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Abstract: (1) Background. Intravenous (IV) to oral switch (IVOS) of antibiotics can reduce the length
of hospitalisation, risk of IV catheter complications, and hospital costs. Pharmacists can play an
instrumental role in implementing an IVOS initiative. The aim of this study is to evaluate the impact
of pharmacist-led IVOS of metronidazole. (2) Method. This was an observational study conducted
in a New Zealand hospital. During a 3-month intervention period, pharmacists identified patients
receiving IV metronidazole; then initiated an IVOS for patients who met the criteria. The comparator
groups were patients who were not switched by pharmacists in the post-intervention (post-IVOS)
group, or patients treated with either IV or oral metronidazole prior to the intervention (pre-IVOS).
Primary outcome measures were switch rate and duration of IV metronidazole treatment. Secondary
outcome measures were readmission and/or repeat surgery within 90 days of discharge and the
length of hospital stay. (3) Results. In total, 203 patients were included: 100 in the pre-IVOS and 103 in
the post-IVOS groups. Pharmacists switched 63/93 (67.7%) of eligible patients to oral metronidazole
in the post-IVOS period. Only 9/89 (10.1%) of IVOS eligible patients were switched in the pre-IVOS
group. In the post-IVOS group, the mean duration of IV metronidazole treatment in patients switched
by pharmacists was shorter than in those who were not switched by pharmacists (2.5 £ 2.8 days
vs. 4.8 + 5.9 days, p = 0.012). No significant difference was found in readmission or repeat surgery
within 90 days of discharge for patients switched by pharmacists versus patients who were not
switched by pharmacists. (4) Conclusion. Our data have demonstrated successful implementation of
the hospital-approved pharmacist-led IVOS service.
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1. Introduction

Antimicrobial stewardship (AMS) programmes play a vital role in reducing inappro-
priate antimicrobial use by providing guidance to optimise the selection, dose, route, and
duration of antimicrobial treatment. Antimicrobial stewardship programmes minimise
antibiotic-related harm and prevent prolonged lengths of stay secondary to adverse drug
effects [1,2]. Intravenous (IV) antibiotics are generally more expensive than oral antibiotics,
and the use of IV lines can lead to significant complications such as catheter-associated
infections and thrombophlebitis [3,4]. When indicated, switching to oral therapy minimises
the risk of those complications, reduces antibiotic preparation time, eases administration,
improves patient comfort, and decreases length of hospital stay [5-8].

Traditional IV to oral switch (IVOS) programmes have usually been reliant on the need
for doctors” approval to initiate the switch [9,10]; this was shown to be time-consuming for
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both pharmacists and doctors, and did not guarantee an IVOS [7,11]. As a result, the switch
is often delayed for patients who already meet the switch criteria [9,10,12-14]. A study in
2016 showed that two-thirds of patients continued IV antibiotics for 72 h after becoming
eligible for a switch to an oral formulation [9]. Other barriers to implementing timely IVOS
of antibiotics include misconceptions that oral antibiotics are less effective, and a lack of
awareness of IVOS guidelines [15].

A more efficient strategy is to allow pharmacists to initiate the switch
independently [5,7,14]. Clinical pharmacists undergo extensive training and certifica-
tion to ensure clinical competency and up-to-date clinical knowledge [16]; therefore, they
are well placed to make these changes. The duties of clinical pharmacists are central to AMS,
which include optimisation of dosing through knowledge of the pharmacokinetics, phar-
macodynamics and economics of medicines [16-18]. Pharmacist-led IVOS programmes
have resulted in cost-minimisation and shorter hospital stays in patients converted to
oral therapy [5,7,16,19]. Studies that evaluated pharmacist-led IVOS of fluoroquinolones
reported shorter durations of IV therapy, and no clinically significant differences in clinical
efficacy [12,20].

In May 2019, a pharmacist-led IVOS programme was introduced at Auckland City
Hospital, New Zealand, with metronidazole nominated as the initial antibiotic of fo-
cus. Metronidazole is an antibacterial and antiprotozoal drug commonly used for the
prophylaxis and treatment of anaerobic bacterial infections including intra-abdominal
infections, deep neck space infections, pelvic inflammatory disease, lung abscess, and
amoebiasis [21,22]. Metronidazole was chosen in this study due to its high bioavailabil-
ity (>90%) and tissue penetration to infection sites [23], and the ability to tolerate oral
food or medicines is the sole eligibility criteria for switching IV metronidazole to oral for
non-septic patients [23]. To date, most published studies of pharmacist-led IVOS have
used fluoroquinolones [7,12,19,24,25]; only a few have used other antimicrobials such as
metronidazole [5,26,27].

The objective of this study was therefore to measure the pharmacist-led switch rate,
and the duration of IV metronidazole treatment in response to the IVOS metronidazole
programme at ACH. We hypothesised that pharmacist-led IVOS of metronidazole would
increase the switch rate, and reduce the duration of IV metronidazole treatment without
compromising patients’ clinical outcomes.

2. Materials and Methods

Auckland City Hospital is an adult secondary, tertiary and quaternary referral centre
hospital, serving a local population of approximately 540,000 in Auckland, New Zealand.

The metronidazole IVOS programme was implemented by the AMS committee using
the following simple criteria: tolerating oral medicines or food in non-ICU wards and
requiring pharmacists to document the prescription change in the patient’s clinical record
and inform the patient and responsible medical team. All clinical pharmacists were trained
to implement the IVOS programme prior to its introduction, and their concerns were ad-
dressed through discussions, in-service training, and ad hoc support from AMS committee
members. The IVOS programme was supported by the Chief Medical Officer, the AMS
Committee and the clinical services with the highest use of metronidazole (General Surgical,
Gynaecology, and Gastroenterology). Ethics approval to study the impact of the IVOS was
provided by The Auckland Health Research Ethics Committee (Reference: 00082).

2.1. Study Participants and Design

A prospective review of adult patients (18 years and older) on General Surgical, Gy-
naecology, and Gastroenterology wards, prescribed either IV or oral metronidazole, was
undertaken over three months (10 June to 30 September 2019). No specific exclusions were
applied. Six clinical pharmacists identified patients receiving metronidazole during their
routine clinical activities and recorded clinical information (patient demographic details,
diagnosis, oral intake status, and duration and number of doses of IV and oral metron-
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idazole treatments) using QualtricsM (Qualtrics, Provo, UT, USA). Information regarding
length of hospital stay, readmission, repeat surgery, percutaneous drainage procedures and
all-cause mortality up to 90 days were generated from the hospital administration systems.

Patient data from the post-intervention (post-IVOS) study, described above, were
compared with those from age, sex, ethnicity, and diagnosis matched controls obtained
prior to initiation of the IVOS programme (1 January to 31 December 2018). The pre-
intervention (pre-IVOS) cohort was identified by hospital data analysts and clinical data
was collected. Pre-IVOS patients were reviewed sequentially, and the first 100 patients
who received metronidazole therapy were selected for inclusion. IVOS eligibility was
determined based on whether patients were receiving other oral medicines whilst on
IV metronidazole.

2.2. Outcome Measures

The primary outcome measures were pharmacist-led switch rate, and the duration of
IV metronidazole treatment. The secondary outcome measures were readmission and/or
repeat surgery within 90 days of discharge, and the length of hospital stay.

2.3. Analysis

In the absence of local data to enable a formal sample size calculation, an a priori
inclusion target of 200 eligible patients (100 patients in each group) was used, based on
reports from similar studies that investigated the effects of a similar intervention [5,14,19].

Patients in the pre- and post-IVOS groups were stratified into four metronidazole
treatment subgroups for data analysis: IV only; IVOS; IVOS initially, then reversion to IV;
and oral only.

Comparisons were made between patients who were switched by a pharmacist and
patients who were not switched by a pharmacist in the post-IVOS group, and between the
pre- and post-IVOS groups.

Kaplan-Meier estimates were used to analyse the effect of study phase and pharmacist-
led switch on time to repeat surgery and readmission within 90 days post-discharge.
Kaplan—-Meier estimates and plots were constructed in R language and environment for
statistical computing and graphics version 4.03 (Vienna, Austria) [28] using the package
survminer [29].

All values were reported as the mean + standard deviation (SD) unless otherwise
specified. A p-value <0.05 was considered statistically significant for all analyses.

3. Results

Two hundred and three patients treated with either IV or oral metronidazole were
included in the study: 100 patients in the pre-IVOS group, and 103 in the post-IVOS group.
Characteristics of the patients are shown in Table 1.

In the pre-IVOS group, only 9/89 (10.1%) who met the switch criteria were switched
to oral metronidazole by doctors. In the post-IVOS period, 93/103 (90.3%) were eligible for
IVOS; of theses, pharmacists switched 63/93 (67.7%), and doctors switched 2/93 (2.2%).

The uptake of the IVOS by pharmacists was slow; only 3/18 (16.7%) of eligible patients
were switched during the first month of the intervention period. This increased over the
intervention period with 14/18 (77.8%) of eligible patients switched in the final month.

No significant difference in the mean duration and number of IV metronidazole doses
between the pre- and post-IVOS (3.6 £ 2.8 days vs. 3.4 &= 4.4 days, p = 0.34; 8.7 & 6.8 doses
vs. 7.8 £ 8.5 doses, p = 0.19, respectively). In the post-IVOS group, the mean duration
and number of IV metronidazole doses in patients switched by pharmacists were con-
siderably lower than in those who were not switched by a pharmacist (2.5 £ 2.8 days vs.
4.8 £59days, p =0.012; 6.2 & 6.9 doses vs. 10.3 £ 10.1 doses, p = 0.014, respectively).
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Table 1. Patient demographics and clinical outcomes.

Pre-IVOS Post-IVOS
Characteristics (N =100) (N =103)
n n

Median age (years), (range) 58 (21-88) 60 (18-94)
Sex

Male 60 54

Female 40 49
Ethnicity

Maori 13 10

Pacific Peoples 7 10

New Zealand European 48 48

Other 32 35
Mean Length of stay 4= SD (days) 12+£17.2 13179
Median Length of stay (days) 5 7
Mean duration of IV metronidazole £ SD (days) 3.6+28 34+44
Number of IV metronidazole doses 8.7 £ 6.8 7.8 £85
Site of infection

Colorectal 53 41

Hepatobiliary 28 38

Small bowel 3 3

Other 16 22
Repeat surgery within 90 days of discharge
Pharmacist-led IVOS 0 5
No switch 11 4
Readmission within 90 days of discharge
Pharmacist-led IVOS 0 15
No switch 18 9
Percutaneous drainage procedures within 90 days of discharge 1 3
90-day all-cause mortality 5 4
Treatment subgroup

IV only (eligible for a switch) 82 (80) 30 (28)

IVOS 7 61

IVOS then reverted to IV 2 4

Oral only 9 8

In the post-IVOS group there was no difference in the 90-day readmission rates for
patients switched to oral metronidazole by pharmacists 15/63 (23.8%) versus those not
switched by pharmacists 9/40 (22.5%; p = 0.6). Similarly, the rates of repeat surgery did
not differ between patients who were switched by pharmacists 5/63 (7.9%) and patients
who were not switched 4/40 (10.0%, p = 0.56). There was no difference in the 90 days
readmission rate for patients in the pre-IVOS group versus post-IVOS group (18.0% vs.
23.3%; p = 0.33). Furthermore, the rates of repeat surgery did not differ between patients in
the pre-IVOS and the post-IVOS groups (11.0% vs. 8.7%: p = 0.62). Overall, the number of
patients who required percutaneous drainage within 90 days of discharge (4/203, 1.9%),
or who died within 90 days of discharge (9/203, 4.4%) were small, which precluded
further comparisons.

4. Discussion

Study findings demonstrated that pharmacists-led IVOS resulted in an increase in
switch rate in the post-IVOS group when compared to the pre-IVOS group. Overall,
no significant differences were observed in the clinical outcomes between patients who
were switched by pharmacists, and patients who were not switched. Readmission rate
and repeat surgery within 90 days of discharge, and the mean length of hospital stay
were no different between the pre- and post-IVOS groups. This finding is in line with
previous studies that assessed the clinical outcomes of IVOS of other antibiotics such as
fluoroquinolones [20,30,31].
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In the pre-IVOS group, 80/89 (89.9%) patients were eligible for a switch and did not
receive a switch. This may be due to a common misconception that an early switch to
oral treatment is not viable after intra-abdominal infections due to bowel dysmotility and
impaired absorption [32]. However, early oral or enteral feeding enables early IV to oral
switch, and is a useful therapeutic strategy for clinical improvement [32]. In contrast, only
28/93 (30.1%) of patients in the post-IVOS group who were eligible for a switch, did not
receive a switch. Those patients were regarded as missed opportunities as they were not
switched despite meeting the switch criteria. This could be explained by the initial lack of
confidence of some pharmacists to initiate a switch at the beginning of the programme, and
it was seen in the steady increase in switch rate as the study period progressed. Similar
barriers have been seen elsewhere, where pharmacists voiced concern that a pharmacist-led
IVOS switch might occur without proper patient clinical assessment, junior pharmacists
would make therapeutic decisions beyond their clinical expertise, and the medical team
would criticise their clinical judgements [5]. As in our study, concerns were addressed
through discussions, in-service training, and ad hoc support by the study authors. This
meant greater participation in the service and saw a steady increase in the switch rate (e.g.,
16.7% to 77.8%).

The implementation of pharmacist-led IVOS of metronidazole did not lead to a reduc-
tion in the length of hospital stay. Due to the common practice of co-prescribing another IV
antibiotic, such as cefuroxime, with metronidazole in intra-abdominal infections [33-36],
patients receiving the combination remain in hospital until either the course is completed,
or until the other IV antibiotic can be changed to another available/suitable oral antibiotic.
The data for patients who received a combination of cefuroxime and metronidazole was
not collected in our study. Additionally, there more complex, co-morbid and sicker patients
needing longer hospital stay, and longer duration of IV metronidazole in the post-IVOS
which have resulted in wider standard deviations compared to the Pre-IVOS group. Studies
reported mixed results regarding length of hospital stay [14,19]; those that have shown a
significantly reduced length of hospital stay have assessed antimicrobials that were used
as a single agent therapy. However, a sub-analysis of the duration of IV metronidazole
use in the post-IVOS group showed that patients who were switched by a pharmacist had
shorter duration of IV metronidazole use when compared to those who were not switched
by a pharmacist.

Surgical infections remain a major source of postoperative complications and hospi-
tal readmission contributing to between 30% and 40% of all readmissions in the United
States [37,38]. In our study, the difference in the rates of readmission or repeat surgery
within 90 days of discharge between patients who received a pharmacist-led switch and
patients who did not have a switch by a pharmacist in the post-IVOS group was not
statistically significant (p = 0.56). Other studies assessing clinical outcomes reported
no statistical differences in clinical success between the intervention and the control
groups [8,12]. Furthermore, early IVOS was as effective as continued IV treatment in
terms of clinical outcomes in intra-abdominal infections [32,39,40], which is consistent with
our findings.

Our study had several limitations. As a single site, limited to General Surgery, Gynae-
cology, and Gastroenterology specialties, and with low cohort numbers, findings may not
be extrapolated to a different site or population. Selection bias could have been introduced
by pharmacists involved in initiating the switch and collecting data, evidenced by poor
initial switch rate, which gradually increased with study duration and ad hoc support.
The study did not take into consideration whether metronidazole was being used for the
prophylaxis or treatment of an infection. Prophylactic metronidazole use is often for 24
to 48 h, whereas treatment courses are often longer, affecting the length of hospital stay,
and could have resulted in discrepancies between pre- and post-IVOS data if more patients
were prescribed prophylactic metronidazole in one group.

To our knowledge, this is the first published study in which pharmacist-led IVOS of
metronidazole was evaluated in adult patients. Our results suggest that a pharmacist-led
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switch strategy does not affect clinical patient outcomes and demonstrates a successful
introduction of a pharmacist-led switch protocol to deliver an AMS strategy. Despite the
study limitations, we are confident that the pharmacist-led switch service had a positive
impact in our hospital in increasing the metronidazole IVOS rate. This service was inte-
grated into clinical pharmacists’ daily task as part of their clinical assessments of patients.
The number of switches, and patient’s Medical Record Number is documented by clinical
pharmacists using QualtricsXM. The percentage of switch rate (% metronidazole IVOS rate)
has been included in the Pharmacy Department’s Key Performance Indicators and reported
fortnightly to the clinical pharmacy staff during the Clinical Pharmacy Services meet-
ing. Training for new staff on the IVOS programme was provided during their Infectious
Diseases Orientation by the Infectious Diseases Pharmacist.

The results of this study may help to instil more confidence in clinicians and phar-
macists to continue to implement this service and consider expanding the service to in-
clude more antimicrobials such as penicillins and fluoroquinolones. Further studies of
pharmacist-led IVOS implementation is recommended in other settings and sites. Future
research could also investigate other clinical outcomes such as complications associated
with IV-line administration.

In summary, our data have demonstrated successful implementation of the hospital-
approved pharmacist-led IVOS service with a steady increase in the switch rate and no
impact on the clinical outcomes.

Author Contributions: Conceptualization, S.R., E.D., and M.A..; methodology, M.A. and B.V.d.W.;
formal analysis, B.V.d.W.; investigation, M.A.; writing—original draft preparation, M.A.; writing—
review and editing, N.M., S.R., and M.T,; supervision, N.M. and S.R.; project administration, M. A.
and N.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by The Auckland Health Research Ethics Committee (AHREC) on 10 June
2019 (Reference number: 00082).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: There is no public access to all data generated or analysed during this
study to preserve the privacy of patients. The dataset that supports the conclusions is available upon
request to the corresponding author.

Acknowledgments: The authors wish to acknowledge Auckland City Hospital pharmacists for their
prospective data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

National Institute for Health and Care Excellence (Great Britain). Bpac™ Guideline: Antimicrobial Stewardship: Systems and
Processes for Effective Antimicrobial Medicine Use within Human Health and Healthcare in New Zealand; NICE: London, UK, 2017;
ISBN 978-0-473-40372-0. Available online: https:/ /bpac.org.nz/guidelines/3/docs/AntimicrobialStewardship.pdf (accessed on
2 May 2019).

Dyar, O.].; Huttner, B.; Schouten, J.; Pulcini, C. What is antimicrobial stewardship? Clin. Microbiol. Infect. 2017, 23, 793-798.
[CrossRef] [PubMed]

Corny, J.; Perreau, S.; Thivilliers, A.-P; Leplay, C.; Chevalier, D.; Beaussier, H.; Bézie, Y. Strategies for reduction in the duration of
intravenous drug use: Interest of drug tracers as quality indicators to improve intravenous to oral switch. J. Eval. Clin. Pract.
2017, 23, 848-852. [CrossRef]

Cyriac, J.; James, E. Switch over from intravenous to oral therapy: A concise overview. . Pharmacol. Pharmacother. 2014, 5, 83.
[CrossRef] [PubMed]

Fox, E.R.; Beckwith, M.C.; Tyler, L.S. Pharmacy-Administered IV to Oral Therapeutic Interchange Program: Development,
Implementation, and Cost-Assessment. Hosp. Pharm. 2003, 38, 444—452. [CrossRef]

Wong-Beringer, A.; Nguyen, K.H.; Razeghi, ]. Implementing a program for switching from i.v. to oral antimicrobial therapy. Am.
J. Health. Syst. Pharm. 2001, 58, 1146-1149. [CrossRef] [PubMed]


https://bpac.org.nz/guidelines/3/docs/AntimicrobialStewardship.pdf
http://doi.org/10.1016/j.cmi.2017.08.026
http://www.ncbi.nlm.nih.gov/pubmed/28882725
http://doi.org/10.1111/jep.12728
http://doi.org/10.4103/0976-500X.130042
http://www.ncbi.nlm.nih.gov/pubmed/24799810
http://doi.org/10.1177/001857870303800512
http://doi.org/10.1093/ajhp/58.12.1146
http://www.ncbi.nlm.nih.gov/pubmed/11449860

Antibiotics 2022, 11, 1303 70f8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kuti, J.L.; Le, T.N.; Nightingale, C.H.; Nicolau, D.P.; Quintiliani, R. Pharmacoeconomics of a pharmacist-managed program for
automatically converting levofloxacin route from i.v. to oral. Am. J. Health-Syst. Pharm. AJHP Off. ]. Am. Soc. Health-Syst. Pharm.
2002, 59, 2209-2215. [CrossRef] [PubMed]

Martinez, M.].; Freire, A.; Castro, I.; Inaraja, M.T.; Ortega, A.; Del Campo, V.; Rodriguez, I.; Bardédn, B.; Morano, L.E.; Garcia, J.F.
Clinical and economic impact of a pharmacist-intervention to promote sequential intravenous to oral clindamycin conversion.
Pharm. World Sci. PWS 2000, 22, 53-58. [CrossRef]

Broom, J.; Broom, A.; Adams, K.; Plage, S. What prevents the intravenous to oral antibiotic switch? A qualitative study of hospital
doctors” accounts of what influences their clinical practice. J. Antimicrob. Chemother. 2016, 71, 2295-2299. [CrossRef]

Powell, N.; McGraw-Allen, K.; Menzies, A.; Peet, B.; Simmonds, C.; Wild, A. Identifying antibiotic stewardship interventions to
meet the NHS England CQUIN: An evaluation of antibiotic prescribing against published evidence-based antibiotic audit tools.
Clin. Med. 2018, 18, 276-281. [CrossRef]

Sallach-Ruma, R.; Phan, C.; Sankaranarayanan, J. Evaluation of outcomes of intravenous to oral antimicrobial conversion
initiatives: A literature review. Expert Rev. Clin. Pharmacol. 2013, 6, 703-729. [CrossRef]

Marra, C.A.; Frighetto, L.; Quaia, C.B.; de Lemos, M.L.; Warkentin, D.I.; Marra, F.; Jewesson, P.J. A new ciprofloxacin stepdown
program in the treatment of high-risk febrile neutropenia: A clinical and economic analysis. Pharmacotherapy 2000, 20, 931-940.
[CrossRef]

Mertz, D.; Koller, M.; Haller, P; Lampert, M.L.; Plagge, H.; Hug, B.; Koch, G.; Battegay, M.; Fliickiger, U.; Bassetti, S. Outcomes of
early switching from intravenous to oral antibiotics on medical wards. J. Antimicrob. Chemother. 2009, 64, 188-199. [CrossRef]
Dunn, K.; O'Reilly, A.; Silke, B.; Rogers, T.; Bergin, C. Implementing a pharmacist-led sequential antimicrobial therapy strategy:
A controlled before-and-after study. Int. J. Clin. Pharm. 2011, 33, 208-214. [CrossRef]

Nathwani, D.; Lawson, W.; Dryden, M.; Stephens, J.; Corman, S.; Solem, C.; L, J.; Charbonneau, C.; Baillon-Plot, N.; Haider, S.;
et al. Implementing criteria-based early switch/early discharge programmes: A European perspective. Clin. Microbiol. Infect.
2015, 21, S47-S55. [CrossRef]

Dunn, S.P; Birtcher, K.K,; Beavers, C.J.; Baker, W.L.; Brouse, S.D.; Page, R.L.; Bittner, V.; Walsh, M.N. The Role of the Clinical
Pharmacist in the Care of Patients With Cardiovascular Disease. ]. Am. Coll. Cardiol. 2015, 66, 2129-2139. [CrossRef]

Bullock, B.; Donovan, P.; Mitchell, C.; Whitty, ].A.; Coombes, I. The impact of a pharmacist on post-take ward round prescribing
and medication appropriateness. Int. |. Clin. Pharm. 2019, 41, 65-73. [CrossRef]

Kaboli, PJ.; Hoth, A.B.; McClimon, B.]J.; Schnipper, ].L. Clinical Pharmacists and Inpatient Medical Care: A Systematic Review.
Arch. Intern. Med. 2006, 166, 955-964. [CrossRef]

Ho, B.P; Lau, T.T.Y; Balen, R.M.; Naumann, T.L.; Jewesson, P.J. The impact of a pharmacist-managed dosage form conversion
service on ciprofloxacin usage at a major Canadian teaching hospital: A pre- and post-intervention study. BMC Health Serv. Res.
2005, 5, 48. [CrossRef]

Bailey, T.C.; Ritchie, D.J.; McMullin, S.T.; Kahn, M.; Reichley, R.M.; Casabar, E.; Shannon, W.; Dunagan, W.C. A Randomized,
Prospective Evaluation of an Interventional Program to Discontinue Intravenous Antibiotics at Two Tertiary Care Teaching
Institutions. Pharmacother. |. Hum. Pharmacol. Drug Ther. 1997, 17, 277-281. [CrossRef]

Samuelson, J. Why Metronidazole Is Active against both Bacteria and Parasites. Antimicrob. Agents Chemother. 1999, 43, 1533-1541.
[CrossRef]

Baxter Healthcare Ltd. Metronidazole Data Sheet. 2018. Available online: https://www.medsafe.govt.nz/profs/datasheet/m/
Metronidazole AFTinf.pdf (accessed on 5 March 2019).

Lau, A.H.; Lam, N.P; Piscitelli, S.C.; Wilkes, L.; Danziger, L.H. Clinical pharmacokinetics of metronidazole and other nitroimida-
zole anti-infectives. Clin. Pharmacokinet. 1992, 23, 328-364. [CrossRef] [PubMed]

Buyle, F.; Vogelaers, D.; Peleman, R.; Van Maele, G.; Robays, H. Implementation of guidelines for sequential therapy with
fluoroquinolones in a Belgian hospital. Pharm. World Sci. PWS 2010, 32, 404—410. [CrossRef] [PubMed]

Hohlfelder, B.; Stashek, C.; Anger, K.; Szumita, P. Improvements in a program to convert i.v. to oral medications at an academic
medical center. Am. |. Health-Syst. Pharm. AJHP Off. ]. Am. Soc. Health-Syst. Pharm. 2015, 72, 5145-5149. [CrossRef]
McLaughlin, C.M.; Bodasing, N.; Boyter, A.C.; Fenelon, C.; Fox, ].G.; Seaton, R.A. Pharmacy-implemented guidelines on switching
from intravenous to oral antibiotics: An intervention study. QJM Mon. ]. Assoc. Physicians 2005, 98, 745-752. [CrossRef]
Chandrasekhar, D.; PokkaVayalil, V. Cost minimization analysis on IV to oral conversion of antimicrobial agent by the clinical
pharmacist intervention. Clin. Epidemiol. Glob. Health 2018, 7, 60-65. [CrossRef]

Ahkee, S.; Smith, S.; Newman, D.; Ritter, W.; Burke, J.; Ramirez, J.A. Early switch from intravenous to oral antibiotics in
hospitalized patients with infections: A 6-month prospective study. Pharmacotherapy 1997, 17, 569-575.

Ramirez, ].A; Vargas, S.; Ritter, G.W.; Brier, M.E.; Wright, A.; Smith, S.; Newman, D.; Burke, J.; Mushtaq, M.; Huang, A. Early
Switch From Intravenous to Oral Antibiotics and Early Hospital Discharge: A Prospective Observational Study of 200 Consecutive
Patients With Community-Acquired Pneumonia. Arch. Intern. Med. 1999, 159, 2449-2454. [CrossRef]

Wacha, H.; Warren, B.; Bassaris, H.; Nikolaidis, P. The Intra-Abdominal Infections Study Group Comparison of Sequential Intra-
venous/Oral Ciprofloxacin Plus Metronidazole with Intravenous Ceftriaxone Plus Metronidazole for Treatment of Complicated
Intra-abdominal Infections. Surg. Infect. 2006, 7, 341-354. [CrossRef]


http://doi.org/10.1093/ajhp/59.22.2209
http://www.ncbi.nlm.nih.gov/pubmed/12455304
http://doi.org/10.1023/A:1008769204178
http://doi.org/10.1093/jac/dkw129
http://doi.org/10.7861/clinmedicine.18-4-276
http://doi.org/10.1586/17512433.2013.844647
http://doi.org/10.1592/phco.20.11.931.35258
http://doi.org/10.1093/jac/dkp131
http://doi.org/10.1007/s11096-010-9475-9
http://doi.org/10.1016/j.cmi.2015.03.023
http://doi.org/10.1016/j.jacc.2015.09.025
http://doi.org/10.1007/s11096-018-0775-9
http://doi.org/10.1001/archinte.166.9.955
http://doi.org/10.1186/1472-6963-5-48
http://doi.org/10.1002/j.1875-9114.1997.tb03710.x
http://doi.org/10.1128/AAC.43.7.1533
https://www.medsafe.govt.nz/profs/datasheet/m/MetronidazoleAFTinf.pdf
https://www.medsafe.govt.nz/profs/datasheet/m/MetronidazoleAFTinf.pdf
http://doi.org/10.2165/00003088-199223050-00002
http://www.ncbi.nlm.nih.gov/pubmed/1478003
http://doi.org/10.1007/s11096-010-9384-y
http://www.ncbi.nlm.nih.gov/pubmed/20358404
http://doi.org/10.2146/ajhp150331
http://doi.org/10.1093/qjmed/hci114
http://doi.org/10.1016/j.cegh.2018.01.001
http://doi.org/10.1001/archinte.159.20.2449
http://doi.org/10.1089/sur.2006.7.341

Antibiotics 2022, 11, 1303 8of 8

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bertschi, D.; Weber, W.P.; Zeindler, J.; Stekhoven, D.; Mechera, R.; Salm, L.; Kralijevic, M.; Soysal, S.D.; von Strauss, M.; Mujagic, E.;
et al. Antimicrobial Prophylaxis Redosing Reduces Surgical Site Infection Risk in Prolonged Duration Surgery Irrespective of Its
Timing. World J. Surg. 2019, 43, 2420-2425. [CrossRef]

Asin-Prieto, E.; Soraluce, A.; Troconiz, L.F.; Campo Cimarras, E.; Sdenz de Ugarte Sobron, J.; Rodriguez-Gascon, A.; Isla, A.
Population pharmacokinetic models for cefuroxime and metronidazole used in combination as prophylactic agents in colorectal
surgery: Model-based evaluation of standard dosing regimens. Int. ]. Antimicrob. Agents 2015, 45, 504-511. [CrossRef]

Mazuski, J.E.; Tessier, ].M.; May, A.K; Sawyer, R.G.; Nadler, E.P.,; Rosengart, M.R.; Chang, PK.; O'Neill, PJ.; Mollen, K.P.; Huston,
J.M.; et al. The Surgical Infection Society Revised Guidelines on the Management of Intra-Abdominal Infection. Surg. Infect. 2017,
18, 1-76. [CrossRef] [PubMed]

Teva Pharma (New Zealand) Limited. Cefuroxime Data Sheet. 2017. Available online: https://www.medsafe.govt.nz/profs/
Datasheet/c/CefuroximeActavisinj.pdf (accessed on 26 July 2020).

Dawes, AJ.; Sacks, G.D.; Russell, M.M.; Lin, A.Y.; Maggard-Gibbons, M.; Winograd, D.; Chung, H.R.; Tillou, A.; Hiatt, ].R.; Ko,
C. Preventable Readmissions to Surgical Services: Lessons Learned and Targets for Improvement. J. Am. Coll. Surg. 2014, 219,
382-389. [CrossRef] [PubMed]

Hechenbleikner, E.M.; Makary, M.A.; Samarov, D.V,; Bennett, J.L.; Gearhart, S.L.; Efron, ].E.; Wick, E.C. Hospital Readmission by
Method of Data Collection. J. Am. Coll. Surg. 2013, 216, 1150-1158. [CrossRef] [PubMed]

Solomkin, J.S.; Bohnen, ].M.; Hill, C.S. Results of a Randomized Trial Comparing Sequential Intravenous/ Oral Treatment with
Ciprofloxacin Plus Metronidazole to Imipenem/ Cilastatin for Intra-Abdominal Infections. Ann. Surg. 1996, 223, 303-315.
[CrossRef]

Starakis, I.; Karravias, D.; Asimakopoulos, C.; Kolaras, P.; Nikolaidis, P.; Harlaftis, N.; Skoutelis, A.; Bassaris, H. Results
of a prospective, randomized, double blind comparison of the efficacy and the safety of sequential ciprofloxacin (intra-
venous/oral)+metronidazole (intravenous/oral) with ceftriaxone (intravenous)+metronidazole (intravenous/oral) for the treat-
ment of intra-abdominal infections. Int. |. Antimicrob. Agents 2003, 21, 49-57. [CrossRef]

R Core Team. Vienna, Austria: R Foundation for Statistical Computing; 2020. (R: A Language and Environment for Statistical
Computing). Available online: https://ddecl-0-en-ctp.trendmicro.com:443 /wis/clicktime /v1/query?url=https%3a%2{%2fwww.
R%2dproject.org%2f&umid=b4ccc36e-4108-49af-93b3-6e43d0564221&auth=bf59cb4520f38a31222422d8c17c158c7849ac86-b043
6e81114cdf9311823f940d727d9a190e20d8 (accessed on 11 May 2021).

Kassambara, A.; Kosinski, M.; Biecek, P.; Fabian, S. Alboukadel Kassambara, Marcin Kosinski and Przemyslaw Biecek (2021).
Survminer: Drawing Survival Curves Using “ggplot2”. R Package Version 0.4.9. 2021. Available online: https://rpkgs.datanovia.
com/survminer/index.html (accessed on 11 May 2021).


http://doi.org/10.1007/s00268-019-05075-y
http://doi.org/10.1016/j.ijantimicag.2015.01.008
http://doi.org/10.1089/sur.2016.261
http://www.ncbi.nlm.nih.gov/pubmed/28085573
https://www.medsafe.govt.nz/profs/Datasheet/c/CefuroximeActavisinj.pdf
https://www.medsafe.govt.nz/profs/Datasheet/c/CefuroximeActavisinj.pdf
http://doi.org/10.1016/j.jamcollsurg.2014.03.046
http://www.ncbi.nlm.nih.gov/pubmed/24891209
http://doi.org/10.1016/j.jamcollsurg.2013.01.057
http://www.ncbi.nlm.nih.gov/pubmed/23583617
http://doi.org/10.1097/00000658-199603000-00012
http://doi.org/10.1016/S0924-8579(02)00248-0
https://ddec1-0-en-ctp.trendmicro.com:443/wis/clicktime/v1/query?url=https%3a%2f%2fwww.R%2dproject.org%2f&umid=b4ccc36e-4108-49af-93b3-6e43d0564221&auth=bf59cb4520f38a31222422d8c17c158c7849ac86-b0436e81114cdf9311823f940d727d9a190e20d8
https://ddec1-0-en-ctp.trendmicro.com:443/wis/clicktime/v1/query?url=https%3a%2f%2fwww.R%2dproject.org%2f&umid=b4ccc36e-4108-49af-93b3-6e43d0564221&auth=bf59cb4520f38a31222422d8c17c158c7849ac86-b0436e81114cdf9311823f940d727d9a190e20d8
https://ddec1-0-en-ctp.trendmicro.com:443/wis/clicktime/v1/query?url=https%3a%2f%2fwww.R%2dproject.org%2f&umid=b4ccc36e-4108-49af-93b3-6e43d0564221&auth=bf59cb4520f38a31222422d8c17c158c7849ac86-b0436e81114cdf9311823f940d727d9a190e20d8
https://rpkgs.datanovia.com/survminer/index.html
https://rpkgs.datanovia.com/survminer/index.html

	Introduction 
	Materials and Methods 
	Study Participants and Design 
	Outcome Measures 
	Analysis 

	Results 
	Discussion 
	References

