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Immune Mechanisms in Acute Interstitial Nephritis
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15-30%

Increased prevalence of acute tubulointerstitial nephritis
Nephrol Dial Transplant (2012) 00: 1-4
doi: 10.1093/ndt/gfs143 .
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% Globally sclerotic glomeruli 18.0 (6.5,33)
Granuloma present 10 (22)
Recovery within 6 months
Complete 14/36 (39)
Partial 17/36 (47)
None 5/36 (14)
Latest serum creatinine (mg/dl) 1.6 (1.2,2.2)
Ultimate outcome —
Normal 15/32 (47)
Progressive CKD 14/32 (44)
ESRD 3/32 (9)

0 (0,17)
25 (28)

33/63 (52)
21/63 (34)
9/63 (14)

1.3 (1,2)

33/57 (58)
23/57 (40)
1/57 (2)

Abbreviation: AIN, acute interstitial nephritis; CKD, chronic kidney disease; ESRD,

end-stage renal disease; GFR, glomerular filtration rate.

Continuous variables are reported as median (interquartile range) and categorical

as number (percentage).

Kidney International advance online publication, 3 September 2014;

doi:10.1038/ki.2014.294
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Cause of AIN

Figure 1| Causes of acute interstitial nephritis (AIN) by age

group. NSAIDs, nonsteroidal anti-inflammatory drugs;

PPIs, proton pump inhibitors.

Table 1| Demographic, clinical, laboratory, treatment, and

outcome characteristics of patients with AIN (N—=133)

=65 years <65 years
Characteristics (N = 45) (N =88) P-value
Age, years 73 (70,78.5) 49 (35,58) <0.001
Male sex 20 (44) 44 (50) 0.54
Race-White 41/42 (98) 80/84 (95) 0.60
Rash 7/45 (16) 15/88 (17) 0.83
Fever 4/45 (9) 18/88 (20) 0.09
Oliguria 8/45 (16) 11/88 (13) 0.41
Leukocytosis 11 (24) 27 (31) 0.45
Eosinophilia 11/40 (28) 11/80 (14) 0.07
Triad: fever + rash + eosinophilia  2/40 (5) 7/81 (9) 0.47
Pyuria 26/44 (59) 35/87 (40) 0.04
Hematuria 13/44 (30) 26/86 (30) 0.94
Eosinophiluria 14/31 (45) 14/51 (27) 0.10
Proteinuria 41/44 (93) 81/88 (92) 0.82
Nephrotic-range proteinuria 7/44 (16) 12/88 (14) 0.73
White cell casts 2/44 (5) 2/88 (2) 0.47
Baseline serum creatinine (mg/dl) 1.1 (1.0,1.4) 1.1 (0.9,1.2) 0.27
CKD at baseline 29/42 (69) 19/67 (28) < 0.0001
Serum creatinine at time 4.0 (2.7,5.9) 3.3 (1.9,5.1) 0.021
of biopsy (mg/dl)
AKIN stage
Stage 1 6/42 (14) 15/64 (23) 0.26
Siace 2 11/42 (26) 17/64 (27) —
Stace 3 25/42 (60) 32/64 (50) —
| Peak serum creatinine (ma/dl) 4.7 (3.2,8.6) 34 (2.464) 0012 |
Comorbid conditions 41/44 (93) 70/87 (80) 0.056
Drug-induced AIN 39 (87) 56 (64) 0.0054
Dialysis 15 (33) 14 (16) 0.0213
»
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Table 3. Proposed diagnostic criteria for |gG4-related TIN

Histology Plasma cell-rich tubulointerstitial nephritis with >10
IgG4 + plasma cells/hpf field in the most
concentrated field®

Tubular basement membrane immune complex
deposits by immunofluorescence,
immunohistochemistry, and/or electron
microscopy®

Imaging Small peripheral low-attenuation cortical nodules,
round or wedge-shaped lesions, or diffuse
patchy involvement

Diffuse marked enlargement of kidneys
Serology Elevated serum IgG4 or total IgG level
Other organ  Includes autoimmune panceatitis, sclerosing
involvement  cholangitis, inflammatory masses in any organ,
sialadenitis, inflammatory aortic aneurysm, lung
involvement, retroperitoneal fibrosis

Diagnosis of IgG4-TIN requires the histologic feature of plasma cell-rich TIN
with increased IgG4 + plasma cells and at lea;t or 2 hither fature fron the
categories of “imaging”, “serology”, or “othe orc ar invc lvomer ..
®Mandatory criterion.

°Supportive criterion, present in >80% of cases.

Figure 1. Typical pathologic features of IgGé-related TIN. Representative light, immunofluorescence, and electron microscopy images
from patient #8. Top, left: An expansile, destructive fibroinflammatory process with residual tubular basement, membranes seen on a
silver stain. Glomeruli are unaffected except for periglomerular fibrosis and global glomerulosclerosis (Jones-methenamine silver,

Diag nosis Of IgG4_Re|ated Tu bu Ioi nterstitial Neph ritis %200). Top right: The interstitial infiltrate is compased of mononuclear cells, plasma cells, and several easinophils. Mononuclear cell

tubulitis is seen focally (hematoxylin and eosin, X400). Middle left: Immunofluorescence for IgG shows diffuse granular tubular

Yassaman Raissian,* Samih H. Nasr,* Christopher P. Larsen,T Robert B. Colvin,*
Thomas C. Smyrk,* Naoki Takahashi,§ Ami Bhalodia,! Aliyah R. Sohani,* Lizhi Zhang,*
Suresh Chari," Sanjeev Sethi,* Mary E. Fidler,* and Lynn D. Cornell*

J Am Soc Nephrof 22: 1343-1352, 2011. doi: 10.1681/A5N.2011010062

basement membrane staining, as well as Bowman's capsule staining. The glomerular tuft is negative (immunofluorescence IgG-FITC,
Xx200). Middle right: Immunohistochemical staining for IgG4 shows a marked increase in IgGé-positive plasma cells in the infiltrate
(200). Bottom left: Electron microscopy reveals thickened tubular basement membranes with scattered electron dense immune
complex deposits in an atrophic tubule (x5800). Bottom right: Amorphous tubular basement membrane deposits (x9700).
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L Eosinofilos <1% Eosinofilos urinarios
Clinical Journal of the American Society of Nephrology n 179

NIA presente NIA ausente o 5
N 63 N 324 Eosinofilos 21%
0 n 387
(11.1%) (57 2%)
NI
NIA ausente
ope . . o . . presente
Utility of Urine Eosinophils in the Diagnosis of Acute N 28 (5%) (2‘61 S
e e e . o]
Interstitial Nephritis =
Table 2. Detailed performance characteristics of urine eosinophils for AIN from all causes and DI-AIN compared with all other diagnoses
AIN of All Causes Compared with All Other Diagnoses DI-AIN Compared With All Other Diagnoses
Test Characteristic All (n=566) Pyuria Only (n=467) All (n=548) Pyuria Only (n=452)
>1% Cutoff >5% Cutoff >1%, Cuoff >5% C wu “1n Cutra ~oplu ff ~ 0C1 wu >5% Cutoff
Sensitivity 30.8 19.8 384 247 3r.6 233 44.¢ 29.3
(22.2 t0 40.9) (129 t0 29.1) (28.1 w.8) (16.2 to ov.0) (co0to47.1 o1 w 3+.2) (32.8t0us.0) (19.2 to 42.0)
Specificity 68.2 91.2 61.7 89.3 68.2 91.2 61.7 89.3
(6371072 2) (8831093 4) (56.8 to 66 3) (8591092 0) (6391072 2) (8831093 4) (56.8t0663) (85910920
PPV 15.6 30.0 15.6 30.0 147 28.8 147 28.8
(IL.I't0 Z1.7) (I7.910 24.0) (IL.I'to ZI.7) (I¥.91044.0) (IU.£10 2ZU./) ([5.0 10 41.3) (1U.2T0 ZU./) (I8.31041.4)
NPV 83.7 85.6 84.4 86.5 87.3 88.6 88.4 89.6
(79.7 to 87.1) (82.2to 88.4) (79.7 to 88.1) (82.8 t0 89.5) (83.6t0 90.3) (854 t091.1) (84.0t091.6) (86.2t092.2)
Positive LR 0.97 23 1.0 23 1.1 26 12 27
Negative LR 1.01 0.9 1.0 038 0.9 0.8 0.9 0.8
Data are presented as the percentage (95% confidence interval) unless otherwise stated. AIN, acute interstitial nephritis; DI-AIN, drug-induced acute interstitial nephritis; PPV, positive
predictive value; NPV, negative predictive value; LR, likelihood ratio. »

Clin | Am Soc Nephrol 8: 1857-1862, 2013. doi: 10.2215/CJN.01330213 ., , - . :
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Phenotype standardization for drug-induced kidney

disease

Ravindra L. Mehta''?, Linda Awdishu®'®, Andrew Davenport®, Patrick T. Murray®, Etienne Macedo®,

Jorge Cerda® Raj Chak

ary and secondary criteria for

. Holden® and Stuart L. Goldstein®

Phenotype /

Acute kidney injury \

Glomerular disorder

Nephrolithiasis

Tubular dysfunction

Characterjstics

Pri
critgria

Secopdary
criteria

ATN?
AIN
Osmotic nephrosis

Rise in Scr that presents as or progresses to
stage 2 (KDIGO) 2-2.9 x reference Scr or higher
If child has baseline Scr < 0.5 mg/dl, must
double Scr to get to at least 0.5 mg/dl or abqve

Decline by at least 50% from peak Scr over
7 days in relationship to change in drug dosing
adjustment or discontinuation within 2 weeks|

Oliguric <500 ml per day or <0.5 ml/kg
per h for 12 h (KDIGO stage 2)
Non-oliguric >500 ml per day, > 1 ml/kg per h
for 24 h (pediatrics)

Urinalysis findings: granular and mudd:+
consistent with ATN, urinary eosinoph
proteinuria

FeNa > 1%

Negative ultrasound findings
Positive gallium scan for AIN
Clinical symptoms for AIN: fev
nd joint pains

" rash,

« Hematuria
« Proteinuria

- Biopsy-proven drug-induced
glomerular disease (within 4 weeks
of stopping drug)

AND

Proteinuria as defined by:

e 24h collection >1g protein

< UPC or UACR >0.8

- Urinalysis 2+ protein100-300 mg/dl
albumin

. Children: 100 mg/m? per day or
4mg/m? per h hematuria

« >50 RBC per HPF

« Culture negative leukocyturia
- >50 WBC per HPF
. Casts
- RBG; granular
Absc=-a of seg=='~ry dise='~r that
¢ n cau. 2 GN: DM, It »u , after
ii fectiou , hepi titis, 2 1c so on.
- M. roar giopatlt c ck age. in F boa
- Smear, LDH; haptoglobin
- Nephritic, nephrotic, mixed

- Crystalluria

- Nephrolithiasis

- Ultrasound findings of stone
with or without obstruction

+  Must be new onset following
drug exposure with no prior history
of nephrolithiasis

- No evidence of congenital etiology
for nephrolithiasis

- If obstructive, rise in Scr that
presents as or progresses to stage 2
(KDIGO) or higher

- If non-obstructive, then:

«  Urinalysis with crystals

- Ultrasound with stone

- Urine electrolytes
- Stone workup

- Renal tubular acidosis
- Fanconi syndrome

- SIADH®

- Diabetes insipidus

- Phosphate wasting

Tubular: Hypophosphatemia

OR

Glucosuria

- Urinalysis with 3+ glucose without
diabetes

OR

Hyperchloremic metabolic acidosis

AND

Hypokalemia or hyperkalemia

- Diabetes insipidus:

- Hypernatremia > 155 mEq/l on
multiple occasions

- Polyuria >31 per day

Phosphaturia

- FePO4; >5%

- Urinary PO, excretion > 100 mg per day
Hypomagnesemia

«  Serum magnesium < 1.2 mg/dl
Hypouricemia

« Serum uric acid <2 mg/d|
Tubular proteinuria

- 24 h collection <1g protein

- UPC <038

- Urinalysis <2+ protein

Diabetes insipidus

- Serum osmolality >300 mOsm/kg
« Urine osmolality <100 mOsm/kg
- Urine sodium <10 mEq/|

Abbreviations: AIN, acute interstitial nephritis; AKI, acute kidney injury; ATN, acute tubular necrosis; DM, diabetes mellitus; FeNa, fractional excretion of sodium; FePOy,, fractional excretion of phosphorus; GN, glomerulonephritis;
HPF, high powered field; KDIGO, Kidney Disease: Improving Global Outcomes; LDH, lactate dehydrogenase; RBC, red blood cell; SIADH, syndrome of inappropriate antidiuretic hormone; UPC, urine protein-to-creatinine ratio; UACR,

Kidney International advance online publication, 8 April 2015;
doi:10.1038/ki.2015.115
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Table 4 | Comparison of antibiotic-induced AIN and
PPl-induced AIN in elderly patients (N = 29)

Table 3| Causes of drug-induced AIN by age group (N =95)

Number of patients (%)

=65 years < 65 years

Antibiotics PPIs

Characteristics N=21) (N =8) P-value
Age, years 73 (68,79) 73 (71,77) 0.83
Male sex 10 (48) 4 (50) 0.91
Race-White 20/20 (100) 6/7 (86) 0.085
Rash 6 (29) 0 (0) 0.09
Fever 3 (14) 0 (0) 0.26
Triad: fever + rash + eosinophilia 2/20 (10) 0/5 (0) 0.46
Pyuria 12 (57) 5/8 (63) 0.79
Hematuria 8 (38) 5/13 (38) 0.98
Eosinophiluria 9/17 (53) 2/5 (40) 0.61
Oliguria 5 (24) 0 (0) 0.13
Proteinuria 21 (100) 5 (63) 0.003
Amount of proteinuria, ratio 1.4 (0.7,3.7) 0.5 (0.1,1.1) 0.038
Nephrotic-range proteinuria 5 (24) 0 (0) 0.13
Baseline serum creatinine (mg/dl) 1.0 (0.9,1.1) 1.0 (1,1.3) 0.70
Baseline estimated GFR 55 (53,70) 56 (54,70) 0.99
CKD at baseline 11/19 (58) 5/8 (63) 0.82
Serum creatinine at biopsy (mg/dl) 5.4 (3.6,9.9) 2.6 (1.9,2.8) 0.0018
AKIN stage

Stage 1 0/19 (0) 3/8 (37.5) —

Stage 2 3/19 (16) 4/8 (50) —

Stage 3 16/19 (84) 1/8 (12.5) 0.0003
Interstitial fibrosis/tubular atrophy

None 5 (24) 0 (0) —

Mild 14 (67) 6 (75) —

Moderate 2 (9) 2 (25) 0.23

Severe 0 (0) 0 (0) —
Peak serum creatinine (mg/dl) 6.4 (3.9,11.4) 2.7 (2.3,3.3) 0.0012
Comorbid conditions 18/20 (90) 8/8 (100) 0.35
Pre-biopsy diagnosis of AIN 14/16 (83) =3 (27, 0. o=
Dialysis 10 (43) O () 0.C 159
Duration of culprit drug, days 15 (5 42) 23- (3,26¢) 0.(11
Steroid therapy 20/21 (9L, s (e 0.L°
Recovery within 6 months

Complete 6/14 (43) 2/7 (28.5) —_—

Partial 7/14 (50) 3/7 (43) —

None 1/14 (7) 2/7 (28.5) 0.43
Recovered by 6 months 13/14 (93) 5/7 (71) 0.046
Latest serum creatinine (mg/dl) 1.6 (1.2,2.6) 1.6 (1.0,2.0) 0.54
Ultimate outcome

Normal 5/12 (42) 4/7 (57) —

Progressive CKD 5/12 (42) 3/7 (43) —

ESRD 2/12 (16) 0/7 (0) 0.50

Abbreviations: AIN, acute interstitial nephritis; CKD, chronic kidney disease; ESRD,
end-stage renal disease; GFR, glomerular filtration

inhibitors.

Continuous variables are reported as median (interquartile range) and categorical

as number (percentage).

rate; PPls, proton pump

Drugs (N=39) (N =56)
Antibiotics 21 (54) 26 (47)
Penicillins 8 (21) 11 (20)
Fluroquinolones 5(13) 8 (14)
Cephalosporins 3 (7.5) 2 (4)
Vancomycin 1 (2.5) 3 (5)
Sulfonamides 1(2.5) 1(2)
Rifampin 1(2.5) 1 (2)
Imipenem 2 (5) 0 (0)
PPIs 8 (20.5) 5 (9)
Omeprazole 7 (18) 4 (7)
Esomeprazole 0 (0) 1((2)
Rabeprazole 1 (2.5) 0 (0)
NSAIDs 1 (2.5) 9 (16)
Ibuprofen 0 (0) 5 (8)
Nabumetone 0 (0) 1((2)
Salicylates 0 (0) 1((2)
Celecoxib 0 (0) 1 (2)
Rofecoxib 1(2.5) 0 (0)
Combination of NSAIDs 0 (0) 1 (2)
Other drugs 3 (7.5) 8 (14)
Allopurinol 1 (2.5) 1((2)
Cimetidine 0 (0) 1((2)
Creatine supplement 0 (0) 1((2)
Hydrochlorothiazide 1 (2.5) 1((2)
Lisinopril 0 (0) 1((2)
Mesalamine 0 (0) 1 (2)
Olmesartan 0 (0) 1((2)
Revlimid 0 (0) 1((2)
isedroil . te 1(2.5) 0 (0)
A 'tidrugs 6 (15.5) 8 (14)
curwinations of antibivucs and other drugs 4 (10.5) 5 (9)
Combinations of other drugs 2 (5) 3 (5)

Abbreviations: AIN, acute interstitial nephritis; NSAIDs, nonsteroidal anti-
inflammmatory drugs; PPIs, proton pump inhibitors.

The category of Multidrugs includes patients who were on several medications at
the time of developing acute kidney injury and no particular drug could be
identified as the culprit drug. Most of these included a combination of antibiotics
and other drugs such as PPIs, NSAIDs, and on one occasion allopurinol. Other drug
combinations included NSAIDs, varenicline, and furosemide, as well as azathioprine.
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Sugerimos una biopsia renal ante la sospecha de NIA cuando:

1. Los pacientes que tienen un analisis de orina caracteristico de NIA, pero no estan
siendo tratados con un medicamento conocido por causar la misma.

2. Los pacientes que estan siendo tratados con un medicamento conocido por causar NIA,
pero no tienen un analisis de orina caracteristico.

3. Los pacientes que estan siendo considerados para el tratamiento con glucocorticoides
para NIA (generalmente inducida por drogas). (*) los glucocorticoides pueden iniciarse en
ausencia de una biopsia. Sin embargo, los pacientes que no mejoran después de los
primeros cinco a siete dias de tratamiento con esteroides, deberian tener una biopsia
renal para excluir otros diagndsticos o la presencia de fibrosis intersticial grave.

4. Los pacientes con supuesta NIA relacionada con las drogas que no son tratados con
glucocorticoides inicialmente y no tienen una recuperacion espontanea despueés del cese
de la terapia de drogas.

5. Los pacientes con protuinur.a e mugni 17 nofritica

6. Los que se presentan con enfermedad renal avanzada de reciente aparicion.
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