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Abstract

Background: Acute interstitial nephritis (AIN) is a potentially re-
versible, but underdiagnosed cause of acute kidney injury. The role of 
steroids in the management of drug-induced AIN is debatable. There 
is scarcity of data on clinical characteristics of drug-induced AIN, 
management approach and effect of steroids on renal outcomes from 
the low-middle-income countries.

Methods: We performed a retrospective study of patients with biop-
sy-proven AIN over a period of 12 years. The main outcomes were 
recovery of renal function (early (≤ 3 weeks) or late (> 3 weeks)) and 
hemodialysis (HD) dependence at 12 weeks.

Results: A total of 48 (4.9%) AIN cases were found among 978 renal 
biopsies. Mean age was 47.6 ± 12.1 years and 56.3% were males. The 
offending agent could be identified in half of the patients (non-steroidal 
anti-inflammatory drugs (NSAIDs) most commonly followed by anti-
biotics, diuretics and proton pump inhibitor (PPI)). Three quarters of 
patients presented with estimated glomerular filtration rate (eGFR) < 
15 mL/min/1.73 m2 (n = 36), out of which 58.3% (n = 21) required 
HD. Thirty-nine (81.3%) patients ended up receiving steroids. Mean 
dose of prednisone was 0.8 ± 0.2 mg/kg per day. Early use of steroids 
(≤ 11 days) was significantly associated with earlier (≤ 21 days) onset 
of recovery (P = 0.003) as compared to late use of steroids (> 11 days).

Conclusion: Our data showed the benefit of earlier use of steroids in 
achieving rapid and complete renal recovery in drug-induced AIN in 
a low-middle-income country with frequent use of over-the-counter 
drugs. Late steroid use (≥ 3 weeks) was not associated with any fur-
ther recovery at an additional risk of exposing patients to undue ad-
verse effects.
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Introduction

Acute interstitial nephritis (AIN) is a common and mostly re-
versible cause of acute kidney injury (AKI), yet it remains rela-
tively underdiagnosed. The incidence of AIN averages at 2.8%, 
ranging from 1% to 10% of all biopsies as calculated from the 
reports of the large kidney biopsy registries [1]. A large albeit 
retrospective study [2] demonstrated that when analysis is re-
stricted to biopsies performed for patients with AKI, the prev-
alence increases to 13%. Drugs account for 70-75% of cases. 
The remaining causes are associated with autoimmune disease, 
infection or idiopathic. Early diagnosis, identification and with-
drawal of offending agent are key factors in preserving renal 
function and ensure good long-term renal prognosis. Renal re-
covery is variable as renal function may return to baseline or 
stabilize with residual damage, after discontinuation of the of-
fending agent or treatment of the causative systemic illness and 
may also progress despite corticosteroids and other supportive 
management. The role of steroids in the treatment in drug-in-
duced AIN remains to be established. Whereas in some studies, 
steroids have shown to improve outcomes and accelerate renal 
recovery, others have reported no beneficial effect on the rate or 
extent of recovery of kidney function [3]. This is more relevant 
in low-middle-income countries (LMICs), like Pakistan, with 
weak and unorganized health care system, inadequate nephrol-
ogy workforce and scarce availability of dialysis and transplant 
facilities, thus imposing financial distress on the population and 
resulting in poor outcomes. In the present study, we aimed to 
determine the causes and clinical presentation of AIN as well as 
time of initiation of steroids, effect of steroids on recovery and 
time to renal recovery in our population.

Materials and Methods

Study population

We performed a retrospective review of medical records of na-
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tive renal biopsies performed at our tertiary care center, Aga 
Khan University Hospital, over the course of 12 years from 
January 2007 to December 2018. Forty-eight patients were 
identified with AIN meeting the inclusion criteria and a de-
tailed medical chart review was undertaken. This study was 
approved by the Institutional Review Board of the Ethical 
Committee at the Aga Khan University Hospital (approval no. 
2019-1195-3019) and was conducted in accordance with the 
principles of the Declaration of Helsinki as revised in 2013.

This study is based upon review of medical records only 
and does not contain any studies with human participants or 
animals performed by any of the authors.

We included all patients aged 18 years or older with biop-
sy-proven AIN with known or unknown offending drug agent. 
All patients with inconclusive biopsy specimen, graft biopsies 
after renal transplant, chronic tubulointerstitial nephritis or 
acute tubular necrosis on biopsy, or primary glomerular pathol-
ogy with secondary acute interstitial nephritis were excluded.

Diagnosis of AIN

All kidney biopsy specimens were processed for light micros-
copy and immunofluorescence and interpreted by the consult-
ant renal histopathologist at our hospital. Diagnosis of AIN 
was made if tubulitis with or without focal tubular atrophy, 
and interstitial inflammatory infiltrate was found with vary-
ing degrees of edema or fibrosis. Severity of AIN was graded 
by consultant histopathologist based on diffuse vs. patchy in-
volvement, variable severity of interstitial infiltrate and degree 
of tubulitis and acute tubular injury. Electron microscopy was 
not performed as the facility was not available at our hospital.

Clinical data

Medical charts and electronic laboratory data were reviewed 
and following details were recorded: demographics, se-
rum creatinine (SCr) and estimated glomerular filtration rate 
(eGFR) at presentation, need for hemodialysis (HD), present-
ing symptoms, urinalysis, protein quantification as measured 
by 24-h urinary protein (g/day) or spot protein to creatinine 
ratio (PCR) wherever available, offending agent or history of 
infection or autoimmune disease if any, steroid dose, time to 
initiation of steroids and total duration, time to initial recovery 
of renal function , eGFR and HD dependence at 12 weeks from 
presentation. eGFR was calculated by CKD-EPI-PAK equa-
tion. Baseline SCr was defined as the lowest value of SCr avail-
able in the previous 1 year before presentation.

Exposure and outcomes

The management approach was studied for all patients. The 
decision to prescribe steroids as well as the period of observa-
tion was left on discretion of the treating physicians. In patients 
who were given steroids, the exposure was defined as the use of 
steroids and subgroup analysis was performed to ascertain the 

effects of steroid dose, duration and time to commencement on 
outcomes if any.

The main outcomes were: 1) recovery of renal function, 
either early (defined as beginning of downtrend of SCr ≤ 3 
weeks) or late (> 3 weeks); 2) complete recovery (SCr recov-
ery to within 25% of baseline or SCr < 1.4 mg/dL if baseline 
not available) or partial recovery (≥ 25% improvement in SCr 
but not meeting the criterion for complete recovery) or no re-
covery (< 25% improvement in SCr or HD dependence) at 12 
weeks from presentation; and 3) HD dependence at 12 weeks’ 
follow-up or at the time of death (if before 12 weeks).

Statistical analysis

Data were analyzed using SPSS 23.0 for Windows (SPSS Inc., 
Chicago, IL, USA). Results are expressed as mean ± standard 
deviation (SD) for continuous variables wherever normal dis-
tribution could be assumed. If the data were not normally dis-
tributed, median values with interquartile ranges (IQRs) were 
reported. Categorical variables are presented as percentages. 
Qualitative variables were analyzed by Fisher’s exact and Chi-
square tests. Statistical significance was defined as P < 0.05.

Results

Demographics

Table 1 lists demographic and clinical characteristics of pa-
tients with AIN at presentation. Overall, 48 (4.9%) AIN cases 
were found among 978 renal biopsies performed during the 
study period. Mean age was 47.6 ± 12.1 years, and 56.3% were 
males. Almost one-third of the patients had diabetes. The of-
fending agent was identified in 45.8% cases with non-steroidal 
anti-inflammatory drugs (NSAIDs, 45.4%) being the most 
common, followed by antibiotics (22.7%), diuretics (9%), pro-
ton pump inhibitors (PPIs, 9%), rifampicin (4.5%), allopurinol 
(4.5%) and homeopathic medications (4.5%). History of infec-
tion was found in 6.25% (n = 3). One patient was diagnosed 
with Sjogren syndrome. Mean 24-h urinary protein was 1.75 
± 0.96 g/day with four patients (8.3%) having nephrotic range 
proteinuria. Microscopic hematuria was found in 54.2% and 
leukocyturia in 58.3% patients respectively.

Half of the patients had baseline SCr available (median Cr 
= 1.0 mg/dL), with baseline eGFR of ≥ 60 mL/min/1.73 m2 in 
83.3% cases and between 30 and 60 mL/min/1.73 m2 in 12.6% 
cases. Thirty-six (75%) patients had eGFR < 15 mL/min/1.73 
m2 at presentation and 58.3% (n = 21) required HD. Most of 
the patients showed moderate to severe AIN on renal histopa-
thology (60.41%), while 16.7% had severe AIN and 22.9% had 
mild AIN. Histological findings, however, did not correlate 
with the severity of renal dysfunction at presentation.

Management approaches and steroid use

A total of 39 patients (81.3%) ended up receiving steroids, out 
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of which 64.1% were started on steroids after an initial period 
of observation (range: 7 - 70 days). Mean time to steroid com-
mencement was 14 ± 17.39 days.

Two groups were defined: early steroids group (com-
menced steroids in ≤ 11 days of diagnosis) and late steroids 

(commenced steroids > 11 days after diagnosis). For three pa-
tients, time to steroid initiation was not known.

Outcomes

Renal recovery was documented in 29 (60.4%) patients, of 
which 14 (29.2%) patients made full recovery and 15 patients 
(31.3%) made partial recovery. Nineteen patients (39.5%) did 
not recover, and nine patients (47.4%) remained HD depend-
ent including two patients who died during the follow-up pe-
riod. No difference was made by steroid use among patients 
who needed HD from the outset (P = 0.971). Older age, co-
morbidities, AIN severity, and eGFR at presentation did not 
significantly alter the chances of recovery on further analysis 
(Table 2). Need for HD at presentation emerged as the worst 
prognostic factor with 34.5% showing any recovery versus 
65.5% who did not require HD (P = 0.220).

Mean dose of prednisone was 0.8 ± 0.2 mg/kg per day. 
Median of total duration of treatment including the tapering 
period was 9 weeks (IQR: 4 - 16). Early use of steroids was 
significantly associated with recovery of renal function (com-
plete or partial, P = 0.007) as well as earlier recovery (P = 
0.003) as compared to late steroids (Fig. 1). Start of earlier 
recovery (≤ 3 weeks) of renal function was significantly as-
sociated with complete recovery on follow-up (P = 0.003). A 
trend towards complete recovery was observed in early steroid 
group (64.3%, n = 9) vs. “late steroids” (25%, n = 1) group; 
however, the difference did not reach statistical significance (P 
= 0.163). No significant correlation between the low dose (0.5 
mg/kg/day) and high dose (1 mg/kg/day) steroids was found in 
terms of renal recovery.

Patients with moderate to severe AIN were more likely to 
remain dialysis dependent (P = 0.09). Presence of microscopic 
hematuria and oliguria at presentation were significantly as-
sociated with need of initiation of HD (P = 0.02 and 0.015, 
respectively). No other risk factors for need of HD could be as-
certained, although more males (71.4%) than females (28.6%) 
required HD (P = 0.062).

Discussion

Given the adverse effects of AKI and its severity and revers-
ibility on the renal prognosis, AIN is increasingly being recog-
nized as a significant, potentially reversible cause of AKI. The 
rise in prevalence of AIN could be accounted for by polyphar-
macy, inevitable in an era of multiple co-morbid conditions 
with increasing life expectancy. Virtually any drug can cause 
AIN but NSAIDs and antimicrobials top the list followed by 
diuretics, cimetidine and PPIs. It is difficult to ascertain the 
exact etiology in patients who are on multiple medications and 
may not recall the addition of a new agent. Poor prognosis has 
been linked to longer duration of exposure to the inciting agent 
and delay in initiating treatment with steroids [3]. This is more 
relevant in LMICs, like Pakistan, with suboptimal extent and 
quality of health care delivery and ubiquitous use of traditional 
medicine for primary health care as well as over-the-counter 

Table 1.  Characteristics of Study Population

n (%)
Age (years) 47.6 ± 12.1
Gender
    Male 27 (56.3%)
    Female 21 (43.7%)
Diabetes mellitus
    Yes 16 (33.3%)
    No 32 (66.7%)
Hypertension
    Yes 19 (39.6%)
    No 29 (60.4%)
AIN severity
    Mild 11 (22.9%)
    Moderate 29 (60.4%)
    Severe 8 (16.7%)
eGFR at presentation
    45 - 59 mL/min/1.73 m2 2 (4.2%)
    30 - 44 mL/min/1.73 m2 1 (2.1%)
    15 - 29 mL/min/1.73 m2 9 (18.8%)
    < 15 mL/min/1.73 m2 36 (75%)
Microscopic hematuria 26 (54.2%)
Leukocyturia 28 (58.3%)
Blood pressure
    < 140/90 mm Hg 32 (66.7%)
    ≥ 140/90 mm Hg 14 (29.2%)
Fever 13 (27.0%)
Edema 6 (12.5%)
Oliguria 7 (14.5%)
History of infection 7 (14.5%)
Need of dialysis
    Yes 21 (43.7%)
    No 27 (56.3%)
Steroid commencement 39 (81.3%)
    Early (≤ 11 days) 20 (51.2%)
    Late (> 11 days) 16 (41.0%)
    Unknown (missing values) 3 (7.6%)
24-h protein (g/day) (mean ± SD) 1.75 ± 0.96

AIN: acute interstitial nephritis; eGFR: estimated glomerular filtration 
rate; SD: standard deviation.
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availability of prescription drugs.
Frequency of AIN in our study (4.9%) is higher than pre-

viously recorded by two single-center studies from Pakistan 
and India both analyzing biopsy data till 2008 (1.1%) [4, 5]. 
In a larger (1979 - 2002 data) single-center cohort from China, 
prevalence was found to be similar (1.1%) [6]. Nevertheless, 
our findings are similar to studies analyzing more recent data 
(4.4%: 2000 - 2015, 4.7%: 2000 - 2012) [7, 8]. In another re-
cently published study, analyzing Spanish registry data (1994 
- 2009), a rise in AIN cases of 4.2% was observed in the last 
4 years (2006 - 2009), which was even more striking in the 
elderly (> 12%), with an overall prevalence of 2.7% [2]. Al-
though these findings may reflect the changing patterns in our 
attitude towards renal biopsy in patients, specially elderly, with 
suspected AIN, evidence is piling up for an actual increase in 
prevalence over recent years [7-9]. Epidemiological data are 
needed to ascertain what exactly is driving this rise in AIN 
cases.

Presentation of AIN was also unusual as majority of pa-
tients in our cohort presented with eGFR < 15 mL/min/1.73 
m2, more than half of whom required HD (n = 21) which is 
usually not the case in AIN and is almost twice as high as 
reported in other studies [10]. Although, average duration of 
exposure to offending agents could not be determined, this 
markedly severe presentation could reflect a prolonged use 
of inciting agents due to delays in recognition and referral to 
nephrologists. The tendency to prefer self-treatment, reliance 
on informal and unqualified practitioners, and a poor referral 
system prevailing in LMIC are reasons for a delayed presenta-
tion to tertiary care centers.

Drug-induced AIN predominates the etiological diagnosis 
but there has been a shift in the type of drug with NSAIDs and 
PPIs being increasingly recognized as the main culprit and an-
tibiotics, less and less implicated [11-15]. We found NSAIDs 
to be the most common cause followed by antibiotics. Another 
study from Pakistan also found NSAIDs to be the most com-

Table 2.  Factors Affecting Recovery of Renal Function

Recovery (n = 29) (n, %) No recovery (n = 19) (n, %) P value
Age 0.79
    < 35 years 4 (13.8%) 4 (23.5%)
    35 - 50 years 12 (41.4%) 6 (31.6%)
    51 - 55 years 6 (20.7%) 3 (15.8%)
    > 55 years 7 (24.1%) 5 (31.6%)
Gender 0.17
    Male 14 (48.3%) 13 (68.4%)
    Female 15 (51.7%) 6 (31.6%)
Diabetes 0.40
    Yes 11 (37.9%) 5 (26.3%)
    No 18 (62.1%) 14 (73.7%)
Hypertension 0.36
    Yes 13 (44.8%) 6 (31.6%)
    No 16 (55.2%) 13 (68.4%)
AIN severity 0.58
    Mild 7 (24.1%) 4 (21.1%)
    Moderate 16 (55.2%) 13 (68.4%)
    Severe 6 (20.7%) 2 (10.5%)
eGFR at presentation 0.40
    ≥ 15 mL/min/1.73 m2 7 (24.1%) 5 (26.3%)
    < 15 mL/min/1.73 m2 22 (75.9%) 14 (73.7%)
Need of dialysis 0.11
    Yes 10 (34.5%) 11 (57.9%)
    No 19 (65.5%) 8 (42.1%)
Management 0.007
    Early steroids (n = 20) 14 (77.8%) 6 (33.3%)
    Late steroids (n = 16) 4 (22.2%) 12 (66.7%)

AIN: acute interstitial nephritis; eGFR: estimated glomerular filtration rate.
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mon followed by contrast agents and anti-tuberculosis therapy 
[16]. Perazella et al found NSAIDs to be the commonest fol-
lowed by PPIs [14]. The huge and largely uncontrolled con-
sumption of NSAIDs and antibiotics among the general pop-
ulation, particularly in elderly, calls for more effective drug 
regulatory measures and development of check and balance 
for over-the-counter availability of drugs. Moreover, there is 
a need to create awareness among general population to avoid 
self-medication and to limit the use of medications except 
when clearly indicated under the treating clinician’s close su-
pervision. Infection-related causes could still be relevant in a 
developing country like ours, although prevalence in our co-
hort was relatively low (6.25%) similar to overall reported in-
cidence of 4-10%. We could not ascertain the cause of AIN 
in most patients (45.8%) due to the tendency to self-medicate 
among masses, use of traditional/herbal medication and more 
importantly poly-medication and therefore being unable to re-
call addition of a new agent. A few patients (n = 4) presented 
with nephrotic range proteinuria which could be explained 
by NSAID-induced minimal change disease in three of them 
where history of intake was available. However, that could not 
be ascertained due to non-availability of electron microscopy. 
Moreover, 16 patients (33.3%) had diabetes mellitus and might 
have had underlying diabetic nephropathy that may have ac-
counted for nephrotic range proteinuria.

AIN is considered potentially reversible, yet it is interest-
ing to note that recovery of renal function is often incomplete. 
Historically, it was considered relatively benign in view of, 
albeit delayed, but often complete recovery in methicillin-
induced AIN but recent studies showed partial recovery in as 

much as 40% of patients [17]. Permanent renal insufficiency 
has been reported in up to 56% patients with NSAID-induced 
AIN [15]. Data on the development of end-stage renal disease 
(ESRD) are scarce. Of the patients, 10-12.5% remain HD de-
pendent [18, 19]. None of the patients, who did not require HD 
in first 12 months, developed ESRD over a mean follow-up of 
> 5 years [20]. In elderly, the median time for patients with a 
histological diagnosis of AIN to either reach ESRD or die was 
8.63 years (range 5.34 - 8.63) [21]. Percentage of complete 
renal recovery varies markedly in different cohorts (49-69%) 
[10, 15, 18]. We observed even poorer outcomes with only 
29.2% showing complete recovery and 18.8% remaining on 
HD. This likely reflects the delay in diagnosis and longer ex-
posure to offending agent, which in turn is related to delayed 
presentation, the access to healthcare facilities and awareness. 
It may also be due to a smaller number of patients having al-
lergic type AIN on histopathology in our cohort. Baseline cre-
atinine was not available for 14 out of 19 patients who failed 
to recover; hence, role of chronic renal dysfunction cannot be 
entirely ruled out. Another study from Pakistan reported renal 
recovery in 71.61% cases but only 37.4% patients had biopsy-
proven AIN [16].

In the absence of a randomized trial, steroid use, dose, tim-
ing and duration have been debated for decades due to conflict-
ing results from various observational, uncontrolled studies [1, 
10, 20]. We demonstrated a low threshold for using steroids 
in our population as most of the patients ended up receiving 
steroids either as the first-line therapy or in case of no or partial 
recovery after a period of observation. It has been previously 
shown that those who received steroid treatment within first 2 

Figure 1. Comparison of outcomes between the two steroid groups. Of the 20 patients, 14 (70%) patients recovered in early 
steroid group and four (25%) patients recovered in the late steroid group. Time to recovery data were missing for two patients in 
the early steroid group.
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weeks after withdrawal of offending agent were more likely to 
return to baseline renal function and delay was associated with 
progression of interstitial fibrosis [10, 22]. Given the scarcely 
available renal replacement therapy or transplant facilities, and 
huge economic challenges posed by the loss of productivity ad-
justed life years, these results explain the tendency for use of 
steroids in our cohort besides an unusually severe presentation. 
Our data suggested that early initiation of steroids significant-
ly correlated with better short-term renal prognosis with rapid 
recovery and higher probability of reaching baseline. Delayed 
steroid initiation did not improve any outcomes at the added risk 
of exposing patients to undue side effects. Low-dose steroid (0.5 
mg/kg) was as effective as the high dose in inducing remission, 
hence there was no added benefit of high-dose steroids.

We also found an association between early initiation of 
recovery and greater probability of return to baseline. Hence, 
timing of steroid treatment is crucial as we may lose the critical 
period where ongoing inflammation leads to significant tubular 
atrophy and fibrosis diminishing the chances of complete re-
covery. Although our finding corroborates the results obtained 
by recently published larger observational studies on timing 
and duration of treatment with steroids [22, 23], we could not 
demonstrate any statistical superiority of steroids over con-
servative management due to disproportionately low number 
in conservative strategy group. Prospective, randomized stud-
ies are needed to determine the optimal duration of observation 
and starting steroids.

Increased interstitial fibrosis/tubular atrophy on histo-
pathology and smaller kidney size on ultrasound have been 
linked to poor response to steroids [10]. We did not find any 
correlation between histopathological severity of AIN and re-
sponse to steroids or renal outcomes. Many other prognostic 
markers have been studied but duration of AKI and length of 
exposure have been most convincing in view of consistent re-
producibility across studies [15, 19]. Need for HD at presenta-
tion emerged as the worst prognostic factor in our cohort and 
no difference was noted with addition of steroids.

Our finding suggests that with moderate to severe renal 
dysfunction not requiring HD at the outset, steroids have a 
beneficial role in accelerating renal recovery. Although there 
is a trend towards early steroid administration in patients re-
quiring HD, it does not appear to improve outcomes for this 
population. Prendecki et al reported better long-term outcomes 
in AIN treated with steroids including fewer patients on HD 
on follow-up but they also could not demonstrate statistically 
significant superiority of steroids over conservative measures 
in terms of better recovery after initial dependence on HD [24].

Limitations

Retrospective settings and short duration of follow-up are the 
main limitations of our study. Moreover, the sample size of our 
study is not big enough for the results to be generalizable to 
the population. Lastly, it is a single-center study conducted at 
a tertiary care hospital, hence the results might not reflect the 
true clinical, histological and prognostic picture of the disease 
in the population.

Conclusion

This is the first report from Pakistan documenting the steroid 
use for AIN and its effects on renal outcomes in our popula-
tion. We found poorer renal outcomes in our population stress-
ing the need for earlier diagnosis, vigilant suspicion and low 
threshold for renal biopsy and withdrawal of suspected offend-
ing agent. Our data showed the benefit of earlier use of steroids 
in achieving rapid and complete renal recovery. It adds to the 
forever-growing body of evidence in favor of steroid use in 
AIN but prospective, randomized trials are needed to settle the 
debate once and for all.
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