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Hyperammonemic Encephalopathy: A Rare Presentation of
Relapsed Multiple Myeloma
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Abstract

Hyperammonemia is a rare cause of encephalopathy in multiple my-
eloma in the absence of hepatic involvement. This is the only reported
case of a 74-year-old man who presented with multiple myeloma and
achieved complete remission but developed hyperammonemia af-
terward. He was aggressively treated with a combination of chemo-
therapy and immunotherapy, with a resolution of his encephalopa-
thy; however, within one month, he relapsed with encephalopathy.
He ultimately decided to pursue comfort-care measures. The authors
conclude that hyperammonemia in multiple myeloma is a rare but
important differential in patients with encephalopathy of unknown
causes. Aggressive treatment is of the utmost importance due to the
high mortality associated with the condition.
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Introduction

Multiple myeloma (MM) is the second most common hemato-
logic malignancy, characterized by the neoplastic proliferation
of plasma cells, which in turn produces a monoclonal immu-
noglobulin [1]. MM can cause a wide spectrum of diseases
with high mortality rates, ranging from skeletal destruction
from plasma cells to renal dysfunction due to immunoglobulin
deposition [2, 3]. Most patients will present subacutely; how-
ever, a small number of patients will present with acute find-
ings such as spinal cord compression or hyperviscosity. MM
defying events include calcium elevation, renal insufficiency,
anemia, and bone disease. Diagnostic workup includes a blood
count with smear, serum protein electrophoresis (SPEP) and
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immunofluorescence, serum free light chains, renal and liver
function testing, calcium level, lactate dehydrogenase (LDH),
albumin, B2 microglobulin, urinalysis for proteinuria, urine
electrophoresis and immunofluorescence, next generational
testing, cytogenetics, and imaging, including a whole body
computed tomography (CT) and a whole body magnetic reso-
nance imaging (MRI) if CT is negative to reveal bone lesions
[4]. A definitive diagnosis involves bone marrow aspiration
and biopsy for analysis of marrow cellularity, with possible
additional study of cytogenetics and specific protein produc-
tion. Upon diagnosis, patients can seek medical treatment with
chemotherapy, targeted therapy such as enzyme inhibition
and monoclonal antibodies, immunomodulatory medications,
steroids, and bone-modifying drugs to significantly improve
symptom development and overall mortality [5].

One of the rare complications associated with MM is en-
cephalopathy, which is attributed to hyperammonemia in the
absence of liver involvement, as seen in this case. Based on
studies published thus far, it is proposed that ammonia is pro-
duced and released from myeloma cell lines themselves [6].
Another theory is that myeloma-related humoral factors influ-
ence ammonia acid metabolism, leading to hyperammonemia
[7]. A persistent finding in cases of hyperammonemia due to
MM is that lactulose and hemodialysis do not lower ammo-
nium levels, and therefore, the mainstay of treatment is chem-
otherapy with high-dose cyclophosphamide, bortezomib, and
dexamethasone [7-9].

In this report, we present a case of a patient who had
achieved remission with medical management of MM before
he eventually returned to the hospital with altered mentation.
The evaluation revealed elevated levels of ammonia as well as
an increase in the free light chain ratio after prior improvement,
and a repeat bone marrow biopsy demonstrated recurrent mar-
row overgrowth with plasma cells. After chemotherapy was
initiated, ammonia levels normalized, and the patient’s menta-
tion returned to baseline. Delays in treatment can lead to a poor
prognosis, and without treatment, there is a 100% mortality
rate, according to a study done by Pham et al [9].

Case Report

In June 2019, a 74-year-old man with no significant past medi-
cal history was noted to be anemic with a hemoglobin 0f 9.2 g/
dL (13.8 - 17.2), white cell count of 6.4 x 103/mm? (4.5 - 11.0),
platelets 96 x 10%/L (150 - 450 x10%/L), mean corpuscular vol-
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ume (MCV) 98 fL (80 - 100) and elevated total protein of 9.6
g/dL (6.0 - 8.3). The patient was not taking any medication at
that time and lived a healthy lifestyle. The patient’s labora-
tory testing revealed a calcium of 9.6 mg/dL (8.6 - 10.2) and a
creatinine of 1 mg/dL (0.7 - 1.3). Further evaluation revealed
beta-2 microglobulin of 6.68 pg/mL (0.70 - 1.80), albumin of
3.9 g/dL (3.4 - 5.4), and his LDH of 158 IU/L (105 - 333).
His kappa/lambda ratio was 31.1 (0.26 - 1.65) with kappa light
chains of 92.2 mg/L (3.3 - 19.4) and lambda light chains of
2.7 mg/L (5.7 - 26.3). Immunoglobulin testing revealed immu-
noglobulin G (IgG) of 5,250 g/L (6.0 - 16.0), SPEP revealed
a paraprotein of 4.1 g/dL (6.4 - 8.3), and immunofixation re-
vealed IgG kappa. A skeletal survey did not reveal lytic le-
sions, but a bone marrow aspirate and biopsy confirmed the
diagnosis of MM and 90% involvement of the bone marrow.
Cytogenetics showed loss of chromosome Y, deletion of 13q,
and gain of 1q. Given these findings, the patient was classified
as having an International Myeloma Working Group (IMWG)
uniform response criteria stage 3.

The patient was treated with lenalidomide, bortezomib,
and dexamethasone (RVD) and attained complete remission
after a total of 12 cycles. The patient was referred for autolo-
gous stem cell transplantation, but he declined. He continued
lenalidomide maintenance with follow-up every month. By
June 2022, his laboratory results for SPEP, kappa light chains,
kappa/lambda ratio, calcium, hemoglobin, and creatinine were
within normal limits, and the patient was doing remarkably
well. According to the IMWG uniform response criteria, the
patient was defined as having a complete response.

However, in September 2022, he was admitted to the
hospital for altered mental status with rapid deterioration. On
physical examination, the patient had an increased respiratory
rate, slurred speech, tremors of the hands, and marked confu-
sion. His SPEP revealed an increased paraprotein of 1.1 g/dL,
his kappa light chains increased to 47.7, his kappa/lambda ra-
tio was 5.1, and he was found to have hyperammonemia of 62
pmol/L (< 30 pmol/L). His calcium had increased to 11.9 mg/
dL, hemoglobin had dropped to 9.1 g/dL and his creatinine was
1.3 mg/dL. A bone marrow biopsy revealed 100% involvement
of the bone marrow with sheets of aberrant plasma cells. Ac-
cording to the IMWG uniform response criteria, the patient
relapsed from a complete response.

His ammonia levels continued to increase, and his encepha-
lopathy continued to worsen despite treatment with lactulose
and rifaximin. His aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin, gamma-glutamyl trans-
ferase (GGT) were unremarkable and a MRI of the liver showed
no concerning findings. A lumbar puncture and MRI of the
brain were unrevealing. Given that all testing was unrevealing,
his confusion was attributed to hyperammonemia secondary to
MM. He was started on bortezomib and dexamethasone without
significant improvement in his symptoms. He was transferred to
a higher center and then started on daratumumab, carfilzomib,
and dexamethasone. The patient developed an allergic reaction
to carfilzomib, necessitating its discontinuation. He was contin-
ued on daratumumab combined with dexamethasone with the
addition of bortezomib to his regimen, which led to the resolu-
tion of his encephalopathy, a decline in serum ammonia levels,
and a significant improvement in his kappa light chains and
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monoclonal protein after 5 weeks of treatment.

By November 2022, his SPEP was 0.25 g/dL, his kappa
light chains were 14.6, and the kappa/lambda ratio was 6.08,
and the patient was doing well. The patient’s ammonia levels
were recorded after discharge during his follow-up appoint-
ments (Fig. 1). Unfortunately, he was admitted to the hospital
1 month later with altered mental status, again with marked
elevation of ammonia levels (114 pmol/L) and an increase in
the free light chain ratio (26.1). His ammonia level peaked at
212 pmol/L 5 days later, and given his rapid deterioration and
poor performance status, he was transitioned to comfort care.

Discussion

MM can rarely present as encephalopathy due to hyperam-
monemia in the absence of liver involvement; however, it has
never been reported as the presenting sign of a relapse occur-
ring after a patient had been in remission for several years
[10]. In most cases, neurological manifestations of MM are
due to hypercalcemia, hyperviscosity, infection, or medication
side effects. Hyperammonemia due to MM is often associated
with advanced stages of disease (International Staging System
(ISS)-3), plasma cells in the peripheral circulation, cytological
abnormalities, and extramedullary locations [11, 12]. Patients
with an advanced stage of the disease and poor prognostic fac-
tors such as 1q gain are more susceptible to the development of
hyperammonemia. Hyperammonemia encephalopathy due to
MM has been associated with high mortality and is character-
ized by lethargy, confusion, and asterixis, with reported cases
progressing rapidly to coma and subsequent death [13].

The pathophysiology of hyperammonemia in patients
with MM is not well understood, but according to a study done
by Otsuki et al, human myeloma cell lines produce an elevated
amount of ammonia in vitro compared to non-MM cells [5].
Toxicity arises from the conversion of excess ammonia into
glutamine by astrocytes, which leads to an osmotic transmem-
brane gradient and the ensuing cerebral edema. The overpro-
duction is possibly due to mutations in the enzymes involved
in the urea cycle. Another theory is thought to be due to excess
protein synthesis in myeloma cells, including the synthesis of
immunoglobulins and cytokines that induce excess ammonia
biosynthesis [6]. Ikewaki et al postulated that the mechanism of
hyperammonemia is the hepatic infiltration by MM cells, lead-
ing to liver failure, coupled with the presence of myeloma cells
in the peripheral blood [13]. Howman et al theorized that liver
infiltration of the plasma cells could result in portal hyperten-
sion and a portosystemic shunt that results in hyperammonemia
[14]. Gaiani et al suggested an alteration in urea metabolism that
would increase protein synthesis and subsequent catabolism of
plasma cells, leading to hyperammonemia [15]. In our case, we
suspected hyperammonemia was due to the MM cells them-
selves without hepatic involvement, as the patient’s liver func-
tion tests were within normal limits, his MRI of the liver was
normal, and he did not respond to lactulose or rifaximin.

A review by Pham et al [9] presented 40 patients with MM-
induced hyperammonemia-induced encephalopathy and showed
that the median age was 67 years with a male-to-female ratio of
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Figure 1. Patient’'s ammonia levels recorded after discharge during his follow-up appointments.

1.8:1. The median ammonia level was found to be 114 pmol/L,
and IgG was the most common type, followed by IgA. Inpa-
tient mortality was 48%, with 31% mortality in patients with
hyperammonemia who received MM-directed treatment versus
100% mortality in those who did not [16]. In cases of hyperam-
monemia, aggressive treatment with chemotherapy and immu-
notherapy is the mainstay. It has also been found that ammonia
levels and a patient’s state of consciousness return to baseline
when the underlying MM responds to treatment. A similar re-
view by Lora-Tamayo et al showed that 22 of the 25 patients
with hyperammonemia due to MM had lower ammonia levels
after treatment, and 15 of the 25 survived [17].

A review performed by Talamo et al [18] of 279 patients
with encephalopathy due to MM found that 70 patients had
hyperammonemia due to liver dysfunction. Of the 279 pa-
tients, only eight had serum ammonia greater than 47 pmol/L,
which is the upper limit of normal, and only two patients
were found to have encephalopathy due to MM as they did
not have concomitant cause factors such as hypercalcemia,
central nervous system disease, or plasma hyperviscosity.
These two patients had a rapid improvement in their neu-
rological function after therapy, with normalization of their
ammonia levels [18].

In current literature, most patients with hyperammonemia
due to MM have an initial presentation or a refractory case
(Table 1) [12, 19, 20]. The case reported here is rare, as our
patient was in remission but thereafter relapsed, and the ini-
tial presentation was of hyperammonemia and not typical MM
symptoms. The patient responded well to daratumumab, dex-
amethasone, and bortezomib therapy and eventually had his
mental status return to baseline. However, he relapsed again
with higher levels of ammonia than before, and due to his rapid
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deterioration, he was transitioned to comfort care. The authors
urge physicians to consider MM in cases of hyperammone-
mia of unknown cause, as timely management with aggressive
treatment is of the utmost importance. It also underscores the
gain of 1q as an aggressive and poor prognostic sign in MM.
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