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ABSTRACT

Background: In critically ill patients, pharmacokinetic variability can
lead to inadequate antimicrobial concentrations. Antimicrobial resistance
to B-lactam antibiotics is increasing among the nonfermenting gram-
negative bacilli (NFGNB). Current guidelines recommend optimizing
B-lactam pharmacokinetics/pharmacodynamics with prolonged infusion
of these antibiotics. In 2019, a protocol for continuous infusion of
piperacillin—tazobactam (P/T) was implemented in 2 intensive care units
(ICUs) as a quality improvement initiative.

Objectives: The primary objective was to describe and evaluate
implementation of the practice change to continuous infusion of P/T. The
secondary objectives were to describe ICU mortality and length of stay
(LOS), identify safety incidents related to the protocol, and determine the
prevalence of NFGNB and associated minimum inhibitory concentrations
of P/T.

Methods: This single-centre retrospective study involved a convenience
sample of 200 patients who received 2 or more doses of P/T during

an ICU admission between October 2020 and October 2022. Data on
drug administration, characteristics of the hospital stay, and patient
outcomes were collected from patients’ digital records and the Critical
Care Database of the study institution. Eight criteria for successful
implementation of the protocol were established, with implementation
deemed successful if at least 6 of these criteria were met.

Results: Implementation of the continuous-infusion protocol was
successful for 156 (78.0%) of the 200 ICU patients, 41 (20.5%) of the
patients died during the ICU admission, and the median LOS in the ICU
was 4.9 (interquartile range 2.4-10.7) days. No safety incidents were
identified. The prevalence of NFGNB was 3.1% for all ICU patients over
the 2-year study period.

Conclusions: Implementation of the continuous-infusion protocol
was successful in most patients. Areas for improvement include editing
the order set, providing interprofessional education, and enhancing
interprofessional collaboration.
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RESUME

Contexte : Chez les patients gravement malades, la variabilité
pharmacocinétique peut entrainer des concentrations insuffisantes
d'antimicrobiens. La résistance antimicrobienne aux antibiotiques
[B-lactamines augmente parmi les bacilles & Gram négatif non fermentescibles
(BGNNF). Les recommandations actuelles préconisent d'optimiser la
pharmacocinétique/pharmacodynamique des B-lactamines avec des
perfusions prolongées des antibiotiques 3-lactamines. En 2019, un protocole
continu de pipéracilline-tazobactam (P/T) a été mis en place dans 2 unités de
soins intensifs (USI) dans le cadre d'une initiative d'amélioration de la qualité.

Objectifs : L'objectif principal consistait a décrire et a évaluer la mise
en ceuvre du changement de pratique vers les perfusions continues de
pipéracilline-tazobactam (P/T). L'objectif secondaire consistait, quant a
|ui, a décrire la mortalité en USI, la durée du séjour (DDS), les incidents
de sécurité liés au protocole, ainsi que la prévalence des BGNNF et les
concentrations minimales inhibitrices associées de P/T.

Méthodologie : Cette étude rétrospective monocentrique impliquait un
échantillon de convenance de 200 patients ayant recu 2 doses ou plus
de P/T lors d'une admission en USI entre octobre 2020 et octobre 2022.
Les données sur I'administration des médicaments, les caractéristiques
du séjour a I'hopital et les résultats des patients ont été recueillis a partir
des dossiers numériques des patients et de la base de données des soins
intensifs de I'institution de I'étude. Huit critéres de mise en ceuvre réussie
du protocole ont été définis. Pour que la mise en ceuvre soit considérée
comme réussie, il fallait respecter au moins 6 critéres.

Résultats : La mise en ceuvre du protocole de perfusion continue a été
réussie pour 156 (78,0 %) des 200 patients en USI, 41 (20,5 %) des
patients sont décédés lors de leur admission en US| et la DDS médiane en
USI était de 4,9 jours (intervalle interquartile de 2,4 a 10,7 jours). Aucun
incident de sécurité n'a été identifié. La prévalence des BGNNF était de
3,1 % pour tous les patients en US| pendant la période d'étude de 2 ans.

Conclusions : La mise en ceuvre du protocole de perfusion continue
a été réussie pour la plupart des patients. Les domaines d'amélioration
comprennent la modification de I'ensemble de commandes, I'offre de
formations interprofessionnelles et le renforcement de la collaboration
interprofessionnelle.

Mots-clés : perfusion continue, pipéracilline-tazobactam, soins intensifs
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INTRODUCTION

Pharmacokinetic variability in critically ill patients cre-
ates challenges for antimicrobial dosing. Increased volume
of distribution and augmented renal clearance can cause
inadequate serum concentrations, which in turn can affect
patient outcomes."?> Antimicrobial resistance to B-lactam
antibiotics is increasing, particularly for the nonfermenting
gram-negative bacilli (NFGNB).> Infections with NFGNB
are more likely for patients in the intensive care unit (ICU)
than for other hospitalized patients."** To optimize the
pharmacokinetic/pharmacodynamic (PK/PD) properties
of B-lactam antibiotics, guidelines recommend prolonged
infusions of these drugs for patients infected with bacteria
having a high minimum inhibitory concentration (MIC)
or with NFGNB, for critically ill patients with septic shock
or high severity score, and for those with lower respiratory
tract infections.’>> There is no consensus on the optimal
PK/PD target for B-lactam antibiotics. In the literature,
PK/PD targets for percent of the dosing interval with free
drug concentration above the MIC (%fT > MIC) range
from 50%-100% fT greater than 1-4 times the MIC"® to
100% fT greater than 4-8 times the MIC.? Improved clin-
ical outcomes have been shown with 100% fT greater than
the MIC.”

Several studies and systematic reviews have examined
the outcomes of P/T administered by prolonged infusion
in the population of critically ill patients.®1 In their 2020
meta-analysis, Fawaz and others® calculated a number
needed to treat of 18 favouring prolonged over intermit-
tent infusion of P/T for the outcome of death. Higher rates
of clinical and microbiologic cure and shorter duration of
hospital stay were reported for patients who received pro-
longed infusions.’

Based on guideline recommendations and evidence
for prolonged infusions, a quality improvement project was
completed in 2019 at the Queen Elizabeth IT Health Sciences
Centre (QEII HSC), Central Zone, Nova Scotia Health,
Halifax, Nova Scotia (unpublished data). The project retro-
spectively evaluated patients admitted to 2 QEII HSC ICUs
between January 2017 and December 2018 with culture of
NFGNB (specifically Pseudomonas spp. or Acinetobacter
spp.) from blood, sputum, or urine. During that period, dos-
ing of P/T for critically ill patients with normal renal func-
tion entailed intermittent infusions, specifically 3.375 g IV
over 30 minutes, administered every 6 hours.!> The project
found that the MIC of P/T was 8/4 mg/L for 28 of the 44 iso-
lates of Pseudomonas spp. for which MIC data were avail-
able. PK/PD modelling showed that the target of 4-8 times
the MIC for 100% of the dosing interval?> would not have
been achieved. Subsequently, on October 30, 2019, a practice
change, including a protocol for continuous infusion of P/T,
was implemented in collaboration with the Department of
Critical Care and the Division of Infectious Diseases.
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Published evidence for potential harms of P/T by con-
tinuous infusion is scarce. There are, however, potential
barriers to implementation and possible untoward effects
of administering P/T by continuous infusion rather than
intermittent infusion. We anticipated several potential
issues that could arise, including IV line access issues,
compatibility concerns related to concurrent therapy, inter-
ruption of the infusion, and administration errors if stan-
dardized order sets and pump libraries were not used.

We hypothesized that for all patients admitted to the
QEII HSC ICUs who received P/T after the practice change,
P/T was ordered and administered according to the con-
tinuous infusion protocol (available by request to the corres-
ponding author). The primary objective of this study was
to describe and evaluate implementation of the change to
continuous infusion of P/T in the population of critically ill
patients. The secondary objectives included describing ICU
morality and length of stay (LOS), describing the preva-
lence of NFGNB in QEII HSC ICUs, reporting MICs of
P/T for NFGNB, and determining whether safety incidents
related to continuous infusion of P/T were reported.

METHODS

This study was approved by the Nova Scotia Health
Research Ethics Board (file 1028843). The need for consent
was waived, on the basis of study design.

Practice Change

The practice change involved creation of a standardized order
set for critically ill patients being treated empirically with P/T
and/or those with a positive culture result for Pseudomonas
spp. or Acinetobacter spp. The continuous-infusion order set
was developed through literature review and multidisciplin-
ary stakeholder collaboration. It specified P/T 3.375 g IV as
a one-time loading dose infused over 30 minutes, followed
immediately by 3.375 g IV infused over 6 hours, every 6 hours.
For patients with compromised renal function, including
those with creatinine clearance below 20 mL/min, those
receiving intermittent hemodialysis, and those undergoing
sustained low-efficiency dialysis, the 3.375 g IV loading dose
was followed by 2.25 g I'V infused over 6 hours, every 6 hours.
To support standardized information distribution, a guid-
ance document was circulated within relevant departments
and reviewed in medication safety huddles with front-line
staff. Formal education sessions were provided as depart-
mental grand rounds in the Departments of Critical Care
and Pharmacy, as well as through the Nova Scotia branch of
the Canadian Society of Hospital Pharmacists (now the Can-
adian Society of Healthcare-Systems Pharmacy).

Study Design
In this single-centre retrospective observational study, we
examined records for patients admitted to 2 ICUs in the
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QEII HSC, a tertiary centre in Halifax. These level 1 ICUs
consisted of a 12-bed medical-surgical-neurological ICU
and an 8-bed medical-surgical ICU. Patients were included
if they were at least 16 years old, had been admitted to the
ICU between October 1, 2020, and October 1, 2022, and had
received 2 or more doses of P/T. If a patient had more than
one course of P/T treatment, the first course was included
in the analysis. Patients were excluded if their P/T dose
had been dispensed from an automated dispensing cabinet
without documentation of administration in the medica-
tion administration record or nursing notes.

Data Collection and Procedures

To create the sample of patients eligible for inclusion, reports
generated by BDM Pharmacy software (BDM Healthware
Inc) identified patients for whom 2 or more doses (vials)
of P/T were dispensed from automated dispensing cab-
inets in the ICUs between October 1, 2020, and October 1,
2022; this generated a list of 827 patients. Each patient
was assigned a unique identifier, which was entered into a
computer-based random number generator, with the ran-
dom numbers being used to determine the order in which
patients were screened. Patients’ digital health records were
screened for inclusion until a convenience sample of 200
was reached. Additional characteristics of the patients and
their hospital stays were retrieved from the institution’s
Critical Care Database. Patients were considered immuno-
compromised if there was history of solid organ transplant,
hematopoietic stem cell transplant, active cancer, HIV with
CD4 count below 200, use of immunomodulating biologic
drugs, or treatment with more than 20 mg/day prednisone
equivalents (as determined during admission medication
reconciliation). Meeting minutes from medication safety
huddles and safety improvement and management system
reports were screened for safety incidents associated with
continuous infusion of P/T during the study period.

The microbiology laboratory provided a list of patients
admitted to the QEII HSC ICUs between October 1, 2020,
and October 1, 2022, who had a positive result on culture for
NFGNB, along with data on the bacteria isolated; date, time,
and site of the culture sample; bacterial susceptibility pat-
tern; and MIC of P/T. The total number of patients admitted
to the QEII HSC ICUs between October 1, 2020, and October
1, 2022, was retrieved from the Critical Care Database.

Outcome Measures

The research team proposed 8 criteria for successful imple-
mentation of the continuous-infusion protocol:

« The order set for continuous infusion of P/T was used.

o The medication administration record included docu-
mentation of administration of an initial loading dose.

« Continuous infusion was started immediately after com-
pletion of the loading dose.

« Dosing was appropriate for renal function on all days of
therapy, as per the order set.

o Documentation appeared in the medication administra-
tion record every 6 hours to note change of the infusion bag
OR infusion of P/T was documented in the infusion sec-
tion of the nursing notes for the duration of treatment.

o Iftheregimen was changed to an intermittent infusion, the
intermittent infusion was started immediately or within
3 hours of discontinuation of the continuous infusion.

» No incompatible medications were administered through
the same IV lumen.

« There were no interruptions in therapy, or interruptions
in therapy were handled in one of the following ways:

— Interruption less than 3 hours with no additional doses
— Interruption more than 3 hours followed by a loading
dose before the infusion was restarted

Implementation of the continuous-infusion protocol was
considered successful if at least 6 of the 8 criteria were met.

ICU mortality was defined as patient death before
transfer to another level of care or discharge from the ICU.
The LOS in the ICU was defined as the duration (in days),
calculated from the date of ICU admission to the date of
ICU discharge, transfer to another level of care, or patient
death, whichever occurred first.

RESULTS

In the convenience sample of 200 patients, mean age was 59.6
(standard deviation 16.3) years, and 72 patients (36.0%) were
immunocompromised (Table 1). The median duration of P/T
therapy was 2.0 (interquartile range [IQR] 0.9-3.4) days.
Opverall, 156 patients (78.0%) met the definition of suc-
cessful implementation of the continuous-infusion proto-
col for P/T (i.e., at least 6 of the 8 criteria; see Figure 1). The

TABLE 1. Characteristics of Patients Who Received

Piperacillin—Tazobactam in the ICU

No. (%) of Patients®

Characteristic (n = 200)
Sex, male 118 (59.0)
Immunocompromised® 72 (36.0)
Age (years) (mean = SD) 59.6 + 16.3
APACHE IV score (median and IQR) 38.7 (13.8-70.9)
Duration of piperacillin—tazobactam therapy 2.0 (0.9-3.4)

(days) (median and IQR)

APACHE = Acute Physiology and Chronic Health Evaluation, ICU = intensive
care unit, IQR = interquartile range, SD = standard deviation.

aExcept where indicated otherwise.

bDefined as patients with a history of solid organ transplant, hematopoietic
stem cell transplant, active cancer, HIV with CD4 count < 200, use of
immunomodulating biologic drugs, or more than 20 mg/day prednisone
equivalents on admission medication reconciliation.
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frequency for each criterion is summarized in Table 2, with
further details provided below. Notably, 8 patients received
P/T by intermittent infusion and therefore did not meet any
criteria for successful implementation of the protocol.

The continuous-infusion order set was used for 180
patients (90.0%). A total of 145 (72.5%) patients had docu-
mentation of an initial loading dose. Of the 46 patients who
were known not to have received a loading dose, 26 had no
order for such a dose. Seven of these 26 patients had not
received any doses of P/T before admission to the ICU. The
other 19 patients had received P/T before the ICU admis-
sion, with a median interval of 5.0 (IQR 3.3-9.5) hours from
the last dose of intermittent infusion to the start of continu-
ous infusion.

40.0%

35.0%

30.0%

=200)

25.0%

20.0%

15.0%

10.0%

Percent of Patients (n

0,
5.0% 4.0%
9
0.0% 1.0%

. 0.0%
| |

0 1 2 3

0.0%

Among the 145 patients with documentation of a load-
ing dose, the continuous infusion was started immediately
after the loading dose for 45 (31.0%). When the continuous
infusion was delayed, the median delay from the end of the
loading dose, assuming the loading dose took 30 minutes to
infuse, was 29 (IQR 10-30) minutes.

P/T was dosed appropriately for renal function on all
days of therapy for 171 patients (85.5%). For 183 patients
(91.5%), there was documentation in the medication
administration record every 6 hours for a change of bag or
documentation in the infusion section of nursing notes for
the duration of treatment.

The infusion was changed from continuous to inter-
mittent for 52 patients (26.0%). For 21 (40.4%) of these

33.5%

30.0%
12.5%
4 7

4.5%
5 6

14.5%

Number of Criteria Met
FIGURE 1. Number of criteria for successful implementation met, as proportions of patients.

TABLE 2. Criteria for Successful Implementation®

Criterion

No. (%)
of Patients

Use of order set for continuous infusion of P/T

Documentation of administration of initial loading dose

Initiation of continuous infusion immediately after completion of loading dose
Dose appropriate for renal function on all days of therapy, as per order set

Documentation in medication administration record every 6 hours noting change of bag OR

180/200 (90.0)
145/200 (72.5)
45/145 (31.0)
171/200 (85.5)
183/200 (91.5)

documentation of P/T infusion in the infusion section of nursing notes for duration of treatment

If regimen was changed to intermittent infusion, the intermittent infusion was started 21/52

(40.4)

immediately or within 3 hours of discontinuation of continuous infusion

No incompatible medications administered through the same IV lumen

Interruptions in therapy handled appropriately:
e Interruption < 3 hours with no additional doses
e Interruption > 3 hours with additional loading dose

168/200 (84.0)
31/47 (66.0)

P/T = piperacillin—tazobactam.

aImplementation was deemed successful for a given patient if 6 or more of the 8 criteria were met.
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patients, the intermittent infusion regimen was started
immediately or within 3 hours of the continuous infusion
being stopped.

For 168 (84.0%) of the 200 patients, no incompat-
ible medications were administered through the same
IV lumen. Among the 32 patients with administration of
incompatible medications, the most common were insulin
(n = 8 patients), propofol (n = 5), and cisatracurium (n = 3).

A total of 75 interruptions in therapy occurred, involv-
ing 47 patients. Of these 75 interruptions, 58 were handled
correctly. Among the 17 interruptions handled incorrectly,
the median duration of interruption was 4.0 (IQR 3.3-5.6)
hours. The most common reasons for interruptions were
delay of dose administration and the patient being in the
operating room or postoperative care unit (Figure 2).

Of the 200 patients, 41 (20.5%) died in the ICU, 31
(19.9%) of the 156 patients in the successful implementation
group and 10 (22.7%) of the 44 patients in the unsuccessful
implementation group. The overall median LOS in the ICU
was 4.9 (IQR 2.4-10.7) days. The median LOS was 5.2 (IQR
2.6-10.5) days for the successful implementation group and
3.7 (IQR 2.2-12.0) days for the unsuccessful implementa-
tion group.

There were no safety reports related to continuous
infusion of P/T over the study period. Safety concerns
mentioned during medication safety huddles included an
administration issue: the IV bags were running out early
because they were mixed to a total volume of 110 mL rather
than 120 mL.

A total of 2453 patients were admitted to the ICUs
over the study period, of whom 76 had one or more positive
results on culture for NFGNB (total of 87 positive culture
results). As such, the prevalence of NFGNB in our institu-
tion’s ICUs was 3.1%. Of the 87 positive results, 68 involved
Pseudomonas spp. and 19 Acinetobacter spp. Forty-seven of

Changing Doses I

Code Called on Patient
1st Doses Intermittent Infusion
Patient Transfer Between Units

Unknown
Diagnostic Imaging
Delays in Dose Administration

Operating Room/Post-Anesthesia Care Unit

Handled Correctly

the Pseudomonas spp. isolates were susceptible to P/T based
on a susceptibility breakpoint of 16/4 mg/L. Among these
47 susceptible Pseudomonas spp. isolates, the MIC was less
than or equal to 4/4 mg/L for 18, 8/4 mg/L for 22, and 16/4
mg/L for 3; MIC data were not available for the remaining
4 isolates. Sixteen of the 19 Acinetobacter spp. isolates were
susceptible to P/T based on the same susceptibility break-
point of 16/4 mg/L. Of the 16 susceptible Acinetobacter spp.
isolates, the MIC was less than or equal to 4/4 mg/L for 8,
8/4 mg/L for 1, and 16/4 mg/L for 7.

DISCUSSION

Most of the patients in this study (78.0%) had successful
implementation of the continuous-infusion protocol. Of
the 8 criteria for successful implementation, the 2 most
commonly met were use of a preprinted order set (90.0%)
and appropriate dosing for renal function on each day of
therapy (85.5%). No safety concerns were noted through our
institution’s reporting systems for continuous infusions.
One area for improvement would be increasing com-
pliance with the use of a loading dose. A total of 46 patients
were known not to have received a loading dose, and for
26 of these, no loading dose was ordered. Frequently, when
a loading dose was not ordered, the prescriber stated that
the patient had received P/T in the emergency department
or another unit, but in these cases, the previous dose was
administered a median of 5 hours earlier. Given that the
half-life of P/T is 1 hour, drug concentrations would be
negligible at that point for most patients with normal renal
function. This observation is concerning, as missed loading
doses prolong the time to achieve target concentration.
Another area for quality improvement would be increas-
ing appropriate handling of interruptions in therapy. Forty-
seven patients experienced a total of 75 interruptions, of

2 =N
2 o

10 20 30

m Handled Incorrectly

FIGURE 2. Reasons for interruption in therapy and whether they were handled correctly, based on

75 interruptions involving 47 patients.
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which only 58 were handled correctly. The most common
reasons for therapy interruption longer than 3 hours were the
patient being out of the ICU (i.e., in the operating room or
postanesthesia care unit) and delays in dose administration.
For the 17 interruptions handled incorrectly, the median
duration was 4 hours. This duration represents 4 half-lives
of P/T, so it can be expected that only 6.25% of the pre-
interruption concentration would remain. This observation
is concerning, as these patients were not given an additional
loading dose after the interruption, so the concentration of
P/T would be below target and potentially below MIC for an
extended period.

The findings of this study are similar to those of pre-
vious studies evaluating implementation of prolonged
infusion of P/T. One study found that challenges continued
well after implementation of prolonged infusion protocols,'®
which highlights the need for ongoing staff education and
continuous quality improvement. Similar to our findings,
other researchers have noted patients’ absence from the
unit as a cause of delayed or missed doses.!” In this study,
we did not compare the cost impact of prolonged versus
intermittent infusions, as previous studies have done.!”-
The percentage of patients with successful implementation
was lower in our study than in another study evaluating
compliance with a prolonged infusion guideline for ceftazi-
dime, cefepime, and imipenem-cilastatin®' (78% vs 89%,
respectively). This difference could be explained by differ-
ing definitions of successful implementation, in that the
previous study defined compliance as absence of overrides
on smart infusion pumps, whereas our study had multiple
criteria for successful implementation.

One limitation of this study was its retrospective
design. As such, the information available for analysis was
limited to what was documented at the time of patient
care. This limitation was mitigated by using the institu-
tion’s Critical Care Database, which prospectively collects
patient data. Mortality and LOS were evaluated for inter-
est. The proportion of patients who died was higher in the
unsuccessful implementation group than in the success-
ful implementation group (22.7% vs 19.9%, respectively).
Unfortunately, however, we cannot draw conclusions from
these rates, given the retrospective study design and the
lack of control for potential confounders. Median LOS was
shorter in the unsuccessful implementation group, which
could be explained by the higher mortality rate.

Sample size was another limitation. This study was
based on a convenience sample of 200 of the 827 patients who
received P/T in 2 ICUs over a 2-year period. It is unknown
whether evaluating a convenience sample yields representa-
tive outcomes. It is possible that different results would have
been evident if the entire population had been evaluated.
The median duration of P/T therapy was short, at 2.0 days. It
is difficult to determine whether this is a sufficient duration
to see benefits or deem implementation as successful.

The strengths of this study include the specification of
criteria felt to be important for implementing a continuous-
infusion protocol; to our knowledge, this is the first study to
do so. Our data collection was thorough, gathering details on
specific areas for improvement, including reasons for inter-
ruptions and reasons for absence of loading doses. These
data have assisted our institution in implementing quality
improvement measures, specifically modifying the order set
to include a statement about the need to give an additional
loading dose if therapy is interrupted for more than 3 hours.
Additionally, there has been ICU team education by means
of a poster presentation during departmental Critical Care
Research days and circulation by email (with subsequent dis-
cussion during medication safety huddles) of a 1-pager out-
lining these study findings and areas for improvement. Our
study contributes information about the safety of P/T by con-
tinuous infusion, in that our search yielded no safety reports
at our institution during the study period. The study assessed
a unique protocol and local microbiologic data. The research
team included pharmacists, critical care and infectious dis-
ease personnel, and nurse quality leaders, and the resulting
collaboration captured many different perspectives.

This study is relevant to practice because it demon-
strated that an evidence-based, guideline-recommended
practice is feasible. Furthermore, it has contributed to con-
tinuous quality improvement at our institution. Recent stud-
ies have shown reduced 90-day mortality?? and higher rates
of clinical cure at 14 days?® with prolonged relative to inter-
mittent infusion of B-lactam antibiotics, and our study can
guide other institutions looking to implement prolonged or
continuous infusions. In addition, a similar process could be
used for implementing prolonged infusions for other anti-
microbials at our institution.

Since completion of this study, recommended P/T dos-
ing is 4.5 g IV q6h for Pseudomonas aeruginosa, based on
Clinical Laboratory Standards Institute breakpoints.?* Sub-
sequently, in July 2023, the QEII HSC ICUs implemented an
order set specifying P/T 4.5 gIV asa one-timeloading dose for
all patients with suspected or known infection with Pseudo-
monas spp. or Acinetobacter spp. This loading dose is to be
followed by 4.5 g IV (for patients with creatinine clearance
>40 mL/min), 3.375 g IV (for those with creatinine clearance
20-40 mL/min or receiving continuous renal replacement
therapy), or 2.25 g IV (for those with creatinine clearance
<20 mL/min, those receiving intermittent hemodialysis, and
those undergoing sustained low-efliciency dialysis) every
6 hours, administered over 6 hours. We believe that use of a
lower dose during the study period would not have changed
the primary outcome related to successful implementation.
Although LOS and mortality outcomes are difficult to pre-
dict, we do not think that using a lower dose would have had
a significant effect on these outcomes. Local data showed that
85% of susceptible Pseudomonas spp. isolates had MIC less
than or equal to 8/4 mg/L. Administration of P/T 3.375g IV
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q6h as an intermittent infusion has been suggested to be
adequate for MICs up to 8/4 mg/L, with prolonged infusion
needed for MICs up to 16/4 mg/L.6

CONCLUSION

This study demonstrated successful implementation of a
continuous-infusion protocol for P/T at the study institu-
tion, without compromise of patient safety. Implementation
was successful for 78.0% of the patients, according to pre-
specified criteria. Areas for improvement, which included
increasing compliance with use of a loading dose and
appropriate handling of interruptions in therapy, have been
addressed through revision of the order set and interprofes-
sional education.
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