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Abstract

Cardiac surgery with cardiopulmonary bypass (CBP) is essential for different cardiac procedures in order to perform
surgery with a clear sight field.

To safely perform surgery with CPB and preserve brain, kidney, and patient tissue from ischemic damage, cold cardio-
plegia, and mild to deep hypothermia are induced during the operation.

Cryoglobulinemia is a hematological/infective-related disease (in certain cases idiopathic) in which temperature-
dependent antibodies tend to aggregate and form emboli in the vascular system causing tissue damage if exposed
to low temperature.

The patient with cryoglobulinemia (known and unknown) can be at risk of a major ischemic event during CPB
and induced hypothermia.

This article’s aim is to evaluate the present scientific literature in order to understand how, in years, the therapeutic
or preventive approach, is evolving, and to analyze and make improvements to the management of a cryoglobuline-
mic patient who must undergo elective or emergency cardiac surgery.

In the last part of our article, we expose our single-center experience during a 32-month-long period of survey.

In all cases, our medical team (anesthesiologists, perfusionists, and cardiac surgeons) opted for a normothermic car-
diopulmonary bypass to lower the risk of cryoglobulin-associated complications.

In our experience, along with therapeutic intervention to lower the cryoglobulin titer, normothermic management
of cardiopulmonary bypass is as safe as hypothermic management.

Notwithstanding our results, further studies with a larger population are needed to confirm this perioperative man-
agement in a cardiac surgery setting.
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Introduction

Cryoglobulinemia

In 1933, Wintrobe and Buell [1] first described the phe-
nomenon of protein precipitation at low temperatures in
a serum sample from a patient with multiple myeloma.
These proteins reversibly precipitate in vitro below 37 °C
and redissolve at body temperature and were defined
“cryoglobulins” by Lerner and Watson in 1947 [2]. Cryo-
globulins are immunoglobulins that, according to their
immunochemical composition, are classified as single-
type cryoglobulins (SC) and mixed-type cryoglobulins
(MC). Classification details are in Table 1.

Small amounts of serum cryoglobulins, asymptomatic
and devoid of clinical consequences, are occasionally
detected in several infectious, hematologic, and immu-
nologic diseases, and even in a few normal serums.
The term cryoglobulinemic vasculitis refers to a well-
defined illness whose clinical and pathological features
are pathogenetically related to the occurrence of serum
cryoglobulins. In consideration of the wide spectrum of
cryoglobulinemia, diagnostic and classification criteria
have been proposed in order to better define this clinical
condition [5, 6].

The disease prevailed in women with an F/M ratio of
2.13 [7]. For many years MC remained of undefined etiol-
ogy and therefore was called “essential”. In 1990, Pascual
et al. reported the observation that many cryoglobuline-
mic sera were anti-HCV positive [8]. Several reports in
the following years confirmed this striking association
[9-12]. Cryoglobulinemic vasculitis (CV) can be defined
as a chronic, immune complexes-mediated systemic
vasculitis, involving small and less frequently medium-
sized vessels, representing the most typical extrahepatic
manifestation of chronic HCV infection. According to
the Revised International Chapel Hill Consensus Con-
ference Nomenclature of Vasculitides, CV belongs to
the subgroup “immune complex small vessel vasculitis”
together with IgA vasculitis and hypocomplementemic
urticarial vasculitis [13]. If anti-HCV antibodies and
HCV RNA can be detected in>90% of cryoglobulinemic
patients, cryoglobulins are detectable in about 25% of
HCV chronically infected patients; why only 10-15% of

Table 1 Cryoglobulin classification [3, 4]

Type Characteristic

Single type cryo-  Type | Monoclonal

globulins (SC) IgM, IgG, rarely IgA

Mixed type cryo-  Type ll Monoclonal

globulins (MC) IgM(k) with rheumatoid factor activity
Type Il Policlonal

IgM-IgG immunocomplexes
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them develop a clear CV is still debated, probably reflect-
ing genetic and/or environmental factors [14].

Less commonly, MC has been found to be associ-
ated with HCV-negative connective tissue diseases or
other viral or bacterial infections including HIV, HBYV,
and HEV [14]. Therefore, the term “essential” should be
referred to a few patients in whom the etiology remained
persistently undefined [15].

MC is considered a rare disease (i.e., prevalence in
the general population<5/10,000) even if some studies
showed a slightly higher prevalence [16, 17].

Cryoglobulins can be diagnosed by storing a serum
sample at 4 °C; if present, usually within 48—72 h (maxi-
mum 1 week), cryoglobulins will appear as a whitish
precipitate at the bottom of a Wintrobe’s tube, and their
amounts are quantified as the percentage of the whole
serum. This value is called cryocrit, by analogy of hema-
tocrit; its quantification is commonly related to clinical
severity and can be used to assess the response to treat-
ment [18].

CV is a systemic vasculitis whose clinical picture is
characterized by a wide spectrum of symptoms ranging
from the sporadic appearance of cutaneous purpura to
severe life-threatening conditions. The triad “purpura/
arthralgia/weakness” occurs in the majority of cases and
is considered a hallmark of CV. Cutaneous manifesta-
tions can vary from palpable purpura of lower limbs to
chronic torpid ulcers usually located at the supramalle-
olar regions. Other skin reactions are represented by
Raynaud’s phenomenon, livedo reticularis, urticaria, and
edema. Arthralgias usually involve the hands, knees, and
ankles symmetrically. Kidney injury may complicate CV
in almost 30% of cases. An indolent course with hyper-
tension, proteinuria, microhematuria, and red blood cell
casts occur in about 50% of cases, whereas nephritic or
nephrotic syndromes are less common (14% and 21%
of cases, respectively) and a defined picture of cryoglo-
bulinemic glomerulonephritis evolving into chronic renal
failure may involve about 14% of cases. Nervous system
involvement in the course of CV ranges from 16 to 60%.
Peripheral nervous system damage is usually represented
by sensory-motor neuropathy of the lower limbs, par-
esthesia, loss of strength, pain, and burning sensations.
Central nervous system alterations are less common,
usually characterized by transient dysarthria, hemiplegia,
and confusional state. As expected, liver damage char-
acterized by chronic hepatitis with or without cirrhosis
occurs in almost 70% of cases of HCV-related CV. Less
common clinical pictures of CV are represented by gas-
trointestinal (2-6%) and pulmonary (5%) involvement.
Intestinal ischemia or perforation should be suspected
in the case of acute abdominal pain; symptoms that
mimic cholecystitis and/or pancreatitis have been also
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described. Interstitial pneumopathy can be diagnosed in
CV patients displaying dyspnea and dry cough; pictures
of acute alveolar hemorrhage with hemoptysis, respira-
tory failure, and multiple pulmonary infiltrates are rare
[14-19].

CV-induced heart failure, reversible dilated cardio-
myopathy, and hypertrophic cardiomyopathy have been
also reported probably due to myocardial vessel involve-
ment. The clinical features of hyperviscosity syndrome
can be recognized in 10-15% of patients with type I
cryoglobulinemia but they are rare in those with type
II and even rarer in those with type III MC. Symptoms
are usually characterized by blurred vision, recurrent
epistaxis, headache, tinnitus, vertigo, and dizziness. In
severe forms, ataxia, confusion, and heart failure may be
present. Funduscopic examination may reveal tortuos-
ity or “sausage-like” appearance of the involved vessels,
marked retinal venous engorgement, and retinal hemor-
rhage [14].

The main therapeutic goals in CV are represented by
the eradication of HCV infection, deletion of the under-
lying B cells’ clonal expansions, and depletion of cryo-
proteins. For many years, clinically active CV was treated
with immunosuppressive/cytotoxic drugs and steroids
in different ways due to the heterogeneity and variable
severity of the disease, with few or partial and transient
clinical benefits. After the identification of HCV as the
main etiologic factor, antiviral therapy has become of
paramount importance. Interferon or pegylated inter-
feron-based therapy with and without ribavirin has rep-
resented for many years the gold standard for the therapy
of HCV-associated CV, resembling the standard of care
for chronic hepatitis. A dramatic positive therapeutic
impact was reached after the introduction of new direct
antiviral agents against HCV with virological responses
in nearly 100% of cases and complete clinical and immu-
nological responses of CV in 40-95% of cases according
to different reports [20]. Rituximab, a monoclonal anti-
body recognizing CD20 molecules expressed on B-cells
surface, has been extensively employed for B cell deple-
tion in patients resistant to or relapsing after conven-
tional antiviral therapy. Its use is currently indicated in
patients with persistent cryoglobulinemia despite sus-
tained virological response [14].

Life-threatening conditions are represented by acute
renal failure with oligo-anuria, rapidly progressive renal
failure, diffuse alveolar hemorrhages, acute cerebrovas-
cular and cardiovascular events, ischemic colitis, sepsis
complicating skin ulcer infection, and critical liver failure.

In these cases, Therapeutic Plasma Exchange (TPE)
plays a crucial role as emergency treatment in that large
amounts of immune complexes can be rapidly removed
from the bloodstream, representing a treatment of
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choice [21], followed by rituximab administration and/
or high-dose (or pulsed) glucocorticoids. Patients should
receive direct-acting agents (DAAs) treatment as soon
as possible when their condition is compatible with anti-
viral therapy completion [22]. Double-filtration plas-
mapheresis has been also employed in the treatment of
CV patients with inveterate, indolent leg ulcers, achiev-
ing progressive scarring until complete wound healing
after subsequent procedures [23]. Therapeutic plasma
exchange is also useful in type I cryoglobulinemia associ-
ated with hematological diseases like multiple myeloma,
particularly in the case of severe vasculitis and hypervis-
cosity syndrome [24].

Cryoglobulinemia and cardiac surgery: the cold
problem

Since the success of open-heart surgery with extracorporeal
circulation introduced by Gibbons in 1953, cardiopulmo-
nary bypass (CBP) technology has become a fundamental
part of cardiovascular surgery procedures [25].

Extracorporeal circulation with the CPB system implies a
great variety of effects on an organism, and the knowledge
required for optimal management is quite extensive [26].

Among these effects, hypothermia to prevent brain,
heart, and tissue damage is important, but it has some
consequences at different levels, such as hemostatic and
hemorrhagic problems. For these reasons, international
guidelines have been developed for optimal temperature
management during CPB [27].

Hypothermic cardiac surgery may be a situation at risk
for cryoglobulins vasculitis in patients with HCV, immune,
and/or hematological disease. Cryoprecipitation during or
after cardiac surgery with hypothermic cardiopulmonary
bypass is susceptible to starting vessel inflammation and
major ischemic events, such as skin ulcerations, neuropa-
thies, glomerulonephritis, or arthritis, among the most fre-
quently associated co-morbidities [28].

We conducted a literature review on PubMed, Google
Scholar, Cochrane Library database from 2000 to Octo-
ber 2023, using the Boolean operator, searching for the
following keywords: “Cryoglobulinemia” AND “Cardiac
Surgery” and, after ruling out irrelevant and out-of-topic
articles, we included all the articles describing the man-
agement of cardiopulmonary bypass in patients with
known and unknown cryoglobulin disease.

We excluded all the articles published before 2000
because the manuscripts were incomplete or not in
English.

The aim of this brief review is to emphasize the lack of
protocol for the management of patients with cryoglo-
bulinemia in cardiac surgery. In 2013, in a brief review
of the electronic records of the Mayo Clinic, Barbara
et al. [29] proposed a perioperative approach tailored to
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thermal amplitude and cryoglobulins titers in a series of
16 patients (from 2003 to 2010) affected by Cold Hemag-
glutinin Disease who underwent cardiac procedures
requiring cardiopulmonary bypass.

Since then, there has been very little literature about
these topics:

Valve surgery and ascending aorta replacement

Regarding valve replacement and aortic dissection/
aneurism, the surgery that most of all requires careful
temperature management, we have found four different
case reports with different comorbidities treated with
different levels of hypothermia during cardiopulmonary
bypass.

Fontana and colleagues [28] proposed a tailored
approach in a patient with HIV-HCV-related cryoglobu-
lin who underwent a replacement of the ascending aorta
with valvuloplasty according to Tirone David technique.
They assessed the temperature-dependent differential
cryoprecipitation of serum (the titer of Cryoglobulin at
different temperatures) and found the titer to decrease
above 20 °C, so, during CPB, they maintained the core
temperature of the patient around 22-24 °C, using a mild
hypothermia to minimize the risk of cryoprecipitation,
an acceptable compromise according to their operative
protocol.

As a second option, Yamazaki and colleagues, instead,
performed a successful deep hypothermia in patients
with Stanford type A aortic dissection which required
cardiac arrest and deep hypothermia for neuroprotec-
tion [30]. In this case, a 64-year-old man diagnosed with
symptomatic idiopathic cryoglobulinemia underwent
immunosuppressive therapy plus plasma exchange and
double filtration plasmapheresis; with the abovemen-
tioned therapies the qualitative analysis of cryoglobulins
was found negative, hence, when the patient experienced
chest and back pain and was diagnosed with aortic dis-
section, the medical team opted for deep hypothermia
(minimal nasopharyngeal temperature was 17.3 °C) with
selective cerebral perfusion. These authors concluded
that with appropriate therapy and a negative qualitative
cryoglobulin test, cardiopulmonary bypass under hypo-
thermia can be safely considered.

Satomi and colleagues [31], using a third different
approach, provide an example of successfully performed
aortic valve replacement with normothermic CBP in an
82-year-old woman with aortic stenosis, Waldestrom’s
Macroglobulinemia and hyperviscosity syndrome, posi-
tive for qualitative test for cryoglobulins; preoperative
blood testing demonstrated that the patient’s blood
tended to gel below 32 °C. In this case, a forced air
warming system was used to maintain the rectal tem-
perature between 36 and 37 °C during extracorporeal
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circulation, moreover, blood temperature in the arte-
rial and venous cannulas was kept between 36 to 37.5 °C
and 35 to 36 °C respectively. Cardiac arrest was induced
with normothermic cardioplegia and maintained with
continuous perfusion of warm blood cardioplegia via
the coronary sinus at 30 to 70 ml/min (temperature
was always kept between 35 and 36.5 °C). In a similar
way, Edmiston and colleagues [32] in a recent paper
published in October 2023, performed a mitral valve
surgery on a 61-year-old patient with type II cryoglobu-
linemia and endocarditis; they successfully performed
a normothermic systemic perfusion with intermittent
cold blood cardioplegia after two rounds of preopera-
tive plasma exchange session.

At last, as described by Vela and colleagues [33], a
patient with cryoglobulinemia undergoing cardiac sur-
gery for combined mitral and aortic endocarditis, had
several complications despite clinical and pharmaco-
logical interventions. The patient had remote hepatitis
C (HCV) infection with an undetectable viral load and
HCV-RNA. Blood cultures revealed Streptococcus vir-
idians and transesophageal echocardiography showed a
perforated aortic valve cusp and mitral valve vegetation
with associated regurgitation. Preoperatively he under-
went two rounds of plasma exchange and apheresis.
Warm cardioplegia was used in the operating theatre
but, in the postoperative period, he developed a fever
nonresponding to conventional treatment. Physical cool-
ing was applied and purpura fulminans with heart failure
occurred. The patient underwent VA ECMO as rescue
therapy, but he was elected for withdrawal of life-sustain-
ing measures.

Coronary artery bypass graft

Regarding Chronic or Acute coronary disease three cases
were reported by Faikh et al. [34], Saifullah et al. [35], and
Panagiotoupulos et al. [36].

Faikh et al. [34] discuss a case of a 59-year-old patient
with an established diagnosis of idiopathic cryoglobu-
linemia treated with plasmapheresis, rituximab, and oral
corticosteroids. He had a history of multiple leukocyto-
clastic vasculitic skin lesions, gangrene of the right first
and second toe, and left index finger requiring amputa-
tions. The patient underwent coronary artery bypass
grafting for a three-vessel disease; at admission, a quali-
tative test for cryoglobulins was positive, and for this,
he underwent two sessions of plasmapheresis. During
surgery patient was under CPB using 31 °C blood car-
dioplegia and mild hypothermic temperature (minimum
nasopharyngeal and bladder temperature during the pro-
cedure was 32.4 °C). No cryoglobulin-related complica-
tion was reported.
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Saifullah and colleagues [35], more recently, described
a similar case of a 74-year-old man with idiopathic Cry-
oglobulinemia who required Coronary Artery Bypass
Graft (CABG) and mitral valve repair; these authors
emphasize a multidisciplinary setting and performed
(according with other specialists) perioperative tests with
plasmapheresis and steroids therapy both pre- and post-
operatively, using a warm cardioplegia and normother-
mic extracorporeal circulation intraoperatively.

In December 2022, Panagiotoupulos et al. [36] pub-
lished a recent case report in literature with a CABG of
a 57-year-old man with no story of Cryoglobulinemia or
Cold hemagglutinin disease. CPB was performed as usual
when, suddenly, blood clots appeared on the surgical
field. The patient was promptly warmed up with warm
saline infusion and progressive normothermia and extu-
bated ten hours after the procedure with no cold aggluti-
nin/cryoglobulin-related complications.

In addendum, as an anecdotic case, Antonacci et al.
[37] report a case of sudden pulmonary embolism in
a 63-year-old male with a history of cryoglobulinemia
and Raynaud’s phenomenon undergoing surgery for the
removal of a poorly differentiated thymic carcinoma.
The patient underwent emergent surgical embolectomy
with midline sternotomy access and CPB. Right and left
pulmonary arteries were incised, removing a significant
number of fresh emboli.

The patient was easily weaned from CPB and dis-
charged 11 days post-procedure.

Revised literature is listed in Table 2.

Discussion

In this brief literature review, we have found case reports
with different management and outcomes. Most of the
case reports describe patients with symptomatic and
clear diagnoses of cryoglobulinemia who were sched-
uled for elective surgery. Many patients had hemato-
logic malignancies or HCV/HIV infection and, in three
cases, were diagnosed with preoperatory idiopathic
cryoglobulinemia.

The outcome was positive in patients who were
early diagnosed with cryoglobulinemia or had sugges-
tive symptoms; in a single case reported by Vela et al. a
patient with known cryoglobulinemia, died of late com-
plications not directly connected with the procedure. As
described in the anecdotic case report by Antonacci et al.
the only patient with unknown cryoglobulinemia had
major intraoperative complications.

The suggested approaches we found in the literature
are composed of preoperative and intraoperative prac-
tices and are listed in Table 3.
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Preoperative management

The approach was in five cases (all with known cryoglob-
ulinemia) conducted with a preoperatory plasmapheresis
to lower the qualitative and quantitative titer of cryo-
globulins, in five cases, patients were or had been under
steroid treatment prior to or after the operation. In three
cases, the patient received immunosuppressive therapy.

Intraoperative management

The intraoperative management differs between different
case reports; Yamazaki and colleagues performed a deep
hypothermic cardiopulmonary bypass after two rounds
of plasmapheresis with a negative qualitative cryoglobu-
lin test and Fontana et al. conducted the extracorporeal
circulation with mild hypothermia after having estab-
lished the temperature—dependent cryoprecipitation,
maintaining the patient temperature during cardiopul-
monary bypass in a “safe zone” In another case report the
procedure was conducted using a normothermic CPB;
authors applied a forced warming to the patient during
the CPB using active warming, warming of the arterial
and venous cannulas, and either continuous or intermit-
tent warm cardioplegia.

Our center experience

This study was conducted in our regional specialized hos-
pital for cardiac surgery, Azienda Ospedaliera—Universi-
taria Consorziale Policlinico di Bari (Italy), for 32 months
(2020-2022). Our inclusion criteria were known or
unknown diagnosis of cryoglobulinemia in patients
admitted for on-pump cardiac surgery.

Study population

We enrolled only four patients, one man, and three
women. All patients who meet the inclusion criteria had
known cryoglobulinemia. Three patients were admitted
with a clear diagnosis; one patient was diagnosed dur-
ing our routine preoperative assessment. The mean age
of patients in our case series was 72.5 years, while the
median 71.5 years. At admission one of four patients had
autoimmune disease as a comorbidity, three had hemato-
logic diseases, and none of the patients were positive for
HCV.

No complications were recorded during the CPBs. The
mean temperature of the CPBs was 36.75 °C. The mean
post-surgery ICU stay was 9.75 days, while the median
7 days. The outcome was favorable for all enrolled
patients.

Laboratory data are reported in Table 4.

The only clinical sign of cryoglobulinemia manifested
in our case series was preoperative renal damage in terms
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Table 3 Perioperative management for cryobulinemic patients
Cardiopulmonary bypass and cardioplegia management strategies for cryoglobulinemia
Preoperative management
-Plasmapheresis and/or plasma exchange [30, 32-35]
-Immunosuppressive therapy [30, 32, 34]
-Steroids [30, 32-35]
Intraoperative management
-Warm/cold blood cardioplegia and systemic warming [31-33, 35]
-Warm/cold blood cardioplegia and mild hypothermia (temperature above cryoprecipitation threshold) [28, 34]
-Hypothermia after negative cryo test [30]
Table 4 Study population: laboratory data
Patient WBC (x 10%/uL) CRP (mg/L) PLT (x 10%/uL) LACT Creatine CRYOC (%)
(mmol/L) (mg/dL)
Pre-operative data 1 49 334 126 14 0.91 Presence (<0.5)
2 6.3 1 278 1.5 1.5 Presence (<0.5)
3 14.24 115 254 2 341 Presence (<0.5)
4 7.04 89 298 09 6.47 Presence (<0.5)
Post-operative data 1 10.05 756 130 16 1.22 Presence (<0.5)
2 8.96 418 147 3 1.33 Presence (<0.5)
3 18.35 813 152 4.5 3.16 Presence (<0.5)
4 15.51 94.7 257 12 4.94 Presence (<0.5)
Discharge data 1 546 8 279 1 1.04 Presence (<0.5)
2 46 44 356 1 1.73 Presence (<0.5)
3 8.66 451 196 12 1.63 Presence (<0.5)
4 9.93 76.6 394 0.9 6.23 Presence (<0.5)

of chronic kidney failure (stages II/III/IV, according to
KDIGO classification) in three of the four patients.

In our center, there is no specific technical protocol
for the treatment of patients with known pathology, but
each case treated was discussed and decided upon by
the whole cardiac surgical team considering the hemo-
dynamic condition of the patient and his comorbidities.
The average temperature used during CPB was 36.75 °C,
which denotes a preference for implementing the normo-
thermic technique.

Conclusion

In our review and clinical experience, we have found that
treatment options for patients undergoing cardiopul-
monary bypass are approximately the same approaches
suggested since 1991: double filtration plasmapheresis,
(DFPP) pre- and postoperatively as well as during extra-
corporeal circulation [38], normothermic cardiopulmo-
nary bypass with continuous warm blood cardioplegia
[39], or preoperative plasmapheresis and steroid therapy
[40, 41].

Concerning the risks of a normothermic CPB, a sys-
tematic literature review by Kwok M. Ho et al. [42]
found that the use of normothermic CPB is as safe as
hypothermic surgery and is associated with a lower risk
of allogenic blood transfusion. This makes normother-
mic CPB a promising and, above all, safe solution for
the management of patients with cryoglobulinemia.

Further studies are needed to assess safer and evi-
dence-based management of patients with cryoglobu-
linemia needing cardiac surgery.
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