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Purpose: Sulbactam/durlobactam is a combination antibiotic designed
to target Acinetobacter baumannii, including carbapenem-resistant and
multidrug-resistant strains. The objective of this study was to determine
the physical compatibility of sulbactam/durlobactam solution during simu-
lated Y-site administration with 95 intravenous (IV) drugs.

Methods: Vials of sulbactam/durlobactam solution were diluted in 0.9%
sodium chloride injection to a volume of 100 mL (the final concentration
of both drugs was 15 mg/mL). All other IV drugs were reconstituted ac-
cording to the manufacturer’s recommendations and diluted with 0.9%
sodium chloride injection to the upper range of concentrations used clin-
ically or tested undiluted as intended for administration. Y-site conditions
were simulated by mixing 5 mL of sulbactam/durlobactam with 5 mL of
the tested drug solutions in a 1:1 ratio. Solutions were inspected for phys-
ical characteristics (clarity, color, and Tyndall effect), turbidity, and pH
changes before admixture, immediately post admixture, and over 4 hours.
Incompatibility was defined as any observed precipitation, significant color
change, positive Tyndall test, or turbidity change of >0.5 nephelometric
turbidity unit during the observation period.

Results: Sulbactam/durlobactam was physically compatible with 38
out of 42 antimicrobials tested (90.5%) and compatible overall with 86
of 95 drugs tested (90.5%). Incompatibility was observed with albumin,
amiodarone hydrochloride, ceftaroline fosamil, ciprofloxacin, daptomycin,
levofloxacin, phenytoin sodium, vecuronium, and propofol.

Conclusion: The Y-site compatibility of sulbactam/durlobactam with 95
IV drugs was described. These compatibility data will assist pharmacists
and nurses to safely coordinate administration of IV medications with
sulbactam/durlobactam.

Keywords: Acinetobacter baumannii, compatibility, durlobactam, pro-
longed infusion, turbidity, Y-site
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Beta—lactams are among the most
commonly prescribed intravenous
antibiotics in the hospital setting."?
Unfortunately, resistance to this anti-
biotic class is increasing, and newer
members of the class are continually
introduced with the goal of escaping
common  resistance = mechanisms.
Acinetobacter baumannii are gram-
negative bacteria that predominantly
cause nosocomial infections, including
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ventilator-associated pneumonia, bac-
teremia, and complicated skin and soft
tissue infections.** Multidrug-resistant
(MDR) A. baumannii strains pose a
threat to human health due to the few
antibiotics that retain microbiological
activity against them.>®

A.  baumannii resistance to
p-lactams is predominantly caused
by the presence of [-lactamase en-
zymes that hydrolyze the -lactam ring.
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SULBACTAM/DURLOBACTAM COMPATABILITY STUDY

Specifically, the de-repression of the
AmpC cephalosporinase and the pres-
ence of carbapenemases, including
Verona integron-encoded metallo-
B-lactamase (VIM) and oxacillinase
(OXA)-based enzymes (OXA-23, -24,
-40, and -58) are the most commonly
identified (-lactamases in MDR A.
baumannii strains.”

Sulbactam is a semisynthetic,
first-generation, class A [-lactamase
inhibitor that has activity against
A. baumannii due to its inhibition
of penicillin-binding proteins 1la/b
and 3, which are involved in the syn-
thesis of peptidoglycan. However,
sulbactam alone is vulnerable to hy-
drolysis by certain enzyme-mediated
resistance mechanisms produced by
A. baumannii. Durlobactam (inves-
tigational name, ETX2514), a novel
member of the diazabicyclooctane
class of f-lactamase inhibitors,
has broad-spectrum inhibitory ac-
tivity against class A, C, and D serine
-lactamases.'*
ducted by Karlowsky and colleagues'?

In a study con-

looking at in vitro activity of sulbactam/
durlobactam against a collection of
A.  baumannii-calcoaceticus  com-
plex isolates, the addition of 4 pg/
mL of durlobactam to sulbactam re-
duced the sulbactam minimum inhibi-
tory concentration for 50% of isolates
(MIC_) from 8 to 1 pg/mL, reduced
the MIC,, from 64 to 2 pg/mL, and re-
stored susceptibility to 98.3% of tested
strains. Therefore, the combination
of durlobactam with sulbactam is a
promising therapeutic option for the
treatment of carbapenem-resistant A.
baumannii.**'*

A recently completed pivotal
phase 3 trial (the ATTACK trial) evalu-
ated sulbactam/durlobactam efficacy
and safety against that of colistin for
the treatment of patients with con-
firmed  hospital/ventilator-acquired
pneumonia infections caused by A.
complex.”®
Patients were randomly assigned 1:1
to sulbactam/durlobactam (1 g admin-
istered over 3 hours every 6 hours) or
colistin (2.5 mg/kg administered over
30 minutes every 12 hours); all patients

baumannii-calcoaceticus

KEY POINTS

¢ The physical compatibility of
sulbactam/durlobactam with
95 intravenous drugs in 0.9%
sodium chloride injection or
5% dextrose in water was
determined via assessment of
physical characteristics, tur-
bidity, and pH.

¢ Sulbactam/durlobactam was
physically compatible over
4 hours with 86 of 95 drugs
tested (90.5%); main reasons
for incompatibility were in-
creased turbidity and change
in physical characteristics.

e The compatibility data will as-
sist pharmacists and nurses
in making informed decisions
about safely coadministering
sulbactam/durlobactam with
other medications.

received imipenem/cilastatin (1 g ad-
ministered over 1 hour every 6 hours)
as background therapy to cover for
polymicrobial infections. During the
ATTACK trial, sulbactam/durlobactam
was noninferior to colistin for the pri-
mary endpoint of 28-day all-cause
mortality (19.0% vs 32.3%; absolute
difference, -13.2% [95% CI, -30.0% to
3.5%]). Additionally, the incidence of
nephrotoxicity was significantly lower
with  sulbactam/durlobactam than
with colistin (13% vs 38%, P < 0.01).
Sulbactam/drulobactam is now ap-
proved in the United States in adults
for the treatment of hospital-acquired
bacterial pneumonia and ventilator-
associated  bacterial ~ pneumonia
(HABP/VABP) caused by susceptible
isolates of Acinetobacter baumannii-
calcoaceticus complex.

patients, espe-
cially those with high acuity of illness

Hospitalized

and MDR organism infections, may

have multiple medications being

administered via intravenous (IV)

access. During clinical develop-

ment, sulbactam/durlobactam was
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administered as a 3-hour infusion every
6 hours, thus requiring IV line access
for up to 12 hours a day, which could
lead to challenges coadministering
other IV medications.'® Y-site adminis-
tration of 2 IV medications is a valuable
option to permit coadministration of IV
medications without the need for add-
itional IV access or retiming of multiple
medications.

The objective of this study was
to determine the physical compati-
bility of sulbactam/durlobactam
in 0.9% sodium -chloride injection
during simulated Y-site administra-
tion with 95 commonly used IV medi-
cations (42 antimicrobials and 53
non-antimicrobials).

Methods

Sulbactam and durlobactam?® were
provided by the study sponsor (Entasis
Therapeutics) in separate single-dose
vials of 1 g of sulbactam powder and
0.5 g of durlobactam powder for re-
constitution. Sulbactam vials were re-
constituted with 5 mL of sterile water
for injection,® and durlobactam vials
were reconstituted with 2.5 mL of
sterile water for injection. Once the
drugs were fully dissolved, 7.5 mL of
each solution was diluted in commer-
cially available 0.9% sodium chloride
for injection® to a total volume of 100
mL. The final concentration was 15
mg/mL of each component drug (des-
ignated as 15-15 mg/mL hereafter),
which represented the IV admixture
concentration for the highest proposed
doses of sulbactam and durlobactam
(1.5 g for both) for patients with a cre-
atinine clearance of >130 mL/min. All
prepared admixtures of sulbactam/
durlobactam were refrigerated (2-8
°C) for up to 4 hours before the start
of Y-site compatibility studies at room
temperature. The concentrations for
secondary drugs selected were the
highest concentrations routinely used
clinically. Reconstitutions of secondary
drugs were performed according to the
manufacturer’s recommendation using
commercially available sterile water
for injection or 0.9% sodium chloride
injection, with further dilution in 0.9%
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sodium chloride injection? in IV bags to
a total volume of 50 mL. Ciprofloxacin
and linezolid were only available as
premixed formulations in 5% dextrose
in water and were not further diluted
in 0.9% sodium chloride injection.
Prior to dilution of secondary drugs, a
volume equal to the amount of drug to
be added was removed from the IV bag.

Simulation of Y-site administration
to simulate inline mixing of 2 drugs
in a 1:1 ratio has been previously es-
tablished."” Y-site administration was
simulated by mixing 5 mL of diluted
sulbactam/durlobactam with 5 mL of
each secondary IV medication in a col-
orless 15-mL, borosilicate glass, screw-
cap culture tube with a propylene cap.®
Four test solutions were prepared to en-
sure reproducibility for each drug com-
bination, with 2 of 4 test tubes mixed
in reverse order. All drugs were freshly
prepared and filtered through a 0.22-
pm filter! as they were introduced into
their respective culture tubes to remove
particulate matter, except albumin and
propofol, which were filtered using a
5-pm filter® to prevent filtering of pro-
tein and oil phase out of the mixture,
respectively. The 10-mL solutions were
compared against controls prepared
with 5 mL of sulbactam/durlobactam
15-15 mg/mL and 5 mL of 0.9% sodium
chloride for injection.

All sample tubes were assessed
for visual physical characteristics, tur-
bidity, and pH prior to admixture, im-
mediately upon mixing, and at 4 hours.
Mixtures deemed incompatible at 4
hours were repeated in entirety and
further assessed at the 0.5- and 2-hour
time points. Assessment time points
were selected to reflect the recom-
mended infusion time for sulbactam/
durlobactam (3 hours) plus an add-
itional 1 hour to account for clinical
scenarios that could disrupt or extend
the infusion time. Tubes were inverted
3 times to mobilize precipitates (if
present) before visual physical char-
acteristic and turbidity assessments.
Samples were stored per manufacturer
recommendations prior to admixture
and at room temperature (20-22 °C) for
the entire 4-hour experiment. Samples

that required protection from light per
manufacturer recommendations were
covered with aluminum foil.

Physical
ment was completed with the unaided
eye against a white and black back-
ground, and the Tyndall effect was as-
sessed using a 380- to 630-nm, <5mW
red laser" to aid in visualization of sus-

characteristics  assess-

pended particulate matter.'®*° As this
test allows for detection of small sus-
pended particles within a medium as
the scattering of a beam occurs, it fur-
ther aids in detection of particles that
would otherwise not be visible to the
unaided eye.* For the second assess-
ment, a laboratory-grade turbidimeter!
was used per manufacturer instruc-
tions to record the turbidity of each
sample after visual physical character-
istic assessment and as described in
USP chapter <855>.% The turbidimeter
was calibrated with primary standards
that ranged from less than 0.1 neph-
elometric turbidity unit (NTU) to 4,000
NTU, and calibration was checked be-
fore use with secondary standards ran-
ging from 0 NTU to 10,000 NTU.* The
NTU, a measure of turbidity within a
fluid or the presence of suspended par-
ticles in a solution, has been extensively
used in previous compatibility studies.
The turbidity of each drug was assessed
as described previously and in tripli-
cate per sample tube. Incompatibilities
for the assessments described above
were defined as the appearance of
any visible particulate matter, haze,
color change, or change in measured
turbidity of 0.5 NTU in any of the 4
sample tubes.?

Lastly, pH measurements were
performed using a pH meter' to assess
whether
might be due to an acid-base disrup-

observed incompatibilities
tion. The pH measurements were com-
pleted by taking 0.5 mL from the bag
prior to admixture and passing the so-
lution through a 0.22-um filter," while
measurements of pH post admixture
were completed by taking 0.5-mL ali-
quots from each 10-mL sample tube.
Calibration of the pH meter occurred
before each experiment using pH 4, pH
7, and pH 10 standards.
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Propofol is a lipid emulsion with
a milky white appearance; there-
fore, an alternate procedure was used
to evaluate physical compatibility.**
Samples were prepared in 15-mL col-
orless, propylene plastic centrifuge
tubes,™ and a total of 16 test mixtures
were prepared and filtered as previ-
ously mentioned for all time points (4
tubes per time point; immediately after
mixture and at 0.5 hour, 2 hours, and
4 hours). Each tube contained 5 mL of
sulbactam/durlobactam (15-15 mg/
mL) and 5 mL of filtered propofol, and
mixing was completed simultaneously
for all samples. Each set was centri-
fuged at 12,000 rpm for 15 minutes at its
designated time point and compared
to a 10-mL propofol control. Visual
sample inspection was completed prior
to admixture and post centrifugation.
The pH was measured as mentioned
previously. Incompatibility of propofol
was defined as formation of precipitate
deposited at the bottom of the centrifu-
gation tube or evidence of comprom-
ised emulsion. After centrifugation, an
intact emulsion is expected to be ob-
served via formation of a white fat plug
that settles in the upper layer while the
aqueous layer remains in the bottom
of the tube. If the emulsion is broken,
a layer of free oil compromising the in-
tegrity of the fat plug is observed.'®'%*

Results and discussion

Upon reconstitution with sterile
water for injection, the sulbactam so-
lution was clear and colorless, while
the durlobactam solution was dark
brown. When both components were
mixed at a concentration of 15-15 mg/
mlL, the final solution was a light yellow
to light brown, free-flowing solution.
Diluted
0.9% sodium chloride for injection had
a baseline mean (SD) turbidity of 0.843
(0.01) NTU and a mean (SD) pH of 6.43
(0.01). The control solution containing

sulbactam/durlobactam in

an additional 5 mL of 0.9% sodium
chloride for injection was light yellow
to light brown in color and had a base-
line mean (SD) turbidity of 0.593 (0.01)
NTU and a mean (SD) pH of 6.45 (0.01).
Mean (SD) turbidity at 0.5 and 2 hours
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Table 1. Parenteral Drugs Assessed for Physical Compatibility With Sulbactam/Durlobactam (15-15 mg/mL) in

0.9% Sodium Chloride Injection

Drug and concentration

Manufacturer (lot)

Observation

Albumin 250 mg/mL2 Baxalta (LB065277) Incompatible
Amiodarone hydrochloride 2 mg/mL Mylan (220126) Incompatible
Amikacin sulfate 10 mg/mL Avet Pharmaceuticals (ES220139) Compatible
Anidulafungin 0.77 mg/mL Pfizer (DX0909) Compatible
Azithromycin 2 mg/mL Sun Pharma (HAD1227A) Compatible
Aztreonam 20 mg/mL Fresenius Kabi (6027250) Compatible
Bumetanide 0.25 mg/mL? Athenex Pharmaceuticals (EO36A007) Compatible
Calcium chloride 20 mg/mL Hospira (38250DK) Compatible
Calcium gluconate 20 mg/mL Fresenius Kabi (6026010) Compatible
Caspofungin acetate 0.5 mg/mL Athenex Pharmaceuticals (AAF120) Compatible
Cefazolin 20 mg/mL Sagent (2019EQ) Compatible
Cefepime hydrochloride 40 mg/mL Premier Pro Rx (0008E12) Compatible
Cefotetan disodium 20 mg/mL Fresenius Kabi (0001E21) Compatible
Cefiderocol 20 mg/mL Shionogi (0020) Compatible
Cisatracurium 0.4 mg/mL Abbvie (A000042820) Compatible
Cefoxitin 20 mg/mL Premier Pro Rx (2002E1) Compatible
Ceftaroline fosamil 12 mg/mL Allergan Inc (0002E26) Incompatible
Ceftazidime 40 mg/mL Hospira (LT0951) Compatible
Ceftazidime/avibactam (40 mg/mL; 10 mg/mL) Allergan Inc (2008E2) Compatible
Ceftolozane/tazobactam (20 mg/mL; 10 mg/mL) Merck (SP1786) Compatible
Ceftriaxone sodium 20 mg/mL Apotex (1M0645A32) Compatible
Cefuroxime 30 mg/mL Sagent (0002E2) Compatible
Ciprofloxacin 2 mg/mL Claris Baxter (AOF0121A) Incompatible
Colistimethate sodium 4.5 mg/mL® Fresenius Kabi (6126856) Compatible
Daptomycin 20 mg/mL Hospira (KZ029) Incompatible
Dexamethasone sodium phosphate 1 mg/mL® Fresenius Kabi (6128116) Compatible
Dexmedetomidine hydrochloride 0.004 mg/mL Hospira (37315CD) Compatible
Digoxin 0.25 mg/mL? West-Ward (2203030.1) Compatible
Diltiazem hydrochloride 5 mg/mL? Hikma injectables (062098) Compatible
Diphenhydramine hydrochloride 50 mg/mL? Mylan (21124) Compatible
Dobutamine hydrochloride 4.1 mg/mL Hospira (GH2441) Compatible
Dopamine hydrochloride 0.8 mg/mL Hospira (40071DK) Compatible
Doxycycline hyclate 1 mg/mL Fresenius Kabi (6027244) Compatible
Epinephrine hydrochloride 0.016 mg/mL BPI Labs (1120E003A1) Compatible
Ertapenem 20 mg/mL Par Pharmaceutical (W011193) Compatible
Eravacycline 0.6 mg/mL Tetraphase Pharmaceuticals (AR6450B) Compatible
Esmolol hydrochloride 10 mg/mL? Mylan (2203D4) Compatible

Continued on next page
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Continued from previous page

Table 1. Parenteral Drugs Assessed for Physical Compatibility With Sulbactam/Durlobactam (15-15 mg/mL) in
0.9% Sodium Chloride Injection

Drug and concentration Manufacturer (lot) Observation
Esomeprazole sodium 0.8 mg/mL Slate Run Pharmaceuticals (120340400) Compatible
Famotidine 4 mg/mL Fresenius Kabi (6128308) Compatible
Fentanyl 0.05 mg/mL? Fresenius Kabi (6026241) Compatible
Fluconazole 2 mg/mL Sagent (20522) Compatible
Fosphenytoin sodium 25 mg/mL¢ Pfizer (FY9922) Compatible
Furosemide 3 mg/mL Wockhardt (146106) Compatible
Gentamicin sulfate 5 mg/mL Fresenius Kabi (6128715) Compatible
Heparin sodium 1000 units/mL Fresenius Kabi (6027289) Compatible
Hydrocortisone sodium succinate 1 mg/mL® Pfizer (FW3866) Compatible
Hydromorphone hydrochloride 1 mg/mL Teva (41025CF) Compatible
Imipenem/cilastatin (5 mg/mL; 5 mg/mL) Fresenius Kabi (0002E21) Compatible
Imipenem/cilastatin/relebactam (5 mg/mL; 5 mg/mL; 2.5 mg/mL) Merck (U013203) Compatible
Insulin human regular 1 unit/mL Eli Lilly (0483145C) Compatible
Isavuconazonium sulfate 0.8 mg/mLf Astellas Pharmaceuticals (941789) Compatible
Labetalol hydrochloride 2 mg/mL Hospira (GK7284) Compatible
Levofloxacin hydrochloride 5 mg/mL Akorn (061412A) Incompatible
Lidocaine hydrochloride 8 mg/mL Fresenius Kabi (6129096) Compatible
Linezolid 2 mg/mL Auromedics (LZ22037) Compatible
Lorazepam 1 mg/mL West-Ward (042077) Compatible
Magnesium sulfate 100 mg/mL Fresenius Kabi (6026685) Compatible
Mannitol 20%? ICU Meds (5859363) Compatible
Meperidine hydrochloride 10 mg/mL Hospira (42570CL) Compatible
Meropenem 20 mg/mL Auromedics (MI0122031A) Compatible
Meropenem/vaborbactam (8 mg/mL; 8 mg/mL) Melinta Therapeutics (0008EQ) Compatible
Mesna 20 mg/mL Sagent (AGF202) Compatible
Methylprednisolone sodium succinate 20 mg/mL9 Pfizer (FR5113) Compatible
Metoclopramide hydrochloride 0.2 mg/mL Hospira (FY0220) Compatible
Metronidazole 5 mg/mL Baxter (P435956) Compatible
Midazolam hydrochloride 1 mg/mL Premier Pro Rx (0611102) Compatible
Micafungin sodium 4 mg/mL Hikma injectables (2242011.1) Compatible
Milrinone lactate 0.2 mg/mL Meitheal Pharmaceuticals (A8C0209E) Compatible
Minocycline 0.4 mg/mL Melinta Therapeutics (00011) Compatible
Morphine sulfate 1 mg/mL Piramal (AR4952B) Compatible
Naloxone hydrochloride 0.04 mg/mL Akorn (061272A) Compatible
Nicardipine hydrochloride 0.1 mg/mL West-Ward (P0001731) Compatible
Nitroglycerin 0.4 mg/mL Baxter (G156813) Compatible

Continued on next page
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Continued from previous page

0.9% Sodium Chloride Injection

Table 1. Parenteral Drugs Assessed for Physical Compatibility With Sulbactam/Durlobactam (15-15 mg/mL) in

Drug and concentration

Manufacturer (lot)

Observation

Norepinephrine bitartrate 0.032 mg/mL Amneal (AP220265) Compatible
Octreotide 0.004 mg/mL Hikma injectables (082088) Compatible
Omadacycline 2 mg/mL Paratek Pharmaceuticals (W003670) Compatible
Ondansetron hydrochloride 0.16 mg/mL Avet Pharmaceuticals (183203) Compatible
Pantoprazole sodium 0.4 mg/mL Pfizer (528086) Compatible
Penicillin G potassium 100,000 units/mL Athenex Pharmaceuticals (1FO5GU) Compatible
Phenylephrine hydrochloride 1 mg/mL Exela Pharmaceutical Sciences (00050A) Compatible
Phenytoin sodium 10 mg/mL West-Ward (101102) Incompatible
Piperacillin/tazobactam (40 mg/mL; 5 mg/mL) Apotex (AK204005F1) Compatible
Plazomicin 24 mg/mL Achaogen (EX5-240) Compatible
Polymyxin B sulfate 2000 units/mL Fresenius Kabi (6128746) Compatible
Potassium chloride 0.1 mEg/mL Fresenius Kabi (6027089) Compatible
Potassium phosphates 0.3 mmol/mL CMP Pharmaceuticals (CR86) Compatible
Propofol 10 mg/mL? Fresenius Kabi (10RB6221) Incompatible
Rocuronium bromide 5 mg/mL Fresenius Kabi (6028138) Compatible
Sodium bicarbonate 1 mEqg/mL? Exela Pharmaceutical Sciences (P0001853) Compatible
Sodium phosphates 0.3 mmol/mL Fresenius Kabi (6025836) Compatible
Tigecycline 1 mg/mL Accord (R2200936) Compatible
Tobramycin sulfate 5 mg/mL Hospira (378117DK) Compatible
Vancomycin 5 mg/mL Mylan (7607573) Compatible
Vasopressin 1 unit/mL Amphastar Pharmaceuticals (VAOO1F2) Compatible
Vecuronium bromide 1 mg/mL? Auromedics (VB22019) Incompatible

aUndiluted product was used.
®Concentration expressed in terms of colistin.

°Concentration expressed in terms of dexamethasone phosphate.
dConcentration expressed in terms of phenytoin sodium equivalents.
eConcentration expressed in terms of hydrocortisone.
Concentration expressed in terms of isavuconazole.

9Concentration expressed in terms of methylprednisolone.

remained at 0.584 (0.01) NTU and, at 4
hours, increased to 0.616 (0.01) NTU.
The mean (SD) pH at 4 hours was 6.37
(0.01). Immediately post admixture (ie,
at 0 hours) and at 0.5, 2, and 4 hours, no
notable color changes, haziness, or vis-
ible particulate matter were observed
with the unaided eye in the control
solutions.

The final compatibility results for
the total of 95 medications tested are
displayed in Table 1. Eighty-six of the
tested drugs (90.5%) were compatible

e26

with sulbactam/durlobactam over the
4-hour experiment, including 38 of
42 antimicrobials (90.5%). Table 2 de-
scribes the physical characteristics of
the 9 incompatible drugs.

The most common reason for in-
compatibility was a change in tur-
bidity of 20.5 NTU (observed in all
samples). The second most common
reason for incompatibility was a
change in the solutions’ physical ap-
pearance at any given time point.
Albumin, amiodarone, ciprofloxacin,

AM J HEALTH-SYST PHARM | VOLUME81 | NUMBER1 | JANUARY 1, 2024

and phenytoin all showed a change in
physical appearance when assessed
with the unaided eye. Specifically,
amiodarone and ciprofloxacin had
crystal formation present at 4 hours, al-
bumin became cloudy upon admixture,
and phenytoin had gross precipitate
formation upon admixture. Admixture
of amiodarone, ciprofloxacin, albumin,
and phenytoin also resulted in a posi-
tive Tyndall effect. In contrast, mixing
of sulbactam/durlobactam with both
ceftaroline fosamil and daptomycin

$20z Asenuer pz uo Jasn |e1oos peplnbag A pnjes ap [euoioeN eas1olqig Aq ZS20822/128/1/1 8/e1onde/dyle/woo dno-olwspese//:sdny wolj papeojumoq



EARCH REPORT

PRACTICE

>
o
2
=
o
5
[
p=
(@]
(&)
=
<
<
o
(@)
|
o
2
[a]
S~
p=
<C
<
o
=
2
(%)

Downloaded from https://academic.oup.com/ajhp/article/81/1/e21/7280752 by Biblioteca Nacional de Salud y Seguridad social user on 24 January 2024

'saqn} i |[e WO} udXe} uesw ‘sinoy 4 ye Hd o} pasedwod (Hd ainixiwpea.d) usbe 1s9) Jo suljeseq sy} Sl 9oUJayIp 91NjoSay,
SN0y G°Q ¥e paonpuod sem yoiym ‘jojodoud 1deoxa sBnip |[e 4o} SINoY f Je Pajonpuod Juswainsesw Hd puooes,
'saqn} ¢ ||e ul Hd ues|q

‘PSIOU BSIMIBUI0 SSB|UN SagN} |[e Ul paAiasgo sebueyd,

‘Hun Aypiguny ouswolBydau ‘NN ‘PeSSeSSE 10U ‘YN :SUOIBIASIqaY

NLN G 0= Aupiauny

NLN S°05 Anpiquny

L0 ey Gg'v €6'c  ‘ennebau |lepuil pue Jes|) VN VN ‘onnebau |[lepuk] pue Jes|n WiNUOJINJdA
uolis
60— ql9'9 199 1G5 VN VN  -Inwe pesiwoidwo) uois|nwe pasiwoidwo) jojodoid
NLN
00%* 1< Aupiauny ‘eniysod NLN 006<
|lepuA] ‘uoleluswipas Aypiguny ‘eniysod |jepukl ‘uor wnipos
€0'¢- 9¢e'8 76'6 6€01 ss04b yum Apnojo VN VYN -Ejuswipas ssoib yim Apnojo uiojhuayd
N.LN S°0< Aupiauny N.LN G°0< Aypiainy
20 2SS 'S 8Ly  ‘ennebau |lepuhl pue Jes|D VN VN ‘anebau |lepuhl pue Jes|D UIoEXOJJ0A8"
NLN £2°0< NLN
NLN 2°0< Anpiguny ‘oA Aypiauny teamsod  9°0< Aupiginy teAlsod N.LN 9°0< ANpiauny
/10 89t GO 1S -1sod |[epuA] pue Jes|) |lepUAL pue Jes|) |lEPUAL pue Jes|D ‘onllsod ||epuAl pue Jes|n upAwoydeq
NLN 8°0< Anpiauny
‘9AINSOd |[epUAL pue NLN S0 S Aupigany
80°L 61'G 80°'G Ly uoljew.o} [e1sAIo0 ssoln) VN VN ‘anirebau |lepukl pue Jes|) uoexoyyoldin
NLN ¢< N.LN 8°0< Aupicuny
NLN =< Aupigin ‘ann Anpigin 'easod  {(saqni 1 4o g) enlusod |lweso
JANO) GzZ'S v2's 80°'S -1sod |lepuAl pue Jes|) |lepuAL pue Jes|D |lepuAl pue Jes|D)  |043U0D 0} 8Alje[R) 8bBueyd ON auljoseyeD
NLN 8°0< Aupiquny apuo|yo
‘aniysod |lepuh| pue N.LN G°0< Anpiauny -01pAy
et 909 609 eL'y s[eysAio jo uoneydioaid VN VN ‘annebau |lepuhL pue Jes|D suoJepolwy
NLN =< Aupiginy teAiusod NLN < Aupiginy
cLo- 289 /89 G6'9 IlepuAL pue Apnojo VN VYN  ‘ensod |lepufl pue Apnojo ulwngly
pOOUBIPIP oqU ¥ uo (samxjwpeaud) Ub Ue 4 G0 4o 6nig
ajnjosqy auljeseg

(81°9 :Hd [eamx1wpeaud]

aujjeseq wejoeqolinp/weloeqns) ueaw ‘Hd

(10109 u1 umouq Y61 01 Moj2A YBi| ‘1099 ||lepuA] 1o ssaulzey ou ‘a4 aje|noijed
“ea|o :sonsualoeIey [aun)xiwpeaid] aulj@seq weloeqolINp/Weloeqins) sansualoeieyod [esisAyd

uonos(ul 8PHOIYD WNIPOS %670 Ul (Tw/Pw G1L-G|) Weloeqound/WeleqIiNg Yu alqiedwoou) sbniq jo solsieioeleyd Hd pue [edisAud g a1qeL

e27

2024

-SYST PHARM | VOLUMES81 | NUMBER1 | JANUARY 1,

AM J HEALTH



PRACTICE RESEARCH REPORT

resulted in clear, particulate-free solu-
tions on inspection with the unaided
eyes, but there was a positive Tyndall
effect. of vecuronium
or levofloxacin with sulbactam/
durlobactam resulted in a clear,
particulate-free solution and a negative
Tyndall effect immediately post admix-
ture and at 4 hours, but an increase in
turbidity was observed at the measure-
ment time points.

While there is a lack of studies
describing why the incompatibilities
described above may occur, there
are several explanations that can be
hypothesized. © When  considering
incompatibilities of drug solutions and
their visible or nonvisible precipitates,
one must consider the chemical inter-
actions (intermolecular and interionic
forces).> Possible causes of precipita-

Admixture

tion are acid-base reactions (these are
the most common), nondissociated
salts of organic ions, salting out, salts
of inorganic divalent ions, desolvation
of nonionized organic drugs, organic
ion/inorganic ion salts, and acid-base
conjugate pairs.”® While the factors
mentioned above are of relevance, they
were not thoroughly studied within our
study design; however, given that acid-
base perturbations may be a cause of
incompatibilities, pH was assessed
(Table 2). Shifts in pH may drive pre-
cipitate formation due to formation
of ionized versus un-ionized drug.??*
For instance, premixed solutions of
ciprofloxacin in 5% dextrose had a
mean (SD) pH of 4.11 (0.02), which
increased once they were mixed with
sulbactam/durlobactam to 5.08 (0.03)
immediately post admixture and fur-
ther increased to 5.19 (0.03), with an
overall mean change in pH of 1.08.
Ciprofloxacin has no crystal precipitate
formation in acidic conditions, but in
alkaline pH precipitation of crystals is
observed.?”?®In the case of amiodarone,
the baseline (preadmixture) mean (SD)
pH was 4.73 (0.02); immediately upon
admixture, the pH increased to 6.09
(0.02) and remained constant at 6.06
(0.01) at 240 minutes, with an overall
shift in pH of 1.33. Phenytoin had a
baseline (preadmixture) pH of 10.39

(0.03), and upon admixture the pH de-
creased to 9.94 (0.09) and further de-
creased to 8.36 (0.05), with an overall
mean shift in pH of -2.03. Amiodarone
crystal precipitation is driven by alka-
line pH conditions,*! while phenytoin
gross precipitation is manifested by a
shift towards acidic pH.***

All other incompatible medica-
tions (albumin, ceftaroline fosamil,
daptomycin,
vecuronium) showed a minor change
in pH, as shown in Table 2, which may
help explain the incompatibilities ob-
served. In addition, propofol has been
demonstrated to have poor compati-
bility when Y-sited with other medica-
tions, as it is only available as a lipid
emulsion.* In our study propofol ex-

levofloxacin, and

hibited oiling out of cracked emulsions
immediately post admixture and at the
0.5-hour time point. Its mean (SD) pH
at baseline (before admixture) was 7.51
(0.01), and immediately post admix-
ture and at 0.5 hour, the pH decreased
to 6.61 (0.01). Propofol incompatibility
was not surprising, as it has been previ-
ously reported that changes in pH, tem-
perature, electrostatic and mechanical
barrier disruptions, and electrolyte
concentrations can disturb the sta-
bility of its lipid emulsion and induce
degradation.®**

Conclusion

Sulbactam/durlobactam at a
concentration of 15-15 mg/mL was
physically compatible with 38 of 42
antimicrobials (90.5%) and, overall,
compatible with 86 of 95 drugs tested
(90.5%). The results not only highlight
its physical compatibility with other
agents but also provide evidence to
suggest flexibility in the clinical set-
ting when considering Y-site admin-
istration durations for up to 1 hour
beyond the recommended 3-hour
sulbactam/durlobactam infusion
interval. The availability of data on the
physical compatibility of sulbactam/
durlobactam with other IV medica-
tions when given via simulated Y-site
administration will allow pharmacists
and nurses to make informed deci-
sions about safely coadministering
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sulbactam/durlobactam with other
medications.
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