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ABSTRACT

The key factors in the diagnosis of nephrotic syndrome (NS) in children are as follows: proteinuria > 50 mg/kg/day
and serum albumin level < 30 g/l (prevalence: 16/100,000; incidence: 2-7/100,000 cases per year). Glucocorticoids
are preferred to obtain remission. Diuretics and albumin infusions are used in oedema reduction. In cases of extreme

overhydration, renal replacement therapy (RRT) is advised.

A 16-year-old boy with no past medical history was admitted in critical condition due to massive oedema and anuria.

Standard NS treatment was introduced on admission. The patient underwent continuous RRT combined with loop

diuretics and albumin administration. Thirty-six litres of ultrafiltrate was achieved. No relapse was observed within

6 months of discharge.

The presented case is unusual due to the enormous oedema, reaching approximately 30% of the initial body weight,
which led to a vital clinical problem. The use of continuous RRT combined with steroid therapy allowed for a safe

evacuation of the oedema and remission.
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INTRODUCTION

Nephrotic syndrome (NS) develops due to urinary
protein loss, mainly albumins, exceeding compensatory
mechanisms. Increased proteinuria is caused by patho-
logical permeability of the glomerular filtration barrier.
Diagnosis of nephrotic syndrome in children is consid-
ered when proteinuria increases above 50 mg/kg/day and
albumin concentration in blood decreases by < 30 g/1.
As the final effect of described abnormalities, patients
manifest oedema, hyperlipidaemia, and other complica-
tions [1-4].

In most paediatric cases, the morphologic back-
ground of idiopathic NS (INS) is minimal change ne-
phropathy. It constitutes 90% of NS cases in children aged

ADDRESS FOR CORRESPONDENCE:

1-10 years and 50% >10 years. The incidence of INS
oscillates around 2-7/100,000, whereas the prevalence
(including recurrent cases) is 16/100,000. Idiopathic
nephrotic syndrome is diagnosed twice as often in boys
than in girls. Incidence peaks at between 2 and 6 years of
age, and the frequency halves at over 12 years of age [1, 2].

The basic treatment of first acute-onset INS consists
of glucocorticosteroids (GCS), causing remission of the
disease in 80% of treated children. The response to steroid
defines clinical types of NS, such as: steroid sensitive, ste-
roid dependent, frequently recurrent NS, primarily and
secondarily steroid resistant NS [2].

The symptomatic treatment of NS is focused mainly
on oedema evacuation and prevention of NS complica-
tions. To reduce oedema during an acute onset, diuretics
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in combination with oncotic fluid infusions (e.g. 20% al-
bumin) are used. In the case of oliguria and extreme over-
hydration, it may be useful or even necessary to introduce
extracorporeal water evacuation using renal replacement
therapy methods (RRT) [1].

The authors present the management of an NS out-
break in an adolescent boy with an enormous oedema.

CASE REPORT

A 16-year-old boy with generalized oedema and
anuria was admitted to the Children’s Nephrology Ward
for further diagnostics and treatment. The symptoms
increased during the 3 weeks prior to admission. Ini-
tially the oedema was situated in the lower extremities,
spreading to the abdomen, face, and upper extremities
with an exceptional intensification during the week prior
to hospitalization. The boy developed anuria a day be-
fore admission. An estimated increase in body weight
of 25 kg was reported (33% of body weight).

Because of the patient’s refusal to be hospitalized, he
was administered a “dehydrating” dietary supplement by
his mother.

The patient neglected previous chronic conditions and
any medicine administration, reporting only nicotinism.
On admission, a significant dyspnoea and tachypnoea was
reported (RR 30/min, BP 142/104 mm Hg, HR 122/min,
SatO, — 99% obtained with passive oxygen therapy).
The patient’s body weight and height were 95.2 kg and
178 cm, respectively. According to collected medical his-
tory, the patient was not overweight or obese. Physical
examination revealed the following: significant gener-
alized oedema, mostly intensified in lower extremities,
scrotum, and penile area, bilaterally muted alveolar mur-
mur in the pulmonary area, and muted percussion below
the 4" intercostal space. Laboratory test results revealed
characteristics typical for NS (Table 1).

Abdominal ultrasonography showed the following:
a large volume of pleural fluid causing atelectasis of lower
lung segments; peritoneal fluid (2 cm in perihepatic area,
1-2 cm within interloop spaces; 7 cm within recto-vesical

pouch; 6 cm around right paracolic recess); hepatospleno-
megaly with hyperechogenic liver parenchyma; bilaterally
enlarged hyperechogenic kidneys with diminished corti-
comedullary differentiation (right kidney 13.2 x 5.2 cm;
left kidney 13.0 x 6.0 cm), without signs of calyces and
pelvis dilation; and echo-negative urinary bladder. More-
over, a thickened (< 9 mm), swollen, blurry intestinal wall
was shown.

A chest X-ray picture showed the presence of bilat-
eral intrapleural fluid, reaching the 4" right and 5% left
anterior rib sections, along with symptoms of atelectasis.
Due to persistent anuria (lasting > 24 h), intense dys-
pnoea, and increasing oedema, despite loop diuretics
treatment, an urgent RRT in the form of continuous iso-
lated ultrafiltration (SCUF) and, subsequently, haemo-
filtration were introduced. An acute two-lumen catheter
was placed in the right internal jugular vein. A Prisma-
flex System machine, Baxter (Healthcare Corporation,
One Baxter Parkway, Deerfield, IL, USA) was used with
low-molecular-weight heparin anticoagulation. Inter-
mittent haemofiltration was continued from day 4 using
Fresenius Medical Care 4008 S machines (Fresenius
Medical Care AG and Co. KGaA, Bad Homburg, Ger-
many).

Intravenous GCS treatment (methylprednisolone
60 mg/24 h) and empirical antibiotics were introduced
consecutively. During SCUF, due to critical hyponatrae-
mia and hypoalbuminaemia with coexisting coagulop-
athy, the patient received infusion of plasma and 20%
albumin. Symptomatic treatment consisted of nadropa-
rin calcium, proton pump inhibitor, calcium and vita-
min D, supplementation, and oxygen therapy. Patient’s
body weight and fluid balance was controlled regularly
(Figure 1).

On the 4" day of treatment echocardiography was
performed, revealing 3 cm of pericardial fluid (cardiac
tamponade excluded). Left ventricle (LV) size was within
the upper limit, with maintained correct contractibility
of the cavities. To exclude connective tissue diseases, an
antibody profiling was ordered (RNPSm, Sm, Ro-52, SS-B,

Scl-70, Jo-1, Centromere B, PCNA, dsDNA, nucle-

TABLE 1. Laboratory test results showing the characteristics typical for nephrotic syndrome, changing over time

Variable Day 1 Day 13 DAY 27 Reference range
Total protein [g/1] 3224 46201 61.70 60-80
Albumin [g/1] 123544 29.56 4 43.67 35-50
Cholesterol [mmol/I] 123411 97571 9.14 7T 3.60-5.20
Creatinine [umol/I] 107 77 53-115
D-dimers [ug/I] 3290 TT 2340 T - <500
Proteinuria [g/1] 4590 T 45207 Trace 0.00

HB [g/dI] 17.90 T 13.10 12.50 12.50-16.10
PLT [103/pl] 415 256 150—450
WBC [103/pl] 13347 134771 1890 T 4.00-10.50
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FIGURE 1. Patient’s body weight to fluid balance, presented over the time of treatment

osomes, histones, ribosomal-P-protein, AMA-MM2,
anti-MPO and anti-PR2), all of which were negative.

Extracorporeal dehydration was finished on the
14' day, after normalisation of diuresis, improved labora-
tory tests results, and after reaching euvolaemia. During
the hospitalisation a total of 19 RRT sessions were per-
formed (at the beginning as constant ultrafiltration, then,
in order to avoid long-term immobility of the boy, as
“classic” paused haemodialysis) with a total of 36 1 of ul-
trafiltrate (Figure 1).

The patient was discharged on the 25" day of hospi-
talization, in good general condition, with body weight of
73.9 kg, BP 143/87 mm Hg, and eGFR 90.2 ml/min/1.73 m?
(Schwartz method). The combination of pharmacological
therapy and RRT allowed a controlled and safe dehydra-
tion, with consecutive gradual elimination of accumu-
lated oedema and a 21 kg body weight reduction over
4 weeks. Outpatient care consisted of continuation of GCS
treatment, according to the recommended dosing. Due to
arterial hypertension, angiotensin-converting-enzyme in-

[ ] [ J
Initial treatment First signs of oedema
resolution
+ Methylprednisolone 60 mg IV/24h - Gradual body weight
- Renal replacement therapy loss
(isolated ultrafiltration, continuous - Renal function
haemofiltration) improvement

« 20% albumin IV

- Empirical antibiotic (ceftriaxone)

« Heparin anticoagulation
(low-molecular-weight heparin)

- Loop diuretics (furosemide)

hibitors and supplementation of vitamins and electrolytes
(magnesium 900 mg 2 x per day; calcium 400 mg 2 x per
day; potassium 391 mg 1 x per day cholecalciferol 2500 IU
1 x per day) were added. Anticoagulation prophylaxis was
continued (Figure 2). The presented case was eventually
classified as steroid-sensitive INS.

DISCUSSION

The cause of NS is damage of glomerular microstruc-
ture and loss of negative electric potential of the glomer-
ular filtration barrier. Leaking of the glomerular micro-
structure in NS results in a significant urinary protein loss.
Albumin production in liver is increased but in most cases
to a level not satisfactory to compensate the loss. Hypoal-
buminaemia decreases oncotic pressure of blood, leading
to disequilibrium in Starling forces, resulting in diffusion
of fluid into the interstitium. An additional mechanism
affecting the formation of oedema is an increased ab-
sorption of sodium in the renal collecting duct, leading

Day 27 | | Outpatient care |

Edema evacuation Pharmacological
treatment

« Steroid dose reduction
« Angiotensin-converting-
enzyme inhibitors
« Proton pump inhibitors
- Calcium, kalium,
magnesium,
and vitamin D,
supplementation

- Total ultrafiltrate volume
-36.01

- Radiological tests within
normal range (chest
X-ray, echocardiography,
abdominal US)

FIGURE 2. The initial pharmacological and renal replacement therapy treatment and its modifications over time of hospitalization
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to retention of sodium and water [5-8]. Ichikawa et al.
observed that the concentration of sodium in the urine of
patients affected by NS was 3 times lower than in a healthy
control group. This formed the basis of the theory claiming
that sodium reabsorption in NS depends on dysfunction
of the nephron’s collecting duct [9]. Animal-model-based
research conducted by Svenningsen et al. explained the
pathomechanism of this phenomenon. Plasminogen is fil-
trated by a damaged filtration barrier in patients with NS,
and is then converted into plasmin by urokinase present
in collecting tubules. Plasmin then activates ENaC (ami-
loride-sensitive sodium channel), which results in sodium
resorption, retention, and accumulation of oedema [10].
Moreover, in NS sodium-potassium ATP-ase is activated
on the basolateral area of cells located in the cortical seg-
ment of distal tubule, independently of aldosterone and va-
sopressin. An additional mechanism of sodium retention
is resistance of the medullar segment of distal tubule to
atrial natriuretic peptide. All the mechanisms of increased
sodium retention in nephron in the course of NS are addi-
tionally stimulated by angiotensin II [6-10].

Oedemas appear due to diffusion of water from blood
vessels into the extracellular matrix; they can be local or
generalized. Extremely intense oedema may have multi-
ple consequences including immobilization, skin lesions,
and stretch marks, as well as complications leading to
infections [5]. An obstruction in venal outflow due to in-
tensified oedema, along with significant abnormalities in
serum composition, additionally increases risk of throm-
bosis. The knowledge of oedema pathogenesis in NS al-
lows the optimal treatment to be applied, depending on
the intensiveness of this symptom.

It is not recommended to reduce oedema quickly,
because dehydrating the patient too rapidly may result
in hypovolaemia and glomerular filtration rate (GFR)
impairment in the pre-renal acute kidney injury (AKI)
mechanism. Rapidly developing NS in children results in
hypovolaemia, leading to reduced GFR even before de-
hydrating therapy [11-14]. In the case described, it was
necessary to pay simultaneous attention to the massive
peripheral oedema and to AKI symptoms.

During the acute onset of an active phase of NS, the
patient requires albumins with loop diuretics to reduce
the oedema, combined with albumin infusion and sodi-
um intake reduction. In the case of anuria and extreme
overhydration, it is necessary to apply continuous ve-
no-venous ultrafiltration [1, 5]. An advantage of such
a procedure is a controlled regulation of patient dehy-
dration. Sutherland et al. revealed that accumulated ove-
rhydration < 20% in the beginning of RTT has a more
favourable prognosis, compared to patients with overhy-
dration percentage (%FO) > 20% (46% vs. 68%, p < 0.01).
During the state of accumulated overhydration equal to
> 10 %FO RRT should be considered, whereas in a situ-
ation where overhydration exceeds 20% FO the patient
should unquestionably begin RRT or renal supportive

therapy [15]. Placement of an intravenous central cathe-
ter for RRT is the indication for anticoagulant application
as the thromboembolism prophylaxis. In our patient the
risk of thromboembolism was very high due to the enor-
mous oedema, massive proteinuria, immobilization, and
extremely low serum albumin level, which is consistent
with current guidelines on the treatment of INS [2].

It is necessary to remember that all steroids are re-
moved by continuous RRT, so their dose should be in-
creased. Honoré et al. summarized that the daily doses of
methylprednisolone and prednisone need to be higher by
70-100% during continuous RRT, but they do not explain
in detail the doses depending on the RRT method used
[16]. Dubinsky et al. in their manuscript point out the
pharmacokinetics of frequently used drugs in children
treated with RRT and provide wide evidence on how to
adjust the doses [17].

First-line medical staff should constantly be educat-
ed in terms of differential diagnosis of life-threatening
illnesses manifested by mild symptoms. Recognition of
initial symptoms of nephrotic syndrome’s acute onset and
the potential results of chronic treatment allow for quick
admission to the hospital, as well as application of less
invasive treatment methods, resulting in more favourable
prognosis. Moreover, financial expenses of a prolonged
hospitalization and treatment of an extremely overhy-
drated patient greatly surpass the cost of an early-stage
diagnosis. Finally, the use of media-advertised dietary
supplements may delay the diagnostic process and lead
to severe consequences.

CONCLUSIONS

Treatment of every case of NS should be planned
with thorough knowledge and criticism. It is especially
vital in the group of non-compliant adolescent patients.
The treatment algorithm should be adjusted, sometimes
resulting in unconventional methods not applied to pae-
diatric patients on a daily basis.
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