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57-Year-Old Woman With Fatigue
and Dyspnea
Antonious Z. Hazim, MD; Gordon J. Ruan, MD; and Meltiady Issa, MD, MBA

A

57-year-old woman presented to
the emergency department with
progressive fatigue, oliguria, and
dyspnea. Three weeks before presentation,
she experienced worsening fatigue and
shortness of breath. Her symptoms were
associated with watery diarrhea and poor dietary intake. She also reported weight loss
and decreased urinary output with no gross
hematuria. Her medical history was notable
for systolic heart failure of unclear etiology
and unknown duration with an ejection fraction of 37% and essential hypertension. Medications included lisinopril and furosemide.
She was a former smoker. Her family history
was unremarkable.
On presentation, the patient was afebrile,
pulse rate was 77 beats/min, blood pressure
was 118/77 mm Hg, respiratory rate was 16
breaths/min, and oxygen saturation was
95% while breathing room air. Physical
examination revealed a fatigued-appearing
woman with clear breath sounds bilaterally,
jugular venous pressure elevated to 15 cm
H2O, and lower extremity edema.
Laboratory evaluation yielded the
following (reference ranges provided parenthetically): hemoglobin, 13.3 g/dL (11.6 to
15.0 g/dL); platelet count, 366  109/L
(157 to 371  109/L); leukocytes, 7.7 
109/L (3.4 to 9.6  109/L); creatinine, 9.22
mg/dL (0.59 to 1.04 mg/dL; her baseline
creatinine level was 0.54 mg/dL 5 months
previously); potassium, 4.9 mmol/L (3.6 to
5.2 mmol/L); calcium, 8.9 mg/dL (8.6 to
10.0 mg/dL); bicarbonate, 17 mmol/L (22
to 29 mmol/L); anion gap, 21 (7 to 15);
osmolar gap, 5 mOsm/kg (<10 mOsm/kg);
albumin, 3.0 g/dL (3.5 to 5.0 g/dL); alanine
aminotransferase 12 U/L (7 to 45 U/L);
aspartate aminotransferase, 9 U/L (8 to 43
U/L); and alkaline phosphatase, 102 U/L

(35 to 104 U/L). Urinalysis revealed a
protein to osmolality ratio of 4.88 (<4.22);
predicted urinary protein level of 3001
mg/24 h; white blood cell count of 4 to 10
cells per high-power ﬁeld; red blood cell
count of 3 to 10 cells per high-power ﬁeld;
and no casts.
Electrocardiography
revealed
lowvoltage QRS complexes in all leads and right
axis deviation. Chest radiography revealed
an enlarged cardiac silhouette with no consolidations or effusions. Computed tomography (CT) of the abdomen and pelvis
revealed no hydronephrosis or urolithiasis.
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1. Which one of the following is the most
likely cause of the patient’s acute kidney
injury?
a. Glomerular disease
b. Unilateral renal vein thrombosis
c. Pyelonephritis
d. Ethylene glycol toxicity
e. Hypovolemia
The patient has a stage 3 acute kidney
injury based on the Kidney Disease:
Improving Global Outcomes (KDIGO)
criteria.1 In addition, she has proteinuria
(urinary protein level >3000 mg/24 h), making glomerular disease the most likely explanation for her presentation. Unilateral renal
vein thrombosis is unlikely because it usually presents as new-onset ﬂank or abdominal pain and gross hematuria, none of
which were seen in this patient. Similarly,
in most cases, the serum creatinine level is
only elevated in bilateral renal vein thrombosis (not unilateral). Pyelonephritis is also
unlikely given the lack of fever and leukocytosis and the presence of severe proteinuria.
Although the patient has an anion gap, she
did not have an osmolar gap, making

Mayo Clin Proc. n December 2020;95(12):2755-2759 n https://doi.org/10.1016/j.mayocp.2020.04.053
www.mayoclinicproceedings.org n ª 2020 Mayo Foundation for Medical Education and Research

2755

MAYO CLINIC PROCEEDINGS

ethylene glycol consumption doubtful. A
hypovolemic state would also be unlikely
given the degree of acute kidney injury and
physical examination ﬁndings of elevated
jugular venous pressure and lower extremity
edema.
The patient remained oliguric and was
given intravenous furosemide, 120 mg,
which produced a urinary output of 700
mL. Repeated assessment after diuresis
revealed normal blood pressure, absence of
orthostatic symptoms, and persistence of
lower extremity edema and elevated jugular
venous pressure.
2. Which one of the following tests would
be most helpful as the next step in patient
evaluation?
a. Hepatitis C viral (HCV) testing
b. Autoimmune panel
c. Kidney biopsy
d. Streptococcal antibody proﬁle
e. Echocardiography
Although HCV-associated membranous
nephropathy can cause decline in kidney
function and proteinuria, this condition is
typically seen in patients with chronic and
advanced HCV infection. Given the patient’s
normal aspartate aminotransferase and
alanine aminotransferase levels and the
absence of hepatic steatosis on CT imaging,
HCV infection and subsequent associated
membranous nephropathy is unlikely.
Testing for an autoimmune disease would
not be indicated in the initial evaluation
and would likely result in false-positive results since the clinical history and physical
examination ﬁndings do not suggest an
underlying autoimmune etiology. A kidney
biopsy is the best next step in view of the
patient’s rapidly progressive acute renal failure and suspicion for nephrotic syndrome.
Indications for renal biopsy include rapid
elevation in serum creatinine level, presence
of red blood cell casts with an elevated
serum creatinine level or proteinuria, urinary protein level of more than 1 g/d on multiple measurements with no clear etiology
and more than 3 g/d in the absence of diabetes, rapid increase in proteinuria in the
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presence of diabetes, or presumptive acute
interstitial nephritis that has not resolved
with the removal of a suspected medication.
A streptococcal antibody proﬁle would not
be warranted because the patient’s history
does not suggest recent infection with Streptococcus. Although she has chronic heart failure, echocardiography would not provide a
deﬁnitive answer for a marked elevation in
creatinine in the setting of signiﬁcant proteinuria, weight loss, and unremarkable
chest radiography.
Examination of the renal biopsy specimen revealed diffuse acute glomerular and
tubular injury with abundant atypical casts
consistent with l light chain cast nephropathy. Congo stain was only focally positive in
the interstitial compartment, suggesting
light chain (AL) amyloidosis. Given the
concern for dysproteinemia, serum protein
electrophoresis and free light chain testing
were obtained and revealed a signiﬁcantly
elevated l free light chain level of 446 mg/
dL (0.57 to 2.63 mg/dL). Urinary protein
electrophoresis revealed an M spike of 546
mg/24 h with immunoﬁxation identifying
the M spike as monoclonal IgA-l.
3. Given the information obtained thus far,
which one of the following is the most
likely diagnosis in this patient?
a. Cryoglobulinemia
b. Monoclonal gammopathy of renal
signiﬁcance
c. Waldenström macroglobulinemia
d. Multiple myeloma (MM)
e. AL amyloidosis
Cryoglobulinemia most commonly presents as membranoproliferative glomerulonephritis and not light chain cast deposits.
Monoclonal gammopathy of renal signiﬁcance (MGRS) represents a group of disorders that are caused by nonmalignant or
premalignant plasma cells that secrete
monoclonal immunoglobulins. By deﬁnition,
MGRS does not meet diagnostic criteria for
multiple myeloma; MGRS typically presents
as progressive kidney failure, and diffuse
acute tubular injury is not seen.
Waldenström macroglobulinemia is a
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lymphoplasmacytic lymphoma that presents
with anemia, thrombocytopenia, lymphadenopathy, splenomegaly, and neuropathy.
Renal involvement is rare. Multiple myeloma
was highly suspected as it is the main cause
of light chain cast nephropathy and a subset
of patients also has concomitant amyloid
involvement of the kidney. Renal disease occurs due to the overproduction of l or k
light chains by abnormal plasma cells that
occlude tubular lumens of nephrons and
create the characteristics seen on pathology.
Although Congo red staining of the renal biopsy specimen was positive in this patient, it
was very focal, so it is unlikely that AL
amyloidosis alone would be the cause of
her renal dysfunction. In addition, the type
of her proteinuria was predominantly monoclonal immunoglobulin seen in MM, as
opposed to albuminuria commonly seen in
AL amyloidosis. Further work-up conﬁrmed
the diagnosis.
Bone marrow biopsy revealed 30% l
light chainerestricted plasma cells, conﬁrming the diagnosis of MM. Skeletal survey
identiﬁed lytic lesions in the C7 and T1
vertebral bodies. Systemic AL amyloidosis
was also conﬁrmed with fat pad aspiration.
Suspicion for cardiac amyloid was high
because of the low-voltage QRS complexes
seen on electrocardiography and the
enlarged cardiac silhouette on chest radiography. Repeated transthoracic echocardiography revealed concentric left ventricular
hypertrophy with elevated ﬁlling pressure,
abnormal strain with apical sparing, and a
small pericardial effusion. Similarly, the
change in the patient’s bowel movements
was also suspected to be due to amyloid intestinal deposition; however, it was not
conﬁrmed.
4. In addition to chemotherapy, which one
of the following should be considered
as an addition to the initial treatment of
this patient?
a. Elotuzumab
b. Plasmapheresis
c. Stem cell transplant
d. Radiation therapy
e. Ultraﬁltration
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Elotuzumab is an antitumor monoclonal
antibody that can be used in a few selected
patients with MM. However, it is not
approved as a ﬁrst-line therapy and has not
been studied for light chain cast nephropathy. Chemotherapy regimens that include
high-dose corticosteroids remain the ﬁrstline therapy for MM because it targets the
light chaineproducing plasma cells. Some
institutions consider adding plasmapheresis
in selected patients to enhance the removal
of existing nephrotoxic free light chains in
the circulation. However, this therapy is
not widely available, and further randomized
controlled trials are needed to solidify its
role.2 Stem cell transplant is not used for
initial treatment but may be a potential
long-term treatment option in MM. In the
context of MM, radiation therapy is used in
solitary extramedullary plasmacytomas.
Ultraﬁltration would not be beneﬁcial in
removing light chaineproducing plasma
cells or alleviating the patient’s kidney
injury.
For our patient, 4 sessions of emergent
plasmapheresis were able to reduce her
burden of l light chain immunoglobulins
from 446 mg/dL to 37.9 mg/dL. Cyclophosphamide, bortezomib, and dexamethasone
therapy was also initiated.
5. When discussing prognosis with this patient, which one of the following statements is true?
a. There is little correlation between the
patient’s initial signiﬁcant renal dysfunction
and her survival
b. Recovery of the patient’s kidney function
will not affect her overall survival
c. Despite chemotherapy and plasmapheresis, the patient may still have progression
to end-stage renal disease (ESRD)
d. If ESRD develops, it will exclude the patient from autologous stem cell transplant
e. The coexistence of the patient’s AL
amyloidosis will not affect her overall
prognosis
Studies have suggested that there is a
correlation between the severity of kidney
damage and patient survival; patients who
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have adequate renal recovery often have
improved survival.3,4 Despite prompt initiation of therapy, a percentage of patients
may never recover renal function and will
have progression to ESRD.5 Kidney dysfunction or ESRD is not a contraindication to
autologous stem cell transplant.6 Given the
patient’s age and lack of nonhematologic
comorbidities, she may be a stem cell transplant candidate. However, studies have suggested that the coexistence of MM and
amyloidosis often results in a worse prognosis due to multiorgan deposition of
amyloid.7
Our patient remained oliguric during
hospitalization, and the nephrology service
advised starting dialysis. The patient was
eventually discharged from the hospital and
continued to follow up with the hematology
and nephrology departments as an outpatient. Unfortunately, her kidney function
never recovered and she became dialysis
dependent.
DISCUSSION
Multiple myeloma is a hematologic malignancy characterized by a neoplastic proliferation of plasma cells that produce a
monoclonal immunoglobulin. It classically
presents with hypercalcemia, renal insufﬁciency, anemia, and bone pain from lytic
bone lesions, as well as other features such
as constitutional symptoms and recurrent
infection. Multiple myeloma should always
be suspected when any of these features are
present.
Renal injury with a serum creatinine
level of greater than 1.3 mg/dL is seen in
about 50% of patients with diagnosed MM,
while more than 20% of cases are classiﬁed
as having a severe renal injury with a serum
creatinine of greater than 2.0 mg/dL. More
than 80% of cases have proteinuria (consisting most commonly of light chains). However, only 15% to 25% of patients have
development of glomerular disease.8 Renal
injury most often occurs due to circulating
fragments of immunoglobulins and free light
chains that lodge in the tubules of the
nephron, resulting in cast nephropathy.
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Intact immunoglobulins typically do not
cross the glomeruli. Light chain cast nephropathy is commonly seen in MM, with
one study reporting up to 33% of patients
with MM having pathologic evidence of light
chain casts on kidney biopsy.9 This number
could potentially be higher as many patients
with evidence of light chains in the urine
begin therapy without ever undergoing a
kidney biopsy.
The International Myeloma Working
Group considers acute renal failure from
light chain cast nephropathy a myelomadeﬁning event and is the most common
renal pathology seen in patients with MM.
Rarely, light chain cast nephropathy has
also been associated with Waldenström
macroglobulinemia, chronic lymphocytic
leukemia, and certain types of lymphomas.
Diagnosis is conﬁrmed with histologic evaluation or presumed based on the assumption
of signiﬁcantly elevated serum free light
chain levels (>150 mg/dL) in patients previously diagnosed with MM. Patients who
have an unexplained acute kidney injury
with free light chain levels of less than 50
mg/dL should undergo kidney biopsy to
rule out other causes of renal failure per recommendations of the International Myeloma
Working Group criteria. Urinary albumin
excretion can provide additional information
when conﬁrming the diagnosis. One study
found that urinary albumin excretion was
consistently less than 25% in patients with
a conﬁrmed diagnosis of light chain cast
nephropathy.2,10
Multiple myelomaeinduced light chain
cast nephropathy requires immediate diagnosis as well as early institution of therapy
to prevent irreversible kidney damage and
restore renal function. When assessing a
patient with suspected light chain cast
nephropathy, initial evaluation begins with
the assessment of volume status. Typically,
these patients are volume depleted due to
poor oral intake as well as hypercalcemiarelated diuresis. If there are signs of volume
deﬁcits, steps should be taken to correct
them. Hypercalcemia is also concurrently
seen in these patients and should be
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managed appropriately. To prevent any
further kidney damage, nephrotoxic agents
should be avoided.
Further management as illustrated in this
case includes the initiation of urgent chemotherapy with or without plasmapheresis. The
role of antimyeloma therapy is to eliminate
the source of the abnormal light
chaineproducing plasma cells. A common
ﬁrst-line regimen includes bortezomib, lenalidomide, and dexamethasone. However,
lenalidomide is usually avoided in patients
with renal dysfunction. Cyclophosphamide,
bortezomib, and dexamethasone is the
regimen of choice in such patients. Unlike
plasmapheresis, chemotherapy does not
address the serum free light chains already
produced and found in the circulation. Plasmapheresis allows for rapid reduction of
serum free light chains, which has been reported to lead to improvement of renal function and resulted in improved overall
survival in some studies.11 Overall, with
directed and supportive therapies, reported
rates of improvement in kidney function
range between 50% and 80%.3 However,
there is the possibility that patients will
never recover renal function and will have
progression to ESRD, as seen in our patient.
Finally, AL amyloidosis should always be
considered in patients with MM because
12% to 15% of patients with myeloma have
development of clinical amyloidosis at
some point during the course of the disease.
Common organs of amyloid involvement
include the kidney, liver, and heart. The
following symptoms should raise suspicion
for amyloidosis: severe nonischemic cardiomyopathy in a nonhypertensive patient,
new-onset arrhythmias, unexplained hepatomegaly, macroglossia, periorbital purpura,
peripheral neuropathy, nonselective proteinuria, glomerular disease, and gastrointestinal
changes such as diarrhea or constipation.12
Diagnosis requires histologic conﬁrmation
with Congo red staining as well as visualization of apple-green birefringence under
polarized light. Treatment of AL amyloidosis
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with concurrent MM is similar to that for patients with MM without AL amyloidosis.
However, outcomes are worse due to underlying concomitant cardiac and renal
dysfunction.7
Potential Competing Interests: The authors report no
competing interests.
Correspondence: Address to Meltiady Issa, MD, MBA, Division of Hospital Internal Medicine, Mayo Clinic, 200 First St
SW, Rochester, MN 55905 (issa.meltiady@mayo.edu;
Twitter: @AHazimMD).
ORCID
Antonious Z. Hazim:
https://orcid.org/0000-0003-29383730; Gordon J. Ruan:
https://orcid.org/0000-00026969-9169

REFERENCES
1. Khwaja A. KDIGO clinical practice guidelines for acute kidney
injury. Nephron Clin Pract. 2012;120(4):c179-c184.
2. Manohar S, Nasr SH, Leung N. Light chain cast nephropathy:
practical considerations in the management of myeloma kidneydwhat we know and what the future may hold. Curr
Hematol Malig Rep. 2018;13(3):220-226.
3. Winearls CG. Acute myeloma kidney. Kidney Int. 1995;48(4):
1347-1361.
4. Bladé J, Fernández-Llama P, Bosch F, et al. Renal failure in
multiple myeloma: presenting features and predictors of
outcome in 94 patients from a single institution. Arch Intern
Med. 1998;158(17):1889-1893.
5. Johnson WJ, Kyle RA, Pineda AA, O’Brien PC, Holley KE.
Treatment of renal failure associated with multiple myeloma:
plasmapheresis, hemodialysis, and chemotherapy. Arch Intern
Med. 1990;150(4):863-869.
6. El Fakih R, Fox P, Popat U, et al. Autologous hematopoietic stem cell transplantation in dialysis-dependent
myeloma patients. Clin Lymphoma Myeloma Leuk. 2015;
15(8):472-476.
7. Bahlis NJ, Lazarus HM. Multiple myeloma-associated AL
amyloidosis: is a distinctive therapeutic approach warranted?
Bone Marrow Transplant. 2006;38(1):7-15.
8. Korbet SM, Schwartz MM. Multiple myeloma. J Am Soc Nephrol.
2006;17(9):2533-2545.
9. Nasr SH, Valeri AM, Sethi S, et al. Clinicopathologic correlations in multiple myeloma: a case series of 190 patients with
kidney biopsies. Am J Kidney Dis. 2012;59(6):786-794.
10. Leung N, Gertz M, Kyle RA, et al. Urinary albumin excretion
patterns of patients with cast nephropathy and other monoclonal gammopathy-related kidney diseases. Clin J Am Soc
Nephrol. 2012;7(12):1964-1968.
11. Gonsalves WI, Leung N, Rajkumar SV, et al. Improvement in
renal function and its impact on survival in patients with newly
diagnosed multiple myeloma. Blood Cancer J. 2015;5(3):e296.
12. Dubrey SW, Hawkins PN, Falk RH. Amyloid diseases of the
heart: assessment, diagnosis, and referral. Heart. 2011;97(1):7584.

Correct Answers: 1. a. 2. c. 3. d. 4. b. 5. c

https://doi.org/10.1016/j.mayocp.2020.04.053

2759

