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 Objective: Rare co-existance of disease or pathology
 Background: Kugelberg-Welander (K-W) syndrome is a type of spinal muscular atrophy that causes weakness of the hip-

girdle muscles. If severe enough, this weakness can confine patients to a wheelchair in adult life. Proteinuria, 
a manifestation of kidney dysfunction, is associated with disorders of many organ systems. The evaluation of 
kidney function in the context of K-W syndrome is challenging.

 Case Report: A 45-year-old man with K-W syndrome first diagnosed at 5 years of age developed peripheral edema and was 
found to have proteinuria under 1 g/24 h. His past history was significant for hypertension for 7 years. He was 
managed conservatively initially, but over the next year the serum creatinine concentration increased from 
18 to 32 µmol/L (0.2 to 0.36 mg/dL). A percutaneous kidney biopsy was performed in the fetal position due to 
an inability of the patient to lay prone or supine. Minimal change disease (MCD) was diagnosed. Treatment con-
sisted of dietary salt restriction, ramipril, amiloride, and hydrochlorothiazide, while avoiding corticosteroids. The 
serum creatinine concentration initially returned to the 18–20 µmol/L (0.2–0.22 mg/dL) range with increased 
fluid intake, but then slowly declined to 6 µmol/L (0.07 mg/dL) over the next 14 years. Muscle strength re-
mained poor.

 Conclusions: K-W syndrome, when associated with proteinuria, presents novel diagnostic and therapeutic challenges to the 
latter. The serum creatinine concentration may be unhelpful in assessing kidney function in K-W syndrome. 
A conservative management approach to MCD is reasonable to minimize comorbidity.
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Background

Proteinuria is a common presenting manifestation of renal 
parenchymal disease, for which a kidney biopsy is the defin-
itive diagnostic test to guide evidence-based therapies [1]. 
Improved technology has enabled safety of the percutaneous 
kidney biopsy procedure [2]. Among the causes of glomerular 
proteinuria diagnosed by kidney biopsy, minimal change dis-
ease (MCD) is common in adults [3]. Treatment for an initial 
episode of adult MCD with significant edema might include 
corticosteroids, cyclophosphamide, or calcineurin-inhibitors 
(CNI) [4]. In this report, we illustrate how diagnosis and therapy 
can be determined by the intersection of a common kidney dis-
ease with common or uncommon diseases of other organ sys-
tems. In particular, we emphasize the peculiarity of the serum 
creatinine measurement in the situation of muscular atrophy.

Spinal muscular atrophy (SMA) is a heterogeneous autosomal 
recessive neuromuscular disease characterized by progressive 
weakness of the skeletal and respiratory muscles, culminating 
in muscle atrophy [5]. SMA results from reduced production of 
the 32-kDa Survival Motor Neuron (SMN) protein [5,6], which 
is important in the processing of primary transcripts in spi-
nal motor neurons. SMA has an incidence of 1 in 11 000 live 
births and a carrier frequency of 1 in 40–67 adults [7]. Patients 
with SMA1 and SMA2 rarely survive beyond early adulthood. 
Kugelberg-Welander (K-W) syndrome (SMA3) is a milder form 
of SMA with proximal muscle weakness [8] but near-normal 
life expectancy. Common neuromuscular diseases like K-W 
syndrome might conceivably be associated with common re-
nal diseases like MCD, and when long-term follow-up is avail-
able, this association can lead to novel diagnostic and ther-
apeutic observations for managing patients with 2 diseases 
involving separate organ systems common by themselves, but 
never before described together.

The patient provided written informed consent for this case 
report. The study was approved by the Research Ethics Board 
at St. Michael’s Hospital, Toronto, protocol REB 18-229.

Case Report

A 45-year-old white man with a background of longstanding 
K-W syndrome diagnosed at age 5 was referred for nephrol-
ogist consultation by his family physician for edema in the 
context of proteinuria, rated as 1+ on urine dipstick and mea-
sured as 0.72 g on a subsequent 24-h urine collection. Pitting 
edema was localized to just above the ankles for at least 
1 year. There was no history of foaming of the urine or visible 
hematuria. His past history included hypertension for 7 years 
controlled on ramipril 5 mg daily and amiloride 5 mg/hydro-
chlorothiazide 50 mg, 2 tablets daily. Past history included 

an undated possible transient ischemic attack, for which he 
was taking ASA 81 mg daily, acute brachial neuritis, osteopo-
rosis with a tibio-fibular fracture for which he took risedro-
nate 5 mg daily, and remote deep vein thrombosis associated 
with an episode of lower-extremity cellulitis. The most recent 
patient-reported blood pressure was 125/85 mmHg. His SMA 
was characterized by severe but stable lower-extremity mus-
cular weakness entailing electric wheelchair use since the age 
of 22, as well as mild upper-extremity weakness. He was un-
able to lay either supine or prone for any length of time. There 
was no significant bladder or bowel dysfunction. There was no 
history of diabetes, urinary tract infections, visible hematuria, 
skin rash, arthritis, or smoking. He had no systemic symptoms 
such as fatigue, loss of appetite, fever, night sweats, or weight 
loss. There was a family history of K-W syndrome but no kid-
ney disease or diabetes. He was working full-time.

On physical examination, he appeared of slender build but not 
cachectic. Cognitive function and speech were normal. The blood 
pressure was 120/80 mmHg in both arms, with a heart rate of 
64 with a regular rhythm. Estimated BMI was 15 kg/m2. The 
jugular venous pressure was normal. Cardiovascular and respi-
ratory examinations were unremarkable. Due to his crouched 
position in a wheelchair, a proper abdominal examination could 
not be performed. There was 2+ pitting lower-extremity edema. 
Peripheral pulses were symmetrical. A detailed neuromuscu-
lar examination was limited by scoliosis and contractures, but 
indicated symmetrical wasting and severe lower-extremity 
paresis. There was mild upper-extremity muscle wasting and 
motor power loss.

Urine examination revealed a clear yellow specimen with 2+ 
protein but no glucose or blood on dipstick. Microscopic exam-
ination was entirely unremarkable. The hepatitis B surface an-
tigen and antibody, as well as hepatitis C antibody, were neg-
ative. Serum complement levels were normal and anti-GBM 
antibody was negative. Serum cryoglobulin was absent. Serum 
protein electrophoresis demonstrated a slight and non-specific 
elevation in the beta component. Urine protein electrophore-
sis was unremarkable. His VDRL was non-reactive. Serum cre-
atine kinase was 53 U/L (normal range 44–275 U/L). The serum 
creatinine concentration was 33 µmol/L (0.37 mg/dL) (normal 
range 67–117 µmol/L, 0.7–1.3 mg/dL) on 1 occasion 4 years 
prior, and was 18 µmol/L (0.2 mg/dL) at the most recent exam-
ination. A repeat 24-h urine collection revealed 0.74 g protein, 
which was identical to the amount prior to referral. His 24-h 
urine creatinine clearance was 75 cc per min based on a serum 
creatinine value of 18 µmol/L (0.2 mg/dL) and total urine creat-
inine content of 2.1 mmol (238 mg) (normal range 10–15 mmol, 
1100–1700 mg). Due to his body habitus, normalization to 
body surface area was not performed. His urine stone forma-
tion work-up was negative. The hemoglobin was 157 g/L (nor-
mal range 135–175 g/L), serum albumin 43 g/L (normal range 
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35–52 g/L), and total cholesterol 5.23 mmol/L (202 mg/dL) (nor-
mal range <5.2 mmol/L, 200 mg/dL). An abdominal ultrasound 
demonstrated normal kidneys, while a computerized tomogra-
phy performed 2 months earlier demonstrated a small non-ob-
structing calculus in the inferior pole of 1 kidney. Bone mineral 
density was in the osteoporosis range (T-score less than –2.5).

There was no obvious explanation for the patient’s protein-
uria and mild renal dysfunction, although hypertensive neph-
rosclerosis and an evolving glomerulonephritis were consid-
ered as possibilities. Due to his edema, a kidney biopsy was 
offered, despite the mild degree of proteinuria, for both diag-
nosis and prognosis, but the patient declined when the techni-
cal challenges associated with its performance were discussed; 
however, he agreed to regular nephrologist follow-up. He was 
advised dietary salt restriction, and his blood pressure was mon-
itored regularly. After another episode of acute kidney injury 
1 year later, with a rise in the serum creatinine concentration 
from 18 to 32 µmol/L (0.2 to 0.36 mg/dL), he agreed to meet 
with an interventional radiologist to discuss the feasibility of 
a percutaneous biopsy. The proteinuria had also increased to 
approximately 1.5 g per day. The biopsy was performed using 
real-time sonographic guidance, and 3 cores were obtained 
from 1 kidney using a 16-gauge needle. The patient was able 
to briefly lie on his side in a fetal position during the proce-
dure and he was admitted overnight for observation. Mild post-
biopsy hematuria resolved in 24 h. The serum creatinine con-
centration reverted spontaneously to 20 µmol/L (0.22 mg/dL) 
by increasing his oral fluid intake.

On light microscopy (Figure 1) there were no significant abnor-
malities noted in the glomeruli. The silver stain of the glomer-
ular basement membrane showed no evidence of spikes. There 
was also no evidence of tubular atrophy or interstitial fibrosis. 
The arterioles had mildly thickened walls. Immunofluorescence 
showed slight linear accentuation of the glomerular basement 
membrane when immune-stained for IgA, but there were no 
other changes. Electron microscopy (Figure 2) demonstrated 
multifocal areas of podocyte fusion and no evidence of elec-
tron-dense deposits. The final diagnosis was consistent with 
MCD with only minor glomerular abnormalities.

Corticosteroid therapy was considered with trepidation due 
to the possibility of complications such as worsening muscu-
lar weakness, osteoporosis, susceptibility to infections, and 
the absence of nephrotic syndrome. Corticosteroids would be 
considered if the edema significantly worsened to increase his 
risk for either another deep vein thrombus or episode of cel-
lulitis. The patient was reluctant to receive medications that 
might alter his remaining muscular strength. Therefore, ramipril, 
amiloride/hydrochlorothiazide, and the bisphosphonate were 
continued as before. The patient received dietary counseling 
for avoiding excess dietary protein, salt, and saturated fat.

The patient was instructed to regularly provide a 24-h urine col-
lection for protein and creatinine clearance and to see the ne-
phrologist annually. His edema fluctuated over time based on his 
dietary salt intake, but he never developed nephrotic syndrome. 
The patient declined to pursue other types of measurements 
of glomerular filtration rate due to his restricted mobility and 

Figure 1.  Light micrograph of glomerulus with no glomerular 
changes (Periodic acid-Schiff stain).

Figure 2.  Electron micrograph of glomerular capillary loop 
showing extensive effacement of foot processes 
(×8000).
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apparently stable kidney function. Over 15 years of follow-up, 
his urine protein excretion mildly fluctuated, and at its most se-
vere it was 2.3 g/day with a 24-h urine total creatinine content 
of 3.5 mmol. His serum creatinine concentration steadily de-
clined to 6 umol/L (0.07 mg/dL), while the serum albumin, total 
cholesterol, urea, and hemoglobin all remained stable (Table 1).

The dose of ramipril was increased to 7.5 mg daily, then changed to 
perindopril 4 mg daily to target a blood pressure of 120/80 mmHg 
at all times, but his medications remained otherwise unchanged. 
Figure 3 summarizes his serum creatinine concentration and 24-h 
urine protein excretion over time. He had 1 hospital admission 
for a buttock burn when his electric wheelchair spontaneously 
caught fire, but he has otherwise done extremely well.

Discussion

This case of a young adult with K-W syndrome and MCD who 
was followed over 15 years illustrates several interesting clin-
ical features.

First, the serum creatinine can decline to very low concentra-
tions in patients with progressive muscle wasting [9]. The se-
rum creatinine concentration can be very low, even without 
obvious cachexia or malnutrition. Serum concentrations in this 
situation are even lower than in patients with cachexia of var-
ied causes but no primary muscle disease, or in patients under-
going limb amputations. We are unaware of any clinical lab-
oratory measurement of a serum creatinine concentration to 
6 µmol/L, even in a critically ill patient population. However, 
patients with very low serum creatinine concentrations can 
still manifest acute kidney injury as a rise in their serum cre-
atinine to a still very low concentration, as our patient did on 
2 occasions. It is possible that his tendency to acute kidney in-
jury and its prompt resolution with oral fluid intake is related 
to the lowered capacity of his muscles to store body water. It 
is also possible that some of his lower-extremity swelling was 
due to lymphedema from stasis; however, the swelling was 
pitting and it responded to dietary salt restriction, making this 
possibility unlikely.

Year
Serum 

creatinine 
(µmol/L)

24-hour urine 
creatinine 
(mmol/d)

24-hour 
urine protein 

(g/d)

Serum 
albumin 

(g/L)

Serum total
cholesterol 
(mmol/L)

Serum 
urea 

(mmol/L)

Blood 
hemoglobin 

(g/L)

1 20 1.6 0.723 44 5.18 4.7 161

2 32 2.1 0.740 43 5.23 5.2 157

3 18 1.50 44 157

4 20 3.0 0.796 40

5 25 1.6 1.34 4.82 157

6 24

7 16 1.6 1.02 5.23

8 13 4.0 1.19 40 155

9 10 2.0 2.34 42 4.9 156

10 10 41

11 9 3.0 1.61 42

12 12 3.5 1.67 41 4.35 2.8

13 10 43 4.83 151

14 9 2.3 1.50 41

15 6 1.9 41 4.62 154

Table 1. Measured serum and urine parameters over follow-up perioda,b,c.

a Not all laboratory parameters were measured in all years. Likewise, some parameters were measured more than once in some years. 
b Normal ranges: serum creatinine 67–117 µmol/L (0.7–1.3 mg/dL), 24-hour urine creatinine 10–15 mmol/d, 24-hour urine protein 
<0.2 g/d, serum albumin 35–52 g/L, serum total cholesterol <5.2 mmol/L (<200 mg/dL), serum urea 2–7 mmol/L (blood urea nitrogen 
5–20 mg/dL), blood hemoglobin (male) 135–175 g/L. c Urine albumin-to-creatinine ratio measured in Year 15 was 746 mg/mmol 
(normal <2.0 mg/mmol).
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Creatine, the precursor of creatinine, is absorbed by muscle tis-
sue from the bloodstream and converted to creatinine by a non-
enzymatic process, with little day-to-day variation in its rate of 
production. The serum creatinine concentration therefore re-
flects total skeletal muscle mass. In a similar condition called 
spinal and bulbar muscular atrophy, as well as amyotrophic 
lateral sclerosis, the serum creatinine concentration remains 
a reliable marker of muscle mass, but may be especially lower 
in patients with spinal and bulbar motor atrophy due to both 
lower muscle mass and impaired muscle creatine uptake [10]. 
The impact of this finding in K-W syndrome, however, remains 
unclear. We were unable to perform a bioelectronic impedance 
measurement of muscle mass. Twenty-four-hour urine collec-
tions per se may be more useful to monitor muscle mass in K-W 
syndrome because of their total creatinine content rather than 
as a tool for estimation of the creatinine clearance. Alternatively, 
monitoring the serum urea concentration or more sophisticated 
testing such as iothalamate clearance for the glomerular fil-
tration rate may be considered as part of monitoring if kidney 
function seriously deteriorates. Cystatin C measurement may 
also be helpful for following kidney function.

Second, MCD and K-W syndrome can coexist for a long pe-
riod of time without any loss of kidney function. To the best 
of our knowledge, only 1 case of the coexistence of MCD and 
K-W syndrome has been reported, in a patient who also had 
Hodgkin’s disease [11]. MCD is associated with numerous ma-
lignancies related to the respiratory, gastrointestinal, reproduc-
tive, and hematopoietic systems [12]. This case demonstrates 
that MCD and K-W syndrome can occur together without ma-
lignancy, as attested by this patient’s excellent long-term out-
come. Therefore, in the absence of other symptoms, a special 
screening process for occult malignancy may not be required 
for MCD, as is usually recommended for membranous nephrop-
athy [12]. It remains possible that MCD in this patient was 
caused by a bisphosphonate, which is known to cause podo-
cyte injury in other contexts [13], especially since he was re-
ceiving a bisphosphonate at the time of his presentation and 

the bisphosphonate was not discontinued by his endocrinolo-
gist due to ongoing concerns about osteoporosis. Furthermore, 
our patient had only minor glomerular abnormalities consis-
tent with MCD but never had nephrotic syndrome. Also, the 
likelihood of focal segmental glomerulosclerosis is low, as ev-
idenced by his excellent renal prognosis.

Third, urine protein excretion can persist without resolution for 
many years in the absence of corticosteroid therapy, but still 
remain manageable. The natural history of MCD in the context 
of muscular atrophy does not differ from that of MCD in other 
patients. Conservative management for MCD is appropriate 
when there are concerns about existing muscle wasting and 
osteoporosis. Our patient’s relatively mild symptoms and the 
absence of nephrotic syndrome did not warrant considering al-
ternative therapies such as cyclophosphamide or cyclosporine. 
Calcineurin is a regulator of muscle mass [14], and both cor-
ticosteroids and cyclosporine are themselves associated with 
toxic myopathies [15]. His oral bisphosphonate was continued 
due to his ongoing risk for worsening osteoporosis weighed 
against the benefit of any potential proteinuria resolution; 
therefore, we cannot invoke causal pathways or inter-related-
ness between K-W syndrome and MCD, although immune dys-
regulation may be involved in both these conditions. We also 
did not analyze the SMN1 gene, although the positive family 
history points strongly to the diagnosis of SMA. The patient 
has so far not received nusinersen, an antisense oligonucle-
otide treatment for SMA of all types [16]. Nusinersen therapy 
itself has been reported to be associated with proteinuria [17].

Conclusions

Proteinuria coexisting with muscular atrophic conditions such 
as K-W syndrome leads to novel observations about the estima-
tion of kidney function and the occurrence of kidney dysfunc-
tion, decision-making regarding kidney biopsies, and long-term 
management strategies in glomerular diseases such as MCD. 

Figure 3.  Change in serum creatinine 
concentration and 24-h urine protein 
excretion over time.
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Monitoring kidney function using conventional strategies such 
as serum creatinine concentration measurement can still, how-
ever, be helpful by monitoring its change rather than its abso-
lute value over time. Conservative management may be ap-
propriate when MCD coexists with neuromuscular disorders 
but the proteinuria is mild, although such patients may still 
benefit from long-term monitoring.

Department and Institution where work was done

Division of Nephrology, Department of Medicine, St. Michael’s 
Hospital, Toronto, Canada

References:

 1. McQuarrie EP, Mackinnon B, Young B et al., on behalf of the Scottish Renal 
Biopsy Registry: Centre variation in incidence, indication and diagnosis of 
adult native renal biopsy in Scotland. Nephrol Dial Transplant, 2009; 24: 
1524–28

 2. Nyman RS, Cappelen-Smith J, al Suhaibani H et al: Yield and complications 
in percutaneous renal biopsy. A comparison between ultrasound-guided 
gun-biopsy and manual techniques in native and transplant kidneys. Acta 
Radiol, 1997; 38: 431–36

 3. Tune BM, Mendoza SA: Treatment of the idiopathic nephrotic syndrome: 
Regimens and outcomes in children and adults. J Am Soc Nephrol, 1997; 
8: 824–32

 4. Radhakrishnan J, Cattran DC: The KDIGO practice guideline on glomerulo-
nephritis: Reading between the (guide)lines-application to the individual 
patient. Kidney Int, 2012; 82: 840–56

 5. Messina S: New directions for SMA therapy. J Clin Med, 2018; 7: pii: E251

 6. Singh RN, Howell MD, Ottesen EW, Singh NN: Diverse role of survival mo-
tor neuron protein. Biochem Biophysc Acta Gene Regul Mech, 2017; 1860: 
299–315

 7. Sugarman EA, Nagan N, Zhu H: Pan-ethnic carrier screening and prenatal di-
agnosis for spinal muscular atrophy: Clinical laboratory analysis of >72,400 
specimens. Eur J Hum Genet, 2002; 20: 27–32

 8. Garvie JM: Kugelberg-Welander syndrome (hereditary proximal spinal mus-
cular atrophy). BMJ, 1966; 1: 1458–61

Acknowledgements

The authors thank the Kidney Transplant Program, St. Michael’s 
Hospital for supporting the preparation of this case report.

Conflict of interest

None.

 9. Hijikata Y, Hashizume A, Yamada S et al: Biomarker-based analysis of pre-
clinical progression in spinal and bulbar muscular atrophy. Neurology. 2018; 
90: e1501–9

 10. Hijikata Y, Katsuno M, Suzuki K et al: Impaired muscle uptake of creatine 
in spinal and bulbar muscular atrophy. Ann Clin Translat Neurology, 2016; 
3: 537–46

 11. Thomson J, Seymour J, Wolf M: Hodgkin’s Disease complicated by the 
nephrotic syndrome in a man with Kugelberg-Welander disease. Leuk 
Lymphoma, 2001; 42: 561–66

 12. Jhaveri KD, Shah HH, Calderon K et al: Glomerular diseases seen with can-
cer and chemotherapy: A narrative review. Kidney Int, 2013; 84: 34–44

 13. Barri YM, Munshi NC, Sukumalchantra S et al: Podocyte injury associated 
glomerulopathies induced by pamidronate. Kidney Int, 2004; 65: 634–41

 14. Hudson MB, Price SR: Calcineurin: A poorly understood regulator of mus-
cle mass. Int J Biochem Cell Biol, 2013; 45: 2173–78

 15. Pasnoor M, Barohn RJ, Dimachkie MM: Toxic myopathies. Neurol Clin, 2014; 
32: 647-viii

 16. Chiriboga CA: Nusinersen for the treatment of spinal muscular atrophy. 
Expert Rev Neurother, 2017; 17: 955–62

 17. Michelson D, Ciafaloni E, Ashwal S et al: Evidence in focus: Nusinersen 
use in spinal muscular atrophy. Report of the Guideline Development, 
Dissemination, and Implementation Subcommittee of the American Academy 
of Neurology. Neurology, 2018; 91: 923–33

446

West M. et al.: 
Kidney in K-W syndrome

© Am J Case Rep, 2019; 20: 441-446 

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


