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Background: The use of oral antimicrobial agents in patients with short bowel syndrome (SBS) is challenging due
to the changes in gastrointestinal anatomy that may result in diminished absorption and altered drug bioavail-
ability. Prospective studies evaluating bioavailability of antimicrobial agents after oral administration in SBS pa-
tients are lacking.

Objectives: To determine the bioavailability of orally administered antimicrobial agents commonly used for
treatment in SBS patients to guide clinical decision making when faced with infections.

Methods: We performed an explorative, clinical study investigating the pharmacokinetics (PK) of clindamycin, cipro-
floxacin, flucloxacillin and fluconazole in SBS patients with intestinal failure. Participants received a combination of
two antimicrobial agents simultaneously. To determine the oral bioavailability, participants received a single oral
and 1V dose of both agents on two occasions, after which they underwent intensive PK sampling on six predefined
time points up to 12 hours after administration. Primary outcome was the oral bioavailability of these antimicrobial
agents. Secondary outcomes were intravenous PK characteristics following non-compartmental analysis.

Results: Eighteen SBS patients were included: the mean (SD) age was 59 (17) years and 61% of participants
were female. The median observed (IQR) bioavailability of ciprofloxacin, clindamycin, flucloxacillin and flucon-
azole were 36% (24-50), 93% (56-106), 50% (32-76) and 98% (61-107), respectively.

Conclusion: The bioavailability of selected antimicrobial agents in certain patients with SBS appeared to be bet-
ter than expected, providing a feasible treatment option. Due to the large observed differences between pa-
tients, therapeutic drug monitoring should be part of the treatment to safeguard adequate exposure in all
patients.

Trial registration: Registered in the Dutch Trial Register (NL7796) and EudraCT number 2019-002587-28

Introduction

Short bowel syndrome (SBS) is a rare condition usually caused by
partial removal of the small intestine due to various underlying
conditions and is defined as having a functional small bowel
length shorter than 200 cm.! SBS leads to intestinal failure (IF)
in case the remaining gut function is below the minimum to
maintain or improve health without intravenous (IV) support of
nutrients and/or fluids. IF patients require life-long home paren-
teral nutrition (HPN) support, which is administered via a central

venous access device (CVAD), mostly a catheter. HPN is a com-
plex, time-consuming treatment associated with life-threatening
CVAD-related complications, mainly catheter-related blood-
stream infections (CRBSIs). Nearly 70% of hospital admissions
in HPN patients result from a CRBSI requiring prolonged IV anti-
biotic treatment.? In most clinical settings, once a patient is reco-
vering, or when the infection is considered mild, it is advised to
rapidly switch to oral antibiotics since this results in a reduced
length of stay, lowers costs, and limits potential complications
of 1V access.? In addition, the ‘IV-to-oral switch therapy’ is a
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key quality-of-care indicator for evaluating appropriate antibiotic
use.” However, this option of switching to oral therapy may not
apply to SBS patients in whom changes in the anatomy of the
gastrointestinal tract may result in significant loss of absorptive
surfaces and presumed impaired drug uptake. Therefore, the
American Gastroenterological Association advises prolonged 1V
therapy in SBS patients.” Besides bowel length, other factors
influencing drug absorption and metabolism in patients
with SBS comprise mucosal integrity, intestinal motility, site of
drug absorption, drug formulation, presence of co-morbidities,
pH of the gastric and intestinal lumen, and parenteral nutrition-
associated metabolic changes.®™® Following resection, the re-
maining intestinal tissue undergoes morphologic and functional
changes to compensate for the lost function of the resected bo-
wel over a prolonged period that may take months to years to
complete. This process is known as intestinal adaptation and
probably enhances drug absorption.® Despite the described
changes in bowel function in SBS patients, successful treatment
with orally administered antimicrobial agents has only been re-
ported in selected, mostly paediatric cases.’~'* The present in-
vestigation was fuelled by recent findings when we evaluated
enteral absorption by measuring blood plasma concentrations
of orally administered antibiotics in three SBS patients: two of
these seemed to have more or less adequate enteral absorptive
capacity.**

Unfortunately, well-designed studies evaluating bioavailabil-
ity and other pharmacokinetic (PK) parameters of antimicrobial
agents in SBS patients on HPN support are lacking.” Thus, based
on both the available literature and the expected process of in-
testinal adaptation following resection, we hypothesized that en-
teral absorption of antimicrobial agents may still be substantial in
stable adult patients with SBS. To explore this, we included four
frequently prescribed antimicrobial agents (clindamycin, cipro-
floxacin, flucloxacillin and fluconazole) in our analysis.

Methods
Study design

This single-centre explorative study in SBS patients was conducted from
July 2020 to January 2022 at the Radboud university medical center
(Radboudumc), Nijmegen, the Netherlands. The study was designed to
determine the oral bioavailability of ciprofloxacin, clindamycin, flucloxa-
cillin and fluconazole in patients with SBS. The trial (Dutch Trial Registry:
NL7796) was approved by the review board of the Radboudumc (refer-
ence number 2019-5561) and conducted according to the declaration
of Helsinki. Written informed consent was obtained from all participants.
The CONSORT guidelines were followed to report this study.!®

Participants

Patients were eligible for inclusion if they were aged >18 years, received
previous or current long-term HPN (>3 consecutive months) and in case
they met the criteria for (functional) SBS.*® The remaining bowel length
was estimated from imaging studies or as reported in surgical records.
Exclusion criteria were: signs of infection (e.g. chills, fever), active vomit-
ing, worsening or new diarrhoeq, a history of allergies or hypersensitivity
to the study drugs, potential toxicity or interfering co-medication, making
it impossible to include the patient in one of the two treatment groups,
impaired renal function (creatinine clearance <30 mL/min/1.73 m?),
pregnancy and morbid obesity (BMI> 35).

Study drugs and dosing

On two occasions, participants received a combination of two antimicro-
bial drugs administered successively as a single dose: orally and IV.
Patients received either the combination of ciprofloxacin and clindamycin
(CC group) or the combination of flucloxacillin and fluconazole (FF group).
Group allocation (eight per group) depended on individual patient charac-
teristics (e.g. known allergies, renal impairment, intolerances and inter-
acting co-medication). When a patient could not receive the
combination of CC or FF, another combination was considered.

Participants of the CC group received ciprofloxacin (750 mg) followed
by clindamycin (600 mg) (tablet or suspension) on study day one and an
IV dose of clindamycin 600 mg and ciprofloxacin 400 mg on study day
two. FF-group participants received flucloxacillin (1000 mg) next to flu-
conazole (400 mg) (tablet or suspension) on day one and an IV dose of
flucloxacillin 1000 mg and fluconazole 400 mg on study day two. We
gave the antimicrobial agents successively since administering two anti-
microbial drugs together was not always compatible. A minimal washout
period of 24 hours was chosen; for fluconazole, this was preferably at
least 48 hours due to its long half-life.

Pharmacokinetic sampling

Blood samples were collected at baseline (before antimicrobial agent ad-
ministration) and preferably at 1, 2, 4, 8 and 12 hours after administration
of the study drugs to determine the blood concentration (ug/mL). The
time of antimicrobial agent administration at the start (oral and 1V)
and end of infusion (IV only), and blood withdrawal procedures at various
time points were documented.

A peripheral venous catheter for the purpose of drawing blood samples
was placed. Blood samples of ciprofloxacin, clindamycin and flucloxacillin
were collected in EDTA 3.0-mL tubes and blood samples for fluconazole
analysis in Lithium Heparin 3.0-mL tubes. The blood samples were centri-
fuged at 1900g for 5 minutes and stored at —40°C until analysis.

Plasma concentrations of ciprofloxacin, clindamycin, fluconazole and
flucloxacillin were assessed at the Department of Pharmacy of the
Radboudumc, Nijmegen, using a UPLC-MS (Waters Corporation, Milford,
MA, USA) method that was fully validated according to EMA guidelines.”
All analyses per group were analysed as a single batch on the same day to
reduce measurement variation, i.e. all analyses were performed after the
inclusion of all participants.

Biochemical analysis

The following blood parameters and plasma concentrations were ana-
lysed at the Radboudumc clinical chemistry laboratory on the day of ad-
mission: albumin, glucose, haemoglobin, white blood cell count and
differentiation, alanine aminotransaminase, total protein, creatinine
and citrulline. Citrulline is a non-protein amino acid produced by the intes-
tine and is a marker of the absorptive function of the small bowel.*®°

Data collection

The following data were collected: patient characteristics (sex, age,
weight, height, underlying disease leading to SBS, estimated length of re-
maining small bowel after surgical intervention, sites of resection, year of
last bowel resection and presence of gastroparesis), HPN characteristics
(type of infusion and the number of infusions per week), stoma output,
chronic kidney disease epidemiology collaboration estimated glomerular
filtration rate (CKD-EPI eGFR) and any allergies or (serious) adverse
events.

Pharmacokinetic analysis

PK parameters for ciprofloxacin, clindamycin, flucloxacillin and flucon-
azole were calculated by non-compartmental methods using
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WinNonLin® software package (v.6.4; Pharsight, Mountain View, CA, USA)
and the log-linear trapezoidal rule. On the basis of the individual plasma
concentration-time data the following PK parameters were assessed: the
AUC from zero to tau (AUCq_q, dose interval, 12 h for ciprofloxacin, 8 h for
clindamycin, 6 h for flucloxacillin and 24 h for fluconazole), the maximum
plasma concentration of the drug (Cmax; in Mg per litre), the time to reach
Cmax (Tmax in hours) and the average concentration (Cavg; in Mg per litre).
Bioavailability was determined by the ratio of AUC after oral and IV
administration per patient, after correction for differences in dose
(AUCOftuu PO/AUCOftuu IV)~

In the case of sampling anomalies (e.g. collecting a PK sample from an
IV line used to deliver the drug dose), samples were excluded from the
analysis. A minimum of three samples per patient in the terminal elimin-
ation phase was deemed acceptable to estimate the AUC correctly.

Safety

Vital signs (temperature, pulse saturation and blood pressure) were mea-
sured before and during the administration of the antimicrobial agents.
(Serious) adverse events were recorded along with the degree of severity,
timing and onset.

Statistical analysis

Due to the explorative nature of this study and because the literature on
enteral drug absorption in SBS is lacking, we have refrained from perform-
ing a formal power calculation.

Baseline characteristics were summarized using descriptive statistical
methods. Continuous variables were presented as means with standard
deviations or, if not normally distributed, as medians and IQRs.

Possible correlations between bioavailability and variables of interest
were analysed in an exploratory analysis by making scatter plots of bio-
availability versus variable. Variables analysed were: remnant small bo-
wel length, presence of gastropareses, number of infusions per week,
citrulline, presence of stoma and kidney function, and ingestion of oral
antimicrobial agent in suspension or tablet, on the basis of a recent sys-
tematic review.” A Spearman’s correlation test was performed if a mono-
tonic relation between bioavailability and variable was found.

All data analyses were performed using the software package
GraphPad Prism®, v.9, for Windows (GraphPad Software, San Diego, CA,
USA) or IBM SPSS Statistics for Windows, v.27.0 (IBM Corp. Armonk, NY,
USA). Statistical significance was defined as a P value of <0.05
(two-tailed).

Results

Patient demographics and baseline characteristics

Between July 2020 and January 2022, 237 patients were treated
in the Radboudumc for the management of long-term HPN. Of
these, 103 (43%) were diagnosed with SBS, of whom 79 patients
were assessed as eligible by their treating physician. In total, 18
SBS patients were included in the study. A flowchart of the
enrolment sequence is shown in Figure S1 (available as
Supplementary data at JAC Online). The mean (SD) age of en-
rolled patients was 59 (17) years, and 61% of participants were
female. Baseline characteristics of the participants are shown in
Table 1 and Table S1. Both the CC and FF groups included eight
participants. Due to allergies, group allocation was not possible
in two participants; therefore, these individuals received a com-
bination of fluconazole and clindamycin. Participant nine had a
creatinine clearance >30 mL/min at screening; however, at the
start of the study, the CKD-EPI eGFR had decreased to 28 mL/min.

Pharmacokinetics

A total of 432 samples were planned for calculating the PK, how-
ever, six were missing due to clerical errors. Thus, a total of 426
samples were used to calculate PK parameters. The median PK
parameters of ciprofloxacin, clindamycin, flucloxacillin and flu-
conazole are described in Table 2. Boxplots of ciprofloxacin, clin-
damycin, flucloxacillin and fluconazole AUCq o, are presented in
Figure 1. Alist of all PK parameters per participant can be found in
Table S2. Fifteen samples were excluded after analysis due to
sampling anomalies.

Correlation analysis

We analysed variables that might influence antimicrobial agent
penetration in an exploratory analysis. We found a non-
monotonic association between bioavailability and all variables
of interest. Therefore, we did not perform Spearman’s correlation
test. See Figure S2 for the scatter plots.

Safety

All antimicrobial agents were well tolerated, and none of the par-
ticipants experienced adverse effects related to the drug admin-
istration. During the study, one female participant developed
severe inguinal pain. The diagnosis was a psoas hematoma fol-
lowing a fall a few days before while having a dysregulated
(high) anticoagulant (warfarin) level. This serious adverse event
was classified as non-study related.

Discussion

Although SBS patients suffering from IF frequently require treat-
ment for (catheter-related) infections, only anecdotal informa-
tion is available on the absorption of oral antimicrobial agents
in this group. Since such data are key, and even more so in this
heterogeneous group of patients, we report here on the PK of fre-
quently used antimicrobial agents (ciprofloxacin, clindamycin,
flucloxacillin and fluconazole) that were administered as a single
oral and IV dose. Our findings indicate that enteral absorption of
oral antimicrobial agents in patients with SBS may be better than
expected and that individual profiling of enteral absorption may
safequard treatment with oral antimicrobial agents for less se-
vere infections. Unfortunately, but not unexpectedly, it proved
not possible to predict absorption using other easier-to-obtain
patient characteristics, such as remnant (small) bowel length.

When looking at specific antibiotics in more detail, ciprofloxa-
cin is commonly used to treat several bacterial infections, given
its broad spectrum of action against especially Gram-negative
bacteria. It is often administered orally in a dosage of 500-
750 mg twice daily and is well absorbed from the gastrointestinal
(GI) tract in healthy volunteers with a bioavailability of approxi-
mately 70%.2%?! In comparison, we found a bioavailability of
36% (IQR 24-50) after correction for differences in dose
(Table 2). To compensate for this loss in exposure, we advise pre-
scribing ciprofloxacin in a higher dosage (750 mg BD) in SBS pa-
tients with normal kidney function.

Clindamycin is an antibiotic with a broad spectrum of activity
against Staphylococcus spp., Streptococcus spp. and anaerobic
bacteria. It is usually dosed at 600 mg three times daily. In the
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Table 1. Baseline characteristics of the participants included in the study

CKD-EPI
eGFR Cause of Remnant Year since
Age Weight Height  (mL/min/ intestinal small bowel last bowel
Participant Group (years) Sex  (kg) (m) 1.73 m?) failure length (m) Stoma resection Gastroparesis
1 cc 25 F 62 1.7 90 Necrotizing 1.7 No 2015 No
enterocolitis
2 cC 48 F 87 1.65 70 Adhesions >2 Ileostomy 2016 Yes
3 CF 52 F 46 1.73 81 Volvulus >2 Ileostomy 2004 Yes
4 cC 41 65 1.72 90 Necrotizing 1 No 1982 No
enterocolitis
5 CC 74 M 81 1.72 78 Adhesions 1.2 I[leostomy 2017 No
cc 76 M 87 1.72 34 Crohn’s >2 Ileostomy 2015 No
disease
7 cc 76 74 1.62 59 Adhesions 2 Ileostomy 2012 No
8 FF 68 F 59 1.65 89 Crohn’s 2 Ileostomy 2001 No
disease
9 FF 65 F 59 1.78 28 Other >2 Colostomy 1996 No
10 FF 61 F 83 1.68 90 Mesenteric 1.8 Jejunostomy 2020 No
ischaemia
11 cC 59 F 75 1.68 46 Crohn’s >2 Ileostomy 1992 No
disease
12 FF 40 F 62 1.63 90 Cancer 0.05 No 2012 Yes
13 FF 69 84 1.93 67 Other >2 No NA No
14 CF 31 F 55 1.66 90 Crohn’s 1.4 Ileostomy 2010 No
disease
15 FF 80 F 51 1.71 55 Cancer 1.4 Ileostomy 2016 No
16 FF 49 F 73 1.80 90 Ulcerative >2 Ileostomy 2010 Yes
colitis
17 FF 73 M 84 1.88 75 Mesenteric 0.07 No 2014 No
ischaemia
18 cC 73 M 84 1.81 71 Crohn’s 1-1.5 Jejunostomy 2009 No
disease

CF, ciprofloxacin and fluconazole; CKD-EPI eGFR, Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration rate; F, female; M,

male; NA, not applicable.

Table 2. Median (IQR) pharmacokinetic parameters of ciprofloxacin, clindamycin, flucloxacillin and fluconazole

Ciprofloxacin® Clindamycin Flucloxacillin Fluconazole
n=8 n=10 n=8 n=10

Parameter v PO v PO v PO v PO
AUCo_tqu 10.7 4.1 313 315 86.8 56.4 216 170

(mgxh/L) (10-13) (2.4-5.2) (26-41) (14-41) (69-221) (25-75) (151-244) (142-221)
F 100 35.8 100 92.6 100 49.9 100 98.4

(%) (24-50) (56-106) (32-76) (61-107)
Crax 21 0.5 7.0 53 40.1 17.5 12.5 9.4

(mg/L) (1.8-2.6) (0.3-1.0) (5.9-10) (3.8-8.2) (35-91) (6.7-21) (10-16) (7.9-12)
Cavg 0.9 0.6 3.9 3.9 14.5 9.4 9.0 6.7

(mg/L) (1.1-0.8) (0.8-0.4) (5.1-3.3) (5.2-1.8) (36.8-11.5) (12.5-4.2) (10.1-6.3) (9.2-5.9)

AUCo-tqu, AUC from zero to tau (dose interval, 12 h for ciprofloxacin, 8 h for clindamycin, 6 h for flucloxacillin and 24 h for fluconazole); Cq\g, average

concentration; Cax, peak plasma concentration; F, bioavailability; IV, intravenous; PO, per os. 1 Ciprofloxacin oral dose is normalized to 400 mg, to

demonstrate oral bioavailability.
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Figure 1. Boxplot of ciprofloxacin (a), clindamycin (b), flucloxacillin (c)
and fluconazole (d) AUCq.q. Bottom and top edges of the boxplots re-
present 25th and 75th percentiles (difference is IQR), the horizontal line
is the median and the whiskers indicate the 5th and 95th percentiles.
AUCo-qu, AUC from zero to tau (dose interval, 12 h for ciprofloxacin, 8 h
for clindamycin, 6h for flucloxacilin and 24h for fluconazole).
1750 mg, dose investigated; + 400 mg, dose normalized to demonstrate
oral bioavailability.

general population, it is rapidly and almost completely (bioavail-
ability 90%) absorbed when administered orally.*** The median
bioavailability of 93% (IQR 56-106) that we report is comparable
to that of healthy individuals (Table 2). Hence, oral clindamycin
seems a reliable oral antibiotic option in most SBS patients.

Flucloxacillinis indicated primarily for treating various skin and
soft tissue infections caused by Gram-positive bacteria, like
Staphylococcus aureus. 1t is dosed three to four times daily and
is absorbed for approximately 55% after oral administration on
an empty stomach.?*?* Flucloxacillin exhibits substantial interin-
dividual variability in PK.?° The median bioavailability of 50% (IQR
32-76) that we found corresponds with that in healthy indivi-
duals (Table 2).2“?°> However, also in line with the healthy popu-
lation, a broad interindividual range between patients was
observed; thus, therapeutic drug monitoring (TDM) is advised as
part of future oral treatment in SBS patients with mild infections
and oral step down therapy for severe infections to safequard ad-
equate exposure at the individual level.

Fluconazole is an antifungal agent active against most
Candida species and is typically dosed once daily due to its long
plasma half-life. The drug is rapidly and almost completely ab-
sorbed from the GI tract; oral bioavailability exceeds 90% in

healthy adults.?’*® This matches our median bioavailability of
98 (IQR 61-107). Thus, fluconazole can be safely administered
in most SBS patients.

It is unclear why ciprofloxacin displayed a diminished absorp-
tion and the other antimicrobial agents displayed bioavailability
compared to the bioavailability described in the literature in the
general population.

We analysed several variables that may influence antimicrobial
agent absorption, including remnant small bowel length, presence
of gastropareses, number of parenteral infusions per week, plasma
citrulline concentration as a measure for functional enterocyte
mass, presence of ostomies, ingestion of oral antimicrobial agent
in suspension or tablet and kidney function. We could not demon-
strate any clear correlation between oral bioavailability and these
mentioned variables (Figure S1). This lacking correlation results
from our modest sample size in combination with confounding fac-
tors and the heterogeneity of the SBS population in general.

This study comes with strengths and limitations. Due to its ex-
plorative nature, we only have a modest sample size. However, it
should be realized here that our sample size matches that of
studies in renal failure and liver failure patients.?=3!

Also, the perfect timing of sample collection was hampered by
the fact that infusion times varied per antimicrobial agent while
collection time points were fixed for all drugs at baseline and 1, 2,
4,8 and 12 hours after administration. We decided to take a sam-
ple 1 hour after the first antimicrobial agent infusion period,
which may have been too late in some instances to pick up max-
imum plasma concentrations. Our primary outcome was not af-
fected by this sampling design.

A few individual findings related to patient characteristics are
worth mentioning. For instance, in one female participant, the
oral bioavailability of ciprofloxacin was only 3%, which was not
unexpected given that she underwent a major duodenal resec-
tion, which is the main absorption site for ciprofloxacin.®? Even
though we could not demonstrate that certain ‘logical’ patient
characteristics were predictive, knowledge regarding anatomy
can be helpfulin some cases to decide whether oral antimicrobial
agents are safe or whether TDM is mandatory.

For two participants with ultra-SBS (remaining small bowel
length of 5 and 7 cm), the bioavailability of flucloxacillin (43%
and 14%, respectively) and fluconazole (65% and 49%, respect-
ively) was, as expected, below that of healthy individuals (fluclox-
acillin: 55% and fluconazole: 90%).”-33

Concerning the strength of our study, this is the first prospective
investigation evaluating (inter) individual bioavailability after oral
administration of antimicrobial agents in SBS patients at a high in-
clusion rate since only a few patients were eligible for inclusion, and
most of these were willing to participate. The latter emphasizes
that these patients consider this an important treatment issue.

In conclusion, our study shows that oral clindamycin and flu-
conazole are likely possible treatment options in many SBS pa-
tients. Ciprofloxacin should probably be used at a higher dose.
Due to substantial interindividual differences, TDM is advised as
part of the treatment with flucloxacillin or in patients with duo-
denal resection and/or ultra-short remaining bowel. Future clinic-
al studies should explore the feasibility of oral antimicrobial agent
therapy in SBS patients with mild infections, with the ultimate
goal of providing an effective, safe, cost-saving and minimally in-
vasive treatment.
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