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Abstract. Since 1992 we have treated 11 children withbeen used sporadically in the treatment of INS with vari-
frequently relapsing steroid-sensitive=6) or steroid-re- able success [4—-15]. This led to a prospective random-
sistant (=5) nephrotic syndrome with levamisole. All ized study of the British Association of Paediatric Neph-
had been non-responsive to other immunosuppressivelogy, which showed a high response rate and a signifi-
medication before levamisole treatment. All steroid-sen€ant steroid-saving effect of levamisole [16]. In the light
sitive patients had signs of steroid toxicity. At least lof these data, levamisole has been recommended for the
kidney biopsy had been performed prior to study in eaclreatment of relapsing steroid-sensitive INS by some au-
patient. Five children had minimal glomerular changeghors [17], but to our knowledge current treatment regi-
and the other 6 focal segmental glomerular sclerosisnens vary considerably between different centers [18].
The patients were treated with levamisole (2.5 mg/kg per In contrast, experience in the treatment of stereid-
48 h) for at least 2 months (up to 18 months, median 18istantINS with levamisole is limited. There is only one
months). Two patients had additional immunosupprespublished report, including three children with partially
sion (cyclosporine A) during levamisole treatment. All steroid-sensitive INS treated with levamisole. Two of
patients with steroid-sensitive nephrotic syndrome bethese had a complete remission [19]. Since 1992 we
came free of proteinuria within 2 months and have rehave used levamisole in patients with INS and normal
mained in remission after discontinuation of levamisolerenal function as rescue therapy, i.e., only if other medi-
(follow-up time 8-50 months, median 24 months). Nonecations (steroids, CyA, alkylating agents) had been tried
of the children with steroid-resistant nephrotic syndromewithout lasting success. Our single-center experience in-
experienced a remission. Side effects were observed indicates that levamisole treatment is of considerable clini-
patients and included a granulocytopenia and a sevemal benefit, but only in patients with steroid-sensitive
psoriasis-like cutaneous reaction; both were reversibl&NS.

after discontinuation of levamisole. We conclude that le-

vamisole is of benefit in steroid-sensitive nephrotic syn-

drome but not in steroid-resistant nephrotic syndrome. Patients and methods

Key words: Levam'SOIe - Ster0|d-sgn5|tlve nephrotic A total of 11 patients (aged 4-18 years, median 12.5 years) were
syndrome — Steroid-resistant nephrotic syndrome treated with levamisole (Table 1). Clinical course and response to
treatment were classified according to criteria established by the
German “Arbeitsgemeinschaft fir P&adiatrische Nephrologie”
(APN) [20]. Six children were classified as frequent relapsers and
Introduction 4 as primarily steroid resistant. One initially steroid-sensitive pa-
tient (no. 7) acquired steroid resistance after 5 years and was clas-
- . . sified as secondarily steroid resistant. All patients had been treat-
Treatment of recurrent idiopathic nephrotic syndromegq with at least one additional immunosuppressive agent before
(INS) is often complicated by the toxicity of the thera- |evamisole therapy (Table 1). All patients had previously under-
peutic regimen with corticosteroids, alkylating sub-gone at least 1 kidney biopsy (Table 1). Histology in 5 patients
stances, and/or cyclosporine A (CyA). An alternative isshowed minimal glomerular changes, while 6 patients had focal
treatment with levamisole, a potent anthelmintic withSegmental glomerular sclerosis (FSGS).

; _ ; ; _ : Before starting levamisole therapy, remission was achieved in
immune-modulating properties [1-3]. Levamisole haSsteroid-sensitive patients using a standard course of prednisone

- (60 mg/m? per day). After 3 days of protein-free urine, levamisole
Correspondence tod. Querfeld, Klinik und Poliklinik fir Kin-  was introduced at a dosage of 2.5 mg/kg every 48 h and predni-
derheilkunde, D-50924 Cologne, Germ ny sone was reduced according to the APN protocol (40 mg/m? per
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48 h) during the following 4 weeks. Two patients received addi-garded rather critically [18]. Although levamisole has
tional therapy with CyA during treatment with levamisole. been tried for many years, there is no information avail-
I'” pafients 2’1‘””‘ ztem&d'{es'%at“; INS, the same dc(’fe of "fj‘l’am'aple regarding long-term safety and there are no official
sole was introduced and steroid therapy was tapered regardless ? . .
proteinuria. Renal function of all patie?%s was n%rmal (c?eatinine'pecommendatlons for dosage and duratlon. of therapy in
clearance calculated from a 24-h urine collection). Two patientdNS. We have adopted the dose and duration of therapy
had additional immunosuppressive treatment with CyA while onfrom the British study [16].
levamisole; 3 patients did not receive any other immunosuppres- We started treating our patients with levamisole as
sive treatment at that time (Table 1). “rescue-therapy” in 1992. All children were steroid sen-

Before starting therapy informed consent was obtained fromsitive and had signs of steroid toxicity. Other medica-
the patient and/or parents. The patients were seen weekly in trﬁe

outpatient clinic during the first few weeks for a physical exami- ons (CyA, alkylating age'nts) had been tried WlthO.Ut
nation and control of laboratory data (white blood cell count, seJasting success. These patients were cured by levamisole

rum electrolytes, serum total protein, creatinine, urea, liver enwithout any further relapses. This supports the results re-
zymes, and coagulation parameters). Levamisole therapy wasorted by other groups in patients with steroid-sensitive
stopped after a minimum of 2 months, if no decrease in proteinuntNS [4—15]. This seems a remarkably high success rate
1a (“.rt'“e d'ps“‘{'.kv 2"5? urine Co'ielcé'on) was e;)pqaregt. ”t‘. refp?”g%f one considers that all patients had been unsuccessfully
ers, it was continued for at least 1.2 montns, butn > palients Weatzq a1ad with other immunosuppressive agents previously.
ment was extended to 18 months (median 12 months). However, our study was uncontrolled and, since sponta-
neous remissions are known to occur in patients with
INS, especially during puberty, we cannot rule out spon-
taneous resolution of the disease in our patients with ste-
. . ) . ) roid-sensitive INS.
remission during the first 2 months of therapy (100%)reat children with steroid-resistant INS associated with
All additional immunosuppressive treatment could bersGs. One of these patients had a secondary steroid-re-
discontinuated during levamisole treatment. The durasistant INS with minimal glomerular changes in a previ-
tion of levamisole therapy was 2—-18 months (median 1Qys kidney biopsy. All children had normal renal func-
months). In 1 patient who was treated for 2 months onlyion which was not adversely affected by levamisole
treatment had to be stopped because of an adverse sigdgatment. However, none of these patients went into re-
effect (neutropenia); however, the patient had no relapsgssion or showed reduction of proteinuria. To our
of proteinuria. In another patient, a severe psoriasis-likgnowledge this is the first report of levamisole treatment
skin reaction was observed. The patient required hospjn patients with steroid-resistant INS. Although levami-
talization and levamisole was stopped immediatelysple therapy was apparently of no benefit, we felt justi-
Symptoms disappeared gradually after several weeksieq in trying this form of treatment, since anecdotal ob-
This side effect was retrospectively also attributed to th@epyations suggest that some steroid-resistant patients
pre-existing psoriasis. At present, all patients are still iNncjuding intravenous gamma globulin and lipid-lower-
remission after a follow-up period of 8-50 months (me‘ing agents, amongst others [21, 22].
dian 24 months). _ _ The encouraging results of others as well as our study
All 4 patients with primarily steroid-resistant INS had shoyld lead to more prospective studies to optimize du-
no remission (0%). The duration of therapy was betweepiion and dosage of therapy in steroid-sensitive nephrot-
6 and 18 months (median 9 months). One patient (N0. %} syndrome. In our opinion levamisole is a reasonable
went into remission lasting for 10 months with levami-treatment option in steroid-sensitive nephrotic syn-

sole. After a relapse, steroids were reintroduced withougrome, especially if signs of steroid toxicity have ap-
obtaining a remission, and the patient was classified 3Seared.

secondarily steroid resistant. A second trial of levami-
sole had no effect and was stopped after 2 months.

Results
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Potassium metabolism in extremely low birth weight infants in the first week of life

J. M. Lorenz, L. I. Kleinman, and K. Markarian

Obijective. Nonoliguric hyperkalemia has been reported to occurcreased significantly during diuresis as the result of a more nega-
in the first week of life in as many as 50% of extremely low birth tive potassium balance, despite a significant increase in potassium
weight (ELBW) infants. We studied potassium balance and renaintake. In fact, PK fell to less than 4 mmol/L in 13 of 27 infants
function in the first 5 days of life to characterize potassium metabduring diuresis. After the cessation of diuresis, potassium excre-
olism during the three phases of fluid and electrolyte homeostasison decreased even though there was a significant increase in po-
that we have described in ELBW infants and to elucidate the factassium intake, potassium balance was zero, and PK stabilized.
tors that contribute to the development of nonoliguric hyperkale-Hyperkalemia developed in 11 of 31 infants. The pattern of
mia. change in PK with age was similar in infants with normokalemia
Study design.Plasma potassium concentration (PK), potassiumand hyperkalemia: PK initially increased (essentially in the ab-
intake and output, and renal clearances were obtained for the firsence of potassium intake) and then decreased and stabilized by
6 days of life in 31 infants with a birth weight of 1000 gm or less.the fourth day of life. However, the rise in PK after birth was
Collection periods in which urine flow rate was greater than orgreater in infants with hyperkalemia than in those with normoka-
equal to 3 ml/kg per hour and weight loss was greater than olemia: 0.7+/-0.2 versus 1.8+/-0.2 mmol/L (P<0.001). No differ-
equal to 0.8 gm/kg per hour were denoted to be diuretic. Prediureences in fluid and electrolyte homeostasis or renal function were
sis includes all collection periods before the first diuretic period;identified as associated with hyperkalemia.

diuresis includes all collection periods between the first and las€Conclusions.PK increases in most ELBW infants in the first few
diuretic periods; postdiuresis includes all collection periods afterdays after birth as a result of a shift of potassium from the intra-
the last diuretic period. Infants with a PK greater than 6.7 mmol/Lcellular to the extracellular compartment. The increase in the
on at least one measurement were denoted to have hyperkalemiaglomerular filtration rate and in the fractional excretion of sodium,
Results.PK increased initially after birth — despite the absence ofwith the onset of diuresis, facilitates potassium excretion, and PK
potassium intake — and then decreased and stabilized by the fourdtmost invariably decreases. Hyperkalemia seems to be principal-
day of life. Diuresis occurred in 27 of 31 infants. The age at whichy the results of a greater intracellular to extracellular potassium
PK peaked was closely related to the onset of diuresis. PK deshift immediately after birth in some ELBW infants.



