility was evaluated by preparing mixtures of oxycodone and each co-administered drug or IV fluid
at a ratio of 1:1, in transparent tubes at room temperature and unprotected from light to simulate Y-site administration
conditions in hospitals. The tested mixtures were prepared in duplicates and examined at times 0 (immediately after
mixing) and 60 minutes later. The mixtures were first inspected by the unaided eye against white and black backgrounds
under natural light for colour change and gas liberation (represented as effervescence), observations were recorded by
analyst S.H.Y.

For subvisual examination, spectrophotometric measurements (Evolution 201 UV-visible spectrophotometer —
INSIGHT TM 2 software) at 350, 410, and 550 nm were taken to determine possible undetected turbidity and/or colour
change by the unaided eye. Changes in absorbance values above 0.04, 0.04, and 0.01 nm at 350, 410, and 550 nm,
respectively, were considered physically incompatible.'*'* For this research, a full spectral scan (200-800 nm) was
performed. Any changes in terms of extra peaks or absorbance intensity were to be compared to the original spectrum
and assessed for incompatibility. Finally, the pH was measured directly after mixing, the mixture was left at room
temperature unprotected from light for 60 minutes to mimic ward conditions and the pH was measured again, changes in
the values were noted. Combinations were considered physically compatible when no visual changes were noted
(absence of colour change, turbidity, precipitate, and effervescence), the difference in absorbance values at 350, 410,

Table | Drugs Used in Compatibility Testing and Their Tested Concentrations

Medication Dilution
Oxycodone HCI for injection (I mL vial - 10 mg. mL™") | mg. mL™!
Ketamine HCI for injection (2 mL vial - 100 mg. mL™") 4 mg mL™'
Clonidine (I mL vial - 150 pg. mL™") 30 pg. mL™!
Tramadol HCI for injection (2 mL vial - 50 mg. mL™") 50 mg. mL™'
Vancomycin HCI (500 mg powder for injection) 12 mg.mfI
Dexmedetomidine HCI (10 mL vial - 100 pg. mL™") 8 pg. mL™'

Piperacillin 4g (as sodium salt) / Tazobactam 500 mg (as sodium salt) | 200 mg. mL™' (of piperacillin

(Piptaz-AFT 4g/0.5g) component)
Cefotaxime sodium (Ig powder) 100 mg. mL™'
Gentamicin (40 mg. mL™") 40 mg. mL™'
Paracetamol (1000 mg. 100 mL™") 10 mg. mL™"'
Drug Design, Development and Therapy 2024:18 htps: 901

Dove:


https://www.dovepress.com
https://www.dovepress.com

Youssef et al Dove

Table 2 Fluids Used in Compatibility Testing and Their Tested
Concentrations

Fluid Dilution
Plasmalyte + 5% Dextrose Undiluted
Glucose 5% + Sodium Chloride 0.9% Undiluted
Potassium Chloride (10 mmol) 55-60 mmol
Potassium acetate (25 mmol) 55 mmol
Potassium dihydrogen phosphate (13.6%) 55 mmol
Hartmann's (compound sodium lactate) Solution Undiluted
Standard Pediatric TPN (20/100) Undiluted
Standard Pediatric TPN (25/150) Undiluted

and 550 nm did not exceed acceptable limits and pH changes did not exceed 0.5. Figure 1 shows a schematic diagram for
the followed assessment protocol for physical compatibility.'*

This was an experimental in-vitro study conducted at the University of South Australia, Clinical and Health Sciences
academic unit.

Results
The tested mixtures of oxycodone and the selected co-administered drugs and IV fluids mixed at the ratio of 1:1 were
assessed for their physical compatibility. The mixtures showed no visual precipitation, turbidity, colour change, or gas
liberation in any of the combinations when examined against both white and black backgrounds (Table 3).

pH changes between values measured at t0 and t60 did not exceed 0.5 units and thus were not significant in any of the
tested combinations (Table 4). The spectra of the mixtures immediately after mixing and after 60 minutes were
overlapping with no extra or missing peaks. Spectrophotometric absorbance changes at the defined wavelengths were
within accepted limits (Table 5).

Discussion
Every year, approximately 7.7 million Australians will receive an intravenous cannula (IVC), a number which includes
up to 70% of hospitalised patients.” Current best practices in the management of intravenous access include minimising
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Figure | The methodology and assessment protocol for the determination of physical compatibility of the drug mixtures (Adapted and translated from Juan EP, Palau MM,
Cerda SA, Rubert MA, Nicolau BR. Compatibilité physique de médicaments administrés dans 'unité de soins intensifs. Pharmactuel. 2015;48(3):146—152 with permission
from Pharmactuel."*
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Table 3 Results of Visual Inspection of the Studied Drugs and Fluids in Combination with | mg.mL™' Oxycodone at a Ratio of I:1 for
60 Minutes

Mixture White Background* Black Background*
Colour Precipitate / | Effervescence | Colour Precipitate / | Effervescence
Change Turbidity Change Turbidity
Ketamine X X X X X X
Clonidine X X X X X X
Tramadol X X X X X X
Vancomycin X X X X X X
Piperacillin / Tazobactam X X X X X X
Dexmedetomidine X X X X X X
Cefotaxime X X X X X X
Gentamicin X X X X X X
Paracetamol X X X X X X
Glucose 5% + Sodium Chloride 0.9% + X X X X X X
60mmol KCI
Plasmalyte + 5% Dextrose X X X X X X
Plasmalyte + 5% Dextrose + 55 mmol x X X X X X
Potassium Chloride
Plasmalyte + 5% Dextrose + 55 mmol X X X X X X
Potassium acetate
Plasmalyte + 5% Dextrose + 55mmol X X X X X X
Potassium dihydrogen phosphate
Hartmann's (compound sodium lactate) X X X X X X
Solution
Standard Pediatric TPN (20/100) X X X X X X
Standard Pediatric TPN (25/150) X X X X X X

Note:*x: Not observed.

the number of cannulae and optimising the type of IVC to increase patient comfort, facilitate device utility, and minimise
rates of line-associated infections, phlebitis, dislodgement, and other complications.'”

Multiple medications and fluids are routinely administered via these single-site IVCs, often via y-connectors that minimise
the duration of, but do not exclude, contact between infusions.'® They are commonly administered in perioperative patients
who may be fasting for prolonged periods,'” and in others in whom the oral route may be inappropriate or inaccessible.

As previously mentioned, IV drug incompatibility involves physical or chemical reactions resulting from mixing
administered fluids.' Physical reactions can cause visible changes including precipitation, changes in colour, consistency,
or opalescence, or gas production.”'®'®!* This may impede patient safety and/or therapeutic efficacy.'®'? As a result,
physical compatibility studies focusing on these aspects form a pressing part of ongoing research efforts,'®2° 2 but data
remains lacking, particularly for newer agents such as IV oxycodone.

Concern surrounding drug incompatibility errors has resulted in the practice of ceasing ward-based continuous IV
drug and fluid infusions (notably analgesia) for periods ranging from minutes to several hours when the administration of

additional therapeutic agents such as antibiotics and electrolyte-specific crystalloid fluids is required. Avoidance of drug
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Table 4 pH Changes in the Studied Drugs and Fluids Combinations with ImgmL™' Oxycodone at
a Ratio of I:I for 60 Minutes

Mixture pH Changes® | Accepted Limits®
Ketamine 0.04 Yes
Clonidine 0.02 Yes
Tramadol 0.01 Yes
Vancomycin 0.05 Yes
Piperacillin / Tazobactam 0.10 Yes
Dexmedetomidine 0.04 Yes
Cefotaxime 0.22 Yes
Gentamicin 0.23 Yes
Paracetamol 0.04 Yes
Glucose 5% + Sodium Chloride 0.9% + 60 mmol KCI 0.43 Yes
Plasmalyte + 5% Dextrose 0.15 Yes
Plasmalyte + 5% Dextrose + 55 mmol Potassium Chloride 0.35 Yes
Plasmalyte + 5% Dextrose + 55 mmol Potassium acetate 0.40 Yes
Plasmalyte + 5% Dextrose + 55mmol Potassium dihydrogen phosphate 0.02 Yes
Hartmann's (compound sodium lactate) Solution 0.15 Yes
Standard Pediatric TPN (20/100) 0.28 Yes
Standard Pediatric TPN (25/150) 0.06 Yes

Notes: “Average of 2 experiments. pr changes < 0.5.

23,24

incompatibility error forms the basis of many state and institutional guidelines and drug administration tools.*® This

practice may lead to significant pauses in the provision of IV analgesia to fasting perioperative patients experiencing

2627 and risking the development of chronic pain.*®~®

acute pain, leading to complications,?® prolonged rehabilitation,
Alternatively, it may require the placement of additional IV access and the attendant risks.'

While there remains significant global effort towards antibiotic stewardship, IV antibiotics remain therapeutically
crucial, especially in those patients unable to tolerate oral routes, or who are early in their antibiotic course, and these
medications see common multi-dose IV use in surgical wards.?*-*° Compeatibility with the IV preparation of oxycodone
has not been established for many of these agents.

Perioperative patients may also require multimodal management of acute surgical pain, including IV analgesics.”*2%-"
Opioid-based techniques may include PCA or NCA analgesia, or continuous IV infusions, with the latter two treatment
modalities of particular ubiquity in pediatric hospital settings.*' IV oxycodone is increasingly accepted as an agent of choice
in these settings,”® due to a favorable side effect profile, good analgesic efficacy, and ease of conversion to oral dosages.’®

Significant advances in IV fluid therapy since the 1950s have resulted in a proliferation of alternatives to plain 0.9%
Sodium chloride for IV crystalloid therapy.®**> This is particularly relevant to pediatric patients.®>* Compatibility with
the IV preparation of oxycodone has not been established for many of these fluids, and many of these drugs.?

Since the early 21* century, physical compatibility assessments have become ever more widely accepted in the

16,21

pharmaceutical, medical, and nursing literature, along with the standardisation of infusion solution concentrations.**

For transparent preparations, such as IV oxycodone, these include assessment of visual changes such as turbidity,

11,16,20,21

precipitation, gas formation, and colour change, as well as pH changes and spectrophotometry.l1’16’20722 There
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Table 5 Absorbance Changes in the Studied Drugs and Fluids Combinations with Img.mL™" Oxycodone at a Ratio of I:1 for 60
Minutes at Wavelengths 350, 410, and 550 nm

Mixture Difference in Spectrophotometric Absorbance® Accepted
350 nm 410 nm 550 nm Limits”
Ketamine 0.0l 0.01 0.01 Yes
Clonidine 0.00 0.00 0.00 Yes
Tramadol 0.00 0.00 0.00 Yes
Vancomycin 0.00 0.00 0.00 Yes
Piperacillin / Tazobactam 0.06 0.00 0.00 Yes
Dexmedetomidine 0.00 0.00 0.00 Yes
Cefotaxime 0.03 0.00 0.00 Yes
Gentamicin 0.00 0.01 0.0l Yes
Paracetamol 0.01 0.01 0.0l Yes
Glucose 5% + Sodium Chloride 0.9% + 60mmol KCI 0.01 0.01 0.01 Yes
Plasmalyte + 5% Dextrose 0.00 0.00 0.00 Yes
Plasmalyte + 5% Dextrose + 55 mmol Potassium Chloride 0.02 0.01 0.0l Yes
Plasmalyte + 5% Dextrose + 55 mmol Potassium acetate 0.00 0.00 0.00 Yes
Plasmalyte + 5% Dextrose + 55mmol Potassium dihydrogen phosphate 0.00 0.00 0.00 Yes
Hartmann's (compound sodium lactate) Solution 0.01 0.0l 0.01 Yes
Standard Pediatric TPN (20/100) 0.01 0.00 0.00 Yes
Standard Pediatric TPN (25/150) 0.02 0.01 0.01 Yes

Notes: *Average of 2 experiments. °The difference in absorbance must does not exceed 0.04, 0.04, and 0.01 nm at 350, 410, and 550 nm, respectively.

are several reported methods for the determination of turbidity in compatibility assays of co-administered IV fluids,

3336 turbidimeter,”” and light obscuration analysis’ amongst other

including spectrophotometric determination,
methods.>® Moreover, visual inspection was applied to almost all reported compatibility assays. As there is no standardised
procedure, spectrophotometric measurements were used to confirm precipitation and/or colour changes.*® This formed the
basis of our assessment criteria for the physical compatibility of oxycodone with the selected drugs and fluids.

Our study demonstrated physical compatibility over a period of 60 minutes, of all tested drugs and fluids at
a ratio 1:1, v:v with IV oxycodone (I mg.mL™"). The drug contact is short when considering Y-connectors; with
the slowest infusion rate (10 mL.h™ ') the contact time was predicted to be 10 minutes.>' To ensure comprehensive
testing, we selected a duration of 60 minutes, encompassing all potential scenarios. Although a previous study
showed incompatibility of oxycodone (50 and 3 mg.mL™') with 5% dextrose and water for injection in poly-
carbonate syringes after 7 days,® our findings of compatibility could be attributed to the lower dosing and contact
time applied in the proposed experimental setting. This data fills a gap in the current literature surrounding the
avoidance of drug incompatibility errors during the administration of IV oxycodone in clinical settings where other
common [V agents must be administered, particularly in the context of limited IV access sites. Of importance is
also that this physical compatibility was demonstrated at the most concentrated clinically used preparations in our
institution of all agents tested. It is safe to extend the results to lower concentrations of all drugs and IV fluid
additives tested.
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It is important to note that this study while conforming to European Consensus Guidelines for assessing the physical
compatibility of two agents (and also meeting commonly used indicators of compatibility as identified widely in the
perioperative and critical care literature), does not answer or attempt to confer surety in regards to drug bioavailability,
stability of in vivo pharmacokinetics or pharmacodynamics of either of the two co-infused agents in any single test.
Similarly, no comment in regards to the clinical safety of drugs (for example, vancomycin, with its associated risk of “red
man syndrome” on rapid infusion®”) if “carried inward” to the patient by a bolus of oxycodone.

Further research may be required to establish this aspect of clinical safety of use, however, a degree of confidence in
the decreased likelihood of a physical drug compatibility error is provided by this research when clinicians, pharmacists,
and nurses are contemplating concurrent administration of IV oxycodone with other infused agents, such as fluids, other
common analgesics, and antibiotics, as tested here.

Conclusion

This study addresses a critical issue in intensive care wards, assessing the physical compatibility of IV oxycodone with
commonly co-administered drugs and IV fluids. The results provide much needed data that may contribute to clinical
decision-making processes in regards to the safe administration of the evaluated combinations through Y-connectors. The
information can guide healthcare professionals in optimising pain management strategies while minimising the risk of
infusion-related complications, ultimately improving the quality of care for patients.

Abbreviations
IV, Intravenous; IVC, Intravenous cannula; NCA, Nurse Controlled Analgesia; PCA, Patient Controlled Analgesia; TPN,
Total Parenteral Nutrition.
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