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Drug-induced acute interstitial nephritis (DI-AIN) is a
common cause of AKI, affecting about 20% of patients
with unexplained AKI, and leads to CKD and ESRD (1).
Although any drug can potentially cause DI-AIN,
antibiotics, non-steroidal anti-inﬂammatory drugs,
and proton pump inhibitors, are the most frequent
offenders (1). Diagnosis of DI-AIN is obvious when
the classic triad of rash, fever, and eosinophilia occur
within a few days of the initiation of a culprit drug.
However, these ﬁndings occur in ,10% of patients,
and the onset of DI-AIN may be delayed by weeks or
months after drug initiation (2). Moreover, only half of
all patients with biopsy-proven DI-AIN present with
AKI, whereas the rest have a slow, progressive loss of
kidney function not meeting the AKI criteria (3). Urinary
abnormalities such as eosinophiluria, pyuria, and white
blood cell (WBC) casts, considered typical of DI-AIN,
are also unreliable (2). Diagnosis of DI-AIN relies on
maintaining a high index of suspicion in those at risk for
this disease and obtaining a kidney biopsy to establish
the diagnosis.
As challenging as diagnosing DI-AIN is for clinicians, formulating an evidence-based treatment plan is
equally difﬁcult. Given the underlying immune mechanism of DI-AIN, corticosteroid administration has
been considered the treatment of choice along with early
withdrawal of the culprit drug. However, there is no
randomized controlled trial of corticosteroids in DIAIN. The literature is fraught with case reports, case
series, and retrospective studies examining corticosteroid therapy for this inﬂammatory kidney lesion (4–8).
Review of this literature reveals that there is no deﬁnitive answer for DI-AIN treatment except that early
drug withdrawal is imperative. We present two patients
to illustrate the frustrating nature of this issue and offer
DI-AIN treatment recommendations on the basis of
current literature.

Patient 1
A 25-year-old woman with acute pyelonephritis
from Escherichia coli was treated with oral doublestrength trimethoprim/sulfamethoxazole. On day 11
of 14 of antibiotic treatment, the patient developed a
maculopapular rash, low-grade fever, and eosinophilia. Serum creatinine (SCr) was 1.9 mg/dl (baseline
SCr 0.7 mg/dl). Urine sediment microscopy revealed
1–3 WBC casts per low power ﬁeld (LPF). Acute
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interstitial nephritis (AIN) due to sulfamethoxazole
was presumed and the drug was discontinued. Treatment was completed with 3 days of daily levoﬂoxacin.
Over the next week, her symptoms resolved, and SCr
returned to baseline.

Patient 2
A 69-year-old man with coronary artery disease,
atrial ﬁbrillation, and hypertension was admitted to
the intensive care unit for pneumonia complicated
by hypotension. After clinical improvement with
ceftriaxone and azithromycin therapy, he was transferred to a medical ﬂoor. On day nine, the nephrology
service was consulted to evaluate his SCr rise from
1.2 to 2.1 mg/dl. Urine sediment microscopy demonstrated 5–10 isomorphic red blood cells per high
power ﬁeld (HPF), 10–15 WBCs per HPF, 3–5 renal
tubular epithelial cells per HPF, and 1–3 granular casts
per LPF. Acute tubular injury, acute infectious GN, and
DI-AIN were considered in the differential diagnosis of
AKI. Antibiotics were discontinued for clinical suspicion
of DI-AIN. However, because the SCr continued to rise
to 5.7 mg/dl on day 13, kidney biopsy was performed.
Light microscopy revealed diffuse AIN, acute tubular
injury, and 30% interstitial ﬁbrosis. Ceftriaxone was the
most likely culprit. After consultation with infectious
diseases specialists, therapy with intravenous methylprednisolone 500 mg daily for 3 days was initiated,
followed by oral prednisone, 60 mg daily for 4 weeks
with subsequent taper. Two weeks after starting
therapy, a gradual decrease in SCr was observed. At
6-month follow-up, the patient’s SCr was 1.9 mg/dl.
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Discussion
These patients illustrate two important features of
DI-AIN: (1) the varied clinical presentation, and (2) the
divergent response to culprit drug discontinuation
alone. The ﬁrst patient developed classic “allergic
DI-AIN” with systemic and kidney manifestations,
whereas the second patient had only kidney manifestations that did not allow DI-AIN to be easily differentiated from other causes of AKI. Furthermore, the ﬁrst
patient had resolution of DI-AIN solely with drug
discontinuation, whereas the second patient had worsening AKI, presumably from ongoing tubulointerstitial
inﬂammation and injury despite drug discontinuation.
www.cjasn.org Vol 12 December, 2017
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Table 1. Studies examining corticosteroid therapy in acute interstitial nephritis

Evidence for the effectiveness of corticosteroids is derived from retrospective studies, which have several
limitations. Firstly, the decision to use the drugs in these
studies was made by treating physicians with intimate
knowledge of each patient. Only those patients expected to
beneﬁt from corticosteroid therapy are given these agents.
Because those with higher degrees of ﬁbrosis are less likely
to recover their kidney function completely, these patients are often not exposed to corticosteroid therapy. On
the other hand, those with mild DI-AIN, expected to
recover solely with drug discontinuation, are not administered corticosteroids. Secondly, many centers in the
United States, including our own, administer corticosteroids to nearly all eligible patients with DI-AIN as a
standard of care, which makes it harder to compare the
effectiveness of corticosteroids in DI-AIN from retrospective
analysis. For example, in the study by Muriithi et al. (6), 87%
of patients with DI-AIN were treated with corticosteroids.
As a result, retrospective evaluation of the effect of corticosteroid use on long-term kidney function outside of a
randomized setting is highly confounded.
Within these limitations, several retrospective studies
attempted to examine the effectiveness of corticosteroids in
patients with DI-AIN (Table 1). Valluri et al. found no
improvement in kidney function in those treated with
corticosteroids as compared with those who were managed
conservatively; however, the corticosteroid treated group
had signiﬁcantly worse kidney function at the time of
biopsy (8). Similar ﬁndings were observed by Clarkson
et al. (4) where corticosteroids were initiated much later
after diagnosis. However, these observations were contradicted by other studies where kidney function and
histologic ﬁndings at biopsy were comparable between
corticosteroid-treated and conservatively managed patients, and corticosteroid therapy was rapidly initiated
after diagnosis. For example, in a study of 158 patients,
corticosteroid-treated patients with DI-AIN had better
kidney function at 2 years as compared with those who
did not receive these drugs (9). Similar outcomes were
observed in studies by Raza et al. (7) and González et al. (5).
Thus, the weight of available evidence appears to support
a potential beneﬁt of corticosteroid administration on
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In response to worsening AKI, corticosteroid therapy was
initiated and kidney function eventually improved (albeit
incompletely) over the next several weeks.
An obvious ﬁrst step in the treatment of DI-AIN is early
identiﬁcation and discontinuation of the culprit drug,
which should not be delayed while a kidney biopsy is
being contemplated. Longer duration of exposure to the
culprit drug is associated with worse chance of recovery of
kidney function (6). After this, the therapeutic approach
becomes less clear and somewhat controversial. As noted
for the above patients, there are a number of unanswered
questions regarding the management of DI-AIN, including
the role of a kidney biopsy to establish the diagnosis and
the utility of corticosteroids in its treatment. In this article,
we provide answers to these questions on the basis of our
interpretation of the literature and clinical experience.

Patients received steroids late after diagnosis (median delay .3 wk).
Steroid treated patients with complete recovery had shorter delay to
steroids (13 d) as compared with those without complete recovery (34 d).
Improved GFR with steroid versus control (P,0.05). No difference
in kidney outcomes on the basis of steroid timing.
Steroid-treated patients had superior kidney outcomes with early versus
late steroid therapy.
Worse kidney function in steroid-treated versus control at biopsy (SCr 4.2 versus
3.3 mg/dl). Steroid-treated patients had complete recovery (48%) versus
control group (41%); ﬁnal SCr not different at 1 yr.
Steroid-treated patient had better eGFR at 2 yr and less dialysis (5.1%
versus 24.1%). Dose, duration, and time to steroid initiation were
variable.
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Clarkson et al. 2004 (4)
González et al. 2008 (5)
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recovery of kidney function and possible prevention of
long-term dialysis. The same approach applies to druginduced granulomatous AIN once an infectious cause has
been excluded.
Is a Kidney Biopsy Required to Document DI-AIN before
Corticosteroid Therapy?
Clinical diagnosis of DI-AIN is challenging without a
kidney biopsy. In fact, one study found that only a quarter of
PPI-mediated DI-AIN cases were suspected before biopsy
(10). Thus, it is desirable to document the presence of DI-AIN
with a biopsy before exposing patients to corticosteroids,
which carry risks even with short-term use (11). Moreover, a
kidney biopsy also provides prognostic information such as
the degree of interstitial ﬁbrosis, tubular atrophy, and
glomerular sclerosis, which can guide treatment decisions.
For example, it would be reasonable to avoid corticosteroid
therapy in patients with .75% interstitial ﬁbrosis/tubular
atrophy and signiﬁcant glomerulosclerosis. As we will
discuss below, early initiation of corticosteroids is

associated with better long-term kidney function. Thus, a
biopsy should be performed as soon as possible in those
suspected to have DI-AIN, or those with unexplained AKI
to establish (or rule out) DI-AIN diagnosis.
In patients where a biopsy cannot be performed and DIAIN is the top diagnosis, a trial of empirical corticosteroid
therapy may be considered on a patient-by-patient basis.
Unfortunately, there is currently no noninvasive test that
reliably diagnoses DI-AIN.

Who Should Get Steroids and How Do We Identify
This Group?
Identifying patients with DI-AIN who should be given
a trial of steroids requires balancing potential beneﬁt of
kidney function recovery with the harms of high-dose
corticosteroids. The harms of short-term corticosteroid use
include poor glycemic control in diabetic individuals, and
increased infection risk (11). Muriithi et al. (6) found that
increased amounts of interstitial ﬁbrosis/tubular atrophy

Figure 1. | Algorithm for management of drug-induced acute interstitial nephritis. *In patients where kidney biopsy cannot be performed, the
decision to start a trial of empirical steroids can be considered on a patient-by-patient basis. An ultrasound showing small kidneys usually
indicates advanced fibrosis and unlikely benefit from corticosteroid use. Unfortunately, there are currently no tests that can be recommended
to replace biopsy to establish DI-AIN diagnosis. AIN, acute interstitial nephritis; AKD, acute kidney disease; AKI, acute kidney injury; DI-AIN,
drug-induced acute interstitial nephritis; IF, interstitial fibrosis; WBC, white blood cell.
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DI-AIN studies have used either 250–500 mg intravenous
methylprednisolone followed by 1 mg/kg per day of oral
prednisone (5) or 1 mg/kg per day of oral prednisone
without intravenous therapy (10). Regardless of the initiation dose, 1 mg/kg per day of prednisone should be
continued for approximately 1–1.5 months because most
patients recover their kidney function within this time
frame (5). A trial of corticosteroids should not be extended
beyond 1.5 months in those who fail to show any improvement in kidney function. In patients with improving
kidney function who develop adverse effects from corticosteroid therapy, a small case series supports switching
to mycophenolate mofetil as a potentially useful alternate
therapy (12). Figure 1 outlines our approach to the
treatment of patients diagnosed with DI-AIN.

References
1. Perazella MA, Markowitz GS: Drug-induced acute interstitial
nephritis. Nat Rev Nephrol 6: 461–470, 2010
2. Perazella MA: Clinical approach to diagnosing acute and chronic
tubulointerstitial disease. Adv Chronic Kidney Dis 24: 57–63,
2017
3. Chu R, Li C, Wang S, Zou W, Liu G, Yang L: Assessment of KDIGO
definitions in patients with histopathologic evidence of acute
renal disease. Clin J Am Soc Nephrol 9: 1175–1182, 2014
4. Clarkson MR, Giblin L, O’Connell FP, O’Kelly P, Walshe JJ, Conlon
P, O’Meara Y, Dormon A, Campbell E, Donohoe J: Acute interstitial nephritis: Clinical features and response to corticosteroid
therapy. Nephrol Dial Transplant 19: 2778–2783, 2004
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and smaller kidneys on ultrasound correlated with poor
response to steroids. Thus, corticosteroids should be avoided
in those with advanced ﬁbrosis, particularly in patients with
diabetes with labile blood glucose control. In patients with
active infection, discussing corticosteroid therapy with an
infectious disease consultant is an important step before
initiating treatment.

What Is the Optimal Timing of Steroid Therapy in
Patients?
Studies suggest that early corticosteroid initiation is
associated with better outcomes. For example, two studies
reported lower rates of kidney function recovery in those
with longer time from onset of DI-AIN to starting steroids
(5,6). Thus, if corticosteroid therapy is considered, it should
be initiated early after the diagnosis is established, preferably in 1–2 weeks.

What Regimen and for What Duration Should
Corticosteroids Be Administered for DI-AIN?

