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Purpose: To analyze the risk factors for acute kidney injury (AKI) induced by intravenous polymyxin B in Chinese patients with
severe infection and to provide a reference for clinicians and pharmacists.

Methods: We retrospectively analyzed patients treated with intravenous polymyxin B from August 2018 to August 2020 in a Chinese
teaching hospital. Renal function was evaluated during therapy with polymyxin B and at the end of the treatment. Univariate and
multivariate analyses were conducted to determine risk factors for the nephrotoxicity of polymyxin B.

Results: A total of 321 patients were included, and the incidence of AKI was 26.2% and 25.1% during polymyxin B therapy and at
the end of treatment, respectively. Independent risk factors for AKI during therapy with polymyxin B were septic shock, coadminis-
tration of vancomycin or loop diuretics, and advanced age (>60 years), while the incidence of AKI during treatment with polymyxin
B was considered to be an independent risk factor for AKI at the end of the treatment.

Conclusion: Septic shock, coadministration of vancomycin or loop diuretics, and advanced age (age >60 years) were found to be risk
factors for AKI induced by intravenous polymyxin B. Clinicians and pharmacists should consider these factors when designing and
recommending treatment with polymyxin B.
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Introduction
Polymyxin B was introduced in the 1950s and has been gradually replaced by safer clinical antibiotics due to its high
incidence of adverse effects, especially acute kidney injury (AKI, 10-50%),"* and the detection of carbapenem-resistant
organisms (CROs) has posed great challenges for clinical treatment in recent years.”> In 2017, the World Health
Organization (WHO) published a catalog of 12 families of bacteria for which new antibiotics are urgently needed, and
the first three of them turn out to be CROs,® making the clinical options extremely limited. Polymyxin B has gained
renewed interest because of the high sensitivity of gram-negative bacilli, especially CROs, to this drug.”® However,
clinicians have many concerns about polymyxin B due to the high incidence of nephrotoxicity, especially as polymyxin is
mainly used in patients with critical infections who often have various risk factors, which may further increase the
probability of nephrotoxicity.'®!'" Therefore, it is necessary to explore the risk factors for AKI induced by polymyxin B.
A meta-analysis based on an observational study in 2018 showed that the incidence of polymyxin B-induced AKI was
29.8% (95% CI 23.8-36.7%), while the criteria for AKI had a significant impact on the results.'” Because most previous
studies have inconsistent criteria for AKI, the incidence of polymyxin-induced AKI and its risk factors remain unclear.'* '
Although a meta-analysis in 2021 using uniform RIFLE criteria explored the risk factors for polymyxin B-induced AKI,"®
none of the studies included in this meta-analysis were from China. Meta-analyses showed a significant effect of the
polymyxin type (colistin or polymyxin B), dose, patient age, number of concomitant nephrotoxins and use of diuretics,
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glycopeptides or vasopressors on the rate of nephrotoxicity,'” and preliminary studies have shown that active and reciprocal
collaboration of pharmacists with physicians can help toward improving the pattern of colistin use.'® Therefore, studying the
influencing factors of polymyxin B-induced AKI has important clinical significance for the later development of intervention
strategies. Polymyxin B for injection was relaunched in China in September 2017, and its application in Chinese patients is
relatively limited. Therefore, there is a lack of reports on the incidence of nephrotoxicity and risk factors for AKI during
therapy with intravenous polymyxin B. In this study, we performed a retrospective analysis of patients receiving intravenous
polymyxin B in a Chinese hospital to explore the risk factors for AKI.

Study Design
This study was approved and supervised by the ethics committee of the First Affiliated Hospital of Zhengzhou University
(approval No. 2021-KY-0063-002) and was conducted at the First Affiliated Hospital of Zhengzhou University (currently
the largest tertiary hospital in China with an authorized bed capacity of 10,000). Since we used secondary data for this
study, we did not require the patient’s informed consent. We conducted the study following the Declaration of Helsinki.
To ensure the confidentiality of information from the participants’ records, we did not record any personal identifiers on
the data collection sheet, and secured data from participant records were not available to anyone except the investigators.
Patients who were hospitalized from August 2018 to August 2020 and received intravenous polymyxin B with severe
infection were selected. Severe infections included febrile neutropenia, pneumonia, lung abscess, cellulitis, or sepsis. The
inclusion criteria included (1) treatment with intravenous polymyxin B for severe infection; (2) course of treatment > 3
days; (3) and patient age > 18 years; moreover, (4) if patients had more than one hospitalization, only the first course of
treatment was included. The exclusion criteria included the following: (1) treatment that was interrupted for various
reasons; (2) lack of renal-function indicators and test results before and/or after polymyxin B treatment; (3) kidney
transplantation before polymyxin B treatment; and (4) documented underlying kidney disease, including AKI or chronic
kidney disease.

Data Collection

The patient data were registered through the Hospital Information Management System, including the basic information
of the patients (gender, age, hospitalization time, clinical diagnosis and comorbidities); basic information on the
medication (dose, frequency, duration of treatment, coadministration of drugs); the results of bacterial culture and drug-
susceptibility tests; and the creatinine values and the results of the treatment course of patients before, during and after
the medication. The serum creatinine (SCr) and glomerular filtration rate (GFR) before, during and within one week after
the end of the treatment (if there were multiple measurements during the course of drug administration, the maximum
level of SCr was recorded; if there were multiple measurements within one week after the end of the treatment, the
minimum level of SCr was recorded), and the survival status at the time of discharge. SCr was determined by the picric
acid rate method (Jaffe method).

Criteria for Nephrotoxicity

The incidence of nephrotoxicity was determined according to the RIFLE criteria.'” A 1.5-fold increase in SCr or a 25%
decrease in GFR was considered to indicate the risk stage of renal function; a 2-fold increase in SCr or a 50% decrease in
GFR was considered to indicate renal injury; and a 3.3-fold increase in SCr or a 75% decrease in GFR was considered to
indicate renal failure. The incidence of AKI was calculated as the sum of the three filtration rates. A GFR of less than
60 mL/min was used as the criterion for determining baseline renal impairment. The maximum level of SCr (the
minimum value of GFR) during the course of drug administration was used to measure the incidence of AKI during the
use of polymyxin B, and the minimum level of SCr (the maximum value of GFR) retested within one week after the end
of the treatment was used as the criterion for nephrotoxicity after the end of polymyxin B therapy.

Statistical Analysis
All statistical analyses were performed in IBM SPSS 24.0 software (IBM, United States). Normally distributed data are
presented as the mean + SD, and a #-test was used for comparison of means; nonnormally distributed count data are
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presented as the median (interquartile range [IQR]) and were tested by the Mann—Whitney U-test; count data are
expressed as the number of examples and percentages and were tested by Pearson’s chi-square test (y?) or Fisher’s
exact test. Logistic regression analysis was used to investigate the independent factors of polymyxin B-associated AKI,
and the variables found to be significantly associated with AKI in univariate analysis were entered into the multivariate
logistic regression models to investigate the risk factors associated with AKI during polymyxin B therapy. A P value

under 0.05 was considered statistically significant.

Results

A total of 705 patients received polymyxin B for injection from August 2018 to August 2020, and 291 patients were excluded
because they did not meet the inclusion criteria. Ninety-three patients were subsequently excluded because they met the exclusion
criteria. Ultimately, we enrolled 321 patients (Figure 1 for the screening process). The mean age was 56.93+15.33 years, and
there were 249 male patients (77.6%) (Table 1). A total of 220 (68.5%) patients were admitted to the intensive care unit (ICU),
and the median number of hospital days was 30 [18.0, 44.5] (Table 1). The daily dose of polymyxin B was 100 [100, 150] mg,
and the dose was not adjusted according to the patient’s weight, age or GFR (Table 1). AKI occurred in 84 patients (26.2%)
during polymyxin B therapy (33 patients with renal risk, 41 patients with renal injury, and 10 patients with renal failure). Renal
function was tested in 195 patients at the end of polymyxin B therapy, and AKI occurred in 49 patients (16 patients with renal
risk, 23 patients with renal injury, and 10 patients with renal failure). There was no statistically significant difference between the
incidence of AKI during and at the end of polymyxin B therapy, as detailed in Table 2.

Patients who received intravenous
Polymyxin B from August 2018 to

August 2020 (n=705)

Exclusion:

Medication course < 3 days (n=241)
Treatment with non-intravenous (n=16)
The age of the patient < 18 years old (n=34)

v

v

Remaining cases (n=416)

Exclusion:

Patients receiving kidney transplantation before

» | treatment (n=4)

Lack of nephrotoxicity judgment data (n=70)
Exclude non-first course data from the same patient

(n=19)
A4
Total of 321 patients Included 1n this
study
Figure | Schematic diagram of the case-screening process.
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Table | The Baseline Characteristics of Patients and the Univariate Analysis of AKI- During Treatment Induced by Intravenous

Polymyxin B

Related Indicators Overall (n=321) AKI (n=84) Non-AKI (n=237) P-value

Demographics
Age (years) 56.93 + 15.33 59.79 + 16.09 5591 + 14.96 0.046
Gender (male) 249 (77.6) 62 (73.8) 187 (78.9) 0.336
ICU admission 220 (68.5) 65 (77.4) 155 (65.4) 0.055
Hospitalization days 30 [18.0, 44.5] 27 [14.2, 44] 30 [19.5, 45.0] 0.320

Comorbidities
Diabetes 49 (15.3) 1 (13.1) 38 (16.0) 0.520
Hypertension 86 (26.8) 18 (21.4) 68 (28.7) 0.197
Transplantation history 24 (7.5) 8 (9.6) 16 (6.8) 0.390
Hypoproteinemia 130 (40.5) 38 (45.2) 92 (38.8) 0.303
Hematological malignant disease 35 (10.9) 11 (13.1) 24 (10.1) 0.453
Cancer 52 (16.2) 17 (20.2) 35 (14.8) 0.242
Surgery 163 (50.8) 40 (47.6) 123 (51.9) 0.500
Pulmonary diseases 179 (55.8) 53 (63.1) 126 (53.2) 0.115
Heart Diseases 112 (34.9) 24 (28.6) 88 (37.1) 0.157
Sepsis 122 (38.0) 34 (40.5) 88 (37.1) 0.587
Septic shock 123 (38.3) 41 (48.8) 82 (34.6) 0.021
Kidney injury before Polymyxin B 78 (24.3) 16 (19.0) 62 (26.2) 0.192
Concomitant fungal infection 134 (41.7) 43 (51.2) 91 (384) 0.041

Polymyxin B treatment
Duration days 7 [512] 7.5 [5.0, 13.75] 7.0 [5.0, 12.0] 0.964
Daily dose (WIU) 100 [100, 150] 100 [100, 150] 100 [100, 150] 0.664
Cumulative (Total) dose (WIU) 900 [600, 1512.5] 900 [600, 1537.5] 900 [600, 1512.5] 0.840
First loading dose 49 (15.3) 16 (19.0) 33 (13.9) 0.262

Concomitant drugs
Glucocorticoid 140 (43.6) 42 (50.0) 98 (41.4) 0.170
Tigecycline 162 (50.5) 48 (57.1) 114 (48.1) 0.154
B-lactam 145 (45.2) 36 (42.9) 109 (46.0) 0.620
Carbapenem 121 (37.7) 30 (35.7) 91 (384) 0.663
Fosfomycin 57 (17.8) 11 (13.1) 46 (19.4) 0.193
Vancomycin 35 (10.9) 15 (17.9) 20 (8.4) 0.017
Polymyxin B monotherapy 50 (15.6) 11 (13.1) 39 (16.5) 0.457
Aminoglycoside 35 (10.9) 9 (10.7) 26 (11.0) 0.004
Fluoroquinolone 55 (17.1) 15 (17.9) 40 (16.9) 0.042
Loop diuretics 96 (29.9) 32 (38.1) 64 (27.0) 0.056
Immunosuppressant 24 (7.5) 6 (7.1) 18 (7.6) 0.892
lodine Contrast Agent 27 (84) 6 (7.1) 21 (8.9) 0.626

Outcome
Mortality 39 (12.1) 16 (19.0) 23 (9.7) 0.024

Note: Data are presented as n (%) mean * SD, or median [IQR].

The Incidence of AKI During Polymyxin B Therapy

The results of the univariate analysis of the incidence of AKI during treatment with polymyxin B showed that patient age, septic
shock, fungal coinfection, coadministration of quinolones, coadministration of vancomycin, coadministration of loop diuretics,
and coadministration of aminoglycosides were all factors affecting the incidence of AKI, as shown in Table 1. The risk factors
screened in the univariate analysis were included in the logistic analysis model for regression analysis, and the results showed that
septic shock (OR=1.972, 95% CI: 1.168-3.330, P =0.011), combined use of vancomycin (OR=2.585, 95% CI: 1.221-5.471,
P =0.013), combined use of loop diuretics (OR=1.8322, 95% CI: 1.055-3.180, P =0.031) and advanced age (=60 years)
(OR=1.842,95% CI: 1.091-3.112, P=0.022) were independent risk factors for the incidence of AKI during polymyxin B therapy,
as detailed in Table 3.
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Table 2 Comparison Between AKI -During Treatment and AKI -End of Treatment by Intravenous Polymyxin B

Related Indicators AKI -During Treatment (n=321) | AKI -End of Treatment (n=195) | P-value

Incidence of nephrotoxicity | 84 (26.2) 49 (25.1) 0.793
Risk stage 33 (10.3) 16 (8.2) 0.444
Injury stage 41 (12.8) 23 (11.8) 0.835
Failure stage 10 (3.1) 10 (5.1) 0.186

Note: Data are presented as n (%).

Table 3 Multi-Factor Analysis of AKI- During Treatment Induced by Intravenous Polymyxin B

Risk Factor Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value
Septic shock 1.802 (1.088, 2.985) 0.022 1.972 (1.168, 3.330) 0.011
Concomitant Vancomycin 2.359 (1.146, 4.856) 0.020 2.585 (1.221, 5.471) 0.013
Concomitant Loop diuretics 1.633 (0.984, 2.813) 0.058 1.832 (1.055, 3.180) 0.031
Age (260 years) 1.655 (1.009, 2.748) 0.046 1.842 (1.091, 3.112) 0.022

The Incidence of AKI at the End of Polymyxin B Treatment

A univariate analysis of the incidence of AKI at the end of treatment with polymyxin B showed that hypoproteinemia and
the incidence of AKI during treatment with polymyxin B were risk factors for the incidence of AKI at the end of the
course, as detailed in Table 4. The results of the regression analysis incorporating the risk factors screened in the
univariate analysis (P<0.1) into the logistic analysis model showed that the incidence of AKI during polymyxin
B therapy was an independent risk factor for the incidence of AKI at the end of the course (OR=20.760, 95% CI:
8.791-49.028, P<0.001), as shown in Table 5.

Discussion

In this study, the clinical data of 321 patients who received intravenous polymyxin B were retrospectively analyzed, and
the results showed that the incidence of AKI was 26.2% and 25.1% during polymyxin B therapy and the end of
polymyxin B treatment, respectively. The difference between the incidence of AKI during polymyxin B therapy and that
at the end of the course was not statistically significant, while both incidence rates were significantly associated with
patient mortality at discharge compared with that in the non-AKI group. Independent risk factors for the incidence of
AKI during polymyxin B therapy were septic shock, coadministration of vancomycin or loop diuretics, and advanced age
(>60 years). The incidence of AKI during treatment was an independent risk factor for AKI at the end of the course of
treatment.

Several studies have examined the effect of the dosage of polymyxin B and the duration of therapy on the incidence
of AKIL.?** Elias et al*” analyzed 235 patients who developed AKI and found that a dosage of >200 mg/day polymyxin
B was associated with a significantly increased risk of severe renal insufficiency (OR=4.5, 95% CI: 1.6-12.9), while the
results of this study show that the dosage of >200 mg/day did not significantly increase the incidence of AKI, which may
be related to the fact that the daily dosage of polymyxin B and the quartiles of cumulative doses used were closer in the
patients in the AKI and non-AKI groups in this study. Colistin had similar findings regarding the effect of cumulative
drug doses on AKI. Pogue et al showed that a colistin dose of > 5.0 mg/kg per day was an independent predictor for
nephrotoxicity.”> However, the results of two other studies showed that the difference in the median cumulative total dose
for patients who developed AKI and those who did not was not significant.”*?’ The results of a study conducted by
Mostardeiro et al*' showed that there was an independent correlation between the duration of polymyxin
B administration and renal damage (OR=1.06, 95% CI 1.00-1.12), while the effect of polymyxin B on the incidence
of AKI remained unclear in this study because there was no significant difference in the duration of polymyxin
B administration in both the AKI and the non-AKI groups. It is still inconclusive whether the loading dose of polymyxin
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Table 4 The Univariate Analysis of AKI- End of Treatment Induced by Intravenous Polymyxin B

Related Indicators Overall (n=195) AKI (n=49) Nona-KI (n=146) P-value
Demographics
Age (years) 57.22 + 15.56 57.69 + 18.00 57.05 + 14.72 0.151
Gender (male) 155 (79.5) 42 (85.7) 113 (77.4) 0.212
ICU admission 121 (62.1) 35(71.4) 86 (58.9) 0.118
Hospitalization days 35 [24, 51] 37 [23.5, 48.5] 34 [24, 51] 0.960
Comorbidities
Diabetes 37 (19.0) 7 (14.3) (20 5) 0.333
Hypertension 52 (26.7) 10 (20.4) 2 (28.8) 0.252
Transplantation history 16 (8.2) 6 (12.2) 0 (6.8) 0.234
Hypoproteinemia 83 (42.6) 28 (57.1) 5 (37.7) 0.017
Hematological malignant disease 21 (10.8) 8 (16.3) 3 (8.9) 0.147
Cancer 32 (16.4) 11 (22.4) 1 (14.4) 0.187
Surgery 106 (54.4) 21 (42.9) (58 2) 0.062
Pulmonary diseases 99 (50.8) 26 (53.1) (50 0) 0.711
Heart Diseases 57 (29.2) 17 (34.7) 0 (27.4) 0.331
Sepsis 70 (35.9) 23 (46.9) (32 2) 0.063
Septic shock 65 (33.3) 17 (34.7) 48 (32.9) 0.8I5
Kidney injury before Polymyxin B 41 (21.0) 9 (184) 2 (21.9) 0.598
Concomitant fungal infection 91 (46.7) 22 (44.9) 69 (47.3) 0.774
Polymyxin B treatment
Duration days 8 [5,12] 7 [6, 12.5] 8 [5, 12.25] 0.939
Daily dose (WIU) 100 [100, 150] 100 [100, 150] 100 [100, 150] 0.239
Cumulative (Total) dose (WIU) 900 [600, 1650] 800 [600, 1575] 900 [600, 1662.5] 0.532
First loading dose 171 (87.7) 41 (83.7) 130 (89.0) 0.322
Concomitant drugs
Glucocorticoid 77 (39.5) 22 (44.9) 55 (37.7) 0.371
Tigecycline 110 (56.4) 33 (67.3) 77 (52.7) 0.074
B-lactam 92 (47.2) 19 (38.8) 73 (50.0) 0.173
Carbapenem 81 (41.5) 18 (36.7) 63 (43.2) 0.430
Fosfomycin 38 (19.5) 7 (14.3) 31 (21.2) 0.288
Fluoroquinolone 23 (11.8) 5(10.2) 18 (12.3) 0.690
Polymyxin B monotherapy 27 (13.8) 3(6.1) 24 (16.4) 0.070
Aminoglycoside 26 (13.3) 5(10.2) 21 (14.4) 0.456
Vancomycin 29 (14.9) 7 (143) 22 (15.1) 0.894
Loop diuretics 49 (25.1) 16 (32.7) 33 (22.6) 0.160
Immunosuppressant 13 (6.7) 5(10.2) 8 (5.5) 0.251
lodine Contrast Agent 18 (9.2) 4 (82) 14 (9.6) 0.765
AKI during treatment 44 (22.6) 32 (65.3) 12 (8.2) <0.001
Outcome
Mortality 24(12.3) 13 (26.5) Il (7.5) <0.001
Table 5 Multi-Factor Analysis of AKI- End of Treatment Induced by Intravenous Polymyxin B
Risk Factor Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value
Hypoproteinemia 2.206 (1.143, 4.257) 0.018 1.774 (0.747, 4.214) 0.194
Sepsis 1.863 (0.963, 3.604) 0.064 1.705 (0.713, 4.077) 0.230
Concomitant Tigecycline 1.848 (0.937, 3.647) 0.077 1.345 (0.574, 3.150) 0.495
AKI during treatment 21.021 (9.133, 48.376) <0.001 20.760 (8.791, 49.028) <0.001
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B and the cumulative dose of polymyxin are associated with the incidence of AKI, and the present study did not find
a relationship between these two variables and the incidence of AKI; consequently, further investigation is needed.

The results of the current study generally showed that advanced age was a risk factor for polymyxin B-induced
AKI.%*73% However, the effects of advanced age on the incidence of AKI are still inconclusive. The results of this study
showed that age >60 years was an independent risk factor for the incidence of AKI, and the incidence rate of AKI in
patients >60 years in age was increased by 1.84 times that in patients under 60 years old. Therefore, the future
administration of polymyxin B to elderly patients requires enhanced monitoring of its nephrotoxicity and timely
adjustment of the drug dosage.

Severe infections (eg, severe pneumonia or sepsis) can induce renal dysfunction, and partial reversal of renal
dysfunction can be achieved by clearing these infections. Therefore, it may be difficult to distinguish polymyxin
B-induced AKI from infection-induced AKI without adequate anti-infective therapy.*'*? The results of this study
show that the fact that patients had experienced septic shock during drug administration was an important risk factor
for the incidence of AKI during polymyxin B therapy, but there was no correlation between septic shock during drug
administration and the incidence of AKI at the end of the course of treatment. This suggests that intensifying anti-
infective therapy at the beginning of drug-resistant bacterial infection to avoid the occurrence of septic shock in patients
may reduce the incidence of AKI during polymyxin B therapy.

Concomitant use of one or more nonspecified nephrotoxic drugs has been considered a risk factor for AKI. Our study
shows that coadministration of vancomycin or loop diuretics was an independent risk factor for the incidence of AKI
during polymyxin B therapy, consistent with previous studies.'* A systematic review by Tiziana Ciarambino and
coworkers®® also showed that piperacillin/tazobactam administered concomitantly with vancomycin appears to be
associated with a greater risk of AKI than vancomycin monotherapy, and the true mechanisms behind this additive
nephrotoxic effect require further research.

Although we included a relatively large sample size, our study has some limitations: (1) this study was retrospective
and excluded many patients with incomplete clinical data, which might have led to selection bias; (2) this was a single-
center study that therefore failed to represent the overall incidence of AKI in Chinese patients receiving polymyxin
B therapy; and (3) the outcomes of polymyxin B-induced AKI could not be analyzed because the patient outcomes were
not followed up after their discharge. (4) The dosage of polymyxin B in this retrospective study was given as a fixed daily
dose in accordance with the requirements of the Chinese approval instructions, and the dose was not adjusted according
to the age, weight and GFR of the patients. Current guidelines recommend adjusting the dose of polymyxin B based on
total body weight.** Therefore, more large-scale prospective clinical studies are needed in the future to investigate the
risk factors for polymyxin B-induced AKI.

Conclusion

Septic shock during treatment, coadministration of vancomycin or loop diuretics, and advanced age (>60 years) are
independent risk factors for the incidence of AKI during polymyxin B therapy. Prospective large sample studies are
needed to further clarify other risk factors.

Disclosure
The authors report no conflicts of interest in this work.
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