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resistant nephrotic syndrome, however, limited clinical
studies on plasmapheresis have shown inconclusive results.
Although plasmapheresis has been described as leading to
decreased proteinuria and stabilized renal function in some
patients, reports have varied in terms of the characteristics
of patients studied, the presence or absence of concomitant
use of immunosuppressive agents, and conditions of plas-
mapheresis; reported plasmapheresis efficacy rates have
been 57, 25, and 72 %, respectively, with significant var-
iation and without known long-term benefits [149-{51].
One report has suggested that plasmapheresis would be
more useful when applied early in the course of the disease
and prior to any histopathological changes [149]. Combi-
nation therapy of plasmapheresis with immunosuppressive
therapy is therefore recommended.

Reports from clinical studies have been limited with
regards to side effects of plasmapheresis for refractory
steroid-resistant nephrotic syndrome [149]. Typical side
effects of plasmapheresis that require caution include those
associated with extracorporeal circulation, allergic reac-
tions to the replacement fluid, and infection, including
sepsis [149].

Plasmapheresis can be performed in physically smaller
children because a smaller amount of blood is required
compared with LDL apheresis. While the advantages of
plasmapheresis include removal of pathological humoral
factors and correction of dyslipidemia, its disadvantages
include removal of beneficial substances from blood as
well as the use of a blood product as the replacement fluid,
which should be well understood before application.

LDL apheresis and plasmapheresis up to 12 sessions in
3 months are covered by health insurance, in dyslipidemic
patients with refractory nephrotic syndrome with FSGS
(diagnosis in the list of health insurance coverage, focal
glomerulosclerosis).

2. Rituximab

Given that data is currently insufficient to clarify the
efficacy and safety of rituximab in the treatment of
refractory steroid-resistant nephrotic syndrome, it appears
too early to recommend the use of this drug. However,
rituximab therapy may be considered in the treatment of
refractory steroid-resistant nephrotic syndrome because its
use seems justified due to the poor prognosis of patients
with refractory steroid-resistant nephrotic syndrome who
are resistant to various treatments and continue to have
severe proteinuria. The recommendation grade has thus
been classified as C1. Considering the off-label status of its
usage at this point (at preparation of this guideline), as well
as the serious side effects reported with rituximab, risks
and benefits should be carefully weighed before use and
careful administration is advised.
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Limited clinical studies for rituximab use in for refrac-
tory steroid-resistant nephrotic syndrome have been pub-
lished. One study reported that 83 % of patients with
steroid-dependent nephrotic syndrome sustained remission
at 12 months and 48 % of patients with refractory steroid-
resistant nephrotic syndrome showed remission (complete
or partial) at 6 months [81]. Another study of rituximab
reported a good initial response in 82 % of patients with
steroid-dependent nephrotic syndrome and 44 % of
patients with steroid-resistant nephrotic syndrome [79].
These data support an increasing view that rituximab is
also efficacious for steroid-resistant nephrotic syndrome,
though less so than it is for steroid-dependent nephrotic
syndrome. The KDIGO guideline does not recommend
rituximab for steroid-resistant nephrotic syndrome due to
lack of randomized controlled trials and the risk of serious
side effects. A recent report from an open-label, random-
ized, controlled trial states that rituximab was not effica-
cious for refractory steroid-resistant nephrotic syndrome
[152]. However, this conclusion is doubtful given that the
follow-up duration in the randomized controlled trial was
as short as 3 months and treatment given concomitantly
with rituximab could be insufficient.

For the use of rituximab in the treatment of refractory
steroid-resistant nephrotic syndrome, the dosage, number
of doses, dosing intervals, therapy duration, or effective
concomitant treatments have not yet been fully established;
many reports, however, have used 375 mg/m* once every
week for a total of 4 doses [81].

Side effects of rituximab are mostly acute and insig-
nificant, but rare cases of serious side effects have been
reported. Late-onset side effects, occurring long after rit-
uximab therapy, are unclear (for details on side effects of
rituximab, see Chapter 4.

3. Tacrolimus

Tacrolimus has been documented to be efficacious in
five observational studies and one randomized cyclospor-
ine-controlled trial [119, 153-157], but no large-scale
randomized controlled trials exist. Thus, the recommen-
dation grade has been classified as C1. The only available
randomized, controlled trial conducted in a small number
of children at a single center in India reported no difference
between tacrolimus and cyclosporine in the complete
remission rates of 85.7 % (18/21) and 80.0 % (16/20),
respectively, after 6 months of treatment. The proportion
of patients who experienced relapse, however, was signif-
icantly smaller in those receiving tacrolimus compared
with cyclosporine (11 vs. 50 %; p = 0.01) [119]. Patients
in both groups experienced nephrotoxicity (38.0 vs.
60.0 %), hypertrichosis (0.0 vs. 95.0 %), gingival hyper-
trophy (4.7 vs. 60.0 %), and diarrhea (28.6 vs. 5 %). With
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the exception of diarrhea, the frequency of side effects,
especially cosmetic side effects, was lower in tacrolimus-
treated patients compared with cyclosporine-treated
patients.

The dosage of tacrolimus recommended in the guide-
lines by the KDIGO and the Children’s Nephrotic Syn-
drome Consensus Conference (CNSCC) (US) is
0.05-0.1 mg/kg/day in two divided doses, with a target
trough level of 5-10 ng/mL. This dosage is based on
clinical studies in kidney transplant patients, and the effi-
cacy and safety of its long-term use in the treatment of
steroid-resistant nephrotic syndrome are unclear.

Side effects reported with tacrolimus include impaired
glucose tolerance and hemolytic uremic syndrome requir-
ing discontinuation of the treatment, as well as chronic
nephrotoxicity at follow-up kidney biopsy similar to that
associated with cyclosporine [155, 156, 158].

4. Other (mycophenolate mofetil)

Mycophenolate mofetil use in the treatment of ste-
roid-resistant nephrotic syndrome has been described in
very few reports [159-161] and the remission rates
have been low. A high remission rate was shown only
by one Chinese uncontrolled study, but this could be
due to the small proportion of initial non-responders,
who typically have poor responses to treatments, as
well as patients with FSGS that were part of the study
[160]. Although mycophenolate mofetil may be effec-
tive in the treatment of steroid-resistant nephrotic
syndrome if combined with steroid pulse therapy or
other treatments, current evidence is insufficient. The
KDIGO guideline recommends mycophenolate mofetil
in children who fail to achieve remission with calci-
neurin inhibitors and steroids. This recommendation is
based on a National Institute of Health-funded ran-
domized controlled trial that compared a combination
of mycophenolate mofetil and dexamethasone to
cyclosporine in patients with steroid-resistant FSGS.
The report demonstrated no inter-group differences in
the remission rate (46 % in the cyclosporine group vs.
33 % in the mycophenolate mofetil/dexamethasone
group; p = 0.11) [162]. However, interpretation of the
results requires caution; this randomized controlled trial
enrolled patients aged 2-40 years who had early
morning urine protein creatinine ratio of >1 g/gCr and
the eligibility criteria did not include hypoproteinemia.
Therefore, the study included many adult patients and
non-nephrotic syndrome patients.
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Chapter 7. Long-term pharmacotherapy for pediatric
idiopathic nephrotic syndrome

Recommendation statements:

L. In steroid therapy for the induction of remission in
patients around transition age, we suggest that a
switch from the ISKDC regimen to a regimen close to
that used for adults be considered as necessary.
[Recommendation grade C1]

2. Cyclosporine may be repeatedly used for 2 to 3
years when unavoidable, but attention should be
given to the appropriateness of the therapy duration,
blood drug concentration, and cumulative dose, and
we suggest the consideration of kidney biopsy to
monitor for nephrotoxicity, as necessary. [Recom-
mendation grade Cl}

3. We recommend cyclophosphamide therapy be
limited to one course during a patient’s lifetime, with
cumulative doses taken into account. [Recommen-
dation grade A]

4. When combination therapy of steroids and multiple
immunosuppressive agents is required, we suggest
that prior to use, a thorough understanding of all
characteristics and side effects for each of the steroids
and immunosuppressive agents be known. [Recom-
mendation grade Cl]

Explanation

A considerable population of patients, with frequently-
relapsing idiopathic nephrotic syndrome that originates
in childhood, can relapse in adulthood, and some
patients require prolonged medicinal therapy [163]. In
children with long-standing disease, it is important to
minimize the physical, mental, and social disabilities
from treatments as they grow into adults. Caution
should be used to avoid life-long side effects that can
occur with excessive treatments in exchange for a
shortsighted, unnecessary fear of relapse. What matters
most is not relapse but prolonged disabilities. For
example, long-term steroid therapy can be beneficial to
a patient if it is selected after anticipated relapse-pre-
venting effect and foreseeable side effects are consid-
ered along with the patient’s relapse history. Having a
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sense of how safely the long-standing disease can be
managed is a key strategy. The attending physician as
well as the patient’s family should all understand the
impact of extended treatments. Literature articles that
directly relate to the recommendation statements pro-
vided in this chapter are scarce, but search results are
provided as references. Also, respective chapters should
be looked at for the use of individual drugs in long-
term management.

High-level evidence, such as randomized controlled
trials, on long-term management of nephrotic syndrome
has not yet been published. Reported clinical studies typ-
ically aim to evaluate the short-term effects of drugs. Some
studies follow patients over a long period of time, but only
obtained long-term outcomes under very limited condi-
tions; this data often cannot be generalized to the real
clinical setting. For this reason, the recommendation levels
in this chapter of the guideline have been determined by
committee consensus and using previous reports as
references.

When providing long-term care, the attending physician
should well understand the characteristics of the drugs, to
use them as a single agent or in combination as appropriate
at his/her discretion, and according to the clinical course
and circumstances of individual patients [163].

Patients with steroid-resistant nephrotic syndrome and
failing to achieve remission over an extended period of
time are ultimately likely to suffer renal failure and require
strong immunosuppressive therapy. However, the decision
to decrease or discontinue immunosuppressive therapy will
also be essential to avoid a fatal outcome as a result of
jeopardizing the patient’s life in an attempt to improve
renal outcome.

Off-label drug use may be acceptable in patients when
the use is desirable, based on available evidence accumu-
lated from Japan and other countries [92, 100]; inconsid-
erate use, however, can lead to unforeseeable adverse
events and other problems that may preclude clinical trials
aiming to expand the indications. The use of unapproved
drugs after adequate procedures can provide useful basic
data for later clinical trials or expansion of indications, and
therefore can be helpful.

1. Steroids

In steroid therapy for induction of remission in patients
around the childhood-adult transition age, it may be con-
sidered necessary to switch from the ISKDC regimen to a
regimen close to that used for adults [164]. This was a
controversial issue in the questionnaire among the councilor
board members of the Japanese Society for Pediatric
Nephrology (conducted in May 2010): 15 members (29 %)
indicated that “after puberty, the ISKDC regimen should be
changed to a regimen close to that for adults”; 23 members
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(44 %) indicated that “after puberty, the dose for daily
dosing should be 40 mg or lower, followed immediately by
alternate-day dosing; and 14 members (27 %) indicated that
“even after puberty, the regimen should remain in line with
the ISKDC regimen.” No evidence exists on any superiority
or inferiority of these approaches. Taken together, it appears
that, as long as steroid therapy induces remission and has no
effects on subsequent relapse, the maximum steroid dose in
the induction therapy may be changed as necessary. Often
in the context of long-term care, treatment of a relapse can
be difficult in certain patients, such as those who already
have avascular necrosis of the femoral head, because steroid
therapy is the only available option for induction of
remission. In such patients, the steroid use for remission
induction should be minimized in both dose and duration
and strong immunosuppressive therapy should be given to
prevent relapse, with the risks taken into account. In sum-
mary, steroid use during the long course of the disease often
entails difficult decisions in individual cases, and decisions
should be made after careful assessment concerning the
incidence of side effects and other pertinent information.
An association between steroid use and height has been
described [165-168].

2. Cyclosporine

Although many reports describe that cyclosporine can
be used over a long period, attention should be paid to
the appropriateness of therapy duration, blood drug
concentration, and cumulative doses, and a kidney biopsy
should be considered as appropriate to monitor for
nephrotoxicity [13, 14, 36, 41, 122, 169-177]. Some
specialists point to the tendency of nephrotic syndrome
to be protracted after use of cyclosporine therapy, but
whether this is true or not should be fully examined in
future studies. Whichever is the case, it is important that
clinicians recognize cyclosporine as a drug better avoi-
ded. Inconsiderate long-term use of cyclosporine for
prevention of relapse should be avoided. When long-term
use is unavoidable, maintaining the blood drug concen-
tration below the target concentration recommended for
initial treatment, and within the range that is efficacious,
should be considered.

3. Cyclophosphamide

Cyclophosphamide has been associated with gonadal
dysfunction [178, 179], and may be given only one course
during a lifetime, with cumulative doses taken into account
(see Chapter 3 of Part 1, page 10).

For mizoribine, there has been little evidence provided
for long-term use, and further investigation is warranted.
Mycophenolate mofetil, tacrolimus, and rituximab are
currently used off-label for nephrotic syndrome in Japan,
and evidence for their long-term use has been scarce.
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Introduction

Pediatric idiopathic nephrotic syndrome is a very important
disease in the field of pediatric nephrology. The Japanese
Society for Pediatric Nephrology published the “Clinical
Practice Guideline for Medical Treatment of Pediatric
Idiopathic Nephrotic Syndrome (version 1.0) (in Japa-
nese)” in 2005. The guideline, aiming to support appro-
priate decision and treatment for pediatric idiopathic
nephrotic syndrome, illustrated standard regimens of
medical treatment of pediatric idiopathic nephrotic
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syndrome at that time and has been credited with stan-
dardization and optimization of the treatment. In 2011,
6 years after the publication, the need to revise the
guideline became recognized against the background of
changes in care setting including introduction of rituximab.
Additionally, development of guideline covering general
therapies was required.

The Scientific Committee of the Japanese Society for
Pediatric Nephrology established a new operation to revise
the guideline and published the “Clinical Practice Guide-
line for Pediatric Idiopathic Nephrotic Syndrome 2013 (in
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Japanese)” (Shindan To Chiryo Sha, Inc., Tokyo, Japan) on
September 25, 2013. The committee herein published the
guideline in English, with an aim to introduce it to pedia-
tricians around the world.

The portion of the guideline includes recommendations
and suggestions by the Committee for general therapies
such as management of edema, diet therapy, exercise
limitations, side effect management of steroids, and vac-
cination. Recommendation statements are provided at the
beginning of each chapter. In light of busy schedules of
clinical practitioners, brief evidence-based clinical guides
based on evidence are provided. The strength of each
recommendation was ranked from Grade A to Grade D
(Table 2).

For details of development and position of the guide-
line and levels of evidence, refer to the other portion of
the guideline, “Clinical Practice Guideline for Pediatric
Idiopathic Nephrotic Syndrome 2013: Medical Therapy”
[1].

Off-label drug use requires adequate understanding of
the drug’s characteristics and side effects. Inconsiderate
off-label use should be avoided. It should be noted that
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the adverse drug reaction relief service does not cover
side effects or other problems resulting from off-label use
of drugs and this should be informed to the patients and
their guardians. Adverse reactions to immunosuppressive
agents are not covered by the adverse drug reaction relief
service.

This guideline uses the “standard body weight for the
height of the patient” and not a measured body weight or a
standard body weight for age. More specifically, the child
growth curve prepared is based on the “2000 Report on
Infants and Young Children Physical Development
Research Report”, issued by the Ministry of Health,
Labour and Welfare and the “Annual Report of School
Health Statistics Research 20007, issued by the Ministry of
Education, Culture, Sports, Science and Technology. These
reports were used to determine a calendar age where the
standard height is equal to the patient’s actual height, and
the standard body weight for that age is used as the
patient’s standard body weight.
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Chapter 1. Management of edema

Recommendation statements:

1. We suggest evaluation of effective circulating
volume and body fluid volume as treatment for gen-
eralized edema, using various examinations including
physical examination, blood tests, urinalysis, diag-
nostic imaging and/or physiological tests. [Recom-
mendation grade Cl1]

1) Circulatory failure commonly occurs in children as
abdominal symptoms or shock, with decreased
effective circulating volume. Caution should be
exercised with symptoms that occur due to overload
of body fluid.

2) In cases with decreased effective circulating
volume, the following signs should be confirmed:
increased levels of fractional excretion of sodium
(FENa), increased Na/K exchange index in the distal
renal tubule, presence of hyponatremia, and/or an
elevation in hematocrit.

3) In cases with increased effective circulating
volume, evaluation of body weight and imaging tests
(chest radiography or sonoradiography) are required.
2. Mild edema generally requires no treatment and we
suggest not using diuretic agents or human albumin.
[Recommendation grade C2]

For symptomatic refractory edema, we recommend
sodium restrictions, use of diuretic agents, or human
albumin, based on evaluation of the body fluid dis-
tribution. [Recommendation grade B]

[) In cases of normal or increased effective circu-
lating volume, diuretic agents, including loop diure-
tics, should be used. Combination therapy of human
albumin and loop diuretics provides higher diuretic
effect; however, caution should be exercised for
complications with fluid overload such as lung
edema.

2) In cases where circulatory failure is observed with
decreased effective circulating volume, intravenous
extracellular fluids or human albumin should be
administered.

3) In cases of edema refractory to medical therapy, or
when associated with severe complications, con-
sultation with a pediatric nephrologist is required.

3. We suggest that sodium restriction be required for
the treatment of edema, but not fluid restriction (See
Chapter 2, Part 2.). [Recommendation grade C1]

Explanation
1. Evaluation of edema and effective circulating volume

Edema is a typical symptom observed in patients with
pediatric nephrotic syndrome. Mild edema is resolved by
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treatment for the primary disease and thus treatment with
steroid therapy is preferred. In cases with severe edema or
refractory edema accompanied with difficulty of fluid
control, specific treatment is required [2-5].

Edema is characterized by an increase of fluid accu-
mulation in the interstitium, and patients with pediatric
nephrotic syndrome present generalized edema. The
mechanism of edema includes: (1) reduced intravascular
oncotic pressure due to hypoproteinemia; (2) increased
resorption of sodium in the epithelial sodium channel
(ENaC) in distal renal tubule and collecting tubule and in
the sodium—potassium pump (Na*—K* ATPase); and (3)
fluid imbalance due to altered capillary permeability. The
pathophysiology has led to the establishment of two
hypotheses known as the “underfilling” and “overfilling”
theories. The “underfilling” theory explains that edema
causes a decrease in effective circulating volume. Hypo-
albuminemia due to proteinuria reduces the intravascular
oncotic pressure, disturbing the balance in the starling force
in the capillaries, resulting in the transfer of fluid from
intravascular to interstitium, thus forming edema and
decreasing effective circulating volume. In this case, the
renin-angiotensin system (RAS), catecholamine sympa-
thetic nerve system, and antidiuretic hormone are acti-
vated; this activation causes secondary resorption of fluid
and sodium in the kidney and induces an exacerbation of
edema. The “overfilling” theory explains that the primary
accumulation of sodium and fluid in the kidney leads to an
increase in body fluid volume, thereby causing edema.
Hypoalbuminemia produces mild or no changes in the
oncotic pressure; however, the primary resorption of fluid
and sodium in the distal renal tubule and collecting tubule
increases the effective circulating volume, producing ele-
vated hydrostatic pressure and transferring the fluid to the
interstitium to form edema. There are no changes in RAS
or the catecholamine sympathetic nerve system according
to this theory [6, 7].

In the “underfilling” theory, the decrease in effective
circulating volume is the primary focus. Specifically, a
precipitous decline in the serum protein level requires
caution since this is associated with circulatory failure. On
the other hand, overfilling is observed in many patients.
Time-dependent body fluid changes that occur require
constant monitoring. This includes symptom evaluation,
vital signs, body weight, urine volume, blood and urine
biochemical tests, imaging tests (radiography or ultraso-
nography), and physiological tests.

(1) Change of effective and

symptoms

circulating volume

Generalized edema, complicated by pediatric nephrotic
syndrome, is commonly associated with a body-weight gain of
more than 5 %, and symptoms depend on the distribution of

@ Springer



Clin Exp Nephrol

body fluids. [3, 8] The “underfilling” symptoms are often
observed at initial onset or early stage of relapse and may
progress to shock. These symptoms include: tachycardia,
lethargy, cold sweat, decreased peripheral circulation, hypo-
uresis, and anuria. Among these, abdominal symptoms such as
nausea and vomiting, abdominal pain, and diarrhea are major
complications in children, occurring in 20-62 % of the
patients [9—12]. The “overfilling” symptoms include refrac-
tory edema, lethargy, hypertension, meteorism, and dyspnea.
Cases with heart failure or pulmonary edema dictate special
caution [ 13, {4]. Treatment diuretic agents or human albumin
should be monitored since such treatment is accompanied
with changes in the distribution of body fluids. In addition,
infections (peritonitis, sepsis, pneumnonia, cellulitis and fungal
infections), venous thrombosis, and acute renal failure are
considered as complications. Fever, abdominal pain, vomit-
ing, decreased blood pressure, and lethargy accompany peri-
tonitis and sepsis. Thrombosis of the renal or pulmonary vein
is associated with macrohematuria, tachypnea, and breathing
disorders. Acute renal failure is rarely observed but requires
careful attention since it develops from various causes,
including prerenal factors and tubulointerstitial edema due to
decreased effective circulating volume, infections, and drug-
induced renal impairment.

2)

Oncotic pressure decreases in the interstitium as well as
in plasma, suggesting that hypoalbuminemia does not
necessarily contribute to the progress of edema [7]. How-
ever, in “underfilling” cases, hypoalbuminemia that pro-
gresses in a short period decreases the oncotic pressure,
inducing circulatory failure symptoms at serum albumin
levels of 1.5-2 g/dL [9]. In this course, hyponatremia
(<135 mEq/L), elevated hemoglobin (>16 g/dL), temporal
elevated hematocrit, and decreased glomerular filtration
rates may be observed [10-12, 19, 22, 34]. Both the “un-
derfilling” and “overfilling” cases with hypoalbuminemia
show decreased levels of fractional excretion of sodium
(FENa)" [1] of less than 1 % due to enhanced sodium
resorption in the kidney. In “underfilling” cases that have
progressed, FENa is further decreased to less than 0.5 %.
Excessive “underfilling” correlates to increased plasma
aldosterone levels of more than 60 % in the distal nephron
Na/K exchange index (normal range 2030 %)" [2] Cases
that developed circulatory failure symptoms showed a
FENa of 0.2-0.3 %, and the distal nephron Na/K exchange
index of 71-86 % [!1, 12, 21].

(3) Increase of effective circulating volume and testing

Chest radiography is a useful modality that can detect
pleural effusion, pulmonary edema, and cardiothoracic
ratio (CTR) for evaluation of body fluid volume. In addi-
tion, ultrasonography is considered useful - for the

Decrease of effective circulating volume and testing
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evaluation of intravascular volume [18-20, 34]. The infe-
rior vena cava diameter (IVCD), inferior vena cava index
(IVCI) and inferior vena cava collapsibility index (IVCCI)
are measured as echographic parameters. IVCD is a
hemodynamic parameter and IVCI increases in “overfill-
ing” cases. IVCCI is an index of right atrial pressure;
IVCCI of less than 50 % corresponds to right atrial pres-
sure of less than 10 m Hg. Thus, “overfilling” cases show
decreased IVCCI. Recently, body-fluid volume measure-
ment using bioelectrical impedance analysis has been
employed in pediatric nephrotic syndrome management as
well as in chronic renal failure, heart failure, and obesity
cases. [18, 23] A study reported that edema without
changes in effective circulating volume could be evaluated
by total body water measured by the bioelectrical imped-
ance analysis. Although the number of the cases using the
analysis is limited, the bioelectrical impedance analysis is
expected to be an accurate method.

Most cases that require the control of edema are severe,
requiring refractory and steroid therapies, thus careful
management of the edema and body fluids should be per-
formed. It is also important to monitor the general condi-
tion of the patients during such management.

2. Medical therapy for edema

Since proteinuria is decreased 1-2 weeks after the start
of steroid therapy for pediatric nephrotic syndrome,
diuretic agents are not required for mild edema. For edema
accompanied with a body weight gain of 7-10 %, or per-
sistent edema suspected as the “overfilling” type, diuretic
agents can be effective (Table 1). The purpose of diuretic
agents is to stimulate the elimination of sodium and fluids
from the body [4]. Monotherapy with loop diuretics, or
combination therapy with loop diuretics and thiazide
diuretics or aldosterone antagonists, has been found to be
useful. Combination therapy with furosemide and thiazide
diuretics (hydrochlorothiazide and Metolazone [not avail-
able in Japan]) is expected to increase urine volume by
50 %, compared with furosemide monotherapy. In cases
without drastic “underfilling”, the use of diuretic agents
only, such as a combination therapy with furosemide and
spironolactone, has a similar effect as human albumin
infusion. Combination therapy of human albumin with
diuretic agents can enhance the elimination of sodium and
fluids. In previous studies, the combination of furosemide
with human albumin was associated with a two-fold
increase in urine volume, compared with furosemide
monotherapy [28~30]. Understanding the side effects of the
therapy is also required. Use of diuretics without thorough
consideration may induce “underfilling” and lead to a drop
in blood pressure and prerenal renal failure. Inappropriate
use of human albumin in “overfilling” cases has the risk of
heart failure or pulmonary edema [14].
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Table 1 Diuretic agents available for infants/children

Diuretic agent Dosage Interval (h) Route Dosage in adults
Loop diuretics
Furosemide Neonates: 1 mg/kg/dose 12-24 IV/oral 40-80 mg QD everyday or every
Infants/children: 1-4 mg/kg/day 6-12 Oral other day
1-2 mg/kg/dose 6-12 v
After IV administration at 1-2 mg/kg, Cont’d v
cont’d at 0.1-0.4 mg/kg/h
Thiazide diuretics
Trichlormethiazide Infants: 0.04 mg/kg/dose 12-24 Oral 2-8 mg/day at 1-2 doses
Hydrochlorothiazide Infants: 1-2 mg/kg/day 12-24 Oral 25~100 mg QD or BID
Mefruside Infants: 15 mg/day for 3 years old 12-24 Oral 25-50 mg once (morning) or twice
25 mg/day for 7.5 years old (morning and daytime)
25-50 mg/day for 12 years old
Aldosterone antagonists
Spironolactone Preterm infant (<32 weeks): 1 mg/kg/day 24 Oral 50-100 mg/day dividedly
Mature infants: 1-2 mg/kg/day 12 Oral administered
Infants/children: 1-3 mg/kg/day 6-12 Oral
Potassium canrenoate Infants: 1-4 mg/kg/day 12-24 v 100200 mg IV once or twice
daily. Not to exceed 600 mg/day.
Treatment period within 2 weeks
Triamterene Infants: 1-2 mg/kg/day 8-12 Oral 90-200 mg/day, 2-3 doses

1V intravenous, QD quaque die, BID bis in die

)

Loop diuretics are agents with the highest efficacy,
inhibiting 20-30 % of sodium resorption in the renal tubule.
Agents pass from the bloodstream into the lumen via the
proximal tubule, where they then inhibit Na—K-2Cl trans-
port in the ascending limb of loop of Henle, increasing the
elimination of sodium, potassium, and chlorine. Furosemide
is most commonly used among loop diuretics and adminis-
tered orally or intravenously. The duration of action, when
orally administered, is 4—6 h; when intravenously adminis-
tered, the duration of action is 2-3 h. Urine volume output is
dose-dependent, increasing with higher doses. In children,
there is a risk for excessive diuretic effect due to too much
elimination of furosemide into the tubules. In children with
nephrotic syndrome, this effect may be made insufficient by
edema in the intestinal tract or by renal impairment [24-26].
Intravenous administration should be limited to cases where
oral administration fails to elicit an adequate response. When
the diuretic effect is insufficient, dosing can be increased up
to two times. The maximum dose in adults with normal renal
function is 80-120 mg per dose [27]. An overdose of loop
diuretics may result in hearing loss so judicious use should be
considered. For the treatment of heart failure and for inten-
sive care purposes in children, continuous intravenous
infusion has been a useful method, preventing a reduced
therapeutic response of furosemide through repeated dosing

Diuretic agents

P65

and maintenance of elevated blood levels. After intravenous
administration of 1-2 mg/kg, furosemide is continued at a
dose of 0.1-0.4 mg/kg/h [24-26]. There is no evidence
regarding this therapy, however, for use in pediatric
nephrotic syndrome and further studies are warranted. Side
effects of the therapy include electrolyte abnormality, met-
abolic alkalosis, renal calcification, and hearing loss. Other
loop diuretics, such as torasemide, azosemide, and pireta-
nide, have been used as treatments for heart failure but lack
evidence in cases of pediatric nephrotic syndrome.

Thiazide diuretics inhibit the thiazide-sensitive Na-Cl
co-transporter (NCTT) in the distal renal tubule, thereby
stimulating the elimination of sodium and chlorine.
Resorption of sodium in the distal renal tubule is increased
in nephrotic syndrome, and thus thiazide diuretics, which
act at the very site, are thought to be promising. Thiazide
diuretics are used when loop diuretics cannot control
edema, with caution to hypokalemia.

Aldosterone antagonists inhibit the binding of aldoste-
rone to mineralocorticoid receptors at the collecting tubule
and suppress reabsorption through sodium channels.
Aldosterone antagonists have a less diuretic effect, but
have a potassium-conserving effect as well. Therefore, they
are used in combination with loop or thiazide diuretics to
prevent hypokalemia and reinforcement of the diuretic
effect. Caution should be paid to side effects such as
hyperkalemia and gynecomastia.

@ Springer
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Other diuretic agents include osmotic diuretics and atrial
natriuretic peptide (ANP). A case study reported that the
combination therapy of 20 % p-mannitol and furosemide in
a patient without renal impairment could control edema
refractory to human albumin and diuretic agents. However,
further research is still needed [31]. Atrial natriuretic
peptide has showed diuretic effects in adult patients;
however, efficacy and safety in children with nephrotic
syndrome are not clear [32].

(2) Albumin

Infusion of human albumin promotes the transfer of
sodium and fluids from interstitium to intravascular by
increasing the blood osmolarity. The indications of human
albumin infusion are: (1) symptoms or signs of shock due to a
decrease in effective circulating volume, and (2) refractory
edema to which diuretic agents do not respond [3, 4]. The
decrease in effective circulating volume commonly occurs
during the period the patient has massive proteinuria and by
triggers such as infections, diarrhea, or overuse of diuretic
agents. Human albumin infusion should be used properly
after examining “underfilling” based on the evaluation of
symptoms, body fluid volume and distribution of the fluids.
For circulatory failure, extracellular fluid such as physio-
logical saline is intravenously administered at 10-20 ml/kg
over a time period of 30-60 min. When symptoms of circu-
latory failure are not improved, high-concentration human
albumin (20,25 %) is administered with the infusion solution
at 0.5-1.0 g/kg/dose over a course of 2—4 h.

Refractory edema that does not respond to diuretic agents
is often “overfilling”, as well as accompanied with hypo-
albuminemia. Combination therapy with human albumin
infusion and diuretic agents can increase the elimination of
sodium and body fluids. After the administration of high-
concentration human albumin (20, 25 %) at 0.5-1.0 g/kg/
dose over a time course of 2—4 h, furosemide at 1-2 mg/kg/
dose is intravenously injected. In adults, the most common
dose is 25 % human albumin at 50-100 ml. When severe
proteinuria persists, human albumin is likely to be repeat-
edly administered since the activity of human albumin is
temporal [33]. Caution should be taken to prevent heat
failure or pulmonary edema by overdose and rapid infusion.

Haws and Baum [14] reported that a mean number of
5.4 treatment courses of human albumin infusion and
furosemide, 1-3 doses daily, in 21 children with nephrotic
syndrome, resulted in hypertensive complications in 70 %
of the patients; 3 children developed respiratory failure or
congestive heart failure. The authors suggested that human
albumin infusion should take more than 2-4 h. Heart rate
and blood pressure should be closely monitored, and dose
intervals should be more than 24 h. Use of human albumin
may be accompanied with severe complications and risk of
allergy and infections. In addition, direct nephrotoxicity
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has been reported in animals treated with human albumin
infusion. Therefore, treatment with albumin requires care-
ful consideration of the indication.

(3) Other therapies

Severe edema that cannot be controlled by diuretic
agents or human albumin infusion may progress to pul-
monary edema or heart failure due to “overfilling.”
Additionally, clinical conditions of severe edema also often
involve complicated acute renal failure, shock, infection,
renal vein thrombosis, and drug-induced renal impairment.
Intensive management is required under consultation with
a pediatric nephrologist and dialysis therapy (peritoneal
dialysis or extracorporeal circulation) may be considered.
Since rapid fluid removal increases the risk of prerenal
renal failure, slow and continuous ultrafiltration is pre-
ferred, keeping the removal rate appropriate. In adults,
extracorporeal ultrafiltration methods have been reported
as effective only for the control of edema, but evidence for
using such methods in children does not exist [15-17, 34].
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Chapter 2. Diet therapy

Recommendation statements:

. We suggest sodium restrictions for remission of
edema associated with nephrotic  syndrome.
[Recommendation grade Cl]

2. We suggest that the degree of sodium restrictions
be determined based on the status of edema and the
amount of food intake. [Recommendation grade C1]
3. For patients with nephrotic syndrome and normal
renal function, we suggest that protein consumption
be based on the nutrient requirement for healthy
children of the same age. [Recommendation grade
Cl1]

4. For patients with nephrotic syndrome, we suggest
that the intake of caloric energy be based on the age
of the patient. [Recommendation grade C1]

Explanation
1. Sodium restriction

Sodium restriction is a major leading therapy for edema
associated with nephrotic syndrome. While randomized,
controlled studies and meta-analysis do not provide much
supportive evidence for the effectiveness of sodium
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restrictions for the remission of edema, empirical evidence
in the form of inferences taken from pathophysiology,
experiences in clinical practice, and results from observa-
tional studies, support its use. There is no evidence that
shows sodium restrictions shorten the time to remission of
proteinuria or improves the response to medical therapies
such as steroid treatments.

Generalized edema is a major sign of nephrotic syn-
drome. Although it rarely progresses to advanced edema,
accompanied with heart failure and pulmonary edema,
even moderate generalized edema is considered to carry a
psychological burden on the patient.

The mechanism of generalized edema is thought to be
due to sodium retention by impaired renal excretion of
sodium and an transudation of plasma fluid into extravas-
cular spaces due to the decrease in intravascular oncotic
pressure by hypoalbuminemia. The two mechanisms for
sodium retention by the kidney are: secondary stimulus to
the renin-angiotensin system by a decrease in intravascular
oncotic pressure, and a primary enhanced sodium reab-
sorption in the kidney. Sodium restrictions have therefore
been recommended for edema in nephrotic syndrome.
There is no standard for the level of sodium restrictions
based on published evidence, but on an empirical basis,
sodium intake is likely to be limited to 2-3 g/day (corre-
sponding to 5-7.5 g/day as salt).

Fluid restriction for edema is not necessary unless
accompanied with oliguric renal failure or hyponatremia.

2. Adjustment of sodium restriction

Sodium restrictions are to be adjusted based on the
status of edema and dietary consumption by the patient.

In most cases with nephrotic syndrome, urine protein
decreases within 2 weeks after the start of steroid therapy,
followed by the diuretic phase, and thus there is no need for
any sodium restrictions. However, in Japan, diets with a high
salt content, including snacks, fast food, and frozen foods, are
being increasingly consumed. Consumption of such high-
sodium foods and seasonings (dietary salt, soy sauce, or
Worcestershire sauce) should be avoided in patients with
edema prior to the diuretic phase. Table 2 indicates dietary
salt intake for the Japanese population by age group.

In cases where refractory nephrotic syndrome is
accompanied by persistent proteinuria and severe edema,
sodium restrictions are recommended to improve the effi-
cacy of diuretic agents. Note that excessive sodium
restrictions can decrease the appetite and can therefore
hinder appropriate nutritional consumption.

3. Protein intake

Nephrotic syndrome results in the loss of massive pro-
tein levels, which leads to hypoalbuminemia. In the past,
high-protein diets were recommended to replace the
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Table 2 Dietary reference intake for Japanese population

Dietary reference intake: sodium chloride equivalent, g/day

Age (years)  Target intake for males  Target intake for females

12 <4.0 <4.0
3-5 <5.0 <5.0
6-7 <6.0 <6.0
89 <7.0 <71.0
10-11 <8.0 <75
12-14 <9.0 <735
15-17 <9.0 <7.5

Dietary reference intake: protein, g/day

Age (years) Target intake for males  Target intake for females

EAR RDA EAR
1-2 15 20 1-2 15
3-5 20 25 3-5 20
6-7 25 30 6-7 25
8-9 30 40 8-9 30
10-11 40 45 10-11 40
12-14 45 60 12-14 45
15-17 50 60 15-17 50

Dietary reference intake: estimated energy requirement (EER), g/day

Age (years) Target for males

I II I

Target for females

Physical activity level 1 I 11

1-2 1000 900

3-5 1300 1250

6-7 1350 1550 1700 1250 1450 1650
89 1600 1800 2050 1500 1700 1900
10-11 1950 2250 2500 1750 2000 2250
12-14 2200 2500 2750 2000 2250 2550
15-17 2450 2750 3100 2000 2250 2500

Physical activity level: I, low; II, middle, III, high

EAR estimated average requirements, RDA recommended dietary
allowance

protein lost in urine. On the contrary, in adult patients with
decreased renal function, studies have reported that protein
restrictions might improve renoprotection and decrease
urine protein and therefore was recommended [35, 36].

In patients with pediatric nephrotic syndrome, urine
protein decreases within 2 weeks after the start of steroid
therapy and serum albumin levels return to normal. We
suggest that the amount of protein intake be based on the
nutrient requirement for healthy children of the same age,
considering both the unlikelihood of progression to renal
failure and their growth. Table | shows the dietary refer-
ence intake for the Japanese population in terms of protein
and grouped according to age.
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4. Enpergy (caloric) intake

In adult patients with nephrotic syndrome, higher energy
(caloric) intake is recommended in parallel with the dietary
protein restriction aforementioned. The intent of this recom-
mendation is to maintain an adequate nitrogen balance.
However, in children with nephrotic syndrome, in whom
dietary protein is not restricted, there is no need to instruct them
to consume a higher number of calories. Excessive restrictions
on caloric intake may do more harm from a physical and
psychological perspective. It is thereby appropriate to instruct
the children to consume the number of calories consistent with
their age. Some patients on steroid therapy may gain weight
and become obese due to an increased appetite. Therefore, it is
important to instruct the families of patients to arrange their
diet in such a way to prevent obesity.
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Chapter 3. Exercise limitations

Recommendation statements:

1. We suggest that limiting exercise is not useful to
induce remission or prevent relapse. [Recommenda-
tion grade C2]

2. We suggest exercise limitations for severe cases in
the acute phase with abnormal blood pressure and/or
lung edema. [Recommendation grade CI]

3. We suggest avoiding excessive limitations on
exercise in order to help prevent thrombosis in the
acute phase, drug-induced osteoporosis associated
with steroid therapy, and for the prevention of obe-
sity. [Recommendation grade C1]

Explanation

Exercise limitations in patients with nephrotic syndrome
should be considered on the basis of impact on: (1) the
nephrotic syndrome, (2) complicating thrombosis in the
acute phase, and (3) side effects due to long-term and high-
dose steroid therapy. In general, radical limitations on
exercise may lower the quality of life for many children.
Multiple western medical textbooks mention that immo-
bility should be avoided in terms of a psychological and
emotional perspective. This section discusses limitations
on exercise and is based on “Health Care Guidance” lit-
erature published by the Japanese Society of School
Health.

1. Exercise limitation for induction of remission and

prevention for relapse

Previous reports indicate that the impact of exercise can
cause stress on renal functions and uric protein. Exercise
decreases renal plasma flow and glomerular filtration rates,
and raises the filtration fraction, which leads to an increase
in uric protein [37]. However, specifically, the impact of
exercise on the duration of remission or frequency of
relapse in patients with pediatric nephrotic syndrome has
not yet been studied. However, one published document,
with limited findings, reports that school-time swimming
did not decrease short-term renal function before or after
the exercise and showed no significant difference in the
frequency of relapse or total dose of steroid consumption.
[38, 39] In an authorized guideline for patient education in
Japan called the “Guidelines for Lifestyle and Dietary
Therapy for Kidney Diseases”, recommendations for
exercise limitations by age are provided. The guidelines
recommend immobility during the induction therapy phase
for nephrotic syndrome and prohibition of active exercise
in patients treated with steroids even after achieving
remission and disease stability, as shown in Table 3
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(prepared by the Japanese Society of School Health). The
recommendation is based on risk considerations from the
exercise in terms of side-effects for proteinuria and renal
function. However, our guidelines recommend that exer-
cise limitations should not be issued unless special con-
cerns arise, since it is unclear how the transient changes
induced by exercise are associated with long-term out-
comes. Side effects from limitations imposed on activities
in daily life on nephrotic syndrome have not yet been
identified. The recommendation grade of the guideline
development committee has been classified as C2.

2. Exercise limitations in acute and unstable phases

A case report was presented that showed a patient
who was unaware of his primary nephrotic syndrome,
detected by urinalysis in a mass school screening, had
developed acute renal failure after intense exercise stress,
[40] suggesting the risk of excessive exercise in the
acute phase. As mentioned in the previous section, lim-
itations on exercise are not considered useful to induce
remission or prevent relapse; however, in cases with
unstable circulation dynamics due to decreased oncotic
pressure or with hypertension and/or pulmonary edema
due to overflow of fluids, exercise limitations are
required in accordance with the condition of the patient.
Based on a consensus by the committee members,
regardless of the absence of evidence, the guideline
development committee has classified the recommenda-
tion grade as Cl.

3. Avoiding excessive limitation of exercise

(1) Thrombosis and exercise limitation

In cases with nephrotic syndrome who experience con-
tinuous elimination of large amount of protein in the urine,

Table 3 Health classification by the status of nephrotic syndrome

Classification Status of nephrotic syndrome

A (at home)

B (classroom
activity only)

Requiring at-home or hospital treatment

Able to attend school but not achieving stable
disease

Achieving stable disease and receiving steroid
therapy

C (mild exercise)

D (mild to moderate Maintenance of remission by alternate-day
exercise) administration of steroids

E (normal activities) Maintenance of remission without
administration of steroids

Cited with modifications from In: Urinalysis in school (revised)—
from planning to subsequent measures. The Japanese Society of
School Health; 2003. Chapter III, Management and treatment,
p. 55-85
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the risk of arterial and deep-venous thrombosis is increased
[41]. The increase of risk of thrombosis is known to be
caused by hemoconcentration due to decreased effective
circulating volume associated with hypercholesteremia and
hypoalbuminemia and by loss of protein with fibrolytic
activity in urine. Previous studies reported that 2-5 % of
children with nephrotic syndrome were complicated by
deep venous thrombosis and suggested higher risk in ste-
roid-resistant nephrotic syndrome [42, 43]. Other risk
factors include: hemoconcentration, severe proteinuria,
prolonged immobility, and placement of central venous
catheter [44, 45]. Adequate water replacement and infusion
of albumin are required to reduce the risk and excessive
limitation of exercise should be avoided. In the guidelines
for adult patients, routine prophylaxis using anticoagulant
agents for nephrotic syndrome is not recommended with
the exception of cases with thromboembolism or accidental
deep venous thrombosis. In children, there is no evidence
of efficacy.

€3

Long-term steroid therapy for children with steroid-
resistant and -dependent or frequent-relapsing nephrotic
syndrome is known to be associated with risk of loss of
bone mineral [45] and obesity [46, 47]. Therefore, adequate.
exercise is recommended in the remission phase, instead of
excessive limitation of exercise. In adult patients, accord-
ing to index shown in the “Evidence-based practice
guideline for the treatment of chronic kidney disease 2009”
published by the Japanese Society of Nephrology, patients
with stable nephrotic syndrome are recommended to reg-
ularly perform mild exercise (5.0-6.0 METs). For lifestyle
guidance in children, see the next section.

Obesity is not only the problem as side effect of
steroids, but also as one of clinical conditions of meta-
bolic syndrome associated with increased patients with
hypertension [48]. Obesity in children migrates to adult
obesity at a high rate, and thus it is important to decrease
obesity regardless of presence of hypertension. Exercise
decreases the obesity, and thereby improves and main-
tains insulin resistance and hyperlipidemia [49]. In chil-
dren with obesity and normal renal functions, adequate
exercise is recommended.

€))

Conventional guidance tended to excessively limit
exercise. The Japanese Society of School Health published
the “Health classification by the status of nephrotic syn-
drome” as a guide based on “Health-care Guidance” for
renal diseases and the guidance has been used in the clin-
ical settings. However, thinking out of the conventional
idea that the children with nephrotic syndrome are different

Impact on side effect of steroids

Exercise guidance in practice
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Table 4 Health classification

X - Every day Alternate-day  Proteinuria,  Chronic disease, Frequent relapse,
by the status of nephrotic administration  administration  no edema or hypoalbuminemia  remission under
syndrome of steroids, of steroids, hypertension and mild edema  immunosuppression

proteinuria proteinuria

A 1 0 0 0 0

B 3 0 5(B/C4) 10 (B/C 5)

C 13(C/D 1) 4(C/D2) 14C/DT)y  25(C/DT) 2 (C/D 2)

. \ -

“/” indicates that either of the b 4 (D/E 1) 14 (D/E 3) 16 (D/E2) 9 (D/E3) > (D/E D
classification may be chosen D/E 14 9 6 5 7
based on the situation comment™
A at home, B classroom activity B 15 21 12 4 38
only, C mild exercise, D mild to Others 4 5 | 1 2
moderate exercise, E normal Total 54 54 54 54 54

activity

from healthy children, their development should also be
considered.

Goto et al. [50] conducted a survey using a question-
naire about exercise limitation for patients with renal dis-
eases targeting the panels of the Japanese Society for
Pediatric Nephrology. The five items for nephrotic syn-
drome are shown in Table 4. In the survey, patients pre-
senting proteinuria had some limitation of exercise ranging
B (activities only in classroom) to D (mild to moderate
exercise). Patients with maintained remission had the
limitation of D at highest, and the selection of limitation
was based on the bone mineral density and exercise
applying load, an index that the “Health-care Guidance”
did not include, was limited. The limitation was much less
strict than that of “Guidelines for Life Style and Dietary
Therapy for Kidney Diseases” published by the Japanese
Society of Nephrology. These results are based on ques-
tionnaire survey among 54 panel members of the Japanese

Table 5 Revised health classification by the status of nephrotic
syndrome

Classification Status of nephrotic syndrome

A (at home)

B (classroom activity
only)

Requiring at-home or hospital treatment
Not achieving stable disease

C (mild exercise)

D (mild to moderate
exercise)

Having proteinuria of (4-) or more severe

No consideration of fracture with
administration of steroids or symptoms

E (normal activities)

Cited with modifications from In: Urinalysis in school (revised in
2011). The Japanese Society of School Health; 2012. Chapter III,
Management and treatment, p. 55-84
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Society for Pediatric Nephrology and may be used as an
expert opinion.

The “Health-care Guidance” was revised in 2011, in
accordance with the survey, as shown in Table 3.

Although not mentioned in the survey, a short-term
exercise limitation is commonly performed at the discharge
(start of school attendance) in consideration of decrease in
muscle strength and cardiopulmonary functions due to stay
at the hospital.

Bibliography

1. The Japanese Society of Nephrology. Guideline for life style and
dietary therapy for patients with kidney disease [in Japanese]. Jpn
J Nephrol. 1997;39:1-37.

2. Gipson DS, Massengill SF, Yao L, Nagaraj S, Smoyer WE, Mahan
ID, Wigfall D, Miles P, Powell L, Lin JJ, Trachtman H, Green-
baum LA. Management of childhood onset nephrotic syndrome.
Pediatrics. 2009;124:747-57.

3. Niaudet P. Complications of idiopathic nephrotic syndrome in
children. In: Basow DS editor. UpToDate. 2013. http://www.
uptodate.com/contents/complications-of-idiopathic-nephrotic-syn
drome-in-children?source=search_result&search=C-+omplica
Honso--tid-+-iopathic-+nephrotics+yndrome-inc+hildredzselec
tedTitle=10~ 150. Accessed 31 Aug 2014.

4. Editorial Committee on Japanese Guideline for Prevention of
Venous Thromboembolism. Japanese guideline for prevention of
venous thromboembolism {in Japanese]. Tokyo: Medical Front
International; 2004.

5. The Japanese Society of Nephrology. Evidence-based clinical
practice guideline for CKD 2009 [in Japanese]. Jpn J Nephrol.
2009;51:934-9.

6. Committee on Revision of “School urinalysis screening.” Man-
agement and treatment. In: School urinalysis screening: revised in
2011 [in Japanese]. Tokyo: Japanese Society of School Health;
2012. pp. 55-84.



Clin Exp Nephrol

Chapter 4. Side effect of steroids: osteoporosis

Recommendation statements:

1. We suggest that nephrotic syndrome is a risk factor
for decreases in bone mineral density and compres-
sion fractures. [Recommendation grade C1]

2. We suggest measurement of bone mineral density
using dual-energy x-ray absorptiometry (DXA) in
patients with nephrotic syndrome. [Recommendation
grade C1]

3. There is insufficient evidence on available medical
therapies for treatment of pediatric steroid-induced
osteoporosis. [No recommendation grade]

4. We suggest the reduction or discontinuation of
steroids for the prevention and treatment of pediatric
steroid-induced  osteoporosis.  [Recommendation
grade C1]

Explanation

1. Bone complications associated with steroid use

Steroids are commonly used for treatment of pediatric
nephrotic syndrome and are known to be associated with a
decrease in bone mass by breaking down the equilibrium
state between bone resorption and osteogenesis due to fol-
lowing effects: (1) direct effects to both osteoblast and
osteoclastic cells, (2) inhibition of calcium absorption via the
small intestine, (3) stimulation of calcium elimination from
the kidney, and (4) inhibition of the secretion of androgen
and estrogen. The decrease in bone mass shows a two-phase
clinical course: rapid progression at 6 months following the
start of steroid therapy, with a gradual slowing thereafter. A
survey of 22846 children with fractures, and on glucocorti-
coid therapy, reported that the risk of fractures in children
receiving 4 or more courses of oral steroids (mean days of
course, 6.4 days) was higher (odds ratio 1.32) than that of
similarly-aged children with no steroid therapy [51]. This
infers that caution to the decrease in bone mineral density
and compression fractures is necessary in patients with ste-
roid-sensitive pediatric nephrotic syndrome. These results
suggest that shorter treatment time with steroids may be
required. Another study, in patients over the age of 4 and with
steroid-sensitive pediatric nephrotic syndrome, reported no
significant difference in bone density of the lumbar spine
region when results were adjusted to the bone area, age, sex,
maturity, and race of control subjects [52]. The insight pro-
vided by this study is that the decrease in bone mineral
density and compression fractures due to steroid therapy, is
attributable to the primary disease, and the risk in nephrotic
syndrome may be less than other diseases. The study, how-
ever, may be biased by the treatment regimen of the steroid
therapy (i.e., alternate-day administration). In addition,
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Freundlich et al. [53] reported that onset of osteoporosis
depended on the disease progression of nephrotic syndrome
and that steroid therapy caused the osteogenesis and meta-
bolic abnormality. Comprehensively examining these find-
ings, our guideline committee built a consensus and
concluded that nephrotic syndrome may be arisk factor for a
decrease in bone mineral density and compression fractures.
In particular, refractory nephrotic syndrome, which requires
treatment with a large volume of steroids, should be closely
monitored for osteoporosis.

2. Measurement of bone mineral density

Reyes etal. [54] reported the risk of a compression fracture
of the spine in children receiving steroids significantly
increased in cases with z-score of less than —1.8, and in such
cases, treatment intervention should be considered. However,
diagnosis criteria for pediatric osteoporosis have not been
established and thus the therapeutic strategy has not yet been
determined. This is due, in particular, to bone metabolism in
children: the unstable balance between bone resorption and
osteogenesis precludes diagnosis of osteoporosis based on
bone mineral density. In addition, the cutoff level for lumbar
spine bone density fractures was 10 % higher in adults with
steroid-induced osteoporosis, compared to those with pri-
mary osteoporosis. Patients with steroid-induced osteoporo-
sis can develop more fractures than those patients with
primary osteoporosis, regardless of higher bone mineral
density, suggesting that steroid therapy may adversely affect
bone substance as well as bone mineral density.

Current medical testing incorporates bone mineral den-
sity into the diagnosis of young patients. Although dual-
energy X-ray absorptiometry (DXA) has become a com-
mon measurement method of bone mineral density, it is
still difficult to diagnose pediatric steroid-induced osteo-
porosis and/or to evaluate the risk of fracture for reasons
mentioned above. However, DXA enables the observation
of decreases in bone mineral density over time in a patient.
Since there is no testing method that is superior to DXA for
the evaluation of osteoporosis and the risk of fracture, it is
preferred to perform routine bone mineral density mea-
surements using DXA. Details such as administration
intervals are to be determined and at present should be
individually decided based on the status of nephrotic syn-
drome and change of bone mineral density.

3. Medical therapy

Bisphosphonates have been proven to be effective for
the treatment and prevention of steroid-induced osteopo-
rosis in adults. In children, a published report presented
significant increases in bone mineral density when treated
with bisphosphonates during steroid therapy; however, it
did not provide sufficient evidence since the sample size of
the study was small [55].
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