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Background: This study aimed to analyze changes to the drug spectrum and clinicopathological features 
of drug-induced acute kidney injury (AKI) with recent medication habits changes. 
Methods: A retrospective analysis of the characteristics of patients diagnosed with drug-induced AKI from 
January 2012 to October 2016 period at the First Affiliated Hospital of the Medical College of Zhejiang 
University was conducted. 
Results: Between January 2012 and October 2016, 909 patients were diagnosed with AKI. Of these, 
228 were diagnosed with drug-related AKI were engaged in this study, including 51 who underwent 
renal biopsies, 74 treated with antibacterial and antiviral drugs, and 63 who received nonsteroidal anti-
inflammatory drugs (NSAIDs), and 17 who were treated with Chinese herbal medicine. AKI was most 
frequently associated with antibiotics and antiviral drugs, including cephalosporins, acyclovir, azithromycin, 
clindamycin, and levofloxacin. In those who underwent renal biopsy, 12 patients were diagnosed with allergic 
interstitial nephritis, 19 with interstitial nephritis, 8 with renal tubular epithelial cell injury, 2 with minimal 
change nephropathy, 2 with IgA nephropathy, and 2 with mild mesangial hyperplasia with glomerulosclerosis. 
The mean follow-up time was 437 days, ranging from 3 to 2,756 days. Among 228 patients, 165 recovered 
completely, 4 recovered partially, 8 did not recover, and 51 were lost to follow-up after discharge. 
Conclusions: The three main contributors to drug-induced AKI were antimicrobial agents, NSAIDs, 
and Chinese herbal medicines. The age distribution of the three different drug-induced AKI groups was 
significantly different. Allergic interstitial nephritis, interstitial nephritis, and tubular epithelial cell injury 
were the main pathological manifestations of drug-induced AKI. The novel predictive nomogram achieved a 
good performance of prediction recovery within 2 weeks in drug-induced AKI patients.
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Introduction

As the excretory organ for most drugs, the kidney is 
susceptible to drug-induced acute kidney injury (AKI). This 
is evidenced by the fact that 15% of in-hospital and 40–
60% of intensive care unit patients with AKI are recognized 
as drug-induced and are associated with high mortality  
(1-6). Although drug-induced AKIs are frequently reported, 
the distribution of drugs causing AKIs has not been clearly 
identified. It is important to study the drug spectrum of 
drug-induced AKI because of the severity of this disease and 
the spectrum of drugs involved (7,8).

Drug-induced AKI accounts for 19% of AKIs in a 
hospital setting (9). Nephrotoxicity is most commonly 
associated with injury in the tubulointerstitial compartment, 
manifesting as either acute tubular injury or acute 
interstitial nephritis (10). Multiple reports also highlight the 
potential for drug-induced glomerular diseases, including 
direct cellular injury and immune-mediated injury. It is 
critical to recognize drug-induced nephropathies and 
rapidly discontinue the offending agents to maximize the 
likelihood of recovering renal function.

Brown et al. (11), demonstrated a decrease in survival 
in almost 2,000 postoperative AKI patients with a longer 
duration of AKI, especially when it lasted longer than  
7 days. Similarly, Han et al. reported an inverse relationship 
between AKI's survival and duration in critically ill  
patients (12). However, few studies focus on renal recovery 
from AKI or drug-induced AKI in patients who do not 
need renal replacement therapy (RRT) (13). Studies also 
showed that early nephrology follow-up for AKI after 
hospitalization might improve survival (14). Therefore, it is 
of great clinical value to understand the recovery rate and 
recovery time of AKI patients and establish a model for the 
early assessment of short-term renal function recovery based 
on fewer and easily accessed available clinical indicators.

Our research focused on changes to and characteristics 
of the drug spectrum of drug-induced AKI patients, as well 
as pathological characteristics of the kidney, recovery rate, 
recovery time, and risk factors for renal function recovery 
in 2 weeks, and we established a nomogram for predicting 
recovery within 2 weeks according to the risk factors.

We present the following article following the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3826).

Methods

The study was conducted following the Declaration of 

Helsinki (as revised in 2013). The research ethics committee 
approved the study of the First Affiliated Hospital, College 
of Medicine, Zhejiang University (NO.: 2019-1363). All 
patients provided written informed consent. Patients were 
clinically diagnosed with drug-induced acute renal injury 
between January 2012 and October 2016, and their serum 
creatinine levels after discharge were included in the study. 

Drug exposure was classified as a history of receiving 
medications before developing an AKI. Patients were 
excluded if they had a clear alternative diagnosis explaining 
their AKI (e.g., hemolytic uremic syndrome, transplant 
rejection, or acute glomerulonephritis). Although volume 
depletion is an independent risk factor for AKI, patients 
with a history of volume depletion in the absence of sepsis 
or multi-organ failure were retained because it is likely 
that volume depletion increases the likelihood of AKI 
resulting from the use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) in treatment. Patient data contained the 
following items: age, sex, race, kind of drugs, and serum 
creatinine (SCr) before, during, and after AKI. 

AKI was defined as an increase in serum creatinine of 
0.3 mg/dL in 48 h, a >50% increase in serum creatinine 
over 7 d, or a urine output of <0.5 mL/kg per h for >6 h. 
If baseline creatinine was not available, AKI was defined as 
SCr exceeding 1.5 times the age-adjusted reference value 
(15,16). The calculation formula was as follows (17): 

0.203

0.887

{75 / [186 ( )
(0.742 ) (1.21 ]}
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if female if black

−

−

= ×

× ×
[1]

Drug-induced AKI was defined as the AKI retained after 
excluding the following conditions according to the history 
or pathological results: (I) Patients with a clear history of 
chronic kidney disease; (II) AKI caused by hemodynamic 
instability due to blood loss during trauma or operation; (III) 
AKI caused by septic shock due to infection or sepsis; (IV) 
AKI caused by obstructive factors, such as calculi and tumor 
compression of the ureter; (V) AKI caused by other reasons, 
such as urinary tract infection, lymphoma, or hepatorenal 
syndrome.

The recovery extent of renal function at hospital 
discharge was classified into three levels: (I) total (SCr  
≤1.4 mg/dL); (II) partial (SCr >1.4 mg/dL and lower than 
the maximum SCr reached); and (III) absence, if the SCr 
was similar to the highest level observed during the ARF 
episode or if the patient still needed renal replacement 
therapy (18). 

Renal biopsy was performed in 51 patients, and the 

http://dx.doi.org/10.21037/atm-20-3826
http://dx.doi.org/10.21037/atm-20-3826


Annals of Translational Medicine, Vol 9, No 5 March 2021 Page 3 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(5):400 | http://dx.doi.org/10.21037/atm-20-3826

tissue was then evaluated with light microscopy with 
hematoxylin and eosin, periodic acid-Schiff (PAS), Masson 
trichrome, and periodic acid-silver methenamine. Direct 
immunofluorescence of frozen tissue was used to detect 
IgG, IgA, IgM, C3, and C1q (Beijing, China). Pathological 
images revealed that 51 patients were diagnosed with 
allergic interstitial nephritis, interstitial nephritis, renal 
tubular epithelial cell injury, minimal change nephropathy, 
IgA nephropathy, and mild mesangial hyperplasia with 
glomerulosclerosis. Renal ultrastructure was examined using 
an electron microscope.

Statistical analysis

Normally distributed data are presented as means ± SD, and 
groups were compared using 2 independent sample t-tests 
or variance analysis (ANOVA). Multivariate analysis was 
performed using a binary logistic regression method, and 
the P value was set <0.05. A nomogram was also constructed 
based on the significant factors to predict drug-induced 
AKI recovery within 2 weeks, with P value <0.05 considered 
statistically significant. All statistical analyses were performed 
using R software, and the discriminative ability of the model 
was assessed by the concordance index (C-Index) with the 
goodness of fit shown in the calibration plot.

Results

Patient characteristics and pathological characteristics

Between January 2012 to October 2016, 909 patients were 
diagnosed with AKI, and 228 of these diagnosed with drug-
induced AKI based on the exclusion criteria were included 
in this study, including 51 individuals who underwent renal 
biopsies. A total of 33.8% of patients (77/228) were female, 

and the median age at diagnosis was 53-year (ranging from 
16–82 years). Figure 1 shows the age distribution of the 228 
patients in this study. Complete recovery was seen in 165 
patients (72.4%), 4 patients (1.8%) recovered partially (at 
more than 3 months follow-up time, creatinine was between 
124–177 μmol/L), 8 patients (3.5%) did not recover (at 
more than 3 months follow-up time, creatinine was still 
higher than 177 μmol/L), and 51 were lost to follow-up 
(most of these were not followed up after discharge after 
showing decreasing creatinine levels). The average follow-
up time was 437 days, with the longest 2,756 days.

The three most common causes of drug-induced AKI 
were grouped and analyzed. The antimicrobial agents-
induced AKI group's average age was 53.5±13.7-year, 
of the NSAIDs-induced AKI group 45.6±17.6-year, 
and the Chinese herbal medicine-induced AKI group  
61.5±15.0-year. As shown in Table 1, there were significant 
differences between both of the two groups (P<0.05).

Of the 228 patients, 51 individuals underwent renal 
biopsy. There were 19 cases of acute interstitial nephritis, 
12 of allergic interstitial nephritis, 8 of acute tubular injury, 
2 of minimal change nephropathy, 2 of IgA nephropathy, 2 
of mild mesangial hyperplasia with glomerulosclerosis, and 
1 case each of granulomatous inflammation, tubular calcium 
salt deposition, focal nephritis, chronic interstitial nephritis, 
proliferative sclerosing nephritis and vasculitis with 
glomerulosclerosis, and crescent formation respectively. 
Immunofluorescence shows the presence of IgA, IgM, and 
C3, and 18 cases were negative. 

There were 21 cases of acute renal injury related to 
antimicrobial agents, 14 related to nonsteroidal anti-
inflammatory drugs, and 6 cases related to Chinese herbal 
medicine, while the other 9 cases related to multiple 
drugs, including RAS blockers, albumin, and colchicine. 
Of the 21 cases of AKI caused by antimicrobial agents, 9 

A B

Figure 1 High-power photomicrograph showing (A) relatively normal glomeruli and severe acute tubular injury in the interstitial area 
(Hematoxylin & Eosin); (B) severe acute tubular injury and mononuclear cell infiltration with interstitial edema (Hematoxylin & Eosin).
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had acute interstitial nephritis, 5 had allergic interstitial 
nephritis, 2 had an acute tubular injury, and 5 had IgA 
glomerulonephritis with crescents, mild mesangial 
hyperplasia, and sclerosis, vasculitis changes with sclerosis 
and crescent formation, calcium deposition in tubules, 
or focal glomerulonephritis (Figure 1). Of the 14 cases of 
NSAIDs-induced AKI, 7 had acute interstitial nephritis, 
1 had allergic interstitial nephritis, 2 had an acute tubular 
injury, 2 had small lesions, 1 had IgA nephritis with 
sclerosis, and 1 had mild mesangial hyperplasia with 
hardening. There were 6 cases of patients with AKI 
caused by Chinese herbal medicine, including 1 case of 
acute interstitial nephritis, allergic interstitial nephritis, 
chronic interstitial nephritis, granulomatous inflammation, 
renal tubular epithelial injury, and proliferative sclerosing 
glomerulonephritis (Table 1).

The maximum SCr of the drug-induced AKI patients was 
496.9±343.8 μmol/L; of the antimicrobial agents-induced 
AKI group, this was 576.2±398.0 μmol/L; of the NSAIDs-
induced AKI group, this was 437.7±288.9 μmol/L; and of 
the Chinese herbal medicine-induced AKI group, this was 
438.3±250.1 μmol/L. There were no significant differences 
in different groups nor different kinds of antimicrobial 
agents (Figure 2).

Drug analysis

Of the 228 enrolled patients,  AKI was caused by 
antimicrobial agents in 74 cases (32.46%), by NSAIDs in 63 

(27.63%), and by Chinese herbal medicines in 17 (7.46%). 
There were 31 cases of acute renal injury that may have 
been caused by a variety of drugs taken before the injury 
that could not be confirmed, accounting for 13.60% of the 
total cases, and 14 cases showed a history of unspecified 
drug used, accounting for 6.14% of the total number of 
cases. The remaining cases of drug-induced AKI were 
caused by renin-angiotensin system inhibitors (RASI), 
anticancer drugs, immunosuppressants, proton pump 
inhibitors, colchicine, allopurinol, lipid-lowering drugs, 
diet pills, albumin, 5-aminosalicylic acid, and other drugs. 
Overall, the most common antibacterial drugs that induced 
AKI were β-lactam antibiotics, acyclovir, clindamycin, 
azithromycin, and levofloxacin, but not aminoglycosides 
(Figure 3).

Progress

The average follow-up time was 437 days, and the longest 
was 2,756 days. Among the 228 patients, 165 (72.4%) 
recovered completely, 4 (1.8%) recovered partially, 8 (3.5%) 
did not recover, and 51 were lost to follow-up (most of 
these were not followed up after discharge as they showed 
decreasing creatinine). The renal function recovery rate of 
drug-induced AKI patients is shown in Figure 4.

A prognostic nomogram for the early recovery of drug-
induced AKI patients was constructed using multivariate 
logistic regression, and points were assigned to the 
identified factors according to their regression coefficients. 

Table 1 Characteristics and pathology of included patients

Characteristics Group 1 Group 2 Group 3 Group 4

Number of patients 74 63 17 74

Male, n (%) 38 (51.35) 51 (80.95) 8 (47.06) 54 (72.97)

Age (yrs) 53.5±13.7* 45.6±17.6* 61.5±15.0* 53.3±15.3

Crmax (μmol/L) 576.2±398.0 437.7±288.9 438.3±250.1 481.7±337.9

Follow-up time (days) 434.3 ±665.0 398.1±663.0 535.6±745.9 449.1±713.2

Pathology

Acute interstitial nephritis, n 9 7 2 1

Allergic interstitial nephritis, n 5 1 1 5

Acute tubular injury, n 2 2 1 3

Others, n 5 4 2 1

Data are expressed as either mean ± SDE or as number and percentage. Group 1 = Antimicrobial agents-induced AKI, Group 2 = NASIDs-
induced AKI, Group 3 = Chinese herbal medicine-induced AKI, Group 4 = Other drugs-induced AKI. *P<0.05. Crmax, maximum serum 
creatinine; CR, complete recovery; AKI, acute kidney injury. 
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As shown in the nomogram, by summing the total score 
and locating the score on the total point scale, the recovery 
of drug-induced AKI in two weeks can be predicted for 
individuals according to the kind of drug used and the 

maximum SCr of the patient (Figure 5).
To reduce overfitting bias and evaluate the model’s 

discrimination, a bootstrapping technique with 1,000 
resamples qualified by Harrell’s C statistic concordance 
index (the Harrell C-index) was performed, which was more 
accurate than dividing the data into two parts when the 
dataset was small. In our study, the calibration plot showed 
excellent accordance between the actual observations of 
drug-induced AKI and the nomogram prediction (Figure 6).

Discussion

In a previous study of unplanned hospitalizations caused 
by adverse drug reactions in older US war-veterans, 
antibiotics, loop diuretics, ACE inhibitors, and NSAIDs 
were identified as the main pharmacologic classes (19). 
More recently, Handler et al. found that the vast majority of 
drug-associated AKI cases in nursing home residents were 
related to the use of diuretics, ACE inhibitors, ARBs, and 
antibiotics (20). A 2017 French study showed that two or 

Figure 2 Maximum serum creatinine of different drugs.

Figure 3 Pharmaceutical agents causing AKI. AKI, acute kidney injury.
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more concomitantly administered drugs were involved in 
66% of AKI cases. The most frequently implicated drug 
classes were antibacterial agents for systemic use (29.5%), 
diuretics (18.5%), agents acting on the renin-angiotensin 
system (16.3%), antineoplastic agents (10.2%), and anti-
inflammatory agents (5.4%) and the drugs most frequently 
associated with AKI were antibacterial agents, diuretics, 
medications acting on the renin-angiotensin system, 
antineoplastic agents, and NSAIDs (10). In the present 
study, the most common causes of drug-induced AKI were 
antibiotics, NSAIDs, and Chinese herbal medicine, and 
the incidence of AKI was higher after the use of multiple 
drugs. This may be due to the increased awareness of AKI 
risk factors and the nephrotoxicity of some drugs such as 
vancomycin, diuretics, and ACEI, which made doctors 

selectively avoid the use of these drugs in high-risk groups. 
Our results showed that in AKI induced by antibiotics, 
vancomycin accounted for a small proportion, while beta-
lactam antibiotics and combination drugs accounted for 
the vast majority (32.43% and 33.78%, respectively). The 
second most common drug to cause AKI were NSAIDs, 
which most patients reported taking out of the hospital for 
colds or pain relief. We suggest strengthening the public 
health education program alerting the community to the 
dangers of indiscriminate use of NSAIDs. Similarly, the use 
of Chinese herbal medicine, which was the third leading 
cause of AKI in this study, requires further scrutiny. 

The risk factors for drug-induced AKI include age over 
60 years, hypertension, diabetes history, alcohol history, 
and extracellular volume depletion (21,22). In most studies, 
age was considered the most important risk factor for drug-
induced AKI. Pierson-Marchandise et al. (10) found that the 
mean age at which patients develop AKI was 68.7±15.0-year 
and Feest et al. (7) showed that there was a progressive, age-
dependent, three- to eight-fold increase in the incidence 
of community-acquired AKI in patients over the age of  
60-year. Further, in a Japanese study, Kitano et al. (23) 
showed that patients in the 70–79-year age group were the 
most affected of all age groups. In our research, the average 
age of patients with drug-induced AKI was 51.1±16.4-year, 
and 67.1% of patients were under 60 years of age, which is 
younger than that reported in other studies.

Furthermore, we found that the age distribution of 
AKI patients caused by different drugs was different. 

Figure 5 Nomogram of predictors for predicting recovery within 2 weeks of drug-induced AKI. Drug 8 = Antimicrobial agents, Drug 11 = 
NSAIDs, Drug 13 = Chinese herbal medicine. AKI, acute kidney injury.
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The average age of NSAIDs induced AKI patients in our 
study was 46 years, which is younger than those reported 
internationally (21). The average age of patients with AKI 
caused by antibiotics was 56 years, and by Chinese herbal 
medicine was 63 years. These differences in age distribution 
may be related to the medication habits of patients of 
different age groups.

The main pathological manifestations of drug-
induced renal injury can be divided into injury affecting 
the vasculature, glomerulus, renal tubules, and renal 
interstitium (24). Tubular injury, including acute tubular 
injury/necrosis, is usually caused by chemotherapeutic 
drugs, antimicrobial agents, and other medications, 
such as iron-chelating agents (25). Acute crystalline 
nephropathy is usually caused by antiviral agents (acyclovir, 
indinavir, atazanavir), antibacterial agents (sulfonamides, 
ciprofloxacin), methotrexate, triamterene, ascorbic acid, and 
sodium-phosphate purgatives (26,27). Interstitial disease, 
including acute interstitial nephritis (AIN), is usually caused 
by antimicrobial agents, NSAIDs, selective cyclooxygenase 
inhibitors, proton pump inhibitors, and many other 
medications (25). Baker showed that a drug-induced 
etiology was the most common cause of AIN, presenting in 
91 of 128 patients (28).

Vascular injury, including thrombotic microangiopathy, 
is usually caused by anti-angiogenesis drugs, gemcitabine, 
mitomycin C,  interferon,  calc ineurin inhibitors , 
m-TOR inhibitors,  thienopyridines,  quinine, and 
oxymorphone (Opana) ER. Vasculitis is usually caused by 
propylthiouracil, infliximab, cocaine-containing levamisole, 
and atheroemboli, usually caused by anticoagulants (25). 
Glomerular injury, including the membranous type, 
is usually caused by NSAIDs, gold, bucillamine, and 
penicillamine, and lupus-like glomerulonephritis is usually 
caused by methyldopa, hydralazine, procainamide, and 
quinidine (29). Minimal change disease is usually caused by 
NSAIDs, lithium, interferon, pamidronate, vaccinations, 
and focal segmental glomerulosclerosis, usually caused by 
lithium and pamidronate, interferon, and sirolimus (24,30). 

In  our  re search ,  the  ma in  rena l  pa tho log ica l 
manifestations of drug-related AKI were AIN, allergic 
interstitial nephritis, and renal tubular epithelial injury 
(76.47%). However, there was no specific correlation 
between the pathological manifestations of drug-induced 
renal injury and the causal agents. IgA, IgM, C3, C1q, and 
other immune complexes are deposited to different degrees 
in different renal pathologies, but further studies are needed 
to clarify the clinical significance. 

Excessive intake of the Chinese herbal medicine 
aristolochic acid is a major cause of aristolochic acid 
nephropathy and Balkan nephropathy,  a  chronic 
tubulointerstitial disease with a high frequency of urothelia 
atypia (31). However, in our study, the 6 Chinese herbal 
medicine induced AKI patients who underwent renal biopsy 
were shown not to have aristolochic acid nephropathy. 
While the reasons for this are unclear, it may simply 
indicate the medication those patients used contained only 
small amounts of aristolochic acid. 

Inherent features of patients such as age and sex have 
been identified as vital risk factors that increase the 
morbidity rate of drug-induced AKI patients (32). Previous 
research has suggested that the duration of AKI is associated 
with its prognosis (11,12). However, there are few studies 
on renal recovery from AKI, especially on the recovery 
time and its factors. Our study showed that 72.4% of 
patients recovered completely, 1.8% of patients recovered 
partially, and 3.5% of patients did not recover, and age 
and gender were not risk factors for recovery. Although 
some patients were not followed up after discharge because 
their creatinine levels were decreasing, a graph of the 
renal function recovery rate over time showed about 90% 
of patients had kidney function recovery in 3 months. 
Furthermore, we established a nomogram to identify factors 
that predict recovery within two weeks of drug-induced AKI 
based on the maximum serum creatinine levels and the type 
of drug causing renal injury to help clinicians determine 
patients' prognosis in the early stage AKI.

There are limitations to this study, including its 
retrospective design and conduct in a single center. Multi-
center prospective studies are required to validate the results 
fully. Also, some patients were treated in local hospitals 
where drugs were supplied using only “conventional doses.” 
The dosage and duration of drug therapy is important and 
may affect the analysis of factors affecting the prognosis 
of AKI although the type of drugs inducing AKI is still of 
importance.

Conclusions

The three main contributors to drug-induced AKI were 
antimicrobial agents, NSAIDs, and Chinese herbal 
medicines. Of the antibacterial agents, the most implicated 
types were cephalosporins, acyclovir, clindamycin, 
azithromycin, and levofloxacin, but not aminoglycosides. 
The age distribution of those using these three different 
drugs is also significantly different. Allergic interstitial 
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nephritis, interstitial nephritis, and tubular epithelial cell 
injury were the main pathological manifestations of drug-
induced AKI, but there was no specific correlation between 
the pathological manifestation and the drug that caused it. 
The novel predictive nomogram could predict recovery 
within 2 weeks in drug-induced AKI patients according to 
the type of drug and the maximum SCr.
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