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Abstract Risk factors of renal involvement and signifi-
cant proteinuria in patients with Henoch-Schonlein
purpura (HSP) were retrospectively evaluated by uni-
variate and multivariate analyses. The analysis was per-
formed in 134 patients with HSP. Renal involvement was
found in 65 patients (49%) and 97% of the renal in-
volvement was found within 3 months of disease onset.
Moderate or severe proteinuria was recognised in 25
patients. A univariate analysis revealed that an age of
more than 4 years at the onset, severe abdominal pain
with gastrointestinal bleeding, persistent purpura over a
month, coagulation factor XIII activity <80%, and
treatment with factor XIII concentrate were associated
with developing renal involvement. A multivariate
analysis showed that severe abdominal symptoms, an age
of more than 4 years, and persistent purpura increased
the risk of renal involvement. Risk factors of moderate or
severe proteinuria were also examined. The risk factors in
a univariate analysis were severe abdominal symptoms,
persistent purpura, decreased factor XIII activity, treat-
ment with steroids, and treatment with factor XIII con-
centrate. Of those, persistent purpura, treatment with
factor XIII concentrate, and factor XIII activity <80%
were associated with significant proteinuria in a multi-
variate analysis. Among the patients with severe ab-
dominal symptoms, factor XIII activity was significantly
decreased in patients with significant proteinuria com-
pared to other patients without significant proteinuria.
Conclusion: Long-term prognosis of Henoch-Schoénlein
purpura is dependent on the severity of renal involve-
ment. In those patients who have the risk factors of renal
involvement, especially significant proteinuria, close
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attention should be paid to a urinalysis for at least 3
months from the onset of the disease.

Keywords Children - Factor XIII - Henoch-Schénlein
purpura - Purpura nephritis

Abbreviation HSP Henoch-Schonlein purpura

Introduction

Henoch-Schénlein purpura (HSP) is the most common
acute systemic vasculitis affecting children. The domi-
nant clinical characteristics are purpura, abdominal
pain, gastrointestinal bleeding, arthritis, and renal in-
volvement. Since HSP is a self-limited disease in general,
the long-term prognosis is dependent on the severity of
renal involvement. Although most of the patients with
renal involvement in HSP have a good prognosis, some
with significant proteinuria progress to end-stage renal
disease [3, 9]. A number of studies have therefore fo-
cused on the prognostic factors of developing renal in-
volvement, but the results were not totally consistent.
The first multivariate analysis based on a Cox regression
model has recently shown that severe abdominal symp-
toms, persistent purpura, and decreased coagulation
factor XIII activity were significant risk factors of renal
involvement in HSP [12]. Those patients with isolated
haematuria or with mild proteinuria have a uniformly
good prognosis [4, 19]. We therefore sought to define the
risk factors of not only development of renal involve-
ment in HSP but also development of moderate or se-
vere proteinuria. In the present study, we evaluated 134
patients with HSP and examined the risk factors by
using univariate and multivariate analyses.

Subjects and methods

A total of 134 patients with HSP were admitted to our hospital
between January 1991 and December 2000. The diagnosis of HSP
was made if a typical purpura without thrombocytopenia was



recognised. Other accepted features included abdominal pain,
gastrointestinal bleeding, arthritis or renal involvement. Arthritis
was defined as swelling of the joints or painful periarticular soft
tissue oedema, and the patients who could not walk due to arthritis
were determined to have severe arthritis. The patients manifesting
abdominal pain with gastrointestinal bleeding such as guaiac-pos-
itive stools or grossly bloody stools were defined to have severe
abdominal symptoms. Persistent purpura was determined as pur-
pura persisting over 1 month. Renal involvement was defined by
the presence of gross or microscopic haematuria (>35 red blood
cells per high-power microscopic field in a centrifuged specimen)
with or without proteinuria [12,19]. Mild, moderate or severe
proteinuria was defined as proteinuria less than 0.1 g/m? per day,
greater than 0.1 g/m? per day but less than the nephrotic range, or
nephrotic range (more than 1.0 g/m? per day), respectively. The
factor XIII activity was examined in 129 patients by a chromogenic
substrate method using a commercial coagulation system (Dade
Behring Marburg GmbH, Marburg, Germany). The factor XIII
activity of less than 80% was defined to be decreased. The serum
IgA level was examined in 120 patients by nephelometric immu-
noassay using a Behring nephelometer analyser II (Dade Behring).
An IgA level of more than 300 mg/dl was classed as increased.
Statistical analysis was performed using the chi-squared test
and Student’s ¢ test for a univariate analysis, and the stepwise
forward and backward models for a multivariate logistic regression
analysis. A P value of less than 0.05 was considered as significant.

Results
Clinical and laboratory features

The major clinical and laboratory features of the 134
patients are shown in Table 1. The patient population
consisted of 71 boys (53%) and 63 girls and 49 (37%)
manifested purpura persisting for more than 1 month.
Abdominal pain was evident in 96 (72%), and severe
abdominal symptoms were recognised in 80 of them.
Arthritis was present in 99 (74%) patients, of whom 24
had severe symptoms. Factor XIII activity was deter-
mined in 129 patients, of whom 79 (61%) had a de-
creased activity under 80%. The mean (£ SD) factor
XIII activity was 70.2 £28.6%. An increased serum IgA
level was recorded in 26 (22%) of 120 patients examined.
The mean IgA level was 241.6 +34.9 mg/dl. A total of 25
patients (19%) were treated with corticosteroids in order
to reduce abdominal symptoms. Oral or intravenous
prednisolone, initially 1 to 2 mg/kg per day, was ad-
ministered for 12.5 days (median) ranging from 2 to 54
days. Factor XIII concentrate at a dose of 30 to 50 units/
kg per day for 3 days was also administered to 31 pa-
tients (23%) for relief of the symptoms.

Renal involvement was found in 65 patients (49%)
which manifested as isolated haematuria in 28 (21%),
mild proteinuria with or no haematuria in 12 (9%), and
moderate proteinuria in 14 (10%). Nephrotic syndrome
was diagnosed in ten patients (7%). One patient mani-
fested acute glomerular nephritis. The mean interval
from the appearance of the purpura to the onset of renal
involvement was 26 days. Of the patients with renal in-
volvement, 49 (76%) manifested urinary abnormalities
within 4 weeks and 97% of the renal involvement was
found within 3 months of the appearance of purpura.
The renal involvement resolved in 51 patients during the
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Table 1 Clinical and laboratory features in 134 children with HSP

Feature Number (1) (%)
Boys 71 (53%)
Persistent purpura 49 (37%)
Abdominal pain 96 (72%)
Severe abdominal symptoms 80 (60%)
Arthritis 99 (74%)
Severe arthritis 24 (18%)
Renal involvement 65 (49%)
Haematuria alone 28 (21%)
Mild proteinuria and/or haematuria 12 (9%)
Moderate proteinuria and/or haematuria 14 (10%)
Nephrotic syndrome 10 (7%)
Acute glomerular nephritis 1

Decreased factor XIII activity® (n= 129 patients) 79 (61%)

Increased serum IgA level (n=120 patients) 26 (22%)
Treatment with steroids 25 (19%)
Treatment with factor XIII concentrate 31 (23%)

#Factor XIII activity <80%

observation periods (8 months to 9 years), and 86% of
those became free of urinary abnormalities within 2
years. In patients with moderate or severe proteinuria,
the renal involvement persisted significantly longer; the
mean duration of urinary abnormalities was 469 days in
those patients in contrast to 217 days in patients with
isolated haematuria and/or mild proteinuria (P=0.027).
During the observation periods, no patient had yet
developed end-stage renal disease.

Risk factors of renal involvement

A univariate analysis was performed to examine the
relationship between renal involvement and various
factors (Table 2). Age at disease onset ranged from 2 to
15 years, with a mean of 6.3+2.4 years. Patients with
renal involvement were significantly older than those
without renal involvement (6.7+2.4 years versus
59+2.4 years, P=0.042) (Fig. 1). Data analysis at
various cut-off values of age revealed that an age more
than 4 years (P=0.005) was a significant factor. Severe
abdominal symptoms (P=0.0004) and persistent pur-
pura (P=0.04) were also significant in patients with re-
nal involvement. In addition, factor XIII activity in
patients with renal involvement was significantly de-
creased (P=0.024), and the treatment with factor XIII
concentrate was significantly more often prescribed
(P=0.023). Concerning factor XIII activity, the mean
activity of factor XIII was more obviously decreased in
patients with severe abdominal symptoms
(62.6+29.3%, n=80) than in others (82.6+22.9%,
n=49) (P<0.0001). Among the patients with severe
abdominal symptoms, the mean factor XIII activities
were not significantly different between the patients with
or without renal involvement (Table 3).

We further examined the risk factors of renal involve-
ment by using a multivariate analysis (Table 4). When
analysed by a multivariate logistic regression analysis
using a stepwise backward method, severe abdominal
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Table 2 Univariate analysis of the factors associated with renal
involvement in HSP

Table 4 Multivariate analysis of the factors associated with renal
involvement in HSP

Factor P
Boys 0.080
Age at onset 0.042*
Age >4 years 0.005*
Severe abdominal symptoms 0.0004*
Severe arthritis 0.93
Persistent purpura 0.040*
Factor XIII activity 0.024*
Factor XIII activity <80% 0.18
Serum IgA level 0.72
Treatment with steroids 0.54
Treatment with factor XIII concentrate 0.025*
*P<0.05
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Fig. 1 Age distribution of 134 patients with HSP

Table 3 Factor XIII activity in patients with HSP and severe
abdominal symptoms (7= 80)

Number of
patients ()

Mean factor P
XIIT activity

Renal features

(SD) (%)
Renal (+) 49 60.8 (30.6) 0.49
involvement -) 31 65.5 (27.3)
Moderate (+) 21 45.5 (22.1) 0.0015*
or severe -) 59 68.6 (29.3)
proteinuria
*P<0.05

symptoms, persistent purpura, and age over 4 years were
found to be independent risk factors of renal involvement
with significance. Their odds ratios were 1.74, 2.07, and
4.94, respectively. In addition, the stepwise forward
analysis method defined severe abdominal symptoms and
age over 4 years as significant risk factors of renal in-
volvement with odds ratios of 1.87 and 5.10, respectively.

Risk factors of moderate or severe proteinuria

Moderate or severe proteinuria was evident in a total of
25 patients (19%). As shown in Table 5, a univariate

Method Factor Odds 95% confidence P
ratio interval
Backward Severe abdominal 1.74  1.12-2.70 0.014
symptoms
Persistent purpura  2.07  0.94-4.58 0.071
Age >4 years 494  1.00-24.34 0.049
Forward Severe abdominal  1.87 1.21-2.88 0.0046
symptoms
Age >4 years 5.10  1.05-24.9 0.044

Table 5 Univariate analysis of the factors associated with moder-
ate or severe proteinuria in HSP

Factor P

Boys 0.103
Age at onset 0.41
Age >4 years 0.78
Severe abdominal symptoms 0.033*
Severe arthritis 0.93
Persistent purpura 0.024*
Factor XIII activity <0.0001%*
Factor XIII activity <80% 0.003*
Serum IgA level 0.72
Treatment with steroids 0.041*
Treatment with factor XIII concentrate <0.0001*
*P<0.05

analysis showed that severe abdominal symptoms

(P=0.033) and persistent purpura (P=0.024) were sig-
nificantly associated with moderate or severe proteinu-
ria. Factor XIII activity (P<0.0001) was also
significantly associated with moderate or severe pro-
teinuria. Thus, we segregated our patients into two
groups at various cut-off values of factor XIII activity.
The analysis revealed that the factor XIII activity of less
than 80% (P =0.003) was a significant factor in patients
with moderate or severe proteinuria. The treatment with
steroids (P=0.027) and treatment with factor XIII
concentrate (P <0.0001) were also significant factors.
The results of a multivariate analysis are summarised
in Table 6. When analysed by a multivariate analysis
using a stepwise backward method, the factors associ-
ated with moderate or severe proteinuria included per-
sistent purpura, treatment with factor XIII concentrate,
and decreased factor XIII activity with odds ratios of
2.66, 6.31 and 2.46, respectively. The stepwise forward
analysis method defined persistent purpura and treat-
ment with factor XIII concentrate as significant risk
factors of moderate or severe proteinuria with odds ra-
tios of 3.22 and 8.09, respectively. Factor XIII activity
was remarkably decreased in patients with moderate or
severe proteinuria; in 64% of the patients with moderate
or severe proteinuria, factor XIII activity was below
50%, and none of these patients had an activity above
90% (Fig. 2). The lower activity of factor XIII in these
patients was independent of severe abdominal symp-
toms, since the mean factor XIII activity was signifi-



Table 6 Multivariate analysis of the factors associated with mod-
erate or severe proteinuria in HSP

Method Factor Odds  95% P
ratio confidence
interval
Backward  Persistent 2.66 0.97-7.24 0.056
purpura
Treatment 6.31 2.28-17.44 0.0004
with factor
XIII concentrate
Factor XIII 2.46 0.87-12.90 0.079
activity <80%
Forward Persistent 3.22 1.21-8.56 0.019
purpura
Treatment with 8.09 3.01-21.75 <0.0001

factor XIII
concentrate

cantly decreased in patients with moderate or severe
proteinuria (45.5+£22.1%, P=0.0015) compared to
other patients with severe abdominal symptoms
(Table 3).

Discussion

Although most patients with HSP and renal involve-
ment have a favourable prognosis, 1%—7% progress to
end-stage renal disease [4, 21,23]. The patients with
haematuria but without proteinuria have an almost
completely benign prognosis, while ascending amounts
of proteinuria are associated with progressively worse
outcome [9]. It has been described that some patients,
especially those with significant proteinuria, have per-
sistent urinary abnormalities on long-term follow-up
[8,21]. In the present study, the renal involvement
persisted significantly longer in patients with moderate
or severe proteinuria. We therefore sought to examine
the risk factors of moderate or severe proteinuria as
well as renal involvement. We could demonstrate that
severe abdominal pain with gastrointestinal bleeding,
an age of more than 4 years at onset, and persistent
purpura for more than 1 month were the significant
risk factors for the development of renal involvement in
HSP. Furthermore, a factor XIII activity of less than
80% and treatment with factor XIII concentrate were
demonstrated to be significantly associated with mod-
erate or severe proteinuria in addition to persistent
purpura.

Renal involvement was present in 49% of the patients
with HSP in the present study. The result seems to be in
agreement with previous studies in which approximately
30%-60% of patients with HSP manifested renal in-
volvement [9]. In contrast to abdominal pain or arthritis
in HSP, the onset of renal involvement may be delayed
for weeks or months after the appearance of the pur-
pura. The mean interval from the appearance of the
purpura to the onset of renal involvement was 26 days in
the present study, and 97% of the renal involvement was
found within 3 months of the appearance of purpura.
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Fig. 2 Factor XIII activity in 129 patients with HSP

These results were quite consistent with other studies
[19] and suggest that close attention should be paid to a
urinalysis for at least 3 months from the onset of the
disease in HSP patients who have the risk factors of
renal involvement including significant proteinuria.

Kaku et al. [12] first reported a multivariate analysis
based on a Cox regression model, and indicated severe
abdominal symptoms, persistent purpura, and decreased
factor XIII activity to be significant risk factors of renal
involvement in HSP. Severe abdominal symptoms and
persistent purpura were consistent with our results. As
for factor XIII activity, we found that the mean activity
of factor XIII was significantly decreased in patients
with severe abdominal symptoms, however, among the
patients with severe abdominal symptoms, factor XIII
activity was not different between patients with or
without renal involvement. From these results, it was
considered that factor XIII activity was not indepen-
dently related to renal involvement but was associated
with severe abdominal symptoms. We also found that
renal involvement was uncommon in patients under 3
years of age and an age of more than 4 years at onset
was apparently associated with developing renal in-
volvement. The result was in agreement with a previous
report indicating that children less than 2 years of age
were less likely to have renal involvement or abdominal
complications [2]. Kaku et al. [12] indicated that an age
more than 7 years at onset was one of the risk factors of
renal involvement based on a univariate analysis, but a
multivariate analysis did not show that the age was as-
sociated with renal involvement. Our results indicated
that they should have used a lower year of age as a cut-
off value.

Coagulation factor XIII is a transglutaminase which
cross links fibrin monomers thereby forming the stable
insoluble fibrin clot [14, 20]. Factor XIII circulates in
plasma in a tetrameric form, i.e., two subunit A (Mr
75000) showing enzyme activity and two subunit B (Mr
88000) which is considered to be the carrier protein. A
decreased level of factor XIII activity has been described
to be associated with abdominal pain and gastrointestinal
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bleeding in HSP [5, 11, 13], which was in agreement with
the present result indicating the significantly decreased
factor XIII activity in patients with severe abdominal
symptoms. The mechanism of the decreased level of
factor XIII activity in HSP has not yet been clarified, but
a hypothesis has been proposed that factor XIII may be
broken down by proteases of infiltrating leucocytes or be
excessively consumed during fibrin formation around
affected vessels. The hypothesis is supported by the
finding of decreased levels of factor XIII in leukaemia
[6], erosive gastritis [16], and Weber-Christian disease
[10]. It was interesting that the present study indicated
that the patients with moderate or severe proteinuria
had apparently lower factor XIII activity even among
those with severe abdominal symptoms. Moreover,
severe abdominal symptoms by themselves were not
defined to be significant risk factors of moderate or
severe proteinuria by the present multivariate analysis.
Taken together, the decreased factor XIII activity
seemed to be an independent risk factor of moderate or
severe proteinuria.

The therapeutic use of factor XIII concentrate has
been reported to be effective for the improvement of
abdominal and joint symptoms in HSP in Japanese
children [7,22]. The role of factor XIII concentrate
treatment in HSP is postulated that extrinsic factor XIII
stabilises the fibrin clot, improves the active vasculitis,
and subsequently decreases the degradation or con-
sumption of intrinsic factor XIII rather than simply
compensates for the reduced level of factor XIII activ-
ity. The effectiveness of factor XIII concentrate for the
relief of severity of abdominal and joint involvement
may reflect severity of vasculitis as a common patho-
genetic factor. Fukui et al. [7] described that factor XIII
concentrate administration improved both proteinuria
and haematuria in HSP. In contrast, Kaku et al. [12]
could not demonstrate the effectiveness of factor XIII
concentrate administration in preventing the renal in-
volvement in HSP. We found in the present study that
the treatment with factor XIII concentrate was a sig-
nificant risk factor for moderate or severe proteinuria.
However, we considered that this is due to the fact that
the treatment with factor XIII concentrate was signifi-
cantly performed in those patients with moderate or
severe proteinuria because of their remarkably de-
creased factor XIII activity. The treatment by itself did
not seem to be a risk factor of significant proteinuria,
since five patients with normal factor XIII activity had
received factor XIII concentrate and only one of them
developed moderate proteinuria. Further studies must
be required to clarify the relation between factor XIII
activity and significant proteinuria. In addition, al-
though factor XIII treatment is translated into thera-
peutic strategies in Japan, a possible genetic or racial
influence on the efficacy of factor XIII concentrate
treatment remains to be elucidated.

Previous studies described that the use of corticos-
teroids gave the patients with HSP an earlier resolution
of their abdominal and joint symptoms [I, 17]. In con-

trast those findings, it has been under discussion whether
early corticosteroid administration prevented delayed
renal involvement [15, 18]. Although Kaku et al. [12]
reported that treatment with steroids had a hazard ratio
of 0.36 and was considered to decrease the risk of renal
involvement, our results were not able to indicate the
beneficial effect of steroids on developing renal in-
volvement in HSP. A univariate analysis in our study
suggested that treatment with steroids was associated
with moderate or severe proteinuria, but it might be due
to severe abdominal symptoms in these patients.

In summary, 49% of our patients with HSP mani-
fested renal involvement and 19% had moderate or se-
vere proteinuria. Based on a multivariate analysis, the
present study indicated that severe abdominal symp-
toms, persistent purpura, and age over 4 years were
significant risk factors of renal involvement in HSP, and
in addition to persistent purpura, decreased factor XIII
activity was highly associated with the development of
significant proteinuria. HSP patients who have the risk
factors for renal involvement, especially significant
proteinuria, should be closely observed for the devel-
opment of renal involvement for at least 3 months after
disease onset.

References

1. Allen DM, Diamond LK, Howell DA (1960) Anaphylactoid
purpura in children. Am J Dis Child 99: 147-168

2. Al-Sheyyab M, El-Shanti H, Ajlouni S, Sawalha D, Daoud A
(1995) The clinical spectrum of Henoch-Schonlein purpura in
infants and young children. Eur J Pediatr 154: 969-972

3. Austin HA, Balow JE (1983) Henoch-Schénlein nephritis:
prognostic features and the challenge of therapy. Am J Kidney
Dis 2: 512-520

4. Coppo R, Mazzucco G, Cagnoli L, Lupo A, Schena FP (1997)
Long-term prognosis of Henoch-Schonlein nephritis in adults
and children. Nephrol Dial Transplant 12: 2277-2283

5. Dalens B, Travade P, Labbe A, Bezou MJ (1983) Diagnostic
and prognostic value of fibrin stabilising factor in Schonlein-
Henoch syndrome. Arch Dis Child 58: 12-14

6. Egbring R, Schmidt W, Fuchs G, Havemann K (1977) Dem-
onstration of granulocytic protease in plasma of patients with
acute leukemia and septicemia with coagulation defects. Blood
49: 219-231

7. Fukui H, Kamitsuji H, Nagao T, Yamada K, Akatsuka J,
Inagaki M, Shike S, Kobayashi Y, Yoshioka K, Maki S,
Shirahata A, Miyazaki S, Nakashima M, Tanaka S (1989)
Clinical evaluation of a pasteurized factor XIII concentrate
administration in Henoch-Schonlein purpura. Japanese Pedi-
atric Group. Thromb Res Suppl 56: 667-675

8. Goldstein AR, White RHR, Akuse R, Chantler C (1992) Long-
term follow-up of childhood Henoch-Schonlein nephritis.
Lancet 339: 280282

9. Haycock GB (1998) The nephritis of Henoch-Schonlein pur-
pura. In Davison AM, Cameron JS, Grunfeld J-P, Kerr DNS,
Ritz E, Winearls CQ (eds) Oxford textbook of clinical neph-
rology, 2nd edn. Oxford University Press, Oxford, pp 858-877

10. Hendriksson P, Hender U, Nilsson IM, Nilsson PG (1975)
Generalized proteolysis in a young woman with Weber-Chris-
tian disease (nodular non-suppurative panniculitis). Scand J
Haematol 14: 355-360

11. Hendriksson P, Hender U, Nilsson IM (1977) Factor XIII
(fibrin stabilizing factor) in Henoch-Schénlein’s purpura. Acta
Paediatr Scand 66: 273-277



12.

13.

14.

15.

16.

17.

Kaku Y, Nohara N, Honda S (1998) Renal involvement in
Henoch-Schénlein purpura: a multivariate analysis of prog-
nostic factors. Kidney Int 53: 1755-1759

Kamitsuji H, Tani K, Yasui M, Taniguchi A, Taira K, Tsuk-
ada S, lida Y, Kanki H, Fukui H (1987) Activity of blood
coagulation Factor XIII as a prognostic indicator in patients
with Henoch-Schonlein purpura. Eur J Pediatr 146: 519-523
Laki-Lorand L (1948) On the solubility of fibrin clots. Science
108: 280

Mollica F, LiVolti S, Garozzo R, Russo G (1992) Effectiveness
of early prednisone treatment in preventing the development of
nephropathy in anaphylactoid purpura. Eur J Pediatr 151:
140-144

Nilsson IM, Bergentz SE, Wiklander O, Hedner U (1975)
Erosive hemorrhagic gastroduodenitis with fibrinolysis and low
factor XIII. Ann Surg 182: 677-682

Rosenblum ND, Winter HS (1987) Steroid effects on the course
of abdominal pain in children with Henoch-Schdnlein purpura.
Pediatrics 79: 1018-1021

20.

21.

22.

23.

201

. Saulsbury FT (1993) Corticosteroid therapy does not prevent

nephritis in Henoch-Schénlein purpura. Pediatr Nephrol 7:
69-71

. Saulsbury FT (1999) Henoch-Schonlein purpura in children.

Medicine 78: 395-409

Schwarz ML, Pizzo SV, Hill RL, McKee PA (1973) Human
factor XIII from plasma and platelets. J Biol Chem 248:
1395-1407

Stewart M, Savage JM, Bell B, McCord B (1988) Long term
renal prognosis of Henoch-Schénlein purpura in an unselected
childhood population. Eur J Pediatr 147: 113-115

Urani A, Ohta M, Shinya A, Ohno S, Takakuwa H, Ya-
mamoto T, Suzuki T, Danno K (1991) Successful treatment of
adult Henoch-Schénlein purpura with factor XIII concentrate.
J Am Acad Dermatol 24: 438-442

White RHR (1994) Henoch-Schonlein nephritis. Nephron 68:
1-9



