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Abstract: Nephrotic syndrome represents one of the most frequent glomerular diseases among the pediatric
population and while most of the children respond to steroid treatment, almost 20% of them are steroid-resistant.
In this report, we present a case study of a 2 years old male with Steroid Resistant Nephrotic Syndrome (SRNS),
complicated with spontaneous bacterial peritonitis and sepsis. We underline diagnostic and treatment challenges
associated with this pathological entity, as patients with SRNS are at risk of developing chronic kidney disease
(CKD), immunosuppressive-related complications as well as acute events such as thromboembolism. This field
requires further in-depth studies, as the underlying immunological and genetic mechanisms are largely
heterogenous, but we emphasize the multiple clinical-biological aspects that SRNS can present in a single
patient, representing a real challenge in pediatric practice.
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Introduction: Nephrotic syndrome (NS)
is a glomerular disease characterized by
massive proteinuria, hypoalbuminemia,
edema and hyperlipidemia, although the
last two may not be present in all patients.
Definition of NS as by the newest (2022)
guideline issued by International Pediatric
Nephrology Association (IPNA) (1) is
presented in table 1. In pediatric
population, NS has an average incidence
of 4.7 per 100.000 children, of which an
estimate of 12.4% accounts for steroid
resistant disease (2). A male to female
predominance of 2:1 has been noted (3)
with evidence of increased intra-familial
incidence when compared to general
population (4). Depending on the presence
or absence of any systemic disease, NS
can be regarded as secondary or idiopathic,
the latter representing the most frequent
glomerular disease in children (3).
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First-line treatment in idiopathic NS
consists of corticotherapy, with the
majority of patients showing complete
remission of proteinuria within 4-6 weeks
of daily prednisone/prednisolone, therefore
exhibiting steroid-sensitive NS (SSNS).
Still, during follow-up, most of them will
develop at least one relapse while a certain
proportion will experience either cortico-
dependence, either steroid resistant
nephrotic syndrome (SRNS), defined as
absence of remission after a first 4 to 6
weeks course of daily 60 mg/m?
prednisone. These situations pose difficult
diagnostic and therapeutic approaches.
Firstly, persistence of massive proteinuria
and hypoalbuminemia predispose to a
greater risk of developing complications
such as acute kidney injury through
hypovolemia, thrombosis of renal veins or
spontaneous bacterial peritonitis.
Secondly, patients that require recurrent
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high-dose prednisone, prednisolone or
methylprednisolone  pulse-therapy  for
induction of remission are at risk of
developing glucocorticoid’s deleterious
effects such as growth suppression,
osteoporosis, glaucoma or cataracts.
Thirdly, SRNS can imply a monogenic
cause that might not benefit at all from
immunosuppressive therapy. In this report,
we present the case of a patient diagnosed
with SRNS who required multiple
induction courses and complex supportive
treatment, with evolutive aspects poorly
correlated with histological findings.

Case study: Patient M.M., a 2 years old
male who was determined to have NS
from the age of 12 months, was admitted
in our clinic for persistence of edema and
oligo-anuria despite multiple courses of
glucocorticoids. He is the children of a
consanguineous couple with no other
medical history apart from NS, for which
multiple secondary causes have been ruled
out: negative serology for Epstein-Barr
virus, cytomegalic virus, Hepatitis B and
C, Human Immunodeficiency Virus and
syphilis, normal complement and double
stranded DNA antibodies levels. Until
admission has been receiving multiple
courses of both methylprednisolone pulse
therapy as well as oral prednisone, with
intermittent clinical remission but no
complete biological resolution. In the
context of his 4th relapse, he was referred

to our clinic for further specialized
management. The clinical examination
revealed: oligo-anuria (< 1 ml/kg/h),

palpebral edema and ascites (fig. 1 and 2),
hypertension 135/85 mmHg, heart rate
110/minute, respiratory rate 22/minute,
with no hearts murmurs or pulmonary
crackles. Biological data, as shown in table
2, underlines severe proteinuria with
hypoalbuminemia, hypercholesterolemia,
hypertriglyceridemia and thrombocytosis.

Supportive  measures including daily
albumin infusion in association with
furosemide and dipyridamole  were

initiated. Taking into consideration his
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history of lack of response to
glucocorticoids alone, monthly
Cyclophosphamide 0.5 g/m? was initiated
alongside with a 3-day course
methylprednisolone pulse-therapy 1g/m?,
followed by an alternative regimen of
prednisone (60mg/m? per two days) and
adjuvants (protein-pump inhibitor, vitamin
D, potassium chloride). Despite these
interventions, no clinical or biological
improvement was noted, as also shown in
table 2. Facing a SRNS, renal biopsy was

performed showing minimal change
disease (fig. 3) with positive IgM
mesangial infiltration (fig. 4) and
fibrinogen  deposits on  glomerular

membrane (fig. 5). In evolution, week 4 of
hospitalization, he presented fever with
minimum to moderate inflammatory
syndrome (C-Reactive Protein 10 mg/L).
Spontaneous bacterial peritonitis  was
suspected, so paracentesis was performed
accordingly. The results revealed a
transudate, but the peritoneal fluid culture
came positive for Escherichia coli
Extended-Spectrum Beta-Lactamase.
Positive hemoculture followed shortly.
Treatment with Piperacillin-Tazobactam
was initiated according to the antibiogram
while  also  continuing  high-dose
prednisone for induction of remission, as
edema and oliguria persisted in spite of
daily albumin infusion and furosemide
administration. Thrombosis of renal veins
was excluded by Computed Tomography
angiography.

Discussion: It is thought that minimal
change disease (MCD) NS develops as a
disorder of T cells, which release certain
cytokine(s) affecting glomerular foot
processes, with a consecutive decrease in
the synthesis of polyanions. Consequently,
the normal negative charge barrier is
altered, allowing for albumin leakage.
However, the identity of such a single
circulating permeability factor remains
uncertain and a more sophisticated
multifactorial model is arising as a
pathophysiological explanation, which
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includes numerous candidates as serum
circulating factors (SCFs) such as
hemopexin, APOL1, anti-CD40 or
Angtpl4, as well as the concept of a
vicious circle of “proteinuria triggering
proteinuria” (5). Moreover, some of these
SCFs have been associated both with
MCD and focal segmental
glomerulosclerosis (FSGS). This adds to
the debate of whether MCD and FSGS are
actually a continuum of the same
pathological process. In fact, when a renal
biopsy is performed for children with NS,
the most common findings consist of
MCD showing either normal aspect in
optic microscopy (with podocyte foot
process effacement in electron
microscopy) either mild mesangial
proliferation with IgM deposition and less
commonly, focal-segmental
glomerulosclerosis (FSGC) (6).
Histopathology with minimal glomerular
damage and mild mesangioproliferative
glomerulonephritis has a benign clinical
and pathological course without major
tubulointerstitial lesions. Instead, focal
segmental glomerulosclerosis and diffuse
mesangioproliferative glomerulonephritis
associate  significant  tubulointerstitial
alterations and an increased risk  of
developing chronic kidney disease (7).

Regarding IgM deposition, this is not a
classical  finding in MCD  as
immunofluorescence is usually negative,
but studies argue that IgM nephropathy
generally associates with poor steroid
response (8,9). Our case aligns with this
view, even though in a cohort of 68
children with SRNS, of which 9 with
MCD, 26 with mesangio-proliferative
glomerulonephritis, 6 membranous
glomerulonephritis and 6 FSGS, no
statistical correlation between clinical
outcomes and histological subtypes were
found (10). However, it is certain that
MCD, associated or not with IgM deposits,
does not always corelate with good
clinico-biological outcomes. Even though
concomitant infection such as peritonitis
and sepsis might be linked to poor
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response to steroids, the most useful tools
for work-up in such a patient are electron-
microscopy  and genetic  testing.
Approximately 30% of children with
SRNS may exhibit a monogenic cause of
their disease, such as mutations in NPHS1
(coding for nephrin), NPHS2 (coding for
podocin) or in other more than 30 genes
associated with SRNS (11). It is important
to note that the possibility of identifying a
monogenic cause of SRNS increases with
decreasing age and increases to 50 percent
in children who are from a consanguineous
family (12) - this representing another
argument for genetic testing for our
patient.

Microscopic analysis of a renal biopsy
represents another important way of
investigating nephrotic syndromes with
onset at pediatric age that have an
inadequate response to treatment or
develop corticosteroid resistance during

evolution (13). Ultrastructural analysis
methods include light microscopy,
immunofluorescence and electron

microscopy. Out of all ultrastructural
analysis methods - light microscopy,
immunofluorescence and electron
microscopy - the latter brings the greatest
contribution to both diagnostic process and

therapeutical decisions, a fact
demonstrated in  multiple  studies
(14,15,16,17). Ben-Bassat et al. (18)

studied a group of 23 patients with
nephrotic syndrome who showed minimal
lesions on light microscopy. However,
after electron microscopy 17% of cases
represented early stages of membranous
nephropathy, 4.4% GSFS and 4.4%
unclassified glomerulonephritis. At the
same time, a recent study evaluating 855
renal biopsies by Zhang et al. (19), of
which 324 in pediatric patients with
nephrotic syndrome, found that in 88.6%
of cases the additional information
obtained by electron microscopy was
crucial for the diagnosis (23.3% of cases
represented forms of GSFS).

Treatment possibilities in SRNS include
calcineurin inhibitors such as Cyclosporine
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and Tacrolimus, alkylating agents such as
Cyclophosphamide or the inosine
monophosphate dehydrogenase inhibitor
Mycophenolate, all of which present
serious potential harmful effects, such as
medullar aplasia, secondary neoplasms or
even posterior reversible encephalopathy
syndrome (20).

Otherwise, acute complications may occur
in children with NS due to metabolic
consciousness of proteinuria, such as
hypovolemia  (acute renal lesions),
infection (edema fluid acts as a culture
environment) an increase of ten times
thromboembolism venous in comparison
then heaven are compared in comparison
to the general population (21). In this
pandemic period generated by Covid 19, in
a pediatric patient, the risk of developing
venous thromboembolism is strongly
associated with the existence and evolution
of underlying pathological conditions.
Multisystem inflammatory syndrome in
children  (MIS-C), which frequently
resembles other established diseases, such
as thrombotic microangiopathy (22) in a
patient with nephrotic syndrome, such as
our patient. Acute renal lesions (AKI), in
the context of nephrotic syndrome (NS), is
a serious and alarming clinical problem
(23). Renal angina indications are a
construction that aims at a Dbetter
prediction of AKI by assigning the values
of the risk point and signs of injury to the
child with acute renal dysfunction (24). In
the differential diagnosis of AKI
associated with acute tubulointerstitial
nephritis or acute / chronic
glomerulonephritis can discuss also the
hemorrhagic fever with renal syndrome
(HFRS) (25). One of the first illnesses to
rule out when facing a child with fever,
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thrombocytopenia, AKI, and acute
hepatitis is leptospirosis, as it has a very
similar clinical picture with HFRS. In
terms of long-term results, it seems that 50
percent of SRN patients will progress to
the final stage (26), while SRNs is actually
the second most common cause of chronic
kidney disease (CKD) in children (27),
along with early/ incipient nephropathy in
diabetes, due to hyperfiltration lesions (as
in nephrotic syndrome where the urinary
albumin/ creatinine ratio is the main
biomarker) (28). Among all CKD
etiologies in children, it is important to
mention that NS is associated with the
highest risk of thromboembolic events
(29), therefore, part of CKD mortality and
morbidity can actually be related to these
situations. Chronic morbidity affects the
quality of life of these patients undergoing
long-term hospitalizations, polypragmasia,
recurrent interventions. And as survival is
not sufficient, identifying medical,
psychological, educational and social
problems is a necessity to improve the
quality of life of these patients (30).

Conclusions: With its optimal treatment
remaining still controversial, SRNS is a
pathological entity still under research.
Our understanding of it would probably
benefit a lot out of increased genetic
testing and access to electron microscopy.
These techniques can also improve clinical

practice, as children with monogenic
SRNS should not receive
immunosuppressive  therapy.  Systemic

infections in patients with idiopathic NS
relapses contribute to poor response and
extend the treatment duration required to
obtain clinical and biological remission.
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141



Romanian Journal of Oral Rehabilitation

Table 1. Definition of Nephrotic Syndrome as by the newest International Pediatric
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Nephrology Association (1)

Definition Nephrotic proteinuria + either hypoalbuminemia (when available) or
edema
e proteinuria > 40 mg/h/m?
Nephrotic - oo
range proteinuria e >1000 mg/m?/day
in children .o
e urinary protein creatinine ratio (UPCR) >200 mg/mmol
(2 mg/mg)
Hypoalbumine e <30¢g/L

mia

Table 2. Biological findings at onset, at 14 days and 21 days respectively

Biological findings Values Val Val Normal range
at onset ues at ues at
14 21
days* days
CBC
Leukocytes 10.85 12. 12. 6.0 —17.0 *10%/mm?
Neutrophils 8.33 79 47 1.5 —8.5 *10 3/mm?3
Lymphocytes 2.3 4.9 5.1 3-9.5*10 3/mm?®
Hemoglobin 9.9 1 55 11.0-14.0 g/dL
Thrombocytes 804 6.0 9.0 150-400 *10 3/mm?3
9.6 950
927
Biochemistry
Total proteins 33.6 46. 36. 60-80 g/L
Albuminemia 6.9 18 73 32 -45¢g/L
Total Cholesterol 540 n/a n/a 100-200 mg/dl
Triglycerides 426 407 603 40-150 mg/dl
Urea 49 803 549 10-40 mg/dl
Creatinine 0.05 33 58 0.38 — 0.54 mg/di
Uric Acid 6.48 0.2 0.1 2.0 — 5.5 mg/dl
APTT 21.9 8 1 23-34 sec
d-dimers 1232 3.7 6.3 0-250 ng/ml
Alkaline reserve 21 19. 6 20-28
4 n/a
671 154
28 O
22

Inflammatory

markers
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CRP 2.26 0.2 1.2 0-5mg/L
ESR 106 1 0-12 mm/1h
Fibrinogen 820 2 n/a 180-400 mg/dl
Urine n/a n/a
24-hour proteinuria 936

mag/kg/24h n/a n/a/

Fig 1 - Palpebral edema. Collection of
Nephrology Department, St. Mary’s
Clinical Emergency Hospital for Children,
lasi

. N3 !j e & . $ y \”-‘A.
Fig. 3 - Periodic Acid Schiff Coloration on
Optic Microscopy x 200 showing normal

Fig 2 — Enlarged abdomen due to ascites.
Collection of Nephrology Department, St.
Mary’s Clinical Emergency Hospital for
Children, lasi

Fig. 4 - Immunofluorescence x 200
showing fine mesangial 1gM deposits
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5 - Immunofluorescence x 200

References:

1.

10.

11.

12.

Trautmann, Agnes et al. “IPNA clinical practice recommendations for the diagnosis
and management of children with steroid-sensitive nephrotic syndrome.” Pediatric
nephrology (Berlin, Germany) vol. 38,3 (2023): 877-9109.

Chanchlani R, Parekh RS. Ethnic Differences in Childhood Nephrotic Syndrome.
Front Pediatr. 2016 Apr 19;4:39.

Veltkamp F, Rensma LR, Bouts AHM; LEARNS consortium. Incidence and Relapse
of Idiopathic  Nephrotic  Syndrome: Meta-analysis.  Pediatrics. 2021
Jul;148(1):e2020029249.

White RH. The familial nephrotic syndrome. I. A European survey. Clin Nephrol.
1973 Jul-Aug;1(4):215-9.

Candelier JJ, Lorenzo HK. Idiopathic nephrotic syndrome and serum permeability
factors: a molecular jigsaw puzzle. Cell Tissue Res. 2020 Feb;379(2):231-243.
Vivarelli M, Massella L, Ruggiero B, Emma F. Minimal Change Disease. Clin J Am
Soc Nephrol. 2017 Feb 7;12(2):332-345.

Teslariu O, Mititelu-Tartau L, Starcea M, Crenguta Miron I, Nechifor M. Magnesium
in Pediatric Nephrotic Syndrome. Rev Med Chir Soc Med Nat lasi. 2016 Oct-
Dec;120(4):818-23.

Mubarak M. IgM nephropathy; time to act. J Nephropathol. 2014 Jan;3(1):22-5.
Connor TM, Aiello V, Griffith M, Cairns T, Roufosse CA, Cook HT, Pusey CD. The
natural history of immunoglobulin M nephropathy in adults. Nephrol Dial Transplant.
2017 May 1;32(5):823-829.

Starcea IM, Bogos RA, Scurtu G, Munteanu M, Russu R, Lupu VV, Lupu A,
Trandafir L, Miron IC, Mocanu MA. Pathological and Evolutive Correlations in
Steroid Resistant Nephrotic Syndrome in Children. Int J Gen Med. 2022 Apr
19;15:4187-4193.

Lovric S, Ashraf S, Tan W, Hildebrandt F. Genetic testing in steroid-resistant
nephrotic syndrome: when and how? Nephrol Dial Transplant. 2016
Nov;31(11):1802-1813.

Sadowski CE, Lovric S, Ashraf S, Pabst WL, Gee HY, Kohl S, Engelmann S, Vega-
Warner V, Fang H, Halbritter J, Somers MJ, Tan W, Shril S, Fessi I, Lifton RP,

144



Romanian Journal of Oral Rehabilitation

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Vol. 15, No.1 January-March 2023

Bockenhauer D, El-Desoky S, Kari JA, Zenker M, Kemper MJ, Mueller D, Fathy
HM, Soliman NA; SRNS Study Group; Hildebrandt F. A single-gene cause in 29.5%
of cases of steroid-resistant nephrotic syndrome. J Am Soc Nephrol. 2015
Jun;26(6):1279-89.

Rivera A, Magliato S, Meleg-Smith S. Value of electron microscopy in the diagnosis
of childhood nephrotic syndrome. Ultrastruct Pathol. 2001;25(4):313-320.

Mubarak M, Kazi JI. Role of immunofluorescence and electron microscopy in the
evaluation of renal biopsies in nephrotic syndrome in a developing country.
Ultrastruct Pathol. 2009;33(6):260-264.

Mubarak M, Kazi J. Study of nephrotic syndrome in children: importance of light,
immunoflourescence and electron microscopic observations to a correct classification
of glomerulopathies. Nefrologia. 2013;33(2):237-242.

Wagrowska-Danilewicz M, Danilewicz M. Current position of electron microscopy in
the diagnosis of glomerular diseases. Pol J Pathol. 2007;58(2):87-92.

Pearson, J. M., McWilliam, L. J., Coyne, J. D., &amp; Curry, A. (1994). Value of
electron microscopy in diagnosis of renal disease. Journal of clinical pathology, 47(2),
126-128.

Ben-Bassat M, Stark H, Robson M, Rosenfeld J. VValue of routine electron microscopy
in the differential diagnosis of the nephrotic syndrome. Pathol Microbiol (Basel).
1974;41(1):26-40.

Zhang X, Xu J, Xiao H, et al. Value of electron microscopy in the pathological
diagnosis of native kidney biopsies in children. Pediatr Nephrol. 2020;35(12):2285-
2295.

Starcea M, Gavrilovici C, Munteanu M, Miron |. Focal segmental glomerulosclerosis
in children complicated by posterior reversible encephalopathy syndrome. J Int Med
Res. 2018 Mar;46(3):1172-1177.

Mahmoodi BK, ten Kate MK, Waanders F, Veeger NJ, Brouwer JL, Vogt L, Navis G,
van der Meer J. High absolute risks and predictors of venous and arterial
thromboembolic events in patients with nephrotic syndrome: results from a large
retrospective cohort study. Circulation. 2008 Jan 15;117(2):224-30.

Mocanu, A.; Bogos, R.A.; Lazaruc, T.1.; Cianga, A.L.; Lupu, V.V.; loniuc, 1.; Alecsa,
M.; Lupu, A.; Ivanov, AV.; Miron, I.C.; Starcea, I.M. Pitfalls of Thrombotic
Microangiopathies in  Children:  Two Case Reports and Literature
Review. Diagnostics 2023, 13, 1228.

Lionaki S, Liapis G, Boletis JN. Pathogenesis and Management of Acute Kidney
Injury in Patients with Nephrotic Syndrome Due to Primary Glomerulopathies.
Medicina (Kaunas). 2019 Jul 11;55(7):365.

Gavrilovici C, Dusa CP, Mihai CT, Spoiala EL, Starcea IM, Iliescu-Halitchi CO, Zetu
IN, lonescu LB, Bogos RA, Hanganu E, Boiculese VL. uNGAL Predictive Value for
Serum Creatinine Decrease in Critically Il Children. Healthcare (Basel). 2022 Aug
19;10(8):1575.

Mocanu A, Cajvan A-M, Lazaruc TI, Lupu VV, Florescu L, Lupu A, Bogos RA,
loniuc I, Scurtu G, Dragan F, Starcea IM. Hantavirus Infection in Children—A Pilot
Study of Single Regional Center. Viruses. 2023; 15(4):872.

Ehrich JH, Geerlings C, Zivicnjak M, Franke D, Geerlings H, Gellermann J. Steroid-
resistant idiopathic childhood nephrosis: overdiagnosed and undertreated. Nephrol
Dial Transplant. 2007 Aug;22(8):2183-93.

145



Romanian Journal of Oral Rehabilitation

217.

28.

29.

30.

Vol. 15, No.1 January-March 2023

Smith JM, Stablein DM, Munoz R, Hebert D, McDonald RA. Contributions of the
Transplant Registry: The 2006 Annual Report of the North American Pediatric Renal
Trials and Collaborative Studies (NAPRTCS). Pediatr Transplant. 2007
Jun;11(4):366-73.

Muntean C, Starcea IM, Banescu C. Diabetic kidney disease in pediatric patients: A
current review. World J Diabetes. 2022 Aug 15;13(8):587-599.

Lazaruc TI, Bodescu Amancei lonescu L, Lupu VV, Muntean Duicu C, Bogos RA,
Ivanov A, Scurtu G, Starcea IM, Miron IC, Mocanu MA. Thrombosis in Chronic
Kidney Disease in Children. Diagnostics (Basel). 2022 Nov 24;12(12):2931.

lorga M., Starcea M., Munteanu M., Sztankovszky L.Z. Psychological and social
problems of children with chronic kidney disease. Eur. J. Sci. Theol. 2014;10:179-188.

146



