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Background: Colistin use is increasing with the rise in MDR Gram-negative infections globally. Effective antibiotic
stewardship is essential to preserve this antibiotic of last resort.

Objectives: This study investigated stewardship and safety errors related to colistin use to identify opportunities
forimprovement.

Patients and methods: A prospective descriptive study involving all patients 13 years and older treated with co-
listin at a tertiary hospital in Cape Town, South Africa, between August 2018 and June 2019. We collected clinical,
laboratory and outcome data and assessed provided treatment for stewardship and safety errors.

Results: We included 44 patients. Treatment errors were identified for 34 (77%) patients (median = 1), most
commonly inadequate monitoring of renal function (N =16, 32%). We also identified no rational indication for
colistin (N =9, 20%), loading dose error (N =12, 27%); maintenance dose error (N = 10, 23%); no prior culture
(N =11, 25%); and failure to de-escalate (2 of 9) or adjust dose to changes in renal function (6 of 15). All cause
in-hospital mortality was 47%. Amongst survivors, median ICU stay was 6 days and hospital stay more than
30days. Eight (18%) patients developed renal injury or failure during treatment. Three (7%) patients in this study
were found to have colistin-resistant organisms including two prior to colistin exposure.

Conclusions: This study has identified opportunities to enhance colistin stewardship and improve efficacy and
safety of prescription. The appearance of colistin-resistant organisms reinforces the urgent need to ensure ef-
fective and appropriate use of colistin.

ineffective, polymyxins serve as the last resort®’ and their use is
increasing.®
Colistin is a widely used polymyxin for its activity against MDR

Introduction

Gram-negative bacteria such as Klebsiella pneumoniae,

Acinetobacter species, Pseudomonas aeruginosa and Enterobacter
species cause infections including pneumonia, bloodstream infec-
tions, surgical site infections and meningitis. There has been an in-
crease in MDR infections caused by these organisms, both
globally*? and locally in South Africa.®* The threat caused by these
organisms is so significant that they account for all the organisms
listed as ‘Priority 1: Critical’ in the WHO priority pathogens list.”
When carbapenems, aminoglycosides and quinolones are

Gram-negative organisms.” Newer B-lactamase inhibitor combi-
nations such as ceftazidime/avibactam are not available in the
state sector in South Africa due to cost. Colistin remains an import-
ant agent for MDR Gram-negative infections in low-to-middle-
income countries (LMICs).™° Colistin is a concentration-dependent,
bactericidal polypeptide antibiotic.* Nephrotoxicity, followed by
neurotoxicity, are its most common side effects. Both are dose-
dependent and reversible on discontinuation of treatment, %13
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highlighting the need to determine optimal dosage and duration
of treatment to minimize both toxicity and the emergence of re-
sistance. This is particularly important for colistin as it has a narrow
therapeutic window and large inter-patient pharmacokinetic vari-
ability.** Therapeutic drug monitoring is recommended where
available.> While the true prevalence of colistin-resistant Gram-
negative organisms in South Africa is not known, resistance to co-
listin has been reported both globally*®*® and locally.*

For years, incomplete knowledge of the pharmacokinetics and
pharmacodynamics of colistin and outdated and conflicting litera-
ture about dosing have compromised its use in terms of both effi-
cacy and safety.?%?! More recently local colistin guidelines were
published by Visser Kift et al. in 2014“ and the South African
Society of Clinical Pharmacy in 2016.” International consensus
guidelines were released in 2019.%? The discrepancies in the dos-
age recommendations between these guidelines as shown in
Figure 1 may contribute to ongoing local prescriber uncertainty.

This study aimed to describe the current indications, antibiotic
stewardship practices and outcomes related to colistin use at a
tertiary academic hospital in Cape Town, South Africa, in order to
identify antibiotic stewardship opportunities and optimize colistin
prescribing practices and outcomes.

Patients and methods

This was a prospective descriptive study at Tygerberg Hospital involving all
consecutive patients 13 years and older treated with parenteral colistin
from August 2018 to June 2019. Tygerberg Hospital is a 1300-bed tertiary
academic hospital in Cape Town, South Africa. It is one of two academic re-
ferral centres in the city and renders a tertiary service to a population of ap-
proximately 3 million. The study was approved by the Stellenbosch
University Health Research Ethics Committee (ref. no. S18/04/075) and
written consent was obtained from participating patients.

Colistin is typically prescribed at Tygerberg Hospital for hospital-
acquired pneumonia, soft tissue infections, septicaemia and intra-
abdominal infections where a carbapenem-resistant, MDR organism is
identified or a carbapenem has failed. Colistin is also used empirically dur-
ing outbreaks of MDR organisms, based on locally appropriate protocols.
Local colistin guidelines note a synergistic effect of combination therapy
with a carbapenem™” if the MIC of the carbapenem in question is <8 mg/L.
The choice of meropenem or imipenem in combination with colistin is
based on which of the two has the lower MIC.?* Colistin use requires

consultation and approval by a named infectious diseases (ID) and/or
microbiology consultant before being issued by the pharmacy. Clinical phar-
macy is a developing profession in South Africa and posts in the public
sector for ward-based pharmacists are limited.?* The workload of procure-
ment, preparation and dispensing of medication from the pharmacy does
not allow adequate deployment of pharmacists from the pharmacy to the
ward to provide a patient-orientated service at our institution. We have a
clinical pharmacology service consisting of medically trained consultants
and trainee registrars, but consultations are limited to challenging thera-
peutic cases and not routine review of all prescriptions. The service provided
by clinical pharmacology extends to all disciplines and muiltiple therapeutic
fields, including toxicology, and is not focused on antimicrobial
stewardship.

Patients prescribed parenteral colistin during the study period were
identified and referred by the hospital pharmacy, ID or microbiology
departments for inclusion in the study. Inclusion criteria were (i) patients
13 years of age and older who were (ii) prescribed parenteral colistin and
received at least one dose. Exclusion criteria were (i) patients less than
13 years of age or (ii) who had previously received a course of colistin.

Data were prospectively extracted from patient records and the
National Health Laboratory Service (NHLS) TrakCare Web Results Viewer.
Isolates were identified and susceptibility testing (apart from colistin) per-
formed in the NHLS microbiology laboratory using the Vitek 2 automated
identification system (bioMérieux, France). Colistin susceptibility was per-
formed using broth microdilution in the NHLS reference laboratory in
Johannesburg, Gauteng.?

The clinical syndrome was defined as the indication to initiate colistin
documented in the notes by the treating physician. For the purpose of this
study, the authors defined salvage therapy as the use of colistin after
standard treatment options failed to produce an adequate clinical response
in a patient, in the absence of a carbapenem-resistant isolate. The APACHE
[T scores were calculated using Calculate by QxMD Medical Software Inc.

Patients were followed up for a 30day period after initiation of colistin,
or until discharge or in-hospital death. We assessed the treatment course
for a range of stewardship and safety errors. The decision to initiate colistin
was evaluated for appropriateness by the study ID physician based on the
clinical and microbiological data available at the time of initiation. Loading
and maintenances doses were considered correct if they followed either of
the two local guidelines available at the time of data collection. Other stew-
ardship metrics that were assessed included not obtaining appropriate
microbiological samples prior to initiating colistin therapy, use of combin-
ation antimicrobial therapy, monitoring of renal function, adjustment of co-
listin dose according to renal function and de-escalating antimicrobial
therapy in response to culture results.

Glomerular filtration rate Visser Kift et al. SASOCP International Consensus
(mL/min) (2014)4 (2016)7 Guidelines (2019)22
Loading dose 9.0-12.0 MU 12.0 MU 9.0 MU

>90 10.9 MU
80-90 10.3 MU
20-80 9.0 MU 9.0 MU 9.0 MU
60-70 8.3 MU
50-60 7.4 MU
40-50 6.0 MU 40MU 6.6 MU
30-40 5.9 MU
20-30 2.0MU 5.3 MU
10-20 40MU 4.8 MU

5-10 4.4 MU

0-5 2.0 MU 1.0MU 3.9 MU

Figure 1. Summary of South African and international colistin dosing guidelines by total daily dose according to estimated glomerular filtration

rate.
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Acute kidney injury was classified according to the RIFLE criteria.”® Only
the creatinine criteria could be applied as urine output was not consistently
available for all patients. According to these criterig, risk represented a 1.5%
increase in creatinine, injury a 2x increase and failure a 3x increase in
creatinine.

Data analysis was done using SPSS (IBM). Descriptive numerical data
with a normal distribution were described using means and standard devi-
ation whereas non-normal data were described using median and range. A
95% CI was used to estimate effect sizes of the observed data.

Avadilability of data and materials

The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Results

Recruitment

Forty-four patients were recruited. No patients were excluded or
declined to participate in the study. All patients had complete fol-
low up with complete data for analysis. Of the 44 patients, 32
patients were started on colistin in the ICU and 12 in the general
wards.

Baseline characteristics

Baseline characteristics are summarized in Table 1. The mean age
of patients was 38years and 61% (27/44) were male. More
patients were admitted to the ICU compared with the general
wards. There was an equal split between medical and surgical
patients, where surgical patients included general surgical, burns,
orthopaedics and gynaecology patients. The median (IQR)
APACHE II score of the patients was 12 (7-18). Fourteen patients
had acute kidney injury at the time of starting colistin, of whom
four were receiving acute dialysis. Intermittent haemodialysis is

Table 1. Baseline characteristics at start of colistin therapy

Characteristic (n = 44) Value (%) [95% CI]
Age, years, mean 38.3 [33.7,43.0]
Sex

Male 27 (61.4) [45.5,75.3]

Female 17 (38.6) [24.7, 54.5]
Level of care

Intensive care 32 (72.7) [56.9, 84.5]

General ward 12 (27.3) [15.5, 43.1]
Discipline

Medical 22 (50.0) [34.8,65.2]

Surgical 22 (50.0) [34.8,65.2]
APACHE II score, mean 12.8 [10.8, 14.8]
Albumin, g/L, mean 23.1 [21.0, 25.2]
Intubated 23 (52.3) [36.9,67.3]
Acute kidney injury 14 (31.8) [19.1,47.7]
Acute dialysis 4 (9.1) [3.0, 22.6]
HIV positive 8 (18.2) [8.7,33.2]
Time since admission to start of 14 (9-20)

therapy, days (IQR)

used at our institution, with sustained low-efficiency dialysis used
in patients unable to tolerate the former.

Indications for treatment

The most common clinical syndromes being treated were
hospital-acquired pneumonia (n=16; 36.3%) and soft tissue
infections (n = 14; 31.8%). Eight patients (18.1%) were treated for
intra-abdominal infection and six (13.6%) for bloodstream infec-
tions without a documented underlying source.

Based on microbiology results available at the time of colistin
initiation, most patients (n = 27; 61.4%) were treated with colistin
as directed therapy. Twelve patients (27.3%) were treated empiric-
ally while five (11.4%) were given colistin as part of salvage
therapy.

In just over half of patients, the infecting organism was isolated
from blood culture (n = 23; 52.3%). Respiratory samples, primarily
tracheal aspirates, and tissue cultures were positive in 29.5% and
27.3% of patients respectively. Five (11.4%) patients had organ-
isms identified on superficial swabs, three (6.8%) on urine culture
and three (6.8%) on central line tip.

The most common Gram-negative organism found was
Acinetobacter baumannii in 27 (73.0%) patients. K. pneumoniae
was found in 9 (24.3%) patients and P. aeruginosa in 1 (2.7%).
Colistin MICs were available in 28 patients. The median MIC of
these organisms was 0.75mg/L (IQR: 0.5-1). One organism, a K.
pneumoniae isolate, had an MIC of 2 mg/L. Two isolates of A. bau-
mannii from surgical patients with no prior colistin exposure were
found to be resistant to colistin.

Antibiotic stewardship errors

Antibiotic stewardship errors were identified for 18 (40.9%) of the
patients treated with colistin as shown in Table 2. Despite the colis-
tin restriction on prescribing policy, nine (20.5%) cases were con-
sidered to not have an appropriate indication based on the clinical
picture and available culture results. This was similar across level
of care and discipline.

No culture was performed prior to starting colistinin 11 (25.0%)
patients.

In 11/44 (25.0%) scripts, no combination therapy was pre-
scribed. This included 7/27 (25.9%) patients with A. baumannii, 2/9
(22.2%) with K. pneumoniae, the single patient with P. aeruginosa
and 1/7 (14.3%) without an identified organism. The most likely
antimicrobials to be empirically co-prescribed with colistin were
meropenem (65.9%) and imipenem (9.1%).

In nine (20.5%) patients, the results of bacterial culture and
susceptibility allowed for de-escalation of antimicrobial therapy.
This did not occur for two of these patients.

Safety errors

Safety errors were identified for 29 (65.9%) patients. Twenty-eight
patients received colistin doses according to one of the South
African guidelines. The dosages prescribed for 16 patients did not
comply with either of the local guidelines available at the time.
Errors with the loading dose were found in 12 (27.3%) patients.
These errors were more likely to occur in the general wards
(50.0%) compared with intensive care (18.8%) and in surgical
patients (40.9%) compared with medical patients (13.6%), but the
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Table 2. Stewardship and safety measures

Overall, ICyY, General, Medical, Surgical,
n =44 n=32 n=12 n=22 n=22

Antibiotic stewardship errors 18 (40.9) 14 (43.8) 4 (33.3) 7 (31.8) 11 (50.0)
Inappropriate choice 11 (25.0) 7 (21.8) 2 (16.6) 6 (27.2) 3 (13.6)
No prior culture 11 (25.0) 7 (21.9) 4 (33.3) 0 (0.0 11 (50.0)
Not treated with combination therapy 11 (25.0) 6 (18.8) 5 (41.7) 5 (22.7) 6 (27.2)
Failed to de-escalate 2 of 9 1 of 8 1 of 1 1 of 5 1 of 4
Safety errors 29 (659) 18 (56.3) 11 (91.7) 11 (0.50) 18 (81.8)
Loading dose error 12 (27.3) 6 (18.8) 6 (50.0) 3 (13.6) 9 (40.9)
Incorrect loading dose 4 (9.1) 3 (9.4) 1 (83) 0 (0.0 4 (18.2)
Loading dose not prescribed 8 (18.2) 3 (9.4) 5 (41.7) 3 (13.6) 5 (22.7)
Maintenance dose error 10 (22.7) 8 (25.0) 2 (16.7) 5 (22.7) 5 (22.7)

Incorrect maintenance dose 7 (15.9) 3 (9.4) 0 (0.0 2 (9.1 1 (4.5
Initial maintenance dose not according to GFR 3 (6.8 5 (15.6) 2 (16.7) 3 (13.6) 4 (18.2)
Not dosed according to either local guideline 16  (36.4) 10 (31.3) 6 (50.0) 5 (22.7) 11 (50.0)
Renal function not monitored 16 (36.4) 6 (18.8) 10 (83.3) 5 (22.7) 11 (50.0)
Maintenance dose not adjusted after change in GFR 6 of15 6 of13 0 of2 3 of8 3 of7
Total errors per patient, median (IQR) 1 (1-2) 1 (0-2) 2 (1-3) 1 (0-2) 2 (1-3)
0 10 (22.7) 9 (28.1) 1 (83) 7 (31.8) 3 (13.6)
1 16 (36.4) 12 (37.5) 4 (33.3) 9 (40.9) 7 (31.8)
2 2 (20.5) 6 (18.6) 3 (25.0) 4 (18.2) 5 (22.7)

3 4 (9.1) 3 (94) 1 (83) 2 (9 2 (97
4 5 (11.4) 2 (6.3) 3 (25.0) 0 (0.0 5 (22.7)

Values are shown as n (%) unless stated otherwise.
GFR, glomerular filtration rate.

difference did not reach statistical significance. Errors included not
prescribing a loading dose (18.2%) and prescribing an incorrect
loading dose (9.1%). Ten (22.7%) scripts had maintenance dose
errors including seven (15.9%) where the dose was incorrect and
three (6.8%) where the dose had not been adjusted according to
the renal function.

Renal function was not monitored during the course of colistin
therapy in 16 (36.4%) patients. This was more often found in the
general wards (83.3%) and for surgical patients (50.0%). Where
monitored, 15 (34.1%) patients had a change in renal function
necessitating an adjustment of the colistin maintenance dose. In
6 of these 15 cases, the dose was not adjusted.

Overall, errors of any type were identified for 34 (77.3%) of the
patients treated with colistin with a median of 1 (IQR: 1-2) pre-
scribing error per patient as shown in Table 2. The number of errors
in general ward and surgical patients were similar; the median
was two (Figure 2). The maximum number of errors found for a pa-
tient was four, in five (11.4%) patients.

Outcomes

Thirty-day all-cause mortality was 47.7% (95% ClI: 32.7, 63.1).
Admission APACHE II scores were significantly higher amongst
patients who died (median [IQR]=16 [11-21]) compared with
those who survived (median [IQR]=8 [6-14]) (P = 0.0003). Higher
mortality was observed amongst medical (54.5% [95% CI: 32.6,
74.9]) compared with surgical patients (40.9% [95% CI: 21.5,
63.3]) and amongst those treated according to either of the South

African guidelines (53.6% [95% CI: 34.2, 72.0]) compared with
those dosed incorrectly (37.5% [95% CI: 16.3, 64.13]), but this was
not statistically significant.

Amongst patients that survived, median length of ICU stay was
6days (IQR: 0-15) with some patients remaining in ICU for more
than 30days. Median length of hospital stay for all patients who
survived was more than 30 days (IQR: 19 to >30).

The all-cause acute kidney injury rate was 18.2% [95% CI: 8.7,
33.3]. This consisted of five patients (11.4%) who developed risk,
six (13.6%) injury and two (4.5%) failure.?® The nephrotoxicity rate
was higher amongst surgical (27.3% [95% CI: 11.6, 50.5]) com-
pared with medical patients (9.1% [95% CI: 1.6, 30.6]) and be-
tween those treated according to either South African guideline
(25.0% [95% CI: 11.4, 45.2]) compared with those treated incor-
rectly (6.3% [95% CI: 0.3, 32.3]), although none of these differen-
ces reached statistical significance. Similar rates were observed
amongst ICU and general ward patients.

Two patients continued to grow organisms from sterile sites
while on treatment with colistin and six after treatment with colis-
tin. All except one of these patients were treated according to one
of the South African guidelines. This last patient, a surgical patient
in ICU not treated according to the guideline, cultured a colistin-
resistant A. baumannii.

Discussion

This study has shown a large number of stewardship and safety
errors with the use of colistin. The errors occur at all points in the
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Figure 2. Box-and-whisker plot of the number of stewardship and safety errors found overall, by level of care and by discipline. Central line indi-
cates the median number of errors found, box indicates the IQR and whiskers indicates the range.

treatment course, from the decision to initiate therapy through
dosing to monitoring and potential de-escalation. The study also
showed a very high risk of death amongst patients started on colis-
tin. These findings indicate that clinicians require a greater degree
of guidance and support when prescribing colistin and that more
research is required to optimize its use.

Our findings indicate that antibiotic stewardship principles and
programmes are not effectively followed and enforced and need
to be strengthened for colistin in particular, and antimicrobials in
general. Errors in dosing and monitoring also point to a lack of
knowledge amongst clinicians regarding the effective and safe use
of colistin. This may be due to a lack of familiarity with the drug
compared with other antimicrobials. Other potential explanations
include conflicting dosages and units of measurement in guide-
lines and manufacturer inserts, lack of awareness of or difficulty
accessing published quidelines, and outdated formularies.?®?!
These issues may also, in part, explain the high mortality rate seen
in this study.

Evidence suggest that only 30%-40% of patients receiving cur-
rently recommended colistin dosages are expected to reach the
target average steady-state plasma concentration (css) of 2mg/L
and 80% reach a css of 1 mg/L.?% Therefore, even patients who
were treated correctly may have failed to achieve therapeutic co-
listin concentrations. This is especially true of patients with normal
renal function. Concentrations reached at target sites, especially
the lung, can be significantly lower resulting in inadequate ther-
apy. For this reason, CLSI has recently opted to eliminate the ‘sus-
ceptible’ interpretive category for colistin, instead assigning
‘intermediate’ to any MIC <2mg/L,?’ illustrating how difficult

colistin dosing can be, even for experienced clinicians. Colistin
therapeutic drug monitoring is also not available in our setting.

One multicentre retrospective record review involving private
sector hospitals in South Africa had similar findings, with adher-
ence to local guidelines at best 48.2%.%® Inappropriate use of anti-
biotics in general is also known to be high.?® While initial reports
showed nephrotoxicity rates with colistin of almost 50%, our find-
ings are comparable to more recent international reports with
lower rates of 10% to 30%.**>2°

We are not aware of any local outcome data for colistin.
Internationally, mortality rates vary broadly between 30% and 70%
but studies are heterogenous in terms of population, treatment regi-
men and outcomes.*!3* The finding that patients treated according
to guidelines had worse outcomes than those treated incorrectly
was unexpected. Several factors may explain this. This was a pro-
spective study and any treatment errors were corrected when dis-
covered, thus many patients in the latter group were ultimately
treated correctly. Patients treated according to the guidelines were
more likely to be ICU or medical patients, two groups which them-
selves had worse outcomes. Confounding may therefore have played
a role. Lastly, the small patient numbers in the subgroups means
that chance may have played a role in this outcome as the differen-
ces, although large, were not statistically significant.

Limitations

Colistin was not indicated in all patients, while 30day all-cause
mortality was considered a crude measure of this secondary
outcome since it may reflect many factors other than the
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effectiveness of colistin therapy. Response to treatment may have
been a better method to determine the number of patients where
colistin therapy failed. However, this was beyond the scope and
resources available in this study. Similarly, acute kidney injury can
more accurately be determined using biological markers, while the
urine output component of the RIFLE criteria could not be included
in analysis. As this was a descriptive study, renal function and culture
results could only be checked opportunistically when requested by
the attending clinician and not according to a protocol. This resulted
inincomplete data for these outcomes. Data regarding the adequacy
of source control procedures were not available. Data regarding pre-
authorization of colistin by an ID and/or microbiology consultant prior
to pharmacy supply were not collected in this study. This is an import-
ant antimicrobial stewardship intervention and rates of pre-
authorization should be measured in future studies.

Recommendations

Current colistin guidelines are based on international pharmacoki-
netic data and have not been tested in randomized control tri-
als.**3> There is an urgent need for colistin pharmacokinetic
studies in all patient populations including special populations
such as the critically ill and obese. Studies generating pharmacoki-
netic data are needed to optimize future guidelines.

More urgently, there is a need for antibiotic stewardship activities
to be implemented more stringently, consistently and effectively in
the clinical context. Following this study, our hospital implemented
new protocols for the use of colistin. We have adapted the new inter-
national guidelines?” for use at our institution. We also began collabo-
rating internationally to develop expertise in colistin pharmacokinetic
measurement and dose optimization in special populations. The effi-
cacy of these changes at our institution is still to be investigated, but
the implementation of an antimicrobial stewardship programme for
colistin in another lower-middle-income country showed significant
improvement across all measures.*® Other facilities are urged to simi-
larly audit colistin use to inform antibiotic stewardship and quality im-
provement processes. Education and training of healthcare workers
on the safe and effective use of colistin is required and there are
opportunities for the ID and microbiology teams to remain more
involved, though care should be taken not to delay appropriate anti-
biotic initiation. Expansion of the clinical pharmacy service would
allow many of the antimicrobial stewardship and safety errors identi-
fied in this study to be detected and corrected, but remains a chal-
lenge due to resource constraints in LMICs.** Making therapeutic
drug monitoring for colistin available locally will help to overcome
current challenges with dosing and raise awareness of issues around
monitoring. Consideration should also be given to a switch to poly-
myxin B, which has the benefits of being administered in active form
and not requiring renal dose adjustments, making it more prescriber-
friendly.?2”~>° However, alternatives remain costly in low-resource
settings and challenging to procure.

Conclusions

Colistin has acquired the title of antibiotic of last resort and is un-
likely to be replaced soon. The spectre of resistance looms large
and efforts towards elucidating its pharmacological properties
must be matched by equal efforts to strengthen antibiotic

stewardship programmes and ensure that colistin remains an ef-
fective option long into the future.
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