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Cryocrystalglobulinemia Leading to Multi-Organ Failure in 
Chronic Lymphocytic Leukemia Achieving  

Complete Renal Recovery

Ashley Duntona, c , Shivi Jainb

Abstract

Cryocrystalglobulinemia (CCG) is a rare and fatal subset of type I cryo-
globulinemia that is classically associated with an underlying monoclo-
nal gammopathy. Cryocrystalglobulins are created when immunoglob-
ulins self-assemble into extracellular crystal arrays, which often leads 
to severe systemic hypoperfusion and occlusive vasculopathy that cul-
minates in multi-organ failure. Most commonly, the resultant ischemia 
manifests as cutaneous lesions and renal insufficiency, which can pro-
gress to fulminant kidney failure requiring renal replacement therapy. 
CCG is commonly associated with lymphoproliferative disorders and 
is most frequently reported in the literature in context of plasma cell 
dyscrasias with minimal cases describing CCG secondary to other 
types of lymphoid neoplasms, especially those that attain complete or-
gan recovery. We report a unique case of a patient who presented with 
multi-organ failure, including cryoglobulinemic glomerulonephritis 
(CryoGN) consistent with monoclonal gammopathy of renal signifi-
cance (MGRS), who was found to have type I IgG kappa CCG due to 
chronic lymphocytic leukemia (CLL). With the assistance of plasma-
pheresis, hemodialysis, and clone-directed therapy, the patient achieved 
complete renal recovery. We highlight this uncommon entity to em-
phasize the clinical importance of early diagnosis and timely treatment 
given CCG’s significant morbidity and mortality.
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Introduction

Cryoglobulins are immunoglobulins (proteins) that precipitate 

at cold temperatures (< 98.6 °F, < 37 °C). There are three types 
of cryoglobulins according to the Brouet classification [1]. 
Type I typically involves monoclonal immunoglobulins (MIg) 
(i.e., IgM, IgG, IgA) and is associated with lymphoprolifera-
tive disorders such as multiple myeloma, Waldenstrom mac-
roglobulinemia, and chronic lymphocytic leukemia (CLL). 
Cryocrystalglobulinemia (CCG) is a rare variant of type I 
cryoglobulinemia in which MIg spontaneously self-assem-
ble into extracellular crystalline arrays. These structures are 
characteristically eosinophilic, periodic acid-Schiff positive, 
and demonstrate non-birefringence under polarized light [2]. 
Cryoglobulins in the form of extracellular crystals are rarely 
reported in the literature and often confer a poor prognosis [3]. 
Unlike mixed cryoglobulinemias (types II and III) that involve 
complement-mediated inflammation leading to vasculitis, the 
deposition of crystallized paraproteins within vessels, as seen 
in CCG, induces ischemic hypoperfusion and an occlusive 
vasculopathy that culminates in multi-organ failure, often fa-
tal. Most commonly, the resultant ischemia manifests as cuta-
neous lesions (such as purpura, livedo reticularis, ulcers, gan-
grene) and renal vasculopathy that can progress to fulminant 
kidney failure requiring renal replacement therapy [2]. CCG 
is most frequently reported in the literature in the context of 
plasma cell dyscrasias such as multiple myeloma and mono-
clonal gammopathy of unknown significance (MGUS), with 
little to no cases describing CCG secondary to other types of 
lymphoid neoplasms, such as CLL [4-6].

MIg produced by clonal proliferative B-cell and plasma cell 
disorders are highly nephrotoxic and often lead to renal impair-
ment. Monoclonal gammopathy of renal significance (MGRS) 
is a highly heterogenous group of disorders categorized by the 
presence of MIg deposits in varying areas of the kidney. While 
MGRS includes monoclonal gammopathies with low tumor 
burden, in 2017 the International Kidney and Monoclonal Gam-
mopathy Research Group (IKMG) updated the diagnosis to in-
clude patients with smoldering multiple myeloma and indolent 
lymphomas. MIg deposits are illustrated histologically on renal 
biopsy. A biopsy should be considered in patients with mono-
clonal gammopathy and renal impairment of unknown etiology. 
For suspected MGRS, a kidney biopsy should include immu-
nofluorescence (IF) and electron microscopic (EM) studies to 
characterize the composition and organization of monoclonal 
deposits. MGRS is not restricted to plasma cell dyscrasias and 
has been reported in monoclonal protein-producing B-cell lym-
phomas and CLL [4]. Type I cryoglobulinemia is a rarer subtype 
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of MGRS and typically manifests histologically as membrano-
proliferative glomerulonephritis with glomerular thrombi and 
microtubular deposits composed of monoclonal cryoglobulin. 
Renal manifestations are more common with IgG type I cryo-
globulin than IgM variants [7, 8].

Management of CCG involves targeting the nephrotoxic 
MIg-producing clone involved in creating crystallized cryo-
globulins with an objective to preserve renal function. This is 
accomplished by clone-directed therapy, aimed at the under-
ling source of paraproteinemia, and is the mainstay of treat-
ment of CCG secondary to a lymphoproliferative disorder. 
Similarly, the most effective treatment of MGRS and its as-
sociated monoclonal gammopathy is aimed at suppressing 
immunoglobulin production via clone-directed therapies with 
removal of serum proteins that can cause permanent kidney 
damage. Clearance of serum cryoglobulins is accomplished 
by plasma exchange with or without anticoagulation and is 
an indication for patients with acute vasculopathy prior to the 
initiation of clone-directed therapy [7, 9]. Because of the high 
risk of recurrence, patients with MGRS-related kidney dis-
eases often require life-long hemodialysis for end-stage renal 
disease (ESRD) [10]. The initiation of clone-directed therapy 
is associated with favorable outcomes in patients with cryo-
globulin glomerulonephritis (CryoGN) due to an underlying 
hematological condition [11]. First-line treatment regimens 
include bortezomib, rituximab, cyclophosphamide, and/or cor-
ticosteroids, which should be selected based on the underlying 
clonal process and degree of renal impairment [4, 7].

Case Report

Investigations

A 64-year-old man with a history of heart failure with pre-
served ejection fraction and hypertension presented with 
progressive dyspnea. Initial labs revealed worsening renal 
function, a serum creatinine level of 2.1 mg/dL (patient’s 
baseline: about 1.0 mg/dL), and pancytopenia (white blood 
cell count (WBC): 3,300/µL, hemoglobin: 7.8 g/dL, plate-
lets: 118,000/µL). His lymphocyte count was low at 500/µL 
(reference range: 720 - 5,200/µL), which was suspected to be 
secondary to chronic prednisone use. He was also found to 
have an IgG kappa monoclonal gammopathy; quantification 
yielded 0.4 g/dL (reference value: 0 g/dL) with a kappa light 
chain level of 16.96 mg/dL (normal: 0.33 - 1.94 mg/dL). He 
also had low serum total complement levels (CH50 < 16, ref-
erence value: > 41 U/mL). Urine studies revealed proteinuria 
and hematuria. An echocardiogram showed a newly reduced 
left ventricular ejection fraction (LVEF) of 20-25% (previ-
ously 50%) and severe diffuse hypokinesis. Cardiac stress 
testing revealed a moderate-sized, severe defect in the basal 
to mid inferior wall consistent with infarct and peri-infarct 
ischemia. He was also intermittently in atrial fibrillation with 
rapid ventricular response.

During this hospitalization, the patient was noted to have 
worsening ischemia of his right foot (Fig. 1) and left second 
and third digits (Fig. 2). Of note, he had previous amputations 
of his left fourth and fifth fingers due to a work-related injury. 
A skin biopsy of his right foot showed multiple fibrin micro-

Figure 1. Marked gangrene (red) of the right foot.

Figure 2. Marked gangrene (red) of the left second and third digits.
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thrombi occluding medium-sized dermal blood vessels con-
sistent with thrombotic vasculopathy. Ultrasound of the right 
lower extremity confirmed deep vein thrombosis (DVT) in the 
proximal peroneal, posterior tibial, and gastrocnemius veins. A 
computed tomography (CT) angiogram of the chest revealed 
a subacute pulmonary embolism (PE) in the right upper lobe. 
The patient was started on therapeutic heparin and transferred 
to our institution for further management.

Diagnosis

Due to progressive renal failure, the patient ultimately required 
hemodialysis and underwent a renal biopsy. This demonstrated 
a membranoproliferative glomerulonephritis pattern of injury 
with intracapillary pseudothrombi and focal arteriolar throm-
bosis that stained positive for IgG and kappa on light micros-
copy (Figs. 3 and 4). Ultrastructurally, global subendothelial 
and intraluminal electron-dense deposits were with phagocy-
tosed deposits. Many of these glomerular deposits displayed 
lattice-like substructures and some formed crystals in rod 
and rectangular shapes (Figs. 5 and 6). Together, these find-
ings were suggestive of IgG kappa crystal cryoglobulinemic 
glomerulonephritis (CryoGN) type I with secondary vascular 
thrombosis consistent with an MGRS.

Further serological evaluation was unrevealing including 
an autoimmune panel (anti-nuclear antibody, C3 and C4 levels, 
rheumatoid factor), anti-phospholipid antibody panel, lupus 
anticoagulant, cold agglutinin titer, human immunodeficiency 

virus (HIV), and hepatitis C. While his serum cryoglobulin was 
initially negative at the outside hospital, repeat serum cryoglo-
bulin at our institution later returned positive at 5% (reference 
value: 0%). Peripheral blood flow cytometry demonstrated 
a kappa-restricted monoclonal B-cell population expressing 
CD19, CD5, and CD38 but negative for CD10, raising the con-
cern of CLL. Bone marrow biopsy revealed nodular and inter-
stitial lymphocytic aggregates composed of small lymphocytes 
highlighted by CD20 and negative for cyclin D1. Also noted 
were plasmacytoid lymphocytes and increased CD138-positive 
cells raising the concern for lymphoplasmacytic lymphoma; 
however, the specimen was negative for MYD88 mutation. 
Immunophenotyping showed a monoclonal B-cell popula-
tion with kappa restriction and expression of CD5, CD19, dim 
CD20, CD22, partial CD23, CD38, and CD200. Review by 
our institution’s hematopathology confirmed mature B-cell 
lymphoma with a CLL phenotype comprising 30% of marrow 
cellularity. An extension study to assess lymph node burden 
was not performed. The diagnosis of type I crystal cryoglobu-
linemia secondary to IgG kappa monoclonal gammopathy in 
the context of underlying CLL was made.

Treatment and outcomes

The patient was treated with heparin, high-dose prednisone, 
and frequent plasmapheresis without further vascular compli-

Figure 3. Light microscopy (hematoxylin and eosin stain): glomerulus 
with monocyte-rich, mesangial expansion and increase in matrix and 
cellularity consistent with membranoproliferative glomerulonephritis 
pattern of injury.

Figure 4. Light microscopy (hematoxylin and eosin stain): immune 
type/hyaline microthrombi denoted with blue arrow.
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cations. He underwent a right below the knee amputation and 
amputation of his left gangrenous digits. He received 10 ses-
sions of plasmapheresis while admitted and continued receiv-
ing weekly sessions until acalabrutinib was initiated for CLL 
treatment. Repeat analysis of serum cryoglobulin was negative 
(0%). After approximately 6 months of clone-directed therapy 
with acalabrutinib and a prolonged prednisone taper, the pa-
tient achieved complete renal recovery with his serum creati-
nine returning to his baseline of 0.98 mg/dL. He remains on 
acalabrutinib.

Given the patient’s clinical instability and acute renal 
failure, further cardiac evaluation with percutaneous coro-
nary intervention was deferred during hospitalization. Sub-
sequent cardiac magnetic resonance imaging (MRI) showed 
global left ventricular hypokinesis with reduced biventricular 
systolic function, but no evidence to suggest infarct or fi-
brosis. His cardiomyopathy was thought to be non-ischemic 
and multi-factorial, possibly stress-induced (Takotsubo) or 
secondary to vascular/myocardial inflammation in context 

of CCG with a component of tachyarrhythmia. However, his 
cardiac function did not improve on repeat echocardiogram 
almost 1 year after hospitalization which demonstrated an 
LVEF of 20-25% and moderate diffuse hypokinesis. He was 
started on goal-directed medical therapy and had an inferior 
vena cava filter placed.

Discussion

Difficulty in diagnosis

Confirming the diagnosis of CCG may yield difficulties. Un-
like general cryoglobulinemia, most cases of CCG do not have 
circulating cryoglobulin [4]. In fact, as demonstrated in our 
case, the patient initially had negative serum cryoglobulin at 
the outside institution despite the presence of ischemia, multi-
organ dysfunction, and other clinical manifestations of CCG. 

Figure 5. Electron microscopy showing subendothelial electron dense deposits denoted with blue arrow.
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Accordingly, in patients with CryoGN, seronegative cases ac-
count for 25% of the cases despite renal biopsy findings and 
are mostly kidney-limited diseases. Cryoglobulins can be 
negative in the presence of biopsy-confirmed cryoglobuline-
mia for multiple reasons including unintended cooling of the 
sample prior to analysis, low serum concentration, cyclical 
variation, or preferential precipitation in glomeruli with high 
dilution in the serum [12]. In our case, plasmapheresis may 
have impacted initial cryoglobulin detection. This underscores 
the importance of relying on clinical suspicion for timely diag-
nosis of CCG despite negative test results.

Our patient’s renal biopsy demonstrated crystal cryoglo-
bulinemic glomerulonephritis type I (IgG kappa) with second-
ary vascular thrombosis consistent with an MGRS. Of note, 
the lattice-like structures and extracellular crystals (in rod and 
rectangular shapes) confirmed the presence of crystals. As 
seen in our case, patients with CCG may undergo extensive 
autoimmune and inflammatory serological evaluations, even 
biopsies, before a diagnosis is confirmed.

While type I cryoglobulinemia is known to be associated 
with lymphoproliferative disorders, association with CLL is a 

rare phenomenon. The presence of CCG and its resultant is-
chemic manifestations leading to a new diagnosis of CLL has 
not been reported in the literature. One paper written by Tang 
et al described an incidental finding of crystal cryoglobulins on 
peripheral blood smear of a patient with a history of CLL with-
out clinical manifestations of CCG [13]. Another described a 
case of non-crystal cryoglobulinemia with CLL [14]. As such, 
it is difficult to compare these cases from a clinical and biolog-
ical perspective to establish a common grounding. However, 
future comparison of these cases in the literature would be of 
high value.

Organ involvement

Cryoglobulinemic organ damage can occur by two differ-
ent pathological mechanisms: accumulation of cryoglobulins 
and autoimmune-mediated vasculitis in small- to medium-
sized blood vessels. It is suspected that our patient’s throm-
bosis (DVTs and PE) and peripheral gangrene are direct 
consequences of CCG, likely a combination of cryoglobulin 

Figure 6. Electron microscopy showing electron-dense deposits forming crystals at higher power denoted with blue arrows.
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accumulation and deposition leading to venous and arterial is-
chemic hypoperfusion. Yet, his cardiomyopathy was thought 
to be due to severe systemic inflammation rather than direct 
vascular ischemia induced by crystallized paraproteins. How-
ever, this is difficult to discern given cardiac catherization was 
not performed.

Controlling the clones

Definitive treatment of CCG secondary to a lymphoprolifera-
tive disorder involves directly targeting B-cell clonal prolif-
eration to reduce the serum MIg level [10]. In our case, this 
was accomplished via acalabrutinib therapy. Corresponding-
ly, treatment of MGRS-related kidney diseases secondary to 
monoclonal gammopathy is often mandatory and sometimes 
urgent to prevent renal deterioration and progression to ESRD. 
Recovery of renal function is possible with adequate hemato-
logical response. The literature suggests that a very good par-
tial response (defined as a difference between involved and 
uninvolved free light chain < 4 mg/dL or > 90% reduction of 
the involved free light chain) is the minimum hematological 
response required for preservation of renal function, ultimate-
ly preventing progression to ESRD. Renal response to clone-
directed therapies often occurs secondary to, and is further 
augmented by, achieving extremely strong hematological re-
sponses [12]. Yet, relapse with or without extrarenal manifes-
tations should be anticipated. Even with plasmapheresis and 
clone-directed therapy, cases of CCG with renal involvement 
often have poor outcomes including eventual relapse and death 
[4, 14].

Conclusions

Definitive management of CCG secondary to a lymphoprolif-
erative disorder and MGRS involves clone-directed therapy 
targeted at the underlying monoclonal gammopathy with an 
objective to preserve renal function. Plasmapheresis is used 
in acute systemic vasculopathy as a temporizing measure 
before clone-directed therapy is implemented. Even with ad-
equate treatment, CCG with renal involvement often has poor 
outcomes with eventual relapse and death. We describe this 
unique case of CCG in context of CLL with multi-organ in-
volvement, including acute renal failure, that achieves com-
plete renal recovery following introduction of clone-directed 
therapy. Furthermore, we highlight this uncommon entity to 
emphasize the importance of early diagnosis with high clinical 
suspicion and timely treatment to prevent significant morbidly 
and mortality.
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