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Background: Toxicity is a major concern related to the clinical use of polymyxin B,

and available safety data for renal transplant patients are limited.

Aims: We investigated the safety of polymyxin B and toxicity risk factors in renal

transplant patients.

Methods: A prospective study was performed on a group of renal transplant patients

who received intravenous polymyxin B between January 2018 and August 2021.

Polymyxin B treatment was monitored to evaluate toxicity and risk factors.

Results: A total of 235 courses of polymyxin B were administered to 213 patients.

Of these, 121 (51.5%) developed skin hyperpigmentation (SH), 149 (63.4%) devel-

oped neurotoxicity and 10 (5.5%) developed acute kidney injury of which 80% was

reversible. Risk factors for developing SH included a high total dose by weight (odds

ration [OR] 1.31, 95% confidence interval [CI] 1.08–1.60, P = .008) and the presence

of neurotoxicity (OR 2.86, 95% CI 1.56–5.26, P = .001). Neurotoxicity manifested

during the first 2 days of treatment. Neurotoxicity occurred most commonly in

women (OR 3.84, 95% CI 1.82–8.10, P < .0001), and the presence of SH (OR 1.98,

95% CI 1.13–3.46, P = .016) was also an independent risk factor.

Conclusions: Neurotoxicity and SH are the two major adverse effects of polymyxin B

in renal transplant patients, which may limit its clinical use.
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1 | INTRODUCTION

Polymyxins are a group of polypeptide antibacterial agents that were

first identified in the 1940s.1,2 Despite their distinct activity against

gram-negative bacteria, their use has been discontinued for many

years owing to their toxicity.3,4 However, with the emergence of

multidrug-resistant (MDR) gram-negative bacteria, polymyxins have

re-emerged as alternatives against such MDR organisms.5–7 Poly-

myxin B and E (colistin) are the only two compounds in this family that

have been used in clinical practice, and polymyxin E was widely used

previously. However, because of its more predictable pharmacokinet-

ics and rapid antimicrobial activity, polymyxin B has become favoured

by clinicians.8,9

Like other polymyxins, nephrotoxicity and neurotoxicity are the

most common adverse events associated with polymyxin B.3,10

However, owing to limited clinical experience, the incidence and

predictors of these adverse reactions remain controversial. Recent

studies in critical care unit (ICU) patients have shown that nephro-

toxicity rates range widely from 10 to 60%.3,4 Some studies found

that a higher dosage and concomitant use of other nephrotoxic

drugs were associated with an increased risk of nephrotoxicity,

while others found a significant relationship between baseline renal
Principal Investigator statement The authors confirm that the Principal Investigator for this

paper is Yangang Zhou and that she had direct clinical responsibility for patients.

Received: 16 January 2022 Revised: 17 April 2022 Accepted: 21 April 2022

DOI: 10.1111/bcp.15384

Br J Clin Pharmacol. 2022;1–9. wileyonlinelibrary.com/journal/bcp © 2022 British Pharmacological Society. 1

https://orcid.org/0000-0001-8692-0219
mailto:xuping1109@csu.edu.cn
https://doi.org/10.1111/bcp.15384
http://wileyonlinelibrary.com/journal/bcp


function and acute kidney injury (AKI).11–13 Neurotoxicity was less

common (7–27%) in earlier studies and usually manifests as dizzi-

ness, muscle weakness, facial and peripheral paraesthesia, partial

deafness, visual disturbances, vertigo, confusion, hallucinations, sei-

zures, ataxia and neuromuscular blockade.4,14 Nevertheless, Liu and

Crass recently reported higher neurotoxic adverse reactions in both

healthy subjects (85%) and patients with cystic fibrosis (100%).15,16

Compared to highly sedated patients in earlier studies, these

patients were conscious and presented a better capacity to perceive

the symptoms of neurotoxicity, which might be the reason for the

higher incidence rates. In addition, intravenous polymyxin B treat-

ment was recently found to cause skin hyperpigmentation (SH), and

the D-phenylalanine residue at position 6 might be the critical struc-

ture involved in this reaction, but the incidence and mechanism of

this effect are still unknown.17,18

Renal transplant patients are at an increased risk of developing

MDR gram-negative infections due to immunosuppression, frequent

antibiotic use and healthcare exposure. Hence, they are at an

increased need for polymyxin B treatment.19,20 However, there is

little data regarding the rates and spectrum of polymyxin B toxicity

in renal transplant patients.21 Our previous study showed that poly-

myxin B was more likely to accumulate in renal transplant patients

with much lower clearance than in other patients, which might lead

to more toxicity.22 Moreover, since neurotoxicity and SH caused by

polymyxin B are considered to be dose-dependent, patients with

impaired renal function are at higher risk of developing these

adverse effects.14,17 The primary objective of our study was to eval-

uate the safety of polymyxin B in renal transplant patients, with a

particular focus on nephrotoxicity, neurotoxicity and SH. The sec-

ondary objective was to assess the risk factors for these side

effects.

2 | METHODS

2.1 | Study design and patients

This single-centre prospective cohort study was performed in the sec-

ond Xiangya Hospital of Central South University (Changsha, China), a

tertiary-care teaching hospital. Between January 2018 and August

2021, renal transplant patients (age ≥18 years) who received intrave-

nous polymyxin B were eligible for the study, and their treatment

courses were carefully monitored throughout polymyxin B therapy.

Adverse reactions, except AKI, were evaluated using the Naranjo

Adverse Drug Reaction Probability Scale.23 When the score was

greater than 5, adverse effects were considered to be associated with

polymyxin B. In addition, all patients who experienced adverse effects

from polymyxin B were followed up in the hospital after polymyxin B

therapy until the reactions were completely cleared or the patient had

been discharged or died. For the nephrotoxicity analysis, in patients

who received two courses of polymyxin B therapy, only the first one

was analysed and patients were excluded if they (1) received poly-

myxin B for a period of <48 hours or (2) were on renal replacement

therapy at baseline. AKI was assessed using the RIFLE criteria and

determined using the highest serum creatinine (Cr) level during poly-

myxin B treatment compared with the baseline serum Cr value.24 This

study was approved by the Ethics Committee of Second Xiangya Hos-

pital (No. ChiCTR1900022231). All patients provided signed informed

consent.

2.2 | Variables and definitions

The following data were collected from each of the included patients:

age, sex, weight, time after transplantation, comorbidities such as dia-

betes and cardiovascular disease, creatinine clearance (CrCL), use of

other nephrotoxic drugs or nephrotoxic contrast, vasoactive drugs

and mechanical ventilation during polymyxin B treatment, and renal

replacement therapy before and during polymyxin B treatment. Data

on the use of polymyxin B, including daily dose, daily dose by weight,

treatment duration, total dose and total dose by weight, were also

collected.

CrCL was calculated according to the Cockcroft-Gault equation,

and basal indices were defined as values measured on the day poly-

myxin B was initiated. Diagnoses of infections were based on clinical

What is already known about this subject

• Toxicity is a major concern related to the clinical use of

polymyxin B, especially nephrotoxicity.

• Previous studies have found a low incidence of neurotox-

icity in patients treated with polymyxins, but two recent

studies reported relatively higher neurotoxic adverse

reactions in both healthy subjects (85%) and patients with

cystic fibrosis (100%).

• Intravenous polymyxin B treatment was recently found

to cause skin hyperpigmentation (SH), but the incidence

and mechanism of this effect are still unknown.

What this study adds

• Neurotoxicity and SH are the two major adverse effects

of polymyxin B in renal transplant patients, which may

limit its clinical use.

• Although the mechanisms of neurotoxicity and SH

require further investigation, they are possibly associated

with each other.

• When lower doses were administered, nephrotoxicity

was not a significant adverse effect in renal transplant

patients.

2 ZHOU ET AL.



features and bacterial isolation. Clinical cure was defined as the total

or partial resolution of signs and symptoms of infection at the end of

polymyxin B treatment.

2.3 | Statistical analysis

All statistical analyses were performed using Statistical Package Social

Statistics for Windows (version 18.0; SPSS Inc., Chicago, IL, USA). Cat-

egorical variables were compared using the chi-squared test. Continu-

ous variables were expressed as median (interquartile [IQR], range),

tested for normality of distributions using the Kolmogorov-Smirnov

test, and then compared using the Mann-Whitney U test. Variables

with a P value <.05 in univariate analysis were included in a logistic

regression model for multivariate analysis. The time to onset of SH in

the stratified cohorts was compared using Kaplan–Meier survival anal-

ysis and the log-rank test.

3 | RESULTS

3.1 | Baseline characteristics of patients

A total of 213 hospitalised patients met the enrolment criteria and

22 patients received two courses of polymyxin B therapy with time

intervals of more than 3 months (3–15 months), therefore a total

number of 235 courses of polymyxin B therapy were administered to

213 patients between January 2018 and August 2021. The median

age of the patients was 44 years (IQR 34–51, range 12–70), 73.6%

were male and their median weight was 60.2 kg (IQR 50–68.9, range

35.1–100 kg). Most of the patients (96.2%) had pre-existing renal

insufficiency prior to commencement of polymyxin B treatment with

a median CrCL of 31.9 mL/min (IQR 11.8–46.8, range 3.9–

106.2 mL/min). Twenty-five patients during 38 courses of polymyxin

B therapy were on haemodialysis. Of these, 23 patients had renal allo-

graft failure and were permanently on dialysis, and two patients had

delayed graft function and renal function subsequently recovered

within 2 months. Among all courses, 60% (141/235) had confirmed

infection, while 40% (94/235) were administered polymyxin B to pre-

vent the transmission of infection from the donors. Sources of infec-

tions included pneumonia (70.2%), urinary tract infection (UTI)

(14.9%), primary bloodstream infection (4.3%), skin and soft tissue

infection (4.3%), and intra-abdominal infection (3.5%); 2.1% of the

patients were treated empirically. The median duration of polymyxin

B treatment was 9 days (IQR 6–11, range 1–52 days) and the median

polymyxin B dosage was 80 mg/day (IQR 80–100, range 40–200 mg/

day). Clinical cure was observed in 64 patients (45.4%) and the 30-day

mortality rate was 6.4%. Detailed demographic data are presented in

Table 1.

3.2 | Adverse reactions

3.2.1 | Neurotoxicity

Neurotoxicity was observed in 134 patients during 149 (63.4%)

courses of polymyxin B therapy, and 15 of the 22 patients who

received two courses developed neurotoxicity during both

TABLE 1 Demographic data for 235 renal transplant patients who
received polymyxin B therapy

Variable Valuesa

Age (years) 43 (IQR 34, 51, range 12–70)

Male 173 (73.6%)

Weight (kg) 60.2 (IQR 50, 68.9, range

35.1–100)

Time after transplantation 0 (0–100)

≦3 months 149

3–12 months 46

>12 months 40

Cardiovascular disease (n = 213) 119 (56.1%)

Diabetes mellitus (n = 213) 30 (14.2%)

Albumin (g/L) 31.5 (IQR 29.2, 35.5, range

22.7–43.2)

Baseline creatinine clearance

(mL/min)

31.9 (IQR 11.8, 46.8, range

3.9–106.2)

Haemodialysis during therapy 38 (16.2%)

Mechanical ventilation 8 (3.4%)

Polymyxin B daily dose (mg) 80 (IQR 80, 100, range 40–
200)

Polymyxin B daily dose by weight

(mg/kg/day)

1.4 (IQR 1.1, 1.6, range 0.5–
3.0)

Polymyxin B treatment duration

(days)

9 (IQR 6, 11, range 1–52)

Polymyxin B total dose (mg) 640 (IQR 400, 1000, range

40–3640)

Polymyxin B total dose by weight

(mg/kg/day)

11.0 (IQR 7.2, 15.7, range

0.6–74.1)

Other nephrotoxic drugs

Vancomycin 1 (0.4%)

Aminoglycosides 12 (5.1%)

Loop diuretics 73 (31.1%)

Amphotericin B 32 (13.6%)

NSAIDs 16 (6.8%)

Osmotic contrast 6 (2.6%)

Immunosuppressant 198 (84.2%)

Glucocorticoid 214 (91.1%)

ACEI/ARB 32 (13.6%)

SMZ-TMP 41 (17.4%)

Aciclovir/ganciclovir 72 (30.6%)

Vasoactive drugs 27 (11.5%)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB,

angiotensin receptor blockers; IQR, interquartile range; NSAIDs,

nonsteroidal anti-inflammatory drugs; SMZ-TMP, sulfamethoxazole

trimethoprim.
aCategorical data are number (%) of subjects, continuous data are

expressed as median (IQR, range).
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administrations, while the rest did not develop this adverse effect dur-

ing either administration. Neurotoxicity manifested mostly during the

first 2 days (96.0%), and the most common symptoms were facial and

peripheral paraesthesia, skin purities and muscle weakness (Table 2).

Three patients developed visual or auditory hallucinations during

treatment, and 26 (11.1%) developed visual disturbances and reported

unclear vision. No patients developed respiratory failure or apnoea

secondary to respiratory muscle paralysis. Nevertheless, discontinua-

tion and reduction in the dosage of polymyxin B due to intolerance to

its neurotoxicity, including facial and peripheral paraesthesia, skin

pruritus and hallucinations, were required in 15 and 27 treatments,

respectively.

3.2.2 | Skin hyperpigmentation

SH was observed in 121 (51.5%) polymyxin B-treated patients, and

the median time to onset of the first observable skin changes was the

third day (IQR 3–4, range 1–9 days). Skin changes were noted, partic-

ularly on the face (100%) and neck (n = 164, 69.8%) (Figure 1). Fur-

thermore, among the 22 patients who received two courses of

polymyxin B therapy, 10 developed SH during both administrations,

while the rest did not develop this adverse effect during either

administration.

3.2.3 | Nephrotoxicity

Among the 213 patients, five received polymyxin B for less than

48 hours and 25 patients were on renal replacement therapy at the

beginning of polymyxin B treatment, thus a total of 183 therapies

were eligible for nephrotoxicity analysis. According to the RIFEL

criteria, AKI occurred in 10 (5.5%) patients and was categorised as risk

(50.0%) and injury (50.0%); the baseline CrCL of these patients was

41.4 mL/min (IQR 17.7–65.4, range 9.7 to 84.0 mL/min) and the mean

time to AKI development was 6 days (IQR 4–9, range 2–19 days).

Most patients (80.0%) recovered within 25 days of polymyxin B

discontinuation.

3.2.4 | Other adverse reactions

Nine cases of nausea or vomiting were reported in nine subjects. One

male patient discontinued polymyxin B treatment on the third day

because of intolerable vomiting, and the others recovered within

2 days after the therapy without additional treatment. Desquamation

was observed in three patients, which occurred mainly around the lips.

Lip balm seemed to be helpful in alleviating this effect and all patients

recovered after 3 days of cessation. Severe pain at the injection site

was reported by 14 patients and most of them had to replace the

indwelling venous needle every other day because of phlebitis.

3.3 | Risk factors for adverse reactions

The univariate analysis for neurotoxicity is shown in Table 3. In multi-

variate analysis, female sex (odds ratio [OR] 3.84, 95% confidence

interval [CI] 1.82–8.10, P < .0001) and concurrence with SH (OR 1.98,

95% CI 1.13–3.46, P = .016) were independent risk factors for neuro-

toxicity. Polymyxin B treatment (daily dose, duration, total dosage and

daily dose by body weight) was not significantly associated with neu-

rotoxicity. Subgroup analysis among patients with different baseline

TABLE 2 Neurotoxicity of polymyxin B in 235 courses of therapy

Neurotoxicity Events (n%)

Facial and peripheral paraesthesia 108 (46.0%)

Skin pruritus 71 (30.2%)

Muscle weakness 29 (12.3%)

Visual disturbances 26 (11.1%)

Dizziness 25 (10.6%)

Dysgeusia 19 (8.1%)

Hallucinations 8 (3.4%)

Walking unstable 3 (1.3%)

Dysphagia 2 (0.9%)

Total 149 (63.4%)

Abbreviations: n%, percentage of subjects who reports adverse events out

of total subjects enrolled.

F IGURE 1 Photograph of a patient developing
hyperpigmentation on day 4 of polymyxin B treatment
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CrCLs (<30, 30–50, >50 mL/min) indicated the same risk factors of

neurotoxicity (data not shown).

The univariate analysis for SH is shown in Table 4, where the total

dosage, daily dosage, total dosage by weight, duration and concur-

rence with neurotoxicity were significant predictors for SH. When

these variables were included in the multivariate logistic regression

model, the independent predictors for SH were total dosage by

weight and neurotoxicity (Table 5). The time to onset of SH between

patients with and without neurotoxicity is shown in Figure 2, and was

remarkably earlier in the neurotoxicity group (P = .002).

Risk factors for AKI were not considered because of the very low

incidence of renal injury.

4 | DISCUSSION

Our study showed higher incidence of neurotoxicity and SH in renal

transplant patients using intravenous polymyxin B, and a significant

correlation between neurotoxicity and SH. However, the incidence of

nephrotoxicity was comparatively low.

The high incidence of polymyxin B neurotoxicity in our study is in

accordance with two recent studies in healthy Chinese subjects and

patients with cystic fibrosis but is much higher than that reported in

earlier studies (63.4% vs 7–27%).3,4 The main causes of this discrep-

ancy might be the retrospective settings and the sedated critically ill

patients in most previous studies, which make the adverse neurotoxic

effect difficult to detect and possibly underestimated. Notably, in con-

trast to benign and well-tolerated peripheral neurotoxicity, over half

of our patients complained of severe paraesthesia and skin pruritus,

and 42 of them needed to reduce the dosage or discontinue the ther-

apy. It seems that neurotoxicity is more intolerable in renal transplant

patients, and the concomitant use of other neurotoxic medications

such as tacrolimus, cyclosporine A (CsA) and glucocorticoids might

explain this finding. Interestingly, a higher incidence (14.5%) of CNS

toxicities such as visual disturbances and hallucinations was observed

in our patients. Intravenous injection of polymyxin B is seldom

TABLE 3 Univariate analysis of the predictors for polymyxin B-induced neurotoxicity

Variables Neurotoxicitya (n = 149) No neurotoxicitya (n = 86) OR (95% CI)

Demographic paremeters

Female 52 (34.9%) 10 (11.6%) 4.07 (1.94–8.54)

Age (years) 42.4 (9.1) 42.9 (9.5) 0.99 (0.97–1.02)

Weight (kg) 59.5 (10.5) 61.5 (10.3) 0.99 (0.97–1.01)

Comorbidities

Hypertension 85 (57.0%) 45 (52.3%) 1.21 (0.71–2.06)

Diabetes mellitus 23 (15.4%) 10 (11.6%) 1.39 (0.63–3.07)

Clinical conditions

Baseline CrCL (mL/min) 32.3 (22.3) 31.1 (23.8) 1.00 (0.99–1.01)

Haemodialysis during therapy 25 (16.8%) 15 (17.4%) 0.95 (0.47–1.93)

Albumin (g/L) 32.1 (4.1) 31.6 (4.4) 1.02 (0.96–1.09)

Concurrence with skin hyperpigmentation 87 (58.4%) 34 (39.5%) 2.15 (1.25–3.69)

Polymyxin B treatment

Daily dosage (mg) 80.3 (20.6) 81.0 (19.1) 0.99 (0.98–1.01)

Daily dosage by body weight (mg/kg) 1.4 (0.4) 1.4 (0.4) 1.19 (0.64–2.22)

Duration (day) 9.2 (6.8) 9.7 (5.2) 0.99 (0.95–1.03)

Total dosage (mg) 725.5 (533.9) 791.0 (534.4) 1.00 (0.99–1.00)

Total dosage (mg/kg) 12.6 (9.8) 13.8 (11.0) 0.99 (0.96–1.02)

Combination therapy

Amikacin 3 (2.0%) 9 (10.9%) 0.18 (0.05–0.67)

Nephrotoxic contrast 4 (2.7%) 2 (2.3%) 1.16 (0.21–6.46)

Diuretics 42 (28.2%) 32 (37.2%) 0.66 (0.38–1.16)

Vasoactive agents 15 (10.1%) 12 (13.9%) 0.69 (0.31–1.55)

Tacrolimus 112 (75.2%) 63 (73.3%) 1.10 (0.60–2.20)

Cyclosporine 16 (10.7%) 9 (10.4%) 1.03 (0.43–2.44)

Mycophenolate mofetil 107 (71.8%) 61 (70.9%) 1.04 (0.58–1.88)

Prednisone 134 (89.9%) 80 (93.0%) 0.67 (0.25–1.80)

Abbreviations: CI confidence interval; OR, odds ratio; CrCL, creatinine clearance.
aCategorical data are number (%) of subjects, continuous data are expressed as mean (standard deviation).
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considered to cause CNS toxicities because of its negligible concen-

tration in the cerebrospinal fluid.25,26 However, in the 1970s, research

on rabbits showed that polymyxin B was highly concentrated in the

brain tissue in an inactive form.27,28 Further studies are needed to

explore the distribution of polymyxin B in the human central nervous

system and its subsequent neurotoxicity.

Logistic analysis found a significant association between female

sex and a higher incidence of neurotoxicity (p < .0001), which is con-

sistent with the tendency in healthy subjects.16 These results indicate

that polymyxin B-induced neurotoxicity might be a gender-dependent

adverse event, but the mechanism is not yet clear. It is suggested that

polymyxins may induce neuromuscular blockade by interfering with

the receptor site and blocking the release of acetylcholine to the syn-

aptic gap.29 Further research is warranted to investigate whether

females are more sensitive to this process, thus leading to more neu-

rotoxic events.

The relationship between polymyxin B dosage and neurotoxicity

remains unclear. Our results showed that neurotoxicity was not signif-

icantly correlated with polymyxin B treatment, which might be due to

negligible dose differences (mostly 80–100 mg/day) among our

patients. However, neurotoxicity symptoms in 18 patients were

remarkably alleviated after reducing the polymyxin B dosage.

TABLE 4 Univariate analysis of the predictors for polymyxin B induced SH

Variables With SHa (n = 121) Without SHa (n = 114) OR (95% CI)

Demographic parameters

Female 38 (31.4%) 24 (21.0%) 1.72 (0.95–3.10)

Age (years) 41.6 (11.5) 43.7 (10.6) 0.98 (0.96–1.00)

Weight (kg) 58.6 (13.8) 61.9 (11.7) 0.98 (0.96–1.00)

Comorbidities

Hypertension 67 (55.4%) 63 (55.3%) 0.99 (0.59–1.67)

Diabetes mellitus 13 (10.7%) 20 (17.5%) 1.97 (0.83–3.75)

Clinical conditions

Baseline CrCL (mL/min) 33.7 (23.2) 30.0 (22.0) 1.01 (0.99–1.02)

Haemodialysis during therapy 21 (17.4%) 18 (15.8%) 0.84 (0.43–1.67)

Albumin (g/L) 32.0 (4.1) 31.8 (4.3) 1.02 (0.96–1.08)

Concurrence with neurotoxicity 87 (71.9%) 62 (54.4%) 2.15 (1.25–3.69)

Polymyxin B treatment

Daily dosage (mg) 81.7 (18.0) 79.4 (21.9) 1.0 (0.99–1.01)

Daily dosage by body weight (mg/kg) 1.44 (0.4) 1.3 (0.4) 2.02 (1.09–3.73)

Duration (day) 11.1 (7.0) 7.6 (4.7) 1.13 (1.06–1.20)

Total dosage (mg) 908.8 (631.1) 582.1 (329.5) 1.00 (1.00–1.00)

Total dosage (mg/kg) 16.2 (12.4) 9.7 (5.6) 1.11 (1.06–1.16)

Combination therapy

Amikacin 8 (6.6%) 4 (3.5%) 1.95 (0.57–6.65)

Nephrotoxic contrast 1 (0.8%) 5 (4.4%) 0.18 (0.02–1.58)

Diuretics 33 (27.3%) 41 (36.0%) 0.67 (0.38–1.16)

Vasoactive agents 10 (8.3%) 17 (14.9%) 0.51 (0.23–1.18)

Tacrolimus 86 (71.1%) 89 (78.1%) 0.69 (0.38–1.25)

Cyclosporine 13 (10.7%) 12 (10.5%) 1.02 (0.45–2.35)

Mycophenolate mofetil 85 (70.2%) 83 (72.8%) 0.88 (0.50–1.56)

Prednisone 107 (88.4%) 107 (93.8%) 0.50 (0.19–1.29)

Abbreviations: CI confidence interval; CrCL, creatinine clearance; OR, odds ratio; SH, skin hyperpigmentation.
aCategorical data are number (%) of subjects, continuous data are expressed as mean (standard deviation).

TABLE 5 Multivariate analysis of the predictors for polymyxin
B-induced SH

Variables
Adjusted OR (95%
CI) P

Daily dosage by body weight

(mg/kg)

0.31 (0.08–1.14) 0.077

Total dosage (mg) 1.00 (1.00–1.00) 0.608

Total dosage (mg/kg) 1.31 (1.08–1.60) 0.008

Duration (day) 0.87 (0.73–1.04) 0.129

Concurrence with neurotoxicity 2.86 (1.56–5.26) 0.001

Abbreviations: CI confidence interval; OR, odds ratio.
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Moreover, Liu et al16 also found that the incidence of polymyxin B

neurotoxicity was higher in subjects who received a 1.5 single mg/kg

dose compared with those in the low dose (0.75 mg/kg) group. Con-

sequently, although polymyxin B dosage was not a predictor for neu-

rotoxicity in our study, it is still possible that polymyxin B induces

neurotoxicity in a dose-dependent manner and further research is

needed to investigate this exposure-toxicity relationship.

Another important finding of our study was the increased SH. SH

was recently first noticed as a side effect of polymyxin B by

Knueppel,30 after which more cases have been reported.31–34 Several

mechanisms may be involved in polymyxin B-induced SH: (1) poly-

myxin B directly activates histamine release and melanin; (2) polymyxin

B regulates the skin inflammation process related to the activation of

melanocytes, such as Langerhans cell hyperplasia and dermal IL-6

overexpression; and (3) polymyxin B increases melanin production by

inducing oxidative stress.18,34 The main cause of the higher rate of SH

in our study (51.5% vs 8–15%) might be the impaired renal function in

most of our patients, which impedes the clearance of melanin and

therefore increases pigmentation. Furthermore, in our study, a higher

polymyxin B dosage was independently associated with an increased

risk of SH and the number of incidences increased significantly within

the first 5 days of treatment. This finding indicates that polymyxin

B-induced SH is likely to be dose-dependent, and when a threshold

concentration is reached, it causes pigmentation. However, determin-

ing whether a reduction in dosage can reduce the occurrence of SH

requires further verification. Moreover, according to our results, neu-

rotoxicity and skin hyperpigmentation were significantly related to

each other. The underlying mechanism is unclear, but since oxidative

stress and mitochondrial dysfunction are involved in both toxicities,

this might be one of the reasons for this correlation.35,36

Nephrotoxicity is a major concern related to the clinical use of

polymyxin B, according to previous studies.12,13,37 However, the

nephrotoxicity of polymyxin B in our study was low (6.4%). The most

important reason for the reduced incidence might be the considerably

low daily dosage (median 80 mg/day) used and the relatively short

duration (9.4 ± 6.3 days) in this study. It has been shown that the daily

dosage of polymyxin B and treatment duration are correlated with

nephrotoxicity. Patients who received over 150–200 mg/day of poly-

myxin B were more likely to have AKI,12 while other studies also

found that cumulative polymyxin B use is significantly related to renal

dysfunction and patients who received polymyxin B treatment for

more than 15 days were more prone to nephrotoxicity.11–13,38 More-

over, another reason for the low nephrotoxicity rate observed might

be the less concomitant use of other nephrotoxic drugs in our study,

especially vancomycin and aminoglycosides, which are considered to

induce nephrotoxicity.39

This study had a few limitations. First, we only recorded the inci-

dence of SH without classifying skin colour on a professional scale,

therefore we could not assess the severity of this adverse effect. Sec-

ond, the follow-up time in our study was the duration of the hospital

stay, which was not long enough to record the time needed to recover

from SH.

5 | CONCLUSION

In summary, our study demonstrated a considerably high incidence of

neurotoxicity and SH caused by polymyxin B in renal transplant

patients, and acute neurotoxicity may be the primary use limiting tox-

icity of polymyxin B in these patients. Moreover, our results indicate

that neurotoxicity and SH are significantly correlated, which might

benefit the investigation of the mechanisms of these adverse reac-

tions. Further research is warranted to investigate the safety and

exposure-toxicity relationship of polymyxin B.
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