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QUESTION

A. INFECTION 
B.     TUBULOINTERSTITIAL NEPH W UVEITIS 
C.     MEDICATION 
D.     SARCOIDOSIS

WHAT IS THE # 1 CAUSE OF ACUTE 
INTERSTITIAL NEPHRITIS?



MEDICATIONS…



QUESTION 

WHAT IS THE # 1 MEDICATION CAUSE 
OF ACUTE INTERSTITIAL NEPHRITIS?
A. NSAIDS 
B.     ANTIBIOTICS 
C.     PROTON PUMP INHIBITORS 
D.     DIURETICS



ANTIBIOTICS



WHICH OF THE FOLLOW IS THE BEST 
CLINICAL TOOL FOR DIAGNOSING ACUTE 
INTERSTITIAL NEPHRITIS?

A. Urine eosinophils 
B. Serum eosinophilia  

C. Kidney Biopsy 
D. Gallium Scan
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Original Investigation

Biopsy-Proven Acute Interstitial Nephritis, 1993-2011:
A Case Series

Angela K. Muriithi, MBChB, MPH,1 Nelson Leung, MD,1 Anthony M. Valeri, MD,2

Lynn D. Cornell, MD,3 Sanjeev Sethi, MD, PhD,3 Mary E. Fidler, MD,3 and
Samih H. Nasr, MD3

Background: Acute interstitial nephritis (AIN) is an important cause of acute kidney injury, especially in
hospitalized patients. The cause and outcome of AIN, particularly that due to drugs, is changing with prevalent
medication use. The effectiveness of steroids for treatment of AIN is debated.
Study Design: Case series.
Setting & Participants: 133 patients with biopsy-proven AIN from 1993 through 2011 at a single center.
Outcomes: Recovery of kidney function by 6 months, either complete, partial, or none. Complete recovery

was defined as improvement in serum creatinine level to within 25% of baseline (or ,1.4 mg/dL), and partial
recovery, as a $50% decrease in serum creatinine level from its peak value but not reaching within 25% of its
baseline value.
Results: Causes of AIN included drugs (70%), autoimmune diseases (20%), and infections (4%). Drug-induced

AIN was due to antibiotics in 49%, proton pump inhibitors (PPIs) in 14%, and nonsteroidal anti-inflammatory drugs
(NSAIDs) in 11%. Overall, the top 3 drug causes were omeprazole (12%), amoxicillin (8%), and ciprofloxacin
(8%). Patients with drug-induced compared to non-drug-induced AIN were older and had higher baseline kidney
function, but more severe acute kidney injury. Patients with PPI-induced AIN were older, were less symptomatic,
and had longer durations of drug exposure and longer delays in getting kidney biopsy and steroids than for
antibiotic-induced or NSAID-induced AIN. At 6 months postbiopsy, 49% of patients with drug-induced AIN
treated with steroids achieved complete recovery; 39%, partial recovery; and 12%, no recovery. Correlates of
poor recovery included a longer duration of drug exposure (15 vs 30 vs 130 days for complete, partial, and
no recovery, respectively; P5 0.04) and longer delay in starting steroid therapy (8 vs 11 vs 35 days,
respectively; P5 0.05).
Limitations: Retrospective study, selection bias in patients who had kidney biopsy, single-center

experience.
Conclusions: The cause of AINmay be shifting; PPIs are emerging as an important contributor to this disease.

Delays in discontinuation of the culprit drug and in initiating steroid treatment adversely affect recovery of kidney
function.
Am J Kidney Dis. 64(4):558-566. ª 2014 by the National Kidney Foundation, Inc.

INDEX WORDS: Acute interstitial nephritis (AIN); etiology of AIN; drug-induced AIN; steroid treatment of AIN;
kidney biopsy; renal failure; proton pump inhibitor (PPI); case series; prognosis.

Interstitial in!ammation was described "rst by
Biermer1 in 1860 and was de"ned as the distinct

entity acute interstitial nephritis (AIN) in 1898 by
Councilman.2,3 Most of these early reported cases
occurred in infectious diseases of children, particu-
larly scarlet fever and diphtheria. The kidneys in
these patients either contained the infectious agents,
“infectious interstitial nephritis,” or were sterile,

“reactive interstitial nephritis.”2,3 Following the sharp
decline in prevalence of infectious diseases in the 20th
century and introduction of antibiotics for medical use
in the 1940s, antibiotics became the most common
cause of AIN. AIN was "rst noted as a complication of
sulfonamides in the 1940s,4 then methicillin and peni-
cillin in the 1960s.5 Since then, all classes of antibiotics
have been implicated in its cause. In addition to antibi-
otics, nonsteroidal anti-in!ammatory drugs (NSAIDs)
have been a major cause of AIN6-10 and surpassed
antibiotics as the leading cause in some studies.11 More
recently, proton pump inhibitors (PPIs) increasingly
have been reported to be a cause of AIN.12-16 Other
established causes of AIN include autoimmune diseases
such as sarcoidosis, Sjögren syndrome, and the recently
described entity of immunoglobulin G4 (IgG4)-related
disease.17 In a small percentage of cases, no obvious
cause can be identi"ed.
It has been noted that the prognosis of AIN is

in!uenced by its cause. In the study by Schwarz et al8

of 64 patients with biopsy-proven AIN, idiopathic and
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and only 4% had ESRD, with no difference by cause of
AIN (P5 0.2).

Outcome of Steroid Treatment in Drug-Induced AIN

Of the 95 patients with drug-induced AIN, 83 (87%)
were treated with steroids and the other 12 (13%) were
not treated. Those treated with steroids had lower
baseline eGFRs (P5 0.02), had higher peak serum
creatinine levels (P5 0.02), were more likely to pre-
sent with symptoms of AIN, and had a higher per-
centage of sclerotic glomeruli (P5 0.04; Table S1,
available as online supplementary material). Treatment
with steroids did not affect recovery status at 6 months
(P5 0.3) or the ultimate outcome over long-term
follow-up (P5 0.6; see Discussion).

Toassesswhether this resultwasdue to issuesof bias in
patient selection, we compared the 12 patients with drug-
induced AIN not treated with steroids with 12 age-, sex-,
and baseline and peak serum creatinine level-matched

patients who were treated with steroids. Treatment with
steroids did not correlate with recovery status at 6months
(P5 0.2) or outcome over the long term (P5 0.4).
Of the 83 patients with drug-induced AIN who were

treated with steroids, 17 had fewer than 8 weeks of
follow-up without complete recovery and were ex-
cluded from the outcome analysis. A comparison among
the 3 recovery groups (complete, partial, or no recovery)
at 6months in the other 66 patients is shown inTable S2.
Correlates of poor recovery were higher degree of
tubular atrophy and interstitial!brosis (P5 0.04), small
kidneys on ultrasound (P5 0.008), longer duration of
drug exposure (P5 0.04), and longer time from onset
of AKI or biopsy to starting steroid treatment (P5 0.05
and P5 0.03, respectively; Table S2). Inpatient setting
(P5 0.08) and absence of interstitial granulomas on
biopsy (P5 0.07) were marginally signi!cant corre-
lates of recovery. Lower baseline serum creatinine level
correlated with partial recovery (vs no recovery;
P5 0.006). The other clinical parameters—age, sex,
AKIN stage, peak serum creatinine level, serum creati-
nine level at biopsy, need for dialysis, dialysis vintage,
degree of global sclerosis, class of culprit drug, initial
intravenous steroid use, and initial dose of oral steroids—
did not differ by group. The long-term outcome did
not correlate with recovery within the !rst 6 months
(P 5 0.1), although those who reached ESRD over the

Table 3. Causes of Drug-Induced AIN

Drug No. of Patients (%)

Antibiotics 47 (49)
Penicillins 19 (20)
Fluoroquinolones 13 (14)
Cephalosporins 5 (5)
Vancomycin 4 (4)
Sulfonamides 2 (2)
Rifampin 2 (2)
Imipenem 2 (2)

PPIs 13 (14)
Omeprazole 11 (12)
Esomeprazole 1 (1)
Rabeprazole 1 (1)

NSAIDs 10 (11)
Ibuprofen 5 (5)
Nabumetone 1 (1)
Salicylates 1 (1)
Celecoxib 1 (1)
Rofecoxib 1 (1)
Combination of NSAIDs 1 (1)

Other drugs 11 (11)
Allopurinol 2 (2)
Cimetidine 1 (1)
Creatine supplement 1 (1)
Hydrochlorothiazide 2 (2)
Lisinopril 1 (1)
Mesalamine 1 (1)
Olmesartan 1 (1)
Lenalidomide 1 (1)
Risedronate 1 (1)

Multidrugs 14 (15)
Combinations of antibiotics

and other drugs
9 (10)

Combinations of other drugs 5 (5)

Note: There were 95 patients in total with drug-induced AIN.
Abbreviations: AIN, acute interstitial nephritis; NSAID, nonste-

roidal anti-inflammatory drug; PPI, proton pump inhibitor.

Figure 1. All causes of acute interstitial nephritis (AIN) by
recovery at 6 months. Abbreviations: NSAID, nonsteroidal anti-
inflammatory drug; PPI, proton pump inhibitor.
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AIN: SIGNS AND SYMPTOMS
121 PATIENTS W/ BIOPSY 

AKI 100%

FEVER 35%

RASH 22%

Eosinophilia 35%

Gonzalez et al. KI, 2008; Clarkson et al. NDT, 2004 
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AIN TREATMENT



AIN TTT

YOU ARE TREATING A PATIENT WITH NEW AKI WHO HAS 
BEEN ON ANTIBIOTICS.  BIOPSY RETURNS AS SEVERE AIN.   
NEPHROLOGIST LEFT TOWN BEFORE REVIEWING THE 
BIOPSY.  YOU DECIDE TO START STEROIDS.  WHAT IS THE 
BEST INDICATOR THAT THE RENAL FUNCTION WILL 
IMPROVE? 

A. Starting Cr is less than 4.
B. Starting w/in 1 week of diagnosis 
C. Biopsy only showing moderate AIN
D. Negative urine protein
E. Baseline Cr < 1



AIN

AIN TREATMENT 

▸Stop the offending agent 

▸Supportive care 

▸Hemodialysis until recovery 

▸Steroids?



RETRO….. SPECTIVE



AIN + STEROIDS

• 60 cases of Biopsy AIN  

• 42 available for follow up 

• 60% received steroids 

Acute interstitial nephritis: 
clinical features and response to 

corticosteroid therapy 
Clarkson et al, Nephrology Dialysis Transplantation 2004 19(11):2778-2783



Nephrology Dialysis Transplantation, Volume 19, Issue 11, November 2004, Pages 2778–2783, https://doi.org/10.1093/ndt/gfh485 
The content of this slide may be subject to copyright: please see the slide notes for details.

Fig. 1. Effect of corticosteroid therapy in AIN compared with 
conservative management. Values for serum creatinine ...

Insignificant Change ?

https://doi.org/10.1093/ndt/gfh485
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Early steroid treatment improves the recovery of
renal function in patients with drug-induced acute
interstitial nephritis
E González1, E Gutiérrez1, C Galeano2, C Chevia3, P de Sequera4, C Bernis5, EG Parra6, R Delgado7,
M Sanz8, M Ortiz9, M Goicoechea10, C Quereda2, T Olea3, H Bouarich4, Y Hernández5, B Segovia1 and
M Praga1, for Grupo Madrileño De Nefritis Intersticiales

1Hospital 12 de Octubre, Madrid, Spain; 2Hospital Ramón y Cajal, Madrid, Spain; 3Hospital La Paz, Madrid, Spain; 4Hospital Prı́ncipe
de Asturias, Madrid, Spain; 5Hospital de la Princesa, Madrid, Spain; 6Hospital del Aire, Madrid, Spain; 7Clı́nica Ruber, Madrid, Spain;
8Hospital de Getafe, Madrid, Spain; 9Hospital Severo Ochoa, Madrid, Spain and 10Hospital Gregorio Marañón, Madrid, Spain

The role of steroid treatment in drug-induced acute
interstitial nephritis (DI-AIN) is controversial. We performed
a multicenter retrospective study to determine the influence
of steroids in 61 patients with biopsy-proven DI-AIN, 52 of
whom were treated with steroids. The responsible drugs
were antibiotics (56%), non-steroidal anti-inflammatory
drugs (37%) or other drugs. The final serum creatinine was
significantly lower in treated patients while almost half of
untreated patients remained on chronic dialysis. Among
treated patients, over half showed a complete recovery of
baseline renal function, whereas the rest remained in renal
failure. There were no significant initial differences between
these two subgroups in terms of duration or dosage of
steroids. After withdrawal of the presumed causative drug,
we found that when steroid treatment was delayed (by an
average of 34 days) renal function did not return to baseline
levels compared to those who received steroid treatment
within the first 2 weeks after withdrawal of the offending
agent. We found a significant correlation between the delay
in steroid treatment and the final serum creatinine. Renal
biopsies, including three patients who underwent a second
biopsy, showed a progression of interstitial fibrosis related
to the delay in steroid treatment. Our study shows that
steroids should be started promptly after diagnosis of DI-AIN
to avoid subsequent interstitial fibrosis and an incomplete
recovery of renal function.

Kidney International (2008) 73, 940–946; doi:10.1038/sj.ki.5002776;
published online 9 January 2008

KEYWORDS: acute renal failure; interstitial fibrosis; eosinophilia;
drug nephrotoxicity

Drug-induced acute interstitial nephritis (DI-AIN) represents
a significant cause of acute renal failure (ARF) in hospital
practice.1,2 As reported in some studies, about 15% of the
renal biopsies performed in patients with ARF demonstrated
a DI-AIN as the cause of the renal insufficiency.3 Antibiotics
and non-steroidal anti-inflammatory drugs (NSAIDs) are the
most frequently implicated agents, but the list of drugs that
can induce a DI-AIN is continuously increasing.1 A general
agreement exists about the discontinuation of the offending
drug as the first therapeutic step in patients with DI-AIN.
However, although renal function improves in a majority of
patients after this measure, serum creatinine (Scr) does not
return to its baseline value in a significant proportion of
cases.1,4

Controversy persists about the role of steroids in the
treatment of DI-AIN. Whereas some studies have reported a
more rapid and complete recovery of baseline renal function
in those patients treated with steroids,5–7 others have failed
to confirm these results.8–10 Available information about the
treatment of DI-AIN is based only on numerous case reports
and observational series including a short number of cases.
The absence of large retrospective series or prospective
controlled studies is the main cause of the inconsistency of
data regarding the most appropriate treatment for DI-AIN.

In this retrospective multicenter study, we analyzed the
influence of steroid treatment and other factors that could
influence the long-term outcome of DI-AIN. We gathered
61 patients with biopsy-proven DI-AIN, the largest series
studied so far. All the patients had a known baseline Scr
and all of them were followed during a period of time
sufficient to adequately establish their long-term outcome.
We found that steroid treatment induced a significant
beneficial effect on the normalization of renal function.
Furthermore, we found that a delay in the onset of steroid
treatment after discontinuation of the responsible drug was
the most significant factor to determine an incomplete
recovery of baseline Scr.

or ig ina l a r t i c l e http://www.kidney-international.org
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Avda de Córdoba s/n, Madrid 28041, Spain. E-mail: mpragat@senefro.org

940 Kidney International (2008) 73, 940–946

see commentary on page 905

Early steroid treatment improves the recovery of
renal function in patients with drug-induced acute
interstitial nephritis
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RESULTS
A total of 61 biopsy-proven DI-AIN were analyzed. Demo-
graphic and clinical characteristics are expressed in Table 1.
All the patients had a baseline Scr (1.1±0.39; range
0.4–2.3mg per 100ml) obtained 7.5±4.6 (range 0.5–16)
months before the onset of DI-AIN. Baseline estimated
glomerular filtration rate (eGFR) was 71±25 (range
35–151ml per min per 1.73m2). Twenty-two patients
(36%) had a baseline eGFR lower than 60ml per min per
1.73m2. The drug responsible for the DI-AIN episode was
identified as an antibiotic in 34 patients (56%) (cephalo-
sporins in 15 patients, quinolones in 12, and penicillins
in 7), NSAIDs in 23 (37%), and other drugs (allopurinol,
omeprazole, ranitidine, and pimozide) in the remaining four
patients.

As expressed in Table 1, most of the patients presented
some of the classic clinical characteristics of DI-AIN (fever,
maculopapular rash, eosinophilia) with declining renal
function, although only eight patients (13%) showed these
three characteristics together. No significant differences in the
incidence of rash and fever were observed between DI-AIN
related to antibiotics, NSAIDs, and other drugs. Eosinophilia
was significantly less common among patients with DI-AIN
secondary to NSAIDs (18 vs 44% in DI-AIN not related to
NSAIDs, Po0.05). Most of the patients (40/61, 65%) showed
proteinuria, ranging from 0.4 to 6 g/24 h, and abnormalities

in the urinary sediment (microhematuria in 67% and
leukocyturia in 82%). Baseline proteinuria was significantly
higher in DI-AIN related to NSAIDs (1.4±1.4 g/24 h) in
comparison with DI-AIN secondary to other drugs (0.7±
0.8 g 24 h!1; P" 0.05). Highest Scr oscillated between 1.5 and
13.3mg per 100ml with a mean of 5.7±3.3mg per 100ml.
Fourteen (23%) patients needed several sessions of hemo-
dialysis due to the severity of their ARF.

Comparison between patients treated (Group 1) and
untreated (Group 2) with steroids
Fifty-two patients were treated with steroids 23±17 (range
2–68) days after the withdrawal of the offending drug
(Group 1). Although steroid doses and duration of the treat-
ment were not uniform due to the multicenter character of
the study, the most common scheme of treatment consisted
of intravenous pulses of methylprednisolone (250–500mg
daily for 3–4 consecutive days) followed by oral prednisone
(1mg/kg/day) tapering off over 8–12 weeks. The remaining
nine patients did not receive steroids (Group 2). As expressed
in Table 2, there were no differences in baseline characteristics
(age, gender, baseline Scr and eGFR, type of offending drug,
duration of treatment, highest Scr and proteinuria, or the
interval between the withdrawal of the responsible drug
and the performance of renal biopsy) between Group 1 and
Group 2 patients. The final outcome of Group 1 patients
(steroid treatment) was significantly better than that of
Group 2 (no steroid treatment); as shown in Table 2, final Scr
was significantly lower in Group 1 patients and a significantly
higher proportion of Group 2 patients remained on chronic
dialysis after the DI-AIN episode (44.4 vs 3.8%). No side
effects attributable to steroid treatment were observed.

Comparison between steroid-treated patients who showed
a complete (Group 1a) or an incomplete (Group 1b)
recovery of baseline renal function
Twenty-eight out of 52 patients in Group 1 showed a
complete recovery of baseline renal function after steroid
treatment (Group 1a), whereas in the remaining 24 patients
(Group 1b) renal function did not reach the baseline values.
As expressed in Table 3, there were no significant differences

Table 1 | Clinical characteristics of the patients

Characteristic Value

Age (years) 57.7±17.4 (range 18–81)
Gender (M/F) 39/22
Baseline Scr (mg per 100ml) 1.1±0.39 (range 0.4–2.3)
Baseline eGFR (ml per min per 1.73m2) 71±25 (range 35–151)
Highest Scr (mg per 100ml) 5.7±3.3 (range 1.5–13.3)
Oliguria 14 (23%)
Skin rash 14 (23%)
Fever 26 (42%)
Eosinophilia (4500 eosinophils/mm3) 21 (34%)
Proteinuria (g/24 h) 0.9±1.1 (range 0–6)
Microhematuria 41 (67%)
Leukocyturia 50 (82%)

eGFR, estimated glomerular filtration rate; F, female; M, male; Scr, serum creatinine.

Table 2 | Characteristics of Group 1 (steroid treatment) and Group 2 (no steroid treatment)

Group 1 (n=52) Group 2 (n=9) P-value

Age (years) 57.6±17.5 58.1±18 NS
Gender (M/F) (%) 61.5/38.5 77.8/22.2 NS
Baseline Scr (mg per 100ml) 1.14±0.4 1.13±0.37 NS
Baseline eGFR (ml per min per 1.73m2) 71±26 70±25 NS
Offending drug (antibiotics/NSAIDs/others) (%) 53.8/34.6/11.5 66.7/33.3/0 NS
Duration of the treatment (days) 13.4± (r 3–60) 12.6± (range 4–30) NS
Highest Scr (mg per 100ml) 5.9±3.4 4.9±2.1 NS
Proteinuria (g/24 h) 1±1.2 (range 0–6) 0.6±0.6 (range 0–1.7) NS
Complete recovery of renal function 28 (54%) 3 (33%) NS
Chronic dialysis 2 (3.8 %) 4 (44.4 %) o0.001
Final Scr (mg per 100ml) 2.1±2.1 (range 0.7–12.7) 3.7±2.9 (range 0.7–8.9) o0.05
Follow-up (months) 19±19 (range 6–60) 18±18 (range 6–56) NS

eGFR, estimated glomerular filtration rate; F, female; M, male; NS, not significant; NSAID, non-steroidal anti-inflammatory drug; Scr, serum creatinine.

Kidney International (2008) 73, 940–946 941
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related to antibiotics, NSAIDs, and other drugs. Eosinophilia
was significantly less common among patients with DI-AIN
secondary to NSAIDs (18 vs 44% in DI-AIN not related to
NSAIDs, Po0.05). Most of the patients (40/61, 65%) showed
proteinuria, ranging from 0.4 to 6 g/24 h, and abnormalities

in the urinary sediment (microhematuria in 67% and
leukocyturia in 82%). Baseline proteinuria was significantly
higher in DI-AIN related to NSAIDs (1.4±1.4 g/24 h) in
comparison with DI-AIN secondary to other drugs (0.7±
0.8 g 24 h!1; P" 0.05). Highest Scr oscillated between 1.5 and
13.3mg per 100ml with a mean of 5.7±3.3mg per 100ml.
Fourteen (23%) patients needed several sessions of hemo-
dialysis due to the severity of their ARF.

Comparison between patients treated (Group 1) and
untreated (Group 2) with steroids
Fifty-two patients were treated with steroids 23±17 (range
2–68) days after the withdrawal of the offending drug
(Group 1). Although steroid doses and duration of the treat-
ment were not uniform due to the multicenter character of
the study, the most common scheme of treatment consisted
of intravenous pulses of methylprednisolone (250–500mg
daily for 3–4 consecutive days) followed by oral prednisone
(1mg/kg/day) tapering off over 8–12 weeks. The remaining
nine patients did not receive steroids (Group 2). As expressed
in Table 2, there were no differences in baseline characteristics
(age, gender, baseline Scr and eGFR, type of offending drug,
duration of treatment, highest Scr and proteinuria, or the
interval between the withdrawal of the responsible drug
and the performance of renal biopsy) between Group 1 and
Group 2 patients. The final outcome of Group 1 patients
(steroid treatment) was significantly better than that of
Group 2 (no steroid treatment); as shown in Table 2, final Scr
was significantly lower in Group 1 patients and a significantly
higher proportion of Group 2 patients remained on chronic
dialysis after the DI-AIN episode (44.4 vs 3.8%). No side
effects attributable to steroid treatment were observed.

Comparison between steroid-treated patients who showed
a complete (Group 1a) or an incomplete (Group 1b)
recovery of baseline renal function
Twenty-eight out of 52 patients in Group 1 showed a
complete recovery of baseline renal function after steroid
treatment (Group 1a), whereas in the remaining 24 patients
(Group 1b) renal function did not reach the baseline values.
As expressed in Table 3, there were no significant differences

Table 1 | Clinical characteristics of the patients

Characteristic Value

Age (years) 57.7±17.4 (range 18–81)
Gender (M/F) 39/22
Baseline Scr (mg per 100ml) 1.1±0.39 (range 0.4–2.3)
Baseline eGFR (ml per min per 1.73m2) 71±25 (range 35–151)
Highest Scr (mg per 100ml) 5.7±3.3 (range 1.5–13.3)
Oliguria 14 (23%)
Skin rash 14 (23%)
Fever 26 (42%)
Eosinophilia (4500 eosinophils/mm3) 21 (34%)
Proteinuria (g/24 h) 0.9±1.1 (range 0–6)
Microhematuria 41 (67%)
Leukocyturia 50 (82%)

eGFR, estimated glomerular filtration rate; F, female; M, male; Scr, serum creatinine.

Table 2 | Characteristics of Group 1 (steroid treatment) and Group 2 (no steroid treatment)

Group 1 (n=52) Group 2 (n=9) P-value

Age (years) 57.6±17.5 58.1±18 NS
Gender (M/F) (%) 61.5/38.5 77.8/22.2 NS
Baseline Scr (mg per 100ml) 1.14±0.4 1.13±0.37 NS
Baseline eGFR (ml per min per 1.73m2) 71±26 70±25 NS
Offending drug (antibiotics/NSAIDs/others) (%) 53.8/34.6/11.5 66.7/33.3/0 NS
Duration of the treatment (days) 13.4± (r 3–60) 12.6± (range 4–30) NS
Highest Scr (mg per 100ml) 5.9±3.4 4.9±2.1 NS
Proteinuria (g/24 h) 1±1.2 (range 0–6) 0.6±0.6 (range 0–1.7) NS
Complete recovery of renal function 28 (54%) 3 (33%) NS
Chronic dialysis 2 (3.8 %) 4 (44.4 %) o0.001
Final Scr (mg per 100ml) 2.1±2.1 (range 0.7–12.7) 3.7±2.9 (range 0.7–8.9) o0.05
Follow-up (months) 19±19 (range 6–60) 18±18 (range 6–56) NS

eGFR, estimated glomerular filtration rate; F, female; M, male; NS, not significant; NSAID, non-steroidal anti-inflammatory drug; Scr, serum creatinine.
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E González et al.: Steroids in DI-AIN o r ig ina l a r t i c l e

LESS CKD
LESS DIALYSIS



STOP THE DRUG

Take Home Points

STEROIDS @ 
LESS THAN 7



Acute interstitial nephritis due to 
methicillin.                                           
     Jeffrey E. Galpin, M.D. 
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AIN

METHICILLIN AIN
▸14 pts 

▸ Severe AKI- Cr 8 

▸ Serum Eosinophilia  

▸ Sterile Pyuria 

▸9  Urine Eosinophils 

NAFCILLIN 

OXACILLIN  

CLOXACILLIN 

DICLOXACILLIN < 1% 

17%



QUESTION 

▸ 75 you old female with DM and stable CHF is 
coming into clinic today with fatigue and 
weakness.  She is finishing a course of antibiotics 
for a UTI.  Two weeks ago she saw cardiology and 
BP and volume status has been stable with 
Lisinopril and Spironolactone.   3 weeks ago she 
saw her orthopedic  due to severe arthritis.  She 
was started on celecoxib as needed.  

Cr 2.   (1.2)
K- 6.5

UA is normal 



QUESTION 

▸What antibiotic did the patient receive?   

▸A.  Gentamicin 

▸B.  Amphotericin 

▸C.  Nafcillin 

▸D.  Rifampin + Vancomycin  

▸E.  Trimethoprim Sulfamethoxazole 



TRIMETHOPRIM/SULFAMETHOXAZOLE 

▸Kidney effects- 

▸ Raises Cr  

▸GFR less than 30 

▸AIN 

▸Urine Crystals  

▸Hyperkalemia

COMBINATION: 

NSAID 
SPIRONOLACTONE 

ACE/ARB



BACTRIM

BA
CTR

IM

INCREASED CREATININE



BA
CTR

IM

ACE/ARB
Spironolactone

Eplerenone

Amiloride

Triamterene

Potassium



TEXT

Ain bactrim 
In elegant clinical and physiological studies by Velazquez et al. and Choi et al., trimethoprim, an organic cation, has been shown to 
block ENaC in the collecting duct.This blockade impairs the development of the lumen-negative electrochemical gradientnecessary for 
both proton and potassium excretion. This effect is analogous to the effect of the potassium-sparing diuretics amiloride and 
triamterene, and indeed, trimethoprim is structurally similar to these agents. In addition, increased potassium levels in the lumen of the 
thick ascending limb of the loop of Henle in hyperkalemia impair accumulation of ammonium in the medullary interstitium by blocking 
ammonium binding to the sodium-potassium-2 chloride carrier. As a result, decreased ammonia is available for proton binding in the 
collecting duct, thereby limiting net acid excretion as ammonium. This patient developed hyperkalemia and concurrent normal anion 
gap metabolic acidosis, termed “hyperkalemic distal” or “type IV” renal tubular acidosis.  Other drugs with similar effects on the ENaC 
include amiloride, triamterene, and pentamidine. Decreased aldosterone production (e.g., with heparinoids, advanced diabetic kidney 
disease, HIV infection, nonsteroidal anti-inflammatory drugs, calcineurin inhibitors, angiotensin blockade) or decreased aldosterone 
action (e.g., with spironolactone) can produce similar biochemical abnormalities.



AIN 

BETA-LACTAMS

PENICILLINS 

CEPHALOSPORINS 

CEPHAMYCINS 

CARBAPENEMS 

MONOBACTAMS 

BETA-LACTAMASE INHIBITORS

GLOMERULARNEPHRITIS 

AMINOGLYCOSIDES

PIPER/TAZO + VANCOMYCIN  
= INCREASED RISK

NAFCILLIN



QUESTION ?

▸ 64 year old male with no DM arrives in clinic with 
abnormal labs.  He recently had a gram negative infection 
and started on an antibiotic in the hospital and told to 
follow up with ID.  He receives it BID IV at his house.   

▸ Labs:
Cr - 3.5.   (baseline 1)

K- 2.9

Mag- 1.2 

UA- + Protein 

         + Glucose 

           



QUESTION?

▸What medication has this patient likely been 
receiving? 

▸ A. Gentamicin  

▸ B. Vancomycin  

▸ C. Piperacillin Tazobactam 

▸ D. Amikacin



AMINOGLYCOSIDES 

RISK FACTORS FOR NEPHROTOXICITY IN PATIENTS TREATED WITH 
AMINOGLYCOSIDES

Moore, RD. Annals 1984

MARCH 1984 VOLUME 100



AMINOGLYCOSIDES

▸ Case Records-   214 of 2 prospective 
randomized trials 

▸ Gentamicin or Tobramycin 

▸ 14 % had AKI 

▸ RISK 

▸ Higher Cr 

▸  Female 

▸ Liver Disease



AMINOGLYCOSIDE RISK
▸ High Serum Cr 

▸ Females 

▸ Liver Disease  

▸ OTHER STUDIES- 

▸ Dose + Duration 

▸ Recent therapy  

▸ Low BP 

▸ Electrolytes 



AMINOGLYCOSIDE PHYSIOLOGY

AMINOGLYCOSIDE

ATN

Humes. KI , Vol 33 1988



AMINOGLYCOSIDE PREVENTION

▸ Less Toxic Agent 

▸Correct Electrolytes 

NEOMYCIN -> GENT-> TOBRAMYCIN-> 
AMIKACIN

▸Concern Low Perfusion 

▸Once Day Dosing?



VANCOMYCIN
AIN

TOXICITY
VS



AIN DRUGS

VANC RISK

▸5-15%

MILD NEPHROTOXICITY ASSOCIATED WITH 
VANCOMYCIN USEMILD NEPHROTOXICITY 

ASSOCIATED WITH VANCOMYCIN USE

 
Mild Nephrotoxicity 
Associated With 
Vancomycin Use

▸Prospective

▸66 Old Men
Arch Intern Med. 1989;149(8):1777



AIN DRUGS

VANC TOXICITY

▸168 Vanc 

▸63 Vanc + 
Gentamicin  

▸103 Gentamicin 

5%
22%

11%



AIN DRUGS

VANCOMYCIN & RISK 
▸ Length of time- greater than 20 days 

▸ Trough greater than 10-15 

▸GOAL: 15-20 

▸Vancomycin + Aminoglycoside 

▸High doses- greater than 4 grams/day



SUMMARY

▸ AIN- Diagnosis and Treatment.  Biopsy.   Steroids?  

▸ DRESS- Identify early.  Rash, Eos, Fever.  Steroids- longer 

▸ Antibiotics- 

▸ Vancomycin in Combo- Pip/Taz, Aminoglycosides 

▸ Aminoglycosides: Alternatives in high risk.  Dose 
adjustments 

▸ Beta- Lactams- Combos, Nafcillin 

▸ Bactrim: Interactions: NSAIDs, Spiro, ACE/ARB



QUESTION

QUESTION
▸ 53 yo male with a history of high BP presents complaining 

of weakness, loss of appetite, and fever.  Noticed the 
presence of a diffuse rash.  Have been on a broad covering 
antibiotic for cough. 

▸ Exam- T 101.   BP 135/88.     P 98   

▸      Lymphadenopathy present



QUESTION 

DATA

4
138

5.8 19
55119 1310 210

Eos-10
AST- 250
ALT- 300

UA-  ++WBC 
          + blood



QUESTION 

WHAT IS THE LIKELY CAUSE OF THIS PERSONS 
CLINICAL PRESENTATION? 

A. SARCOIDOSIS W NEPHRITIS 
B. EOSINOPHILIC GRANULOMATOSIS 
C. DRESS SYNDROME 
D. ESOSINOPHILLIC LEUKEMIA.   



QUESTION

DRESS-  
DRUG RASH WITH EOSINOPHILIA & 
SYSTEMIC SYMPTOMS 
▸ Fever 

▸ Skin Rash 

▸ Eosinophilia  

▸ Lymphadenopathy  

▸ End organ involvement - AIN, pneumonitis, hepatitis



CONTINUED 

DRESS- LIFE THREATENING 

▸ Drug Exposure- Brief or prolonged 

▸ Progression varies 

▸ Fever 

▸ Skin  

▸ Exfoliative Dermatitis 

▸ End Organ Injury



DRESS TREATMENT 

▸ Stop the DRUG! 

▸ Supportive Care 

▸ Wound Care 

▸ Steroids——> Several Weeks.  Slow taper



OMEPRAZOLE
1992

Lansoprazole  
pantoprazole  
rabeprazole 
esomeprazole  

1993-2004

BONUS 





-NECESSARY

PPI TAKE HOME 
POINTS

-AKI?
-OTHER SYMPTOMS?
-SAFELY REDUCED?
-CLOSE MONITORING 


