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Abstract
Purpose Vancomycin (VAN) is widely used in neurosurgical patients for intracranial infections. We aimed to assess the 
incidence and risk factors for VAN-associated acute kidney injury (VA-AKI) in this population.
Methods A case–control study of patients who treated with vancomycin in neurosurgery from January 2020 to December 
2022 was conducted. Demographics and potential risk factors were collected. Multivariate logistic regression analyses 
were performed to identify risk factors for VA-AKI. AKI was defined according to the Kidney Disease Improving Global 
Outcomes Guidelines (KDIGO).
Results A total of 345 patients participated with a VA-AKI incidence of 17.1% (59 cases). Among them, 15 patients had 
renal impairment (Stage 2 or higher), and 2 required dialysis. With univariate analysis and binary logistic regression analy-
sis, we found that the use of mannitol (OR: 4.164; 95% CI: 1.606–10.792; P = 0.003), loop diuretics (OR: 3.371; 95% CI: 
1.633–6.958; P = 0.001), three or more antimicrobial applications (OR: 3.623; 95% CI: 1.600–8.206; P = 0.002), diastolic 
blood pressure 80–89 mm Hg (OR: 5.532; 95% CI: 1.677–18.250; P = 0.005) and diastolic blood pressure ≥ 90 mm Hg (OR: 
6.845; 95% CI: 1.518–30.866; P = 0.012) were independent risk factors for VA-AKI. In addition, according to the Youden 
Index, the trough concentration of vancomycin should not exceed 15.845 mg/L.
Conclusion The incidence of VA-AKI in neurosurgical patients was 17.1%. The concomitant use of mannitol and loop 
diuretics, along with higher diastolic blood pressure and the combined use of more than three antimicrobial agents, were 
associated with an increased risk of neurosurgical VA-AKI.
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Introduction

Vancomycin (VAN) is a glycopeptide antibiotic primarily 
utilized to treat Gram-positive (G +) bacterial infections, 
particularly methicillin-resistant Staphylococcus aureus 
(MASA) and drug-resistant Enterococcus faecalis infec-
tions [1]. Due to its substantial blood–brain barrier pen-
etration capability, VAN is considered a first-line empirical 
antibiotic for healthcare-associated infections in neurosur-
gical cases [2]. However, it has also been associated with 

severe acute kidney injury (AKI) [3, 4], a common clinical 
complication with a high risk of mortality and increased 
healthcare costs [5]. Previous reports have shown that the 
incidence of VAN-associated AKI (VA-AKI) varies widely 
among different patient groups, ranging from 5 to 43% [6]. 
A meta-study discovered that independent risk factors for 
VAN-related nephrotoxicity included VAN serum trough 
concentrations, treatment duration and intensive care unit 
(ICU) stay, and concomitant use of nephrotoxic medications 
(acyclovir, aminoglycosides, amphotericin B, loop diuret-
ics, piperacillin-tazobactam and vasopressor medications) 
[7]. Diabetes mellitus, heart disease, liver disease, kidney 
disease and sepsis can also contribute to kidney damage [8].

Previous studies have primarily focused on critically ill 
patients in ICU when examining VAN-related nephrotoxicity 
[9, 10], with little known about surgical patients, especially 
those with neurosurgical VA-AKI. Compared with the gen-
eral population, neurosurgical patients are often associated 
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with increased intracranial pressure and disturbances in fluid 
and electrolyte balance, which may increase the risk of kid-
ney injury. On the other hand, since neurosurgical patients 
are often exposed to surgical treatment, changes in postop-
erative physiopathologic status may affect the blood trough 
concentrations of VAN [2], which may affect the occurrence 
of AKI in patients. Nevertheless, no studies exists to analyze 
the incidence and risk factors for VA-AKI within neurosur-
gical patients. Therefore, this retrospective study aimed to 
assess the incidence and risk factors of VA-AKI in neurosur-
gical patients by collecting medical records of neurosurgical 
patients who received VAN, providing valuable insights for 
clinical application.

Methods

Study design

The sample for this retrospective case–control study was 
derived from individuals enrolled in the Department of Neu-
rosurgery at Shanxi Provincial People's Hospital (Taiyuan, 
Shanxi Province, China). The hospital is a tertiary teaching 
hospital, with 2,500 beds, including 200 in neurosurgery. 
The study was approved by the medical ethics committee of 
Shanxi Provincial People's Hospital, China (No. 2023–247). 
Researchers waived the need to obtain written informed con-
sent due to its retrospective nature. All data collected were 
kept confidential.

Patients and data collection

This retrospective case–control study included a total of 
782 hospitalized patients who received VAN treatment 
from January 2020 to December 2022 in the Department 
of Neurosurgery at Shanxi Provincial People’s Hospital. 
We retrospectively analyzed 345 patients based on the fol-
lowing inclusion and exclusion criteria (Fig. 1). Inclusion 
criteria: age ≥ 18 years, treatment duration ≥ 72 h, no pre-
existing renal disease (estimated glomerular filtration rate 
[eGFR] ≥ 60 mL/min/1.73  m2), stable serum creatinine (SCr) 
prior to VAN administration, and no history of renal-related 
surgery; exclusion criteria: severe hepatic insufficiency, 
pregnancy, sepsis, kidney surgery and patients without renal 
function indices or missing test results before and after treat-
ment. Patients were divided into two groups for data analysis 
based on the development of nephrotoxicity (AKI Group) 
and those without nephrotoxicity (Non-AKl Group) to iden-
tify risk factors associated with AKI development. The time 
of the first VAN administration was defined as the enroll-
ment time, and the endpoint time was defined as the point 
patients presented with AKI, drug withdrawal, death, or 
discharge. The period between the enrollment time and the 

endpoint time was the followup period. In the AKI group, 
we further assessed the severity and outcome of the patients. 
According to the Kidney Disease Improving Global Out-
comes Guidelines (KDIGO) criteria [11], patients observed 
were categorized based on the AKI staging (1, 2, or 3) to 
determine the severity of AKI. The outcome of AKI was 
determined by in-hospital death, the receipt of renal replace-
ment therapy (RRT), renal improvement, and non-recovery 
at the time of hospital discharge. Kidney Improvement was 
defined as a decrease of at least 25% in the Scr level during 
hospitalization from the beginning of AKI onset; and non-
recovery was defined as a lack of improvement in the Scr 
level at discharge.

The Ethics Committee of Shanxi Provincial People’s Hos-
pital approved this study (No. 2023-247). Due to the retro-
spective nature of the study, written informed consent was 
waived by the researchers. Patient information was retrieved 
from the hospital’s electronic medical records and included 
age, sex, body mass index (BMI), SCr, serum urea value, 
eGFR, glutamine aminotransferase, alanine aminotrans-
ferase, albumin, infection status, duration of medication and 
duration of hospitalization. Additionally, data on nephro-
toxic medications (see Table 1) and potential risk factors 
for nephrotoxicity (hypertension, diabetes mellitus, anemia, 
surgical history, systolic blood pressure and diastolic blood 
pressure) were collected.

AKI definition

We followed the diagnostic criteria for AKI outlined in the 
2012 edition of the Kidney Disease: Improving Global Out-
comes (KDIGO) Clinical Practice Guidelines [11]. AKI was 
defined as an increase in SCr of at least 0.3 mg/dL, or an 
increase in SCr of at least 1.5 times the baseline level within 
48 h, or a sustained urine output of < 0.5 mL/(kg*h) for 6 h. 
Staging of AKI was performed according to the AKI stag-
ing criteria provided in the guidelines. Baseline creatinine 
was defined as the last recorded creatinine level before VAN 
administration. eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation, and an eGFR of less than 60 mL/min was used 
as the criterion for determining baseline renal impairment 
[12]. The CKD-EPI equation was as follows: GFR (in mL/
min per 1.73  m2) = 141 × min (SCr/κ, 1) ^α × max (SCr/κ, 
1) ^-1.209 × 0.993^age × 1.018 (if female) × 1.159 (if black). 
Here, SCr represented serum creatinine (in mg/dL), κ is 0.7 
for females and 0.9 for males, and α was -0.329 for females 
and -0.411 for males.

Statistical analysis

All statistical analyses were conducted using IBM SPSS 26.0 
software (Armonk, NY, USA). Descriptive statistics were used 
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to report the absolute and relative frequencies of categorical 
variables, while quantitative variables were presented as con-
centration trends and dispersion. The Mann–Whitney U test 
was employed to explore the correlation between AKI and each 
potential risk factor for non-normally distributed measures. Pear-
son’s chi-square test (χ2) or Fisher’s exact test was used for inde-
pendent categorical variables. Logistic regression analysis was 

performed to identify the independent factors associated with 
VA-AKI. Variables found to be significantly associated with 
AKI in the univariate analysis were included in the binary logis-
tic regression model. The goodness-of-fit was evaluated using 
the Homos-Lemeshow test, and the results were expressed as 
odds ratios (OR) with a 95% confidence interval (CI). Receiver 
operating characteristic (ROC) curve was used to investigated 

Fig. 1  Study flow diagram. Abbreviations: AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; SrCr, Serum creatinine upon 
admission
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Table 1  Baseline patient characteristics based on acute kidney injury during vancomycin therapy

Data are presented as n (%) or median [IQR]. Variables with statistically significant differences are indicated in bold
AKI acute kidney injury, BMI body mass index, NICU neurosurgical intensive care unit, ALT alanine aminotransferase, AST glutamic oxaloacetic 
transaminase
a Only patients on mannitol were included, Mannitol infusion rate was obtained by dividing the cumulative dose of mannitol by body weight and 
duration of treatment

Characteristics Overrall AKI Non-AKI P
N = 345 N = 59 (17.1%) N = 286 (82.9%)

Male, n(%) 227 (65.8) 38 (64.4) 189 (66.1) 0.805
Age, years 56 (47–64) 54 (45–71) 56 (47–64) 0.696
BMI 23.67 (21.88–26.04) 23.67 (22.48–25.91) 23.65 (21.80–26.13) 0.902
Treatment goal

  Empirical 189 (54.8) 32 (54.2) 157 (54.9) 0.926
  Intracranial infection 85 (24.6) 13 (22.0) 72 (25.2) 0.610
  Inflammation of the lungs 52 (15.1) 10 (16.9) 42 (14.69) 0.658
  Bloodstream infection 13 (3.8) 3 (5.1) 10 (3.5) 0.835
  Skin and Soft Tissue Infections 6 (1.7) 1 (1.7) 5 (1.7) 1.000

Surgery 315 (91.3) 54 (91.5) 261 (91.3) 0.947
Comorbidities

  Diabetes 57 (16.5) 10 (16.9) 47 (16.4) 0.923
  Hypertension 155 (44.9) 32 (54.2) 123 (43.0) 0.114
  Anaemia 32 (9.3) 5 (8.5) 27 (9.4) 0.816
  NICU 231 (67.0) 49 (83.1) 182 (63.6) 0.004

Hospitalization days, days 19 (15–24) 18 (15–23) 19 (15–24) 0.415
Vancomycin therapy duration, days 9 (6–13) 7 (5–14) 9.5 (6–12.25) 0.200
Monitoring trough concentrations 46 (13.3) 16 (27.1) 30 (10.5) 0.001
Number of combined antimicrobials 2 (2–2) 2 (2–3) 2 (1–2) < 0.001
≥ 3 antimicrobials 39 (11.3) 17 (28.8) 22 (7.7) < 0.001
Vancomycin monotherapy 81 (23.5) 9 (15.3) 72 (25.2) 0.102
Drug combination

  Piperacillin-tazobactam 26 (7.5) 6 (10.2) 20 (7.0) 0.400
  Meropenem 149 (43.2) 31 (52.5) 118 (41.3) 0.111
  Ceftriaxone 55 (15.9) 8 (13.6) 47 (16.4) 0.583
  Cefoperazone-Sulbactam 23 (6.7) 5 (8.5) 18 (6.3) 0.541
  Mannitol 234 (67.8) 53 (89.8) 181 (63.3) < 0.001
  Mannitol infusion  ratea, g/kg/d 1.19 (1.03–1.58) 1.33 (1.14–1.99) 1.15 (0.99–1.47) 0.001
  Loop diuretics 65 (18.8) 24 (40.7) 41 (14.3) < 0.001

Diastolic blood pressure, mmHg 75 (69–80) 80 (76–86) 75 (68–78) < 0.001
  < 70 88 (25.50) 6 (10.17) 82 (28.67)
  70–79 165 (47.8) 23 (39.0) 142 (49.7)
  80–89 66 (19.1) 22 (37.3) 44 (15.4)
  ≥ 90 26 (7.5) 8 (13.6) 18 (6.3)

Systolic blood pressure, mmHg 127 (119–138.5) 136 (126–148) 126 (117.75–136.25) < 0.001
  < 120 89 (25.8) 7 (11.9) 82 (28.7)
  120–129 101 (29.3) 13 (22.0) 88 (30.8)
  130–139 73 (21.2) 16 (27.1) 57 (19.9)
  ≥ 140 82 (23.8) 23 (39.0) 59 (20.6)

eGFR, mL/min/1.73m2 104.38 (96.79–116.28) 102.66 (91.53–118.57) 104.67 (97.66–116.02) 0.400
Serum creatinine, umol/L 57.05 (48.12–67.18) 56.56 (44.24–73.26) 57.18 (48.82–66.50) 0.979
Serum urea, mmol/L 4.57 (3.39–6.03) 4.65 (3.23–6.13) 4.52 (3.45–6.03) 0.914
ALT, U/L 22.97 (14.20–43.44) 21.33 (13.31–41.47) 23.81 (14.34–45.30) 0.656
AST, U/L 26.40 (16.78–44.58) 25.96 (15.28–45.12) 26.46 (17.49–44.58) 0.738
Serum albumin, g/L 33.60 (30.40–37.00) 33.27 (29.06–36.57) 33.72 (30.43–37.05) 0.482
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the nephrotoxicity threshold of different concentrations of 
VAN in serum. Additionally, an analysis is conducted on the 
duration of VAN administration and its co-administration with 
other medications. The Yoden index was used to determine the 
optimal threshold for nephrotoxicity. P < 0.05 was considered 
statistically significant.

Results

A total of 782 patients received VAN treatment from Janu-
ary 2020 to December 2022. Among them, 437 patients were 
excluded, leaving a final sample of 345 patients. These patients 
were divided into two groups: the AKI group (N = 59) and the 
non-AKI group (N = 286), based on whether they developed 
AKI or not. Figure 1 illustrates the screening process. All 
enrolled patients received intravenous 1 g of VAN every 12 h, 
administered after mixing with sodium chloride injection or 
dextrose injection. Table 1 presents the baseline characteristics 
of the VAN-treated patients, showing no significant differences 
in sex distribution, age, BMI and type of infection between the 
AKI and non-AKI groups. The median age of the patients was 
56 years (interquartile range: 47–64), with 227 (65.8%) males 
and 118 (34.2%) females. Among the enrolled patients, 231 
(67.0%) were admitted to the Neurosurgical Intensive Care Unit 
(NICU), with a median duration of VAN treatment of 9 days 
and a median length of hospitalization of 19 days.

The primary indication for VAN treatment is intracranial 
infection. In most cases, the treatment was empirical. 
Combination therapy with antibiotics was common in both 
groups. Among the AKI group, patients receiving piperacillin-
tazobactam and meropenem were more prevalent, but the 
difference was not statistically significant (10.2% vs 7.0%, 
p = 0.400; 52.5% vs 41.3%, P = 0.111). Monotherapy with 
VAN for infections did not appear to impact the occurrence of 
nephrotoxicity (P = 0.102); however, the number of antibiotics 
used appears to be associated with nephrotoxicity (P < 0.001). 
We categorized the number of antibiotics and found that 
the proportion of nephrotoxicity was significantly higher in 
patients using three or more antibiotics than in those with less 
than three (28.8% vs. 7.7%, P < 0.001) (Table 1).

In the logistic regression analysis, we incorporated several 
variables such as NICU admission, use of three or more antibiot-
ics, use of mannitol, use of loop diuretics, diastolic and systolic 
blood pressure. The results found that patients using three or 
more antibiotics had a higher risk of developing AKI compared 
to those using fewer than three antibiotics (OR: 3.623, 95% CI: 
1.600–8.206, P = 0.002). Patients using mannitol (OR: 4.164, 
95% CI: 1.606–10.792, P = 0.003) or loop diuretics (OR: 3.371, 
95% CI: 1.633–6.958, P = 0.001) also exhibited an elevated risk 
of AKI. Diastolic blood pressure levels of 80–89 mm Hg (OR: 
5.532, 95% CI: 1.677–18.250, P = 0.005) and diastolic blood pres-
sure ≥ 90 mm Hg (OR: 6.845, 95% CI: 1.518–30.866, P = 0.012) 
were also identified as independent risk factors for AKI (Table 2).

Table 2  Regression analysis 
of risk factors for vancomycin-
associated acute kidney injury 
in neurosurgery

Variables with statistically significant differences are indicated in bold
NICU neurosurgical intensive care unit, OR odd ratio, 95% CI 95% confidence interval 

Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Age > 60 years 1.065 0.602–1.886 0.828
Hypertension 1.571 0.894–2.758 0.116
NICU 2.800 1.361–5.761 0.005 1.011 0.428–2.389 0.979
≥ 3 antimicrobials 4.857 2.384–9.897 < 0.001 3.623 1.600–8.206 0.002
Vancomycin monotherapy 0.535 0.251–1.142 0.106
Piperacillin-tazobactam 1.506 0.577–3.927 0.403
Meropenem 1.576 0.898–2.767 0.113
Mannitol 5.124 2.130–12.327 < 0.001 4.164 1.606–10.792 0.003
Loop diuretics 4.098 2.214–7.585 < 0.001 3.371 1.633–6.958 0.001
Diastolic blood pressure

  < 70 1.000 1.000
  70–79 2.214 0.866–5.659 0.097 2.071 0.707–6.066 0.184
  80–89 6.833 2.580–18.101 < 0.001 5.532 1.677–18.250 0.005
  ≥ 90 6.074 1.876–19.669 0.003 6.845 1.518–30.866 0.012

Systolic blood pressure
  < 120 1.000 1.000
  120–129 1.731 0.658–4.551 0.266 1.049 0.338–3.250 0.934
  130–139 3.288 1.271–8.505 0.014 1.331 0.417–4.242 0.629
  ≥ 140 4.567 1.839–11.343 0.001 1.504 0.452–5.012 0.506
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Table 3 summarizes the clinical presentation and outcomes 
of patients with VA-AKI. In terms of AKI severity, the major-
ity of patients (74.6%) were classified as KDIGO stage 1, 
among whom only 12 patients underwent medication discon-
tinuation. Among all AKI cases, 49 patients (83.1%) developed 
AKI within 1 week, and 32 patients (62.7%) achieved complete 
recovery with a return of SCr to baseline levels. Renal replace-
ment therapy was required for two of the AKI patients (3.4%), 
and there were four deaths (6.8%); however, the cause of death 
was not directly related to renal injury.

In this study, there were only 46 patients were monitored for 
trough concentrations after the fourth dose. Based on data from 
these 46 patients, we constructed ROC curves and employed 
the Youden index to analyze the thresholds (Fig. 2). The area 
under the ROC curves for VAN trough concentration and the 
number of antibiotics were 0.810 and 0.625, with correspond-
ing thresholds of 15.845 and 2.5 (Table 4).

Discussion

To the best of our knowledge, this is the first report about 
AKI induced by VAN in neurosurgical patients. In this study, 
we found that combined use of mannitol, loop diuretics, 

number of antibiotic use and elevated diastolic blood pres-
sure were associated with increased risk of AKI.

Very few studies have explored the relationship between 
mannitol and VAN. Mannitol was not found to be a risk 
factor for VA-AKI in the study by Pan et al. [13], which is 
contrary to our findings. This discrepancy may stem from 
the patient population in our study, as our subjects were all 
from neurosurgery, and mannitol is widely used in this field 
to alleviate cerebral edema, which undoubtedly reduces the 
body’s blood volume, thus further increasing the potential 
risk of AKI. In our study, patients treated with mannitol 
demonstrated a 4.164-fold increase in the odds of AKI. 
Although the mechanism underlying the use of mannitol and 
the development of VA-AKI has not been fully elucidated, 
potential reasons include renal vasoconstriction induced by 
high doses of mannitol, as well as mannitol-induced swelling 
and vacuolization of proximal tubules, which undoubtedly 
exacerbate the deterioration of renal function [14]. Mannitol 
is not metabolized in the body and is excreted via glomeru-
lar filtration. In patients with renal impairment, the half-
life of mannitol can increase from 2–4 h to > 36 h [14, 15], 
suggesting a possible cumulative effect that contributes to 
more severe AKI. Because mannitol was not administered 
to some patients in our study, it is difficult to draw definitive 

Table 3  Outcome of 59 patients 
with vancomycin-associated 
acute kidney  injurya

AKI acute kidney injury, RRT  renal replacement therapy
a Data are expressed as number (percentage) unless specified
b The number of individuals discontinuing vancomycin in each stage
c None of these patients died because of vancomycin-related acute kidney injury

Outcome AKI Stages Discontinuationb Onset of Acute Kid-
ney Injury

Recovery 37 (62.7) Stage 1 44 (74.6) 12 (27.3) ≤ 3 days 30 (50.8)
Do not recover 16 (27.1) Stage 2 11 (18.6) 6 (54.5) 4–7 days 19 (32.2)
RRT 2 (3.4) Stage 3 4 (6.8) 2 (50.0) ≥ 7 days 10 (16.9)
Deathc 4 (6.8) —— —— —— ——

Fig. 2  Receiver Operating 
Characteristic (ROC) curve
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conclusions regarding the clinical correlation between 
mannitol dose and VA-AKI. Further studies are needed to 
explore more clearly the relationship between mannitol dose 
and renal function in patients treated with VAN. In Table 1, 
we excluded patients who did not receive mannitol, allow-
ing for further analysis of the effect of mannitol infusion 
rate on VA-AKI. The study found that the AKI group had 
a significantly higher mannitol infusion rate compared to 
the control group, indirectly suggesting that a high daily 
dose of mannitol was more likely to increase the risk of VA-
AKI, potentially occurring at a certain threshold value [11]. 
Therefore, in the clinical application of VAN therapy, physi-
cians should avoid high-dose mannitol infusion to minimize 
potential risk of renal injury.

The use of loop diuretics also significantly increases the 
risk of VA-AKI, consistent with previous findings [7]. Prere-
nal factors lead to inadequate renal perfusion by decreasing 
the body's effective circulating blood volume, consequently 
resulting in AKI [16–18]. Loop diuretics function by inhibit-
ing the reabsorption of sodium ions in the thick ascending 
limb of the renal tubules, thereby raising cardiac filling pres-
sure and reducing fluid retention within the body. However, 
due to various reasons, such as the activation of the renin-
angiotensin system or the sympathetic nervous system, loop 
diuretics can also potentially lead to a decrease in overall 
blood volume and potential renal hypoperfusion, further 
reducing renal function [19, 20].

Several studies have demonstrated an increased risk of 
AKI when VAN was combined with piperacillin tazobactam 
[21, 22]. However, our study did not find this correlation, 
possibly because the common antimicrobial drug combi-
nations used in our neurosurgery department for patients 
receiving VAN were meropenem or ceftriaxone, which are 
not typically associated with an increased risk of VA-AKI 
[23–25]. Nonetheless, we did observe a higher proportion 
of patients in the AKI group who received a combination 
of meropenem or piperacillin tazobactam. Interestingly, 
although the antibiotic combinations we considered did not 
show statistical differences, the number of antibiotics used 
appeared to have a positive correlation with the incidence 
of VA-AKI. Specifically, the use of three or more antibiot-
ics increased the risk of VA-AKI by 3.623-fold. This may 
be explained by the more severe physiopathological state 

of patients who received three or more antibiotics, which 
in turn increased the risk of VA-AKI. Therefore, we rec-
ommend that clinical physicians monitor the renal function 
more closely in patients receiving multiple antibiotic treat-
ments to address the potential occurrence of AKI. Lee et al. 
[26] found that higher systolic and diastolic blood pressure 
levels were associated with an increased risk of worsening 
renal function in a large prospective cohort study. In our 
study, we investigated the effects of systolic and diastolic 
blood pressure on VA-AKI and found that patients who 
developed VA-AKI had higher systolic and diastolic blood 
pressure. Regression analysis showed that higher diastolic 
blood pressure was an important risk factor for the develop-
ment of AKI in VAN-treated patients. Additionally, a history 
of hypertension was more common in patients with VA-AKI, 
and the correlation between higher diastolic blood pressure 
and VA-AKI could be explained by more severe or uncon-
trolled hypertension.

Among the patients monitored the trough concentra-
tion, the proportion of patients with AKI was significantly 
higher than that in the control group. It is worth noting that 
VAN Therapeutic drug monitoring (TDM) started late in 
our hospital, and clinicians often tend to select patients 
with severe conditions for trough concentration monitoring 
when assessing their conditions, which explains why the 
proportion of AKI was higher in patients who were moni-
tored for trough concentration. In this regard, it is necessary 
for clinicians to deepen their understanding of the impor-
tance of VAN concentration monitoring. A retrospective 
study showed that VAN nephrotoxicity was associated with 
trough concentration levels, with the risk of AKI being 1.36 
and 1.76 times higher in patients with trough concentra-
tions between 15–20 mg/L and > 20 mg/L than in the control 
group (< 10 mg/L) [27]. Based on statistical trough concen-
tration data, we simulated an ROC curve, and according to 
the Youden index, the trough concentration of VAN should 
not exceed 15.845 mg/L.

There were several limitations to this study. First, it was 
a retrospective analysis, and patients with missing data were 
excluded from the analysis. Moreover, the number of SCr 
measurements per patient was inconsistent, making it chal-
lenging to accurately evaluate VAN nephrotoxicity. Third, 
due to the unavailability of the Glasgow Coma Score, we 
were unable to assess the relationship between illness sever-
ity and AKI.

Conclusion

This is the first report about AKI induced by VAN in neu-
rosurgical patients. The results showed that the incidence 
of VA-AKI in neurosurgical patients was 17.1%. Concomi-
tant application of mannitol and loop diuretics significantly 

Table 4  Results of ROC

ROC receiver operating characteristic, AUC  areas under the curve

Variable AUC P Threshold value

Vancomycin trough 
concentration, 
mg/L

0.810 0.001 15.845

Number of combined 
antimicrobials, n

0.625 0.003 2.5
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increased the risk of AKI, and higher mannitol doses and 
infusion rates may be associated with more frequent and 
more severe AKI. In addition, higher diastolic blood pres-
sure and the combination of more than three antibiotics were 
also associated with the development of AKI. It is recom-
mended that VAN monitoring trough concentrations should 
not exceed 15 mg/L, and more renal function monitoring 
should be employed in patients receiving multiple antibiotic 
therapy to prevent more severe kidney injury. Considering 
the low rate of TDM monitoring, clinicians should always 
monitor SCr levels or estimate GFR to prevent AKI.
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