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Renal Involvement in Churg-Strauss Syndrome

Renato Alberto Sinico, MD, Lucafrancesco Di Toma, MD, Umberto Maggiore, MD,
Cinzia Tosoni, MD, Paolo Bottero, MD, Ettore Sabadini, MD, Gaia Giammarresi, MD,

Bruno Tumiati, MD, Gina Gregorini, MD, Alberto Pesci, MD, Stefano Monti, MD,
Genesio Balestrieri, MD, Giovanni Garini, MD, Filomena Vecchio, MD, and Carlo Buzio, MD

Background: Churg-Strauss syndrome (CSS) is a rare disorder characterized by asthma, eosinophilia, and
ystemic vasculitis. Renal involvement is not regarded as a prominent feature, and its prevalence and severity vary
idely in published reports that usually refer to small series of selected patients. Methods: We examined the
revalence, clinicopathologic features, and prognosis of renal disease in 116 patients with CSS. Results: There
ere 48 men and 68 women with a mean age of 51.9 years (range, 18 to 86 years). Signs of renal abnormalities were
resent in 31 patients (26.7%). Rapidly progressive renal insufficiency was documented in 16 patients (13.8%);
rinary abnormalities, 14 patients (12.1%); and chronic renal impairment, 1 patient. There were 3 additional cases of
bstructive uropathy. Sixteen patients underwent renal biopsy, which showed necrotizing crescentic glomerulone-
hritis in 11 patients. Other diagnoses were eosinophilic interstitial nephritis, mesangial glomerulonephritis, and
ocal sclerosis. Antineutrophil cytoplasmic antibody (ANCA) was positive in 21 of 28 patients (75.0%) with
ephropathy versus 19 of 74 patients without (25.7%; P < 0.001). In particular, all patients with necrotizing
rescentic glomerulonephritis were ANCA positive. After a median follow-up of 4.5 years, 10 patients died (5
atients with nephropathy) and 7 patients developed mild chronic renal insufficiency. Five-year mortality rates were
1.7% (95% confidence interval, 3.9 to 33.3) in patients with nephropathy and 2.7% (95% confidence interval, 0.7 to
0.7) in those without (P � 0.10). Conclusion: Renal abnormalities are present in about one quarter of patients with
SS. The prevailing picture is ANCA-associated necrotizing crescentic glomerulonephritis; however, other forms of
ephropathy also may occur. Outcome and long-term follow-up usually are good. Am J Kidney Dis 47:770-779.
2006 by the National Kidney Foundation, Inc.

NDEX WORDS: Churg-Strauss syndrome; vasculitis; antineutrophil cytoplasmic antibody (ANCA); necrotizing

rescentic glomerulonephritis; antineutrophil cytoplasmic antibody–associated vasculitis.
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HURG-STRAUSS SYNDROME (CSS) is
defined as an eosinophil-rich and granulo-

atous inflammation involving the respiratory
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ract and necrotizing vasculitis affecting small-
o medium-sized vessels, associated with asthma
nd eosinophilia.1,2

Pathological confirmation is based on the pres-
nce of extravascular granulomas in association
ith necrosis and predominant extravascular eo-

inophils, as well as necrotizing vasculitis,1,2 but
ll these lesions rarely are found together in
iopsy specimens.3-6 Therefore, clinical criteria
or diagnosis have been proposed.3

The vast majority of patients have blood eosin-
philia (�1,500 eosinophils/�L or �10%), with
xceptions represented by those previously treated
ith corticosteroids for asthma.4,6-8

Approximately 50% of patients are antineutro-
hil cytoplasmic antibody (ANCA) positive, most
ith a perinuclear pattern (P-ANCA) with anti-
en specificity for myeloperoxidase (MPO-
NCA).5 Because of this and other similarities,
SS is classified among the so-called ANCA-
ssociated systemic vasculitides.2,9-10

To date, the prevalence and severity of renal
nvolvement in patients with CSS is not well
haracterized. The reported prevalence of renal
nvolvement in patients with CSS varies widely,

anging from less than 20% to 88%, probably

of Kidney Diseases, Vol 47, No 5 (May), 2006: pp 770-779



b
u
b
I
i
w
m
n
H
f
t
r
t
o

l
o
w
m
h

P

p
i
n
o
a

f
A
(
s

u
i
F
t

B

t

(
u
t
a
w
t
B
E
s

D

i
L
0
h
u

p

i
m

t
l
e

t
c
a

c
o
r

r
w
t

T

f
m
a
m
g
a
n
a
r
a
1
a
t

t

S

w
D
t
a
w
b
t
o
f

NEPHROPATHY OF CHURG-STRAUSS SYNDROME 771
ecause of patient selection bias, varying criteria
sed for renal disease definition, and small num-
ers of case series published to date.1,3-5,7,8,11-15

n addition, the prevalence of each type of renal
nvolvement is not known. Renal disease usually
as described as a mild form of focal and seg-
ental necrotizing glomerulonephritis, and it is

ot considered a major feature of this disease.5,6

owever, sometimes patients develop a severe
orm of rapidly progressive glomerulonephri-
is.13,16-22 In addition to intrinsic renal disease,
enal dysfunction also may result from obstruc-
ive uropathy caused by vasculitic involvement
f the ureters and lower genitourinary tract.23-26

The aim of our work is to examine the preva-
ence, clinicopathologic features, and outcome
f renal involvement in a large cohort of patients
ith CSS attending the internal medicine and
edical specialties departments of 4 regional

ospitals.

METHODS

atients
We retrospectively examined medical records of 116

atients with a clinical diagnosis of CSS attending the
nternal medicine departments (nephrology, clinical immu-
ology, and rheumatology; pneumology; neurology; and
thers) of 4 general hospitals in northern Italy between 1985
nd 2004.

CSS is defined according to Chapel Hill Consensus Con-
erence nomenclature.2 Classification criteria for CSS of the
merican College of Rheumatology (ACR)27 and Lanham

Hammersmith) criteria3 were applied retrospectively to the
tudy population.

Extrarenal organ system involvement was assessed by
sing the Birmingham Vasculitis Activity Score (BVAS)
tem list.28 The Disease Extent Index (DEI) and prognostic
ive Factor Score (FFS) also were calculated according to

he respective investigators.29,30

iochemical and Serological Markers
Routine laboratory tests were performed in all patients at

he time of diagnosis and at follow up.
ANCA status was determined at the time of diagnosis

before immunosuppressive treatment) in 102 patients by
sing indirect immunofluorescence and antigen-specific pro-
einase 3 (PR3) and MPO enzyme-linked immunosorbent
ssay, as previously described.31,32 ANCA serological tests
ere performed first in each hospital and rechecked cen-

rally on frozen serum samples in the laboratory of San Carlo
orromeo Hospital in Milan, which participated in the
uropean Commission/Community Bureau of Reference

tudy for ANCA assay standardization.33 T
efinitions and Pathological Studies
Renal abnormalities are defined as the presence of renal

nsufficiency (serum creatinine � 1.4 mg/dL [�124 �mol/
]) and/or urinary abnormalities (proteinuria with protein �
.3 g/d and microscopic hematuria with �10 erythrocytes/
igh-power field on 2 separate occasions in the absence of
rinary infection).
A renal biopsy was performed when judged necessary by

hysicians taking care of the patients.
Light microscopy slides were prepared and stained accord-

ng to standard methods for light and immunofluorescence
icroscopy.34

A patient was considered to be in full remission when
here was complete absence of clinical disease activity for at
east 6 months by using the BVAS item list, with the
xception of asthma or neurological sequelae.4

The nephropathy was considered to be in remission when
here was stabilization or improvement in renal function in
ombination with the absence of glomerular erythrocyturia
nd red blood cell casts.35,36

Relapse is defined as the occurrence or recurrence of a
linical manifestation attributable to CSS. Persistent asthma
r an isolated increase in eosinophilia is not considered a
elapse.4

A renal flare is defined as the occurrence or recurrence of
enal impairment (increase in serum creatinine of � 30%
ithin 3 months) in association with microscopic erythrocy-

uria and proteinuria.35,36

reatment
All patients were treated with corticosteroids (1 mg/kg/d

or 3 to 4 weeks, with subsequent tapering). Cyclophospha-
ide (daily oral or pulses), as induction treatment, was

dded for 3 to 6 months in 49 patients (42.2%), usually the
ost severe cases.35,37 Methylprednisolone pulses (0.5 to 1

/d for 3 consecutive days) were administered to 26 patients,
nd plasma exchange was performed in 5 patients. Intrave-
ous immunoglobulins, methotrexate, and azathioprine were
dded in 1, 5, and 1 patient, respectively. Treatment during
emission consisted of corticosteroids (5 to 15 mg/d), in
ssociation with azathioprine in 15 patients, methotrexate in
2 patients, and cyclosporine A in 7 patients. Two or more
dditional immunosuppressive drugs were used in 4 pa-
ients.

Long-term follow-up and outcome were established after
he patient’s last visit or death.

tatistical Analysis
All analyses were performed using Stata Statistical Soft-

are Release 9.0 (StataCorp, College Station, TX; 2005).
ifferences between groups in continuous variables were

ested by using Mann-Whitney test, and in categorical vari-
bles, by using Fisher exact test. Cumulative risk for death
as estimated by means of the life-table (actuarial) method
ecause survival times were recorded at yearly intervals and
herefore individual times at which death (or censoring)
ccurred were not precisely known. The difference in risk
or death was examined by using the likelihood ratio test.

he Stata program ltable was used for computation. All
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SINICO ET AL772
eported P are 2 sided. P less than 0.05 is regarded as
tatistically significant.

RESULTS

linical and Histological Characteristics

There were 48 men and 68 women with a
edian age of 52 years (range, 18 to 86 years).
ll except 4 patients had bronchial asthma, which
sually preceded the diagnosis of CSS. Eosino-
hilia (eosinophils � 10%) was present in 111
atients, with the exception of 5 patients previ-
usly administered steroids for asthma. Of 116
atients with CSS, 106 patients (91.4%) met the
CR classification criteria for CSS; 100 patients

86.2%) met Lanham criteria, and 113 patients
97.4%) met at least 1 of the 2. ANCA was
ositive by means of immunofluorescence in 40
f 102 patients (39.2%) tested at the time of
iagnosis. A P-ANCA pattern was found in 32 of
0 patients (80.0%), with specificity for MPO in
9 patients, whereas a cytoplasmic pattern (C-
NCA), with specificity for PR3, was found in 3
f 40 patients (7.5%). Three P-ANCA–positive
amples were negative by means of enzyme-
inked immunosorbent assay. Atypical patterns

Table 1. Main Clinical, Laboratory, and Histolo
Underwen

Patient
No.

Age (y)/
Sex ACR*

Serum
Creatinine
(mg/dL) Hematuria

Proteinuria
(g/d) ANCA

1 45/F Yes 6.2 ��� 1.30 P/MPO
2 56/F No 1.7 ��� 0.40 P/MPO
3 65/F Yes 0.9 ��� 0.40 P/MPO
4 29/F Yes 1.8 �� 4.00 P/MPO
5 69/F Yes 0.7 �� 0.50 P/MPO
6 66/F Yes 2.8 ��� 1.00 P � C/M
7 47/M Yes 0.7 � 0.38 P � C/M
8 86/M Yes 5.0 ��� 1.80 C/PR3
9 51/M Yes 0.9 ��� 0.55 C/PR3

10 51/M Yes 5.7 ��� 2.50 P/MPO
11 40/M Yes 2.3 �� 1.20 P/MPO
12 77/F Yes 3.3 �� 0.35 C/PR3
13 38/F Yes 1.0 � 1.00 Negative
14 73/F Yes 1.5 � 0.70 Negative
15 22/M Yes 7.0§ � � ND
16 44/F Yes 0.9 �� 0.09 Negative

NOTE. The grey area highlights patients without NCGN.
Abbreviations: C, cytoplasmic ANCA; PR3, anti-PR3–po

PGN, focal proliferative glomerulonephritis; TIN, tubuloin
osin, eosinophil-rich interstitial infiltrate; Pd, prednisone; C
*At least 4 of 6 criteria present.
†Died of pulmonary hemorrhage.
‡Previously diagnosed.
§Acute renal failure caused by bilateral ureteral stenosis.
�Mild interstitial lymphohistiocytic and plasma cell infiltrat

¶After surgery.
P � C) were found in 5 patients (12.5%) with
nti-MPO antibodies by using enzyme-linked
mmunosorbent assay. Results obtained in the
eference laboratory confirmed, in terms of posi-
ivity/negativity, results obtained locally (data
ot shown).
Renal abnormalities, as previously defined, were

resent in 31 patients (26.7%). Tables 1 and 2 list
he main characteristics of renal involvement in
hese patients. Sixteen patients (13.8%) had a
linical picture of rapidly progressive or acute
enal insufficiency (patients 1, 2, 4, 6, 8, 10, 11,
2, 15, 19, 23, 25, 27, 29, 30, and 31), 14 patients
12.1%) had isolated urinary abnormalities (pa-
ients 3, 5, 7, 9, 13, 17, 18, 20, 21, 22, 24, 26, 28,
nd 31), and 1 patient (0.9%) had mild chronic
enal impairment (patient 14). Three additional
atients (1 patient, macroscopic hematuria; 2 pa-
ients, asymptomatic) had obstructive uropathy
aused by ureteral stenosis, bilateral in 1 patient
patients 33 to 35).

Sixteen patients (9 patients, acute or rapidly
rogressive renal insufficiency; 5 patients, iso-
ated urinary abnormalities; 1 patient, mild chronic

ata for Patients With Renal Involvement Who
l Biopsy

istology
Crescent

(%) Eosin Therapy
Follow-Up

(y)

Outcome
(serum creatinine;

mg/dL)

GN 67 � Pd � Cy 7.0 0.8
GN 5 � Pd � Az 8.0 1.3
GN 32 � Pd � Cy 11.0 1.3
GN 30 � Pd � Cy 4.0 0.9
GN 7 � Pd 4.0 0.8
GN 55 � Pd � Cy 1.5 2.5
GN 11 � Pd 0.8 0.7
GN 60 � Pd 3.0 Hemodialysis†
GN 15 � Pd � Cy 4.0 1.1
GN � TIN 62 �� Pd 2.2 1.3
GN � TIN 30 �� Pd � Cy 7.0 1.1

0 �� P � Az 4.0 2.1
GN 0 � Pd � Cy 14.0 1.3
GS‡ 0 � Pd 1.6 1.5
rmal� 0 � Pd � Cy 19.0 1.2¶
rmal 0 � Pd 5.0 1.0

vert serum creatinine in mg/dL to �mol/L, multiply by 88.4.
ANCA; NCGN, necrotizing crescentic glomerulonephritis;
l nephritis; FSGS, focal segmental glomerular sclerosis;

ophosphamide; Az, azathioprine.

teral stenosis).
gical D
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H
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NEPHROPATHY OF CHURG-STRAUSS SYNDROME 773
enal impairment; and 1 patient, persistent iso-
ated microscopic hematuria) underwent a renal
iopsy (Table 1).
All renal biopsies were performed at the time

f diagnosis of CSS, with the exception of the
atient with isolated microscopic hematuria, who
nderwent renal biopsy 3 years after diagnosis
ecause of persistence of hematuria despite clini-
al extrarenal remission.

Eleven biopsies showed a histological picture
f pauci-immune focal necrotizing glomerulone-
hritis (Table 1; patients 1 to 11). Extracapillary
roliferation in more than 50% of glomeruli was
resent in 4 patients (nos. 1, 6, 8, and 10), all
ith a clinical picture of rapidly progressive
lomerulonephritis. Percentage of crescents var-
ed from 5% to 32% in the other patients. An
osinophilic-rich interstitial infiltrate was present

Table 2. Main Clinical and Laboratory Data for P
Ren

Patient
No. Age (y)/Sex ACR*

Serum
Creatinine
(mg/dL) Hematuria

P

17 58/M Yes 0.8 ��
18 45/F Yes 1.0 ���
19 75/M Yes 7.0† ���
20 60/M Yes 1.0 �
21 44/F Yes 0.9 ��
22 40/M Yes 1.1 �
23 78/F No 2.7 ��
24 35/F Yes 0.8 �
25 79/M Yes 2.8 ��
26 43/F Yes 0.7 �
27 63/F Yes 2.3 �
28 41/F Yes 0.8 �
29 69/M Yes 2.1 �
30 62/M Yes 7.5 ��
31 48/F Yes 0.8 �
32 61/M Yes 3.9° Macroscopic
33 64/F Yes 1.1¶ Macroscopic
34 45/M No 1.1# �
35 46/F Yes 0.9# �

NOTE. The grey area highlights patients with obstruct
ultiply by 88.4.
Abbreviations: C, cytoplasmic ANCA; PR3, anti-PR3–p
ethotrexate; Pd, prednisone.
*At least 4 of 6 criteria present.
†In a single kidney.
‡Died of infection.
§Died of senile decay.
�Died of myocardial infarct.
¶Bilateral obstructive uropathy.
#Monolateral obstructive uropathy.
n 3 patients (nos. 7, 10, and 11), 2 of whom had i
ssociated tubulointerstitial nephritis (patients 10
nd 11). Two patients also had necrotizing vascu-
itis of a medium-sized intrarenal artery.

One biopsy in a patient with acute renal impair-
ent showed eosinophil-rich interstitial infiltrates
ithout glomerular involvement (patient 12).
Focal proliferative mesangial glomerulonephri-

is, without necrosis and extracapillary prolifera-
ion, was found in a patient with persistent iso-
ated urinary abnormalities (patient 13), and focal
egmental sclerosis was found in another patient
ith a previous long-standing history of mild

hronic renal impairment, preceding the appar-
nt clinical onset of the disease (patient 14).
either patient had immune deposits at immuno-
uorescence.
The patient with persistent isolated microscopic

ematuria had normal findings at both light and

With Renal Involvement Who Did Not Undergo
sy

a
ANCA Therapy

Follow-Up
(y)

Outcome
(serum creatinine;

mg/dL)

P � C/MPO Pd � Cy 6.5 1.3
P/MPO Pd � Cy 2 0.8
P/MPO Pd 0.5 3.0‡
P � C/MPO Pd � Cy 0.5 1.2
P/MPO Pd � Cy 1.5 0.7
P/MPO Pd � Cy 3.5 1.0
ND Pd 9 1.3§
ND Pd � Cy 12.0 0.9
Negative Pd 0.5 1.8
Negative Pd 17 0.9
Negative Pd 4 1.1
Negative Pd 7 0.7
Negative Pd � Cy 7 �
P/MPO Pd � Cy 0.2 2.8‡
P/MPO Pd � Cy 0.2 0.7
P/MPO Pd 1.2 1.4
Negative Pd � MT 7 1.3
P/MPO Pd 6.8 1.0
Negative Pd 0.5 1.1

pathy. To convert serum creatinine in mg/dL to �mol/L,

ANCA; ND, not determined; Cy, cyclophosphamide; MT,
atients
al Biop

roteinuri
(g/d)

0.40
0.54
1.30
1.20
0.60
0.42
1.20
0.50
0.70
0.40
��
0.44
0.27
0.22
0.30
0.50
�
�
�

ive uro

ositive
mmunofluorescence microscopy, whereas elec-
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SINICO ET AL774
ron microscopic examination showed segmental
hinning of the glomerular basement membrane
patient 16).

Mild interstitial nephritis in the absence of
lomerular lesions was noted in a patient with
cute renal failure caused by bilateral ureteral
tenosis (patient 15). In this patient, the kidney
iopsy specimen was obtained during surgery for
ilateral ureteral stenosis.
The 11 patients with histologically proven

ecrotizing crescentic glomerulonephritis were
NCA positive versus only 19 of 74 patients

25.7%) without renal involvement (P � 0.001).
P-ANCA pattern, by means of indirect immu-

ofluorescence, with specificity for MPO was
ound in 7, a C-ANCA pattern with specificity
or PR3 was found in 2 patients, and an atypical
P � C) pattern (anti-MPO positive) was found
n 2 patients.

Sixteen patients with signs of renal abnormali-
ies (7 patients, renal impairment; 9 patients,
rinary abnormalities) did not undergo renal bi-
psy for several reasons (Table 2): (1) acute renal
ailure in a single kidney (patients 19 and 32);
xtrarenal clinical picture requiring maximal
herapy (patients 17, 18, 20, 21, 22, and 29); age
patients 23 and 25); transitory mild urinary

Table 3. Main Clinical Features in Pa

Renal Disea

ge (y) 57 (25-
sthma 29 (96.7
onstitutional symptoms 27 (90.0
hinitis 23 (76.7
inusitis 26 (86.7
kin involvement 18 (60.0
ung involvement 14 (46.7
eart involvement 5 (16.7
astrointestinal involvement 2 (6.7)
eripheral neuropathy 18 (60.0
entral nervous system involvement 5 (16.7
CR criteria 28 (93.3
anham criteria 26 (86.7
osinophil (/�L) 5,229 (1,44
NCA positive 21/28 (75.0
VAS 26 (13-
EI 7 (3-1
FS � 2 16 (53.3

NOTE. Categorical variables reported as number (perc
refers to Fisher exact test for categorical variables and M
*Patients with obstructive uropathy were not considered

isease. A patient (no. 14; Table 1) was not included am

receded by several years the onset of CSS and was considered n
bnormalities (patients 24, 26, 28, and 31); con-
raindications (patient 27); and patient refusal
patient 30).

Three additional patients had obstructive
ropathy, which was bilateral in 1 patient. The
linical picture in these patients was heteroge-
eous, ranging from absence of urinary abnor-
alities to macroscopic hematuria in the patient
ith bilateral ureteral stenosis.
Nine of 14 patients (64.3%) with clinical renal

nvolvement, tested at the time of diagnosis, were
NCA positive. Seven patients had a P-ANCA
attern with specificity for MPO, and 2 patients
ad an atypical (P � C) ANCA pattern with
ntibodies to MPO by using enzyme-linked im-
unosorbent assay (Table 2). One of 3 patients
ith obstructive uropathy also was P-ANCA/
PO-ANCA positive (Table 2).
When patients with biopsy-proven nephropa-

hy were pooled with patients with clinical renal
bnormalities who did not undergo kidney bi-
psy, excluding those with obstructive uropathy,
NCA was positive in 21 of 28 patients (75.0%)

ested versus 19 of 74 patients (25.7%) without
idney involvement (P � 0.001; Table 3).
No significant differences in other clinical or

aboratory parameters between these 2 groups

With or Without Renal Involvement

30) No Renal Disease (n � 86) P

51 (18-77) 0.10
83 (96.5) 1.00
49 (57.0) 0.001
61 (70.1) 0.64
63 (73.3) 0.21
40 (46.5) 0.67
43 (50.0) 0.83
13 (15.1) 0.77
23 (26.7) 0.021
58 (67.4) 0.51
13 (15.1) 0.78
78 (90.7) 1.00
74 (86.0) 1.00

66) 4,100 (600-28,815) 0.48
19/74 (25.7) �0.001

19 (6-40) �0.001
6 (2-10) �0.001
5 (5.8) �0.001

nd continuous variables are reported as median (range).
hitney test for continuous variables.
ubgroup because they were not affected by intrinsic renal

atients with renal involvement because the nephropathy
tients

se* (n �

86)
)
)
)
)
)
)
)

)
)
)
)
0-18,8
)

40)
1)
)

ent), a
ann-W
in this s
ong p
ot to be related to CSS.
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NEPHROPATHY OF CHURG-STRAUSS SYNDROME 775
ere detected, except for constitutional symp-
oms, which were more frequent in patients with
enal disease (90.0% versus 57.0%; P � 0.001),
nd gastrointestinal involvement, which was more
requent in patients without nephropathy (6.7%
ersus 26.3%; P � 0.021; Table 3).
BVAS and DEI score were significantly higher

n patients with renal abnormalities (median, 26
ersus 19 and 7 versus 6, respectively; P �
.001). When the score attributed to the kidney
as subtracted from the total score, such differ-

nces were no longer detectable (data not shown).
As expected, an FFS of 2 or higher also was

ignificantly more frequent in patients with renal
isease (Table 3).
All patients with renal involvement were

reated with corticosteroids, in association with
mmunosuppressive drugs (usually cyclophospha-

ide) in most of them (Tables 1 and 2).
It was not possible to evaluate the relative

fficacy of the association of corticosteroids plus
yclophosphamide versus corticosteroids alone
ecause the 2 groups were not similar. Starting
erum creatinine levels were not different (2.3 �
.3 mg/dL [203 � 203 �mol/L] in patients
reated with cyclophosphamide versus 2.4 � 2.1
g/dL [212 � 186 �mol/L] in patients treated
ith corticosteroids alone), and median age of
atients treated with corticosteroids alone was
lder than that of patients treated with the combi-
ation of corticosteroids plus cyclophosphamide
61.0 years; range, 41.0 to 86.0 years versus 45.0
ears; range, 22.0 to 69.0 years; P � 0.03).
evertheless, there was a trend toward lower

erum creatinine levels at the end of the fol-
ow-up in patients treated with cyclophospha-
ide (1.2 � 0.6 mg/dL [106 � 53 �mol/L]

ersus 1.8 � 2.3 mg/dL [159 � 203 �mol/L];
� 0.31). The temporal profile of response to

reatment was not different in the 2 groups, with
ost patients reaching remission in 3 to 6 months.
After a median follow-up of 4.5 years (range,
months to 20 years), 10 patients (5 patients
ith renal involvement) died; the only patient
ho underwent long-term dialysis treatment

ventually died of pulmonary hemorrhage. Five-
ear mortality rates were 11.7% (95% confi-
ence interval, 3.9 to 33.3) in patients with renal
bnormalities and 2.7% (95% confidence inter-

al, 0.7 to 10.7) in those without (P � 0.10). t
Thirteen patients (11.2%), 3 patients with re-
al involvement, were lost to follow-up after a
edian of 3.0 years (range, 1 to 6 years). They
ere included in survival analysis until the last
isit.
At the end of follow-up, 7 patients had mild

hronic renal insufficiency; none showed a dou-
ling of serum creatinine level. Renal flares were
ever recorded during follow-up, whereas extra-
enal flares occurred in 28.4% of patients.

DISCUSSION

This is the first study that systematically inves-
igates the prevalence, presentation, and clinical
ourse of renal involvement in a large cohort of
atients with CSS.
We tried to minimize selection bias of patients

n our study by enrolling patients from different
edical departments (internal medicine, nephrol-

gy, clinical immunology and rheumatology, pneu-
ology, and neurology units) of 4 large general

ospitals from northern Italy.
Renal disease was present in about one quarter

f patients with CSS. Most patients had renal
nsufficiency and/or significant urinary abnor-
alities. Rare patients had monolateral and bilat-

ral obstructive uropathy at diagnosis.
The main histological picture was of necrotiz-

ng crescentic glomerulonephritis, but other forms
f nephropathy also were detected. Patients with
enal involvement and especially patients with
ecrotizing crescentic glomerulonephritis often
ere ANCA positive.
This prevalence of renal abnormalities is in

ine with those of the largest series published in
ecent years. Guillevein et al4 reported that renal
isease, defined as the presence of proteinuria
ith protein of 1 g/d or greater, microscopic
ematuria, and/or histological findings in a renal
iopsy consistent with systemic vasculitis, was
resent at onset in 26% of 96 patients. Keogh
nd Specks8 reported that renal involvement, not
urther specified, was present in 25% of 91
atients.
All patients classified as having renal disease

howed a clinical picture suggestive of renal
nvolvement at the time of diagnosis, whereas no
atient without such picture developed renal in-
olvement thereafter. The prevailing clinical pic-

ure at onset was either mild urinary abnormali-
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ies or rapidly progressive renal insufficiency, as
escribed in most series.1,3-5,7,8,11-15

Kidney biopsy was performed in approxi-
ately half the patients with renal abnormalities.
pauci-immune necrotizing crescentic form of

lomerulonephritis was found in the vast major-
ty of patients. Interstitial eosinophil-rich infil-
rate was present in 3 patients. Two patients had
ssociated tubulointerstitial nephritis, and a pa-
ient showed eosinophilic tubulointerstitial ne-
hritis without glomerular involvement. Focal
esangial proliferative glomerulonephritis, with-

ut immune deposits, was found in a patient with
icroscopic hematuria and proteinuria. The same

istological pattern was still present a few years
ater when a repeated biopsy was performed
ecause of persistent urinary abnormalities (data
ot shown). Two patients showed a normal pic-
ure at kidney biopsy. One of these patients had
solated microscopic hematuria that persisted in
ollow-up, and the other patient had acute renal
ailure caused by obstructive uropathy.

There are very few descriptions of renal histo-
ogical findings in patients with CSS, with most
f them in the form of case reports.16-19,21 Our
ata show that the most frequent lesion is a focal
egmental form of necrotizing crescentic glomer-
lonephritis, resembling that found in other
NCA-associated vasculitides, with arteritis and

osinophil infiltration (a distinctive feature) in a
inority of patients.11,20,22

As reported by others,11,38 we found histologi-
al pictures of mesangial proliferative glomerulo-
ephritis, focal glomerular sclerosis, and eosino-
hilic tubulointerstitial nephritis in a few patients
nly. In these patients, clinical signs of renal
nvolvement usually were less severe. The possi-
ility of obstructive uropathy caused by vascu-
itic involvement of the ureters or urogenital tract
lso was shown in our series of patients, as de-
cribed in single cases.23-26

We found ANCAs in approximately 40% of our
opulation, which is in the range (35% to 77%)
reviously reported in smaller series.4,7,8,14,15

-ANCA, with specificity for MPO, was the main
uoroscopic pattern (�three fourths of cases), as
escribed by most.
Patients with necrotizing crescentic glomeru-

onephritis and, in general, patients with clinical
igns of glomerular involvement, had a statisti-

ally significant greater prevalence of ANCA t
ositivity. Worthy of note is that most (if not all)
ase reports of necrotizing crescentic glomerulone-
hritis in patients with CSS16-19,21 showed ANCA
ositivity (usually P-ANCA/MPO-ANCA), as in
ur cohort. Moreover, results of small series of
atients suggested that MPO-ANCA may be as-
ociated with the onset of glomerular disorder in
atients with CSS.20,22 Guillevein et al4 sought
NCA in sera of 42 patients at the time of diagno-

is. ANCA was detected by using indirect immu-
ofluorescence in 20 of 42 patients (47.6%), a
ercentage similar to ours. They reported the
uorescent pattern to be perinuclear in 15 pa-

ients, cytoplasmic in 1 patient, and unspecified
n 4 patients. ANCA specificity, determined by
sing enzyme-linked immunosorbent assay in 11
atients, was anti-MPO in 10 patients and not
pecified in 1 patient. No details were given on
he clinical association of ANCA positivity, al-
hough histologically proven rapidly progressive
ecrotizing glomerulonephritis was documented
n 3 patients only.4 More recently, the same
roup reported in abstract form that ANCA was
etected in 43 of 112 patients (38%) with ANCA
ositivity at diagnosis associated with a signifi-
antly greater frequency of renal involvement.39

n addition, in a retrospective multicenter study
f ANCA-associated renal vasculitis, Booth et al40

ound that ANCA was present in 92% of 256
atients, including most of the 11 patients with
SS. Another group found that central nervous

ystem involvement was the only clinical mani-
estation that correlated with ANCA status.8 How-
ver, only 30 of 91 patients were tested at the
ime of diagnosis before treatment, and details
bout renal disease definition and renal histolog-
cal characteristics were not given.8

In other smaller series, ANCA was positive in
0% to 85.7%, but because of the paucity of
atients, information about the clinical signifi-
ance of ANCA positivity was not given (re-
iewed in 5).

We failed to detect other features, such as
emographic data, prevalence and duration of
sthma, magnitude of eosinophilia, and extrare-
al involvement, capable of distinguishing pa-
ients with necrotizing crescentic glomerulone-
hritis (and/or clinical renal disease) from those
ithout, with the exception of constitutional

ymptoms and gastrointestinal involvement. Pa-

ients with necrotizing crescentic glomerulone-
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hritis had a higher BVAS and DEI score at
resentation and, as expected, a higher FFS be-
ause 2 of 5 FFS items are renal.30

In a previous report, we showed that ANCA
ositivity in patients with CSS was associated
ith a greater prevalence of renal disease, pulmo-
ary hemorrhage, and, to a lesser extent, other
rgan-system manifestations (purpura and mono-
euritis multiplex), but with a lower frequency of
ung and heart disease, and we speculated that
linical manifestations might be caused mainly
y eosinophilic infiltrative disease in ANCA-
egative patients, whereas the necrotizing vascu-
itis component might prevail in ANCA-positive
atients.41 On the basis of these results, it was
ypothesized that 2 disease subsets might be part
f the spectrum of CSS: an ANCA-associated
nd an ANCA-negative subset.42 ANCA-posi-
ive patients far more frequently had necrotizing
lomerulonephritis, purpura, hemorrhagic alve-
litis, and mononeuritis multiplex; histopathologi-
al characteristics are characterized by small-
essel vasculitis, and pathogenesis possibly is
NCA related.42 In the ANCA-negative subset,

he main clinical manifestations are pulmonary
nfiltrates, cardiomyopathy, monopolyneuropa-
hy, and eosinophilic gastritis/enteritis; tissue in-
ltration by eosinophils is the histopathologic
allmark, and release of toxic products from
osinophils might be the main pathogenic mecha-
ism.42

There are emerging clinical and in vivo (animal
odel) observations that provide compelling evi-

ence that ANCA is primarily and directly in-
olved in the pathogenesis of ANCA-associated
ystemic vasculitis.43 In particular, 2 different groups
f investigators showed that anti-MPO antibod-
es alone can cause necrotizing crescentic glomer-
lonephritis and pulmonary hemorrhage in ex-
erimental models.43,44 Our observations are in
eeping with the hypothesis that the presence of
NCA in patients with CSS contributes directly

o the development of necrotizing glomerulone-
hritis.
Patients with renal disease, as well as those

ithout, responded well to glucocorticoid treat-
ent, which was combined with immunosuppres-

ants in the most severe cases. Patient survival
as good in accordance with results of other

ecent studies8,14,15,40,45 showing, in contrast to

revious series,4,7 that CSS does not appear to s
onfer increased mortality.8 However, 5 of our
0 patients who died had renal involvement,
uggesting that nephropathy might entail a poor
rognosis.30,45 Renal survival also was good:
nly 1 patient reached end-stage renal failure and
o patient had a doubling of serum creatinine
evel after a mean follow-up of about 5 years.

oreover, although 1 or more extrarenal re-
apses occurred in 28.4% of patients, a percent-
ge similar to that reported by Keogh and
pecks,8 no renal flares could be documented in
ur cases.
In conclusion: (1) Renal disease is present in

5% to 30% of patients with CSS, which is much
ess than in the other ANCA-associated vasculiti-
es, such as microscopic polyangiitis and Wege-
er granulomatosis. (2) Rapidly progressive glo-
erulonephritis and urinary abnormalities are the
ain clinical syndromes. (3) A pauci-immune ne-

rotizing crescentic form of glomerulonephritis,
hich is not distinguishable in most cases from

hat found in the other ANCA-associated vasculi-
is, is the prevailing histological pattern. Eosino-
hil-rich interstitial infiltrates or intrarenal arteri-
is can be found in a minority of cases. (4) Other
istological forms, such as eosinophilic tubuloin-
erstitial nephritis, focal mesangial proliferative
lomerulonephritis, and focal segmental glomer-
lar sclerosis, also can be seen. (5) Renal involve-
ent also can be caused by obstructive uropathy

aused by vasculitis and/or granulomatous in-
ammation of the ureters. (6) Patients with necro-

izing crescentic glomerulonephritis are ANCA
ositive, usually with specificity for MPO, as in
he other ANCA-associated vasculitides, suggest-
ng that ANCA positivity might be linked with
ecrotizing capillaritis in patients with CSS (our
patients with alveolar hemorrhage were ANCA
ositive). (7) Renal flares are rare, and long-term
rognosis and outcome generally are good.

ACKNOWLEDGMENT
The authors thank Dr Antonella Radice for performing

NCA assays and Giuseppe D’Amico for helpful discus-
ion.

REFERENCES
1. Churg J, Strauss L: Allergic granulomatosis angiitis

nd periarteritis nodosa. Am J Pathol 27:277-294, 1951
2. Jennette JC, Falk RJ, Andrassy K, et al: Nomenclature

f systemic vasculitides: Proposal of an international consen-

us conference. Arthritis Rheum 37:187-192, 1994



t
a
m

s
f

s

L

M
d

c
l
2

J

v

g
R
4

M
i
3

m
5

S
p

S
p
1

i
N

t
a
7

s
n

m
s

s
p
d

M
g

e
A

S
d
5

C
C

v
B

M
t
A

A
S

C
o
a

h
i

E
W

f
A
7

D
p
m

b
a
T
7

v
a
7

r
a
D

i
w
3

m
w
m

i

SINICO ET AL778
3. Lanham JG, Elkon KB, Pusey CD, Hughes GR: Sys-
emic vasculitis with asthma and eosinophilia: A clinical
pproach to the Churg-Strauss syndrome. Medicine (Balti-
ore) 63:65-81, 1984
4. Guillevin L, Cohen P, Gayraud M, Jarrousse B, Casas-

us P: Churg Strauss syndrome: Clinical study and long term
ollow-up of 96 patients. Medicine 78:26-37, 1999

5. Eustace JA, Nadasdy T, Choi M: The Churg Strauss
yndrome. J Am Soc Nephrol 10:2048-2055, 1999

6. Noth I, Strek ME, Leff AR: Churg Strauss syndrome.
ancet 361:587-594, 2003
7. Reid AJC, Harrison BDW, Watts RA, Watkin SW,
cCann BG, Scott DGI: Churg Strauss syndrome in a

istrict hospital. QJM 91:219-229, 1998
8. Keogh KA, Specks U: Churg Strauss syndrome: Clini-

al presentation, antineutrophil cytoplasmic antibodies, and
eukotriene receptor antagonists. Am J Med 115:284-290,
003
9. Jennette JC, Falk RJ: Small-vessel vasculitis. N Engl

Med 337:1512-1523, 1997
10. Savage CO, Harper L, Adu D: Primary systemic

asculitis. Lancet 349:553-558, 1997
11. Chumbley LC, Harrison EG Jr, DeRemee RA: Aller-

ic granulomatosis and angiitis (Churg Strauss syndrome):
eport and analysis of 30 cases. Mayo Clin Proc 52:477-
84, 1977
12. Shimamoto C, Hirata I, Ohshiba S, Fujiwara S, Nishio
: Churg Strauss syndrome (allergic granulomatosis angi-

tis) with multiple colonic ulcers. Am J Gastroenterol 85:316-
19, 1990
13. Clutterbuck EJ, Evans DJ, Pusey CD: Renal involve-
ent in Churg-Strauss syndrome. Nephrol Dial Transplant

:161-167, 1990
14. Solans R, Bosch JA, Perez-Bocanegra C, et al: Churg-

trauss syndrome: Outcome and long-term follow-up of 32
atients. Rheumatology 40:763-771, 2001
15. Della Rossa A, Baldini C, Tavoni A, et al: Churg-

trauss syndrome: Clinical and serological features of 19
atients from a single Italian centre. Rheumatology 41:1286-
294, 2002
16. Antiga G, Volpi A, Battini G, et al: Acute renal failure

n a patient affected with Churg and Strauss syndrome.
ephron 57:111-114, 1991
17. Minami J, Ishibashi-Ueda H, Okano Y, et al: Crescen-

ic glomerulonephritis and elevated anti-myeloperoxidase
ntibody in a patient with Churg-Strauss syndrome. Nephron
7:105-108, 1997
18. Maeda Y, Tomura S, Kato K, et al: Churg-Strauss

yndrome associated with necrotizing crescentic glomerulo-
ephritis in a diabetic patient. Intern Med 36:68-72, 1997
19. Yamashita Y, Yorioka N, Taniguchi Y, et al: Nonasth-
atic case of Churg-Strauss syndrome with rapidly progres-

ive glomerulonephritis. Intern Med 37:561-563, 1998
20. Yoshihara K, Arimura Y, Kobayashi O, et al: Clinical

tudy on five myeloperoxidase specific anti-neutrophil cyto-
lasmic antibody (MPO-ANCA) positive Churg-Strauss syn-
rome cases. Ryumachi 38:696-704, 1998
21. Yamamoto T, Yoshihara S, Suzuki H, Nagase M, Oka
, Hishida A: MPO-ANCA-positive crescentic necrotizing
lomerulonephritis and tubulointerstitial nephritis with renal 1
osinophilic infiltration and peripheral blood eosinophilia.
m J Kidney Dis 31:1032-1037, 1998
22. Kikuchi Y, Ikehata N, Tajima O, Yoshizawa N, Miura

: Glomerular lesions in patients with Churg-Strauss syn-
rome and the anti-myeloperoxidase antibody. Clin Nephrol
5:429-435, 2001
23. Perez C, Sanchez J, Merino C, Lizaso MT, Solozabal

: Obstructive uropathy and Churg-Strauss disease. Rev
lin Esp 194:947-948, 1994
24. Walsh I, Loughridge WG, Keane PF: Eosinophilic

asculitis (Churg-Strauss syndrome) involving the urethra.
r J Urol 74:255-256, 1994
25. Azar N, Guillevin L, Huong Du LT, Herreman G,
eyrier A, Godeau P: Symptomatic urogenital manifesta-

ions of polyarteritis nodosa and Churg-Strauss angiitis:
nalysis of 8 of 165 patients. J Urol 142:136-138, 1989
26. Cortellini P, Manganelli P, Poletti F, Sacchini P,

mbanelli U, Bezzi E: Ureteral involvement in the Churg-
trauss syndrome: A case report. J Urol 140:1016-1018, 1988
27. Masi AT, Hunder GG, Lie JT, et al: The American

ollege of Rheumatology 1990 criteria for the classification
f Churg-Strauss syndrome (allergic granulomatosis and
ngiitis). Arthritis Rheum 33:1094-1100, 1990

28. Luqmani RA, Bacon PA, Moots RJ, et al: Birming-
am Vasculity Activity Score (BVAS) in systemic necrotiz-
ng vasculitis. QJM 87:671-678, 1994

29. De Groot K, Gross WL, Herlyn K, Reinhold-Keller
: Development and validation of a Disease Extent Index for
egener’s granulomatosis. Clin Nephrol 55:31-38, 2001
30. Guillevin L, Lhote F, Gayraud M, et al: Prognostic

actors in polyarteritis nodosa and Churg-Strauss syndrome.
prospective study in 342 patients. Medicine (Baltimore)

5:17-28, 1996
31. Sinico RA, Radice A, Pozzi C, Ferrario F, Arrigo G:

iagnostic significance and antigen specificity of antineutro-
hil cytoplasmic antibodies in renal disease. A prospective
ulticentric study. Nephrol Dial Transplant 9:505-510, 1994
32. Radice A, Vecchi M, Bianchi MB, Sinico RA: Contri-

ution of immunofluorescence to the identification and char-
cterization of anti-neutrophil cytoplasmic autoantibodies.
he role of different fixatives. Clin Exp Rheumatol 18:707-
12, 2000
33. Hagen EC, Daha MR, Hermans J, et al: Diagnostic

alue of standardized assays for anti-neutrophil cytoplasmic
ntibodies in idiopathic systemic vasculitis. Kidney Int 53:
43-753, 1998
34. Hauer HA, Bajema IM, Bruij JA, et al: Long term

enal injury in ANCA-associated systemic vasculitis: An
nalysis of 33 patients with follow-up biopsies. Nephrol
ial Transplant 17:587-596, 2002
35. Jayne D, Rasmussen N, Andrassy K, et al: A random-

zed trial of maintenance therapy for vasculitis associated
ith antineutrophil cytoplasmic autoantibodies. N Engl J Med
49:36-44, 2003
36. Slot MC, Cohen Tervaert JW, Franssen CFM, Stege-
an CA: Renal survival and prognostic factors in patients
ith PR3-ANCA associated vasculitis with renal involve-
ent. Kidney Int 63:670-677, 2003
37. Sinico RA, Sabadini E, Boeri R, Bonacina E: Renal

nvolvement in systemic vasculitis. Contrib Nephrol 136:100-

24, 2001



n
S

a
C
P

A
s

a
b
5

d

t

c
c
I

F
fi
s
t

NEPHROPATHY OF CHURG-STRAUSS SYNDROME 779
38. Richer C, Mouthon L, Cohen P, et al: IgA glomerulo-
ephritis associated with microscopic polyangiitis or Churg-
trauss syndrome. Clin Nephrol 52:47-50, 1999
39. Sable R, Mahr A, Cohen P, Guillevin L: Influence of

ntineutrophil cytoplasm antibodies (ANCA) on the initial
hurg-Strauss syndrome (CSS) phenotype. Kidney Blood
ress Res 26:268-269A, 2003 (abstr)
40. Booth AD, Almond MK, Burns A, et al: Outcome of

NCA-associated renal vasculitis: A 5-year retrospective
tudy. Am J Kidney Dis 41:776-784, 2003

41. Sinico RA, Di Toma L, Maggiore U, et al: Prevalence
nd clinical significance of antineutrophil cytoplasmic anti-
odies (ANCA) in Churg-Strauss syndrome. Arthritis Rheum

2:2926-2935, 2005 o
42. Kallemberg CGM: Churg-Strauss syndrome: Just one
isease entity? Arthritis Rheum 52:2589-2593, 2005
43. Falk RJ, Jennette CJ: ANCA are pathogenic—Oh yes

hey are. J Am Soc Nephrol 13:1977-1979, 2002
44. Xiao H, Heeringa P, Hu P, et al: Antineutrophil

ytoplasmic autoantibodies specific for myeloperoxidase
ause glomerulonephritis and vasculitis in mice. J Clin
nvest 110:955-963, 2002

45. Bourgarit A, Toumelin PL, Pagnoux C, et al, for the
rench Vasculitis Study Group: Deaths occurring during the
rst year after treatment onset for polyarteritis nodosa, micro-
copic polyangiitis, and Churg-Strauss syndrome: A retrospec-
ive analysis of causes and factors predictive of mortality based

n 595 patients. Medicine (Baltimore) 84:323-330, 2005


	Renal Involvement in Churg-Strauss Syndrome
	METHODS
	Patients
	Biochemical and Serological Markers
	Definitions and Pathological Studies
	Treatment
	Statistical Analysis

	RESULTS
	Clinical and Histological Characteristics

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


