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Abstract

BACKGROUND
Although minimal change disease (MCD) and focal segmental glomerulosclerosis
(FSGS) have been described as two separate forms of nephrotic syndrome (NS),
they are not completely independent. We report a case of a patient transitioning
from MCD to FSGS, review the literature, and explore the relationship between
the two diseases.

CASE SUMMARY

A 42-year-old male welder, presenting with lower extremity edema and elevated
serum creatinine, was diagnosed with NS and end-stage kidney disease (ESKD)
based on laboratory test results. The patient had undergone a kidney biopsy for
NS 20 years previously, which indicated MCD, and a second recent kidney biopsy
suggested FSGS. The patient was an electric welder with excessive levels of
cadmium and lead in his blood. Consequently, we suspect that his aggravated
pathology and occurrence of ESKD were related to metal nephrotoxicity. The
patient eventually received kidney replacement therapy and quit his job which
involved long-term exposure to metals. During the 1-year follow-up period, the
patient was negative for metal elements in the blood and urine and recovered
partial kidney function.

CONCLUSION

MCD and FSGS may be different stages of the same disease. The transition from
MCD to FSGS in this case indicates disease progression, which may be related to
excessive metal contaminants caused by the patient’s occupation.

Key Words: Minimal change disease; Focal segmental glomerulosclerosis; Occupational
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Core Tip: Minimal change disease (MCD) and focal segmental glomerulosclerosis (FSGS) are the two
major forms of nephrotic syndrome. Although MCD and FSGS are defined as different types of primary
glomerular disease, there is some overlap between them in clinical features and pathological changes. We
present a rare case that highlights that MCD and FSGS are actually different histological manifestations of
the same disease progression. FSGS may be MCD of advanced stage, and metal overexposure may be an
important cause of disease progression.

Citation: Tang L, Cai Z, Wang SX, Zhao W]J. Transition from minimal change disease to focal segmental
glomerulosclerosis related to occupational exposure: A case report. World J Clin Cases 2022; 10(17): 5861-5868
URL: https://www.wjgnet.com/2307-8960/full/v10/i17/5861.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i117.5861

INTRODUCTION

Nephrotic syndrome (NS) is a common glomerulopathy characterized by nephrotic proteinuria,
hypoproteinemia, edema, and hyperlipidemia. Most patients with NS have similar clinical manifest-
ations, but their pathology can be different. Minimal change disease (MCD) and focal segmental glomer-
ulosclerosis (FSGS) are the two major forms of NS. MCD is the most frequent glomerular disease
leading to NS in childhood, accounting for 70%-90% of cases, and is an important cause of primary NS
in adolescents, with the reported rates varying between 10% and 15% of NS patients[1]. Most MCD
patients are responsive to corticosteroid therapy. Active treatment can achieve complete remission, and
rarely result in progression to end-stage kidney disease (ESKD). Unlike MCD, more FSGS patients are
resistant to corticosteroids, and NS due to FSGS can appear at any age. A failure to respond to corticost-
eroids in MCD patients may predict the presence of FSGS|[2].

In most textbooks, MCD and FSGS are often described as two separate diseases based on their
respective characteristics, histology and outcomes, but there is still considerable evidence that they are
different manifestations of the same progressive disease[3]. Steroid-sensitive NS, which is associated
with MCD, might progress to steroid-resistant NS, which is associated with FSGS. Some studies have
proposed that they are actually different histological manifestations of the same disease progression,
and some patients experience a transition from the initial state of a collapsed cytoskeleton (MCD) to the
decompensated state of permanent podocyte loss and replacement with scar (FSGS)[4].

We report a patient with MCD who underwent a second kidney biopsy due to deterioration of renal
function, and the result showed a change in pathological type from MCD to FSGS, which may be related
to excessive metal exposure caused by the patient’s occupation. To the best of our knowledge, this is the
first case report to demonstrate the transition from MCD to FSGS associated with lead and cadmium
exposure.

CASE PRESENTATION

Chief complaints
A 42-year-old Asian male welder, was admitted to our hospital with bilateral lower extremity edema
and elevated serum creatinine for 1 wk.

History of present illness

The patient’s symptoms started 1 wk ago with recurrent episodes of bilateral lower extremity edema. At
the local hospital, he was found to have an elevated serum creatinine level of 1002 pmol/L, which had
reached uremic levels.

History of past illness

The patient had a history of MCD dating back 20 years, but no other relevant medical history. The
patient was diagnosed with NS 20 years ago, and MCD was confirmed by kidney biopsy (Figure 1). At
that time, the patient was regularly treated with corticosteroids. Prednisolone 40 mg/d was initially
prescribed, which was gradually reduced and then stopped within 12 mo. The clinical symptoms of NS
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Figure 1 Light microscopy and electron microscopy of histological changes of renal biopsy 20 years ago. A: Periodic acid-silver methenamine
(PASM), x 100. No obvious lesions in renal interstitium and arterioles; B: PASM, x 400. Vacuolar degeneration of glomerular capillary basement membrane (yellow
arrow), renal tubular epithelial cells vacuoles and granular degeneration (white arrow); C and D: Extensive fusion of foot process of glomerular visceral epithelial cells
(C: x 6000; D: x 12000, blue arrow).

JBaishideng®

were completely relieved after treatment, and his proteinuria turned negative. The patient’s NS did not
relapse within 1 year after glucocorticoid discontinuation. Subsequently, the patient did not regularly
return visit, and routine urinalysis or kidney function was not monitored.

Personal and family history

The patient had worked as a welder for about 10 years and had been frequently exposed to welding
work containing cadmium and lead in the past 1 year. The patient denied having family history.

Physical examination

The patient’s vital signs upon admission were as follows: temperature, 36.5 °C; heart rate, 78 bpm;
respiratory rate, 17 breaths/min; blood pressure, 150/90 mmHg, and oxygen saturation in room air,
99%. No evident abnormalities were found during a physical examination except for mild edema in
both his lower extremities.

Laboratory examinations

The results of laboratory tests showed urinalysis: Protein 3+, occult blood 3+, red blood cells 18-20/HP,
glucose 3+, ketones -; 24-h urinary protein quantitation 10 920 mg/24 h; serum albumin 22.3 g/L; serum
creatinine 1096 pmol/L; blood urea nitrogen 34.26 mmol/L; estimated glomerular filtration rate 4.4
mL/min/1.73 m?% blood cadmium 2.8 pug/L and blood lead 32.8 pg/L. Urine metal elements, plasma
complement C3, C4, serum and urine free light chain, immunofixation electrophoresis, anti-GBM
antibody, ANCA, anti-nuclear antibody series, serology for HBV, HCV, HIV, and PLA2R were all
negative.

Imaging examinations
Nephrosonography revealed enhanced echogenic parenchyma without any significant kidney

shrinkage, and his echocardiography, kidney artery ultrasound, and chest computed tomography were
normal.

Further diagnostic work-up

After obtaining consent from the patient, we performed another kidney biopsy and the results indicated
FSGS (Figure 2).
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Figure 2 Light microscopy and electron microscopy of histological changes of renal biopsy after 20 years. A: Masson, x 200. Multifocal and
patchy atrophy of renal tubules, multifocal and patchy lymphocytic infiltration of renal interstitium with fibrosis (black arrow), and thickening of arterioles (white arrow);
B: Periodic acid-silver methenamine, x 400. Mild segmental hyperplasia of glomerular mesangial cells and matrix, and segmental sclerosis (yellow arrow); C and D:
Microvillous transformation of podocytes and extensive fusion of foot processes (C: x 6000, blue arrow; D: x 12000).

FINAL DIAGNOSIS

The final diagnosis of the presented case was ESKD, FSGS-induced NS, and the pathological type
transitioned from MCD to FSGS.

TREATMENT

Our primary diagnosis was recurrent MCD-induced acute kidney injury (AKI). Considering that the
patient had experienced an episode of worsening acute kidney failure, and the re-examination showed
no recovery trend of serum creatinine, urgent hemodialysis was performed. After ward rounds and case
discussions, the patient was recommended to try prednisolone acetate tablets orally at a dose of 30
mg/d. Other adjuvant therapies during dialysis included diuretics and traditional Chinese medicine.
Although the use of oral prednisolone during hemodialysis is controversial, our aim was to help this
patient alleviate MCD or AKI through aggressive treatment, and avoid ESKD or long-term dialysis.
However, edema was relieved after 1 mo of treatment, but his kidney function did not significantly
improve. The previous kidney biopsy of the patient showed MCD with a favorable prognosis, which
was insufficient to explain the current ESKD. Therefore, we did another kidney biopsy and the results
showed FSGS. Coupled with the kidney biopsy results, the patient eventually received continuous
kidney replacement therapy with rapid corticosteroid reduction and withdrawal.

OUTCOME AND FOLLOW-UP

The patient resigned from his job after being discharged from the hospital, which discontinued his
exposure to metal. During the regular 1-year follow-up period, the patient was negative for metal
elements in the blood and urine and recovered partial kidney function (Table 1).
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Time
Parameter
1 wk' 2wk 3wk’ 4 wk’ 1yr
Urinalysis
24hUP (mg/24 h) 10920 10320 11482.8 - 3320
mALB/Cr (mg/mmol) 866.95 - - - 339.06
RBCs (cells/HP) 18-20 812 7-10 - 1-2
DysEry (%) >80 >75 > 70 = =
Biochemical test
CR (umol /L) Pre-HD 1096 848.3 902.8 760 703 901.5 504.4
Post-HD 587.7 528.6 596
BUN (mmol/L) Pre-HD 34.26 2227 228 14.64 13.48 23.11 15.38
Post-HD 18.1 13.82 10.88
ALB (g/L) 223 21.2 224 227 36
CHO (mmol/L) 74 - 427 - 3.89
TG (mmol/L) 1.53 - 131 - 133
Blood toxicity elements test
Pb (pg/L) 32.8 - - - 24.3
Cd (pg/L) 2.8 - - - 15
As (pg/L) 6.4 - - - 51
Hg (png/L) 0.2 - - - <01
1 (ng/L) <01 - - - 0
Al (pg/L) 481 - - - 30
Mn (pg/L) <0.1 - - - <0.1

Time of hemodialysis (HD) and prednisolone acetate initiation. Kidney function tests pre- and post-HD were observed in the following weeks.

Try stopping HD for 1 wk.

3Time of repeat kidney biopsy, discontinuing the prednisolone acetate, and entering maintenance HD.

#Laboratory examination after 1 yr of follow-up.

“-": No results; 24hUP: 24-h urinary protein; mALB/Cr: Urinary microalbumin to creatinine ratio; RBCs: Red blood cells; DysEry: Dysmorphic erythrocytes
ratio; CR: Creatinine; BUN: Blood urea nitrogen; ALB: Albumin; CHO: Total cholesterol; TG: Triglyceride; Pb: Lead; Cd: Cadmium; As: Arsenic; Hg:
Mercury; Tl: Thallium; Al: Aluminum; Mn: Manganese.
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DISCUSSION

Our patient underwent a kidney biopsy at the time of initial diagnosis of NS, which pathologically
revealed MCD. MCD is considered to be a benign disease with a favorable long-term prognosis, which
rarely progresses to ESKD. There was no glomerular injury detected under light microscopy, and only
the foot process of podocytes disappeared under electron microscopy, but no podocytes loss[5].
Although the proportion of adult-onset MCD patients in NS is low, unlike children, adults are less
responsive to corticosteroids and more prone to AKI. Moreover, steroid-resistant MCD patients may
progress to ESKD, and these patients may be the missed FSGS patients. In contrast to MCD, patients
with FSGS have a higher risk of corticosteroid resistance and kidney failure. Glomerular injury caused
by FSGS leads to irreversible scar formation, which has a poor prognosis and eventually develops into
ESKD. Irreversible glomerular damage caused in the context of FSGS can be explained by podocyte
depletion. Compensatory hypertrophy of the remaining podocytes, cell-to-cell propagation of podocyte
injury, and segmental solidification of the glomerular tuft can lead to progressive focal and segmental
sclerosis[6].

As far as we know, cases of transition between MCD and FSGS are not rare in clinical practice, but
few cases have been reported. Some cases have appeared in observational studies without proper in-
depth analysis, and most of these studies involved children or adolescents[4,7,8]. In the above literature,
most scholars placed FSGS at the onset of the disease. The focal and segmental nature of FSGS leads to
sample error or diagnosis error, which may result in MCD misdiagnosis, or FSGS being missed, we

June 16,2022 | Volume10 | Issuel7 |



Tang L et al. MCD to FSGS with occupational exposure

Jaishideng®

agree, especially in patients with early lesions or limited glomeruli in the biopsy specimens. Early FSGS
can only show the diffuse effacement of the foot process, which is consistent with MCD. There was no
difference in the decrease of podocyte density labeled by WT1 between MCD and FSGS|[9]. These factors
sometimes result in confusion between the two diseases for clinicians. In fact, FSGS lesions may be
absent in the early stages of NS, and the presence of FSGS lesions in the repeated biopsy tissue reflected
the progression of MCD. The dose dependence of animal models supports the hypothesis that MCD and
FSGS are two successive pathological processes of podocyte disease. Both models are based on the
induction of podocyte injury and subsequent podocyte loss, and the difference depends on the degree of
podocyte injury and the severity of podocyte loss. Only foot process of podocyte exfoliation similar to
that in MCD is observed in the initial phase, while persistent podocyte loss results in the development
of FSGS[10]. In the initial stages, this disease is steroid-sensitive. With relapses and delays, continuous
proteinuria and podocyte loss lead to a decrease or loss of steroid sensitivity. When podocyte loss is
more than 30%-40%, an ESKD outcome seems inevitable[3]. In this case, after MCD diagnosis, the
patient was treated regularly with corticosteroid and achieved complete remission. Although there was
no regular long-term follow-up, no serious relapses occurred, according to his records. A typical NS
recurrence materialized 20 years later, at which time his clinical course and repeated kidney biopsy
results both supported the FSGS diagnosis. In order to avoid misdiagnosis, we retrieved his kidney
tissue sample (24 glomeruli) from 20 years ago for a pathological re-examination, and the results still
supported the diagnosis of MCD. Therefore, we suggest that the patient progressed from MCD to FSGS,
rather than FSGS being missed at the first diagnosis.

It is no coincidence that pathological changes occurred before and after the repeated kidney biopsy.
FSGS is not a diagnosis of a specific disease, but a progressive glomerular pathological change caused
by podocyte depletion. Most glomerular diseases eventually result in loss of renal function due to FSGS,
and FSGS lesions can be described as an outcome of persistent damage in certain glomerular diseases or
as a common endpoint event in some glomerular diseases[11]. MCD and FSGS are both podocyte
diseases, and when FSGS is excluded from being missed or misdiagnosed as MCD, their sequential
occurrence often suggests that FSGS is the progression of MCD[6]. The patient did not have regular
follow-up visits when his NS was in remission, which was also a limitation of this case. Since recurrence
of MCD is based on proteinuria, this patient most likely had an undetected recurrence of MCD. We
hypothesized that the neglected recurrent MCD lead to persistent podocyte damage that ultimately
caused FSGS, and heavy metal exposure is involved in exacerbating this process. Primary FSGS is
usually caused by circulating factors, and the etiology of secondary FSGS includes infection, drugs,
maladaptive responses, familial / genetic form, and variation of the APOLI gene[12]. The patient did not
have the above background, but a possible related factor was his occupation. The patient was an electric
welder with excessive levels of cadmium and lead in his blood. Consequently, we suspect that his
aggravated pathology and ESKD occurrence were related to metal nephrotoxicity. Nephrotoxicity
induced by excess exposure to certain metals is well known, and lithium has been shown to cause MCD
and FSGS[13]. Although there is not enough literature to confirm that lead and cadmium can cause
FSGS, it has been proven that both of them induce podocytotoxicity and can even induce podocyte
apoptosis[14,15]. Kidney exposure to cadmium and lead mainly causes proximal renal tubule
dysfunction, acute exposure can lead to Fanconi syndrome, and long-term exposure leads to a persistent
decline in kidney function[16,17]. This may explain the positive urine sugar content of the patient, and it
may also be the reason for the occurrence of NS and ESKD in this patient. The levels of cadmium and
lead in the blood of this patient were not that high compared to the normal range, but chronic, long-
term exposure to low doses of the metal can cause kidney damage. Both lead and cadmium can increase
the risk of chronic kidney disease, even at low levels (Blood lead < 5 mg/dL; Blood cadmium < 0.6
mg/L)[18,19]. The kidney damage caused by lead and cadmium is long-term and chronic, and
combination of the two has a more profound nephrotoxicity. We hope to provide convincing evidence
for the contention that lead and cadmium cause the transition from MCD to FSGS through future in-
depth research.

Although, unfortunately, the patient ultimately required kidney replacement therapy, this case is still
thought-provoking. MCD and FSGS are defined as different types of primary glomerular disease, but
there is some overlap between them in clinical features and pathological changes. MCD and FSGS are
both podocyte diseases, clinically presenting with sudden-onset NS, characterized by the absence of
immune deposits under immunofluorescence[20]. However, their treatment response and prognosis are
different. The differential diagnosis of MCD and FSGS is difficult, but it is important to distinguish
between the two. A positive attitude towards second, or multiple kidney biopsies is needed for
uncertain or recurrent MCD patients and early stage FSGS patients. In addition to invasive kidney
puncture, urinary myo-inositol, parietal epithelial cell marker staining, and IgG/albumin staining ratio
in tubular protein reabsorption droplets are also potential diagnostic markers to differentiate between
MCD and FSGS[21-23].
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CONCLUSION

We recognize through this rare case and a literature review that FSGS could be the later stage of MCD.
FSGS lesions found in a repeated kidney biopsy can often reflect disease progression, and metal overex-
posure may be one of the possible reasons. Patients with MCD who have a slower and less effective
response to steroid hormones should be alerted by clinicians to the risk of conversion to FSGS, or the
possibility of coexistence with FSGS lesions. Due to its focal and segmental nature, we propose a higher
requirement for nephrologists, at least to ensure the number of glomeruli.
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