Hyperviscosi
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ty syndrome:

a complication hiding
in plain sight?

David Manuel, David Norcliffe and Bernie Benson

present a study of hyperviscosity syndrome, looking

at its associated primary causes, along with the

effects, symptoms and laboratory testing of this

critical medical condition.

Plasma hyperviscosity, known as
hyperviscosity syndrome (HVS), is a
secondary condition which may occur
in a considerable number of clinical
conditions and sometimes not given
the same consideration as the primary
cause. The fact that it can be a
consequence of a primary condition

B Pneumonia

B Tuberculosis

H Hyv

B Myocardial infarction

B Hypercellular leukaemias

B Myeloma

B Connective tissue diseases

B Polycythaemia vera

B Chronic hypoxia

B Paraneoplastic syndromes (when it results
from the high concentrations of circulating
immunoglobulins, cryoglobulins and
paraproteins).

Table 1. Clinical conditions associated with
hyperviscosity.

does not reduce the importance of its
effects or symptoms. Indeed, one of
the initial symptoms is often identified
during a routine eye examination
by an optometrist. Treatment of the
primary cause usually improves the HVS
symptoms.

Hyperviscosity syndrome is a critical

medical condition which can present
with a triad of neurological problems. It
arises when the blood becomes so thick
(viscous) that it cannot flow freely through
the blood vessels.

This condition may occur due to an
excess of red blood cells, white blood
cells, or blood proteins. If left untreated,
it may result in arterial blockages and
diminished blood circulation to essential
organs.

Causes
Increases in plasma protein concentration
significant enough to cause hyperviscosity
can be commonly seen in:
B Myeloma (specially IgA and IgM types).
B Waldenstrém's macroglobulinaemia.
B Connective tissue disorders,

eg rheumatoid arthritis.

An excess of red blood cells is one of the causes of hyperviscosity syndrome, which is a critical medical

condition.
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marrow

Multiple myeloma.

Hyperviscosity in adults is commonly
associated with various clinical conditions,
as shown in Table 1.

In neonates (newborn) it can also be
a complication in twin pregnancy where
one twin preferentially receives more of
the maternal circulation than the other.

A common cause of HVS is an increase
in the viscosity of plasma due to increased
circulating monoclonal (paraproteinaemic)
and polyclonal immunoglobulins. The
excessive intravascular paraproteins
result in a rheologically impaired
microcirculation and possible
hypervolaemia.’

Increases in fibrinogen, a2
macroglobulin and immunoglobulins
increase both plasma viscosity and
red cell aggregation which correlate
well with measurements made by
plasma viscosity and sometimes ESR
methods.

However, in extreme cases of plasma
hyperviscosity, the suspending plasma
may be so viscous that it decreases cell
aggregation, causing the erythrocyte
sedimentation rate (ESR) to fall to
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low or zero levels in addition to the
increased plasma density decreasing the
sedimentation of aggregates. Hence this
leads to a misleading false-negative result
in the ESR.

Symptoms of hyperviscosity
HVS is characterised by a significant
increase in plasma protein concentration
or cellular component changes causing
impairment of blood flow. Patients with
this condition frequently present with
following symptoms:?3

H Plethora.

B Cyanosis.

B Neurological symptoms (headache,
dizziness, vertigo, confusion, coma).

M Visual problems (blurred vision, double
vision, vision loss).

W Spontaneous bleeding (epistaxis,
menorrhagia, melaena and severe
itching).

M Cardiopulmonary symptoms (shortness
of breath, hypoxaemia, hypotension).

B Fatigue and weakness.

B Hearing changes (tinnitus and hearing
loss).

Hyperviscosity complications
Hyperviscosity syndrome is a serious
condition. Without treatment, it can lead
to artery blockages and reduced blood
flow.* This diminished flow may lead to
severe repercussions throughout the
body, such as hypertension, irregular
bleeding, sepsis, deficits in vision and
hearing, as well as organ failure resulting
from hypoperfusion and cell aggregation.
In children, reduced blood flow can affect
growth and development.

Diagnosis and tests

Healthcare professionals generally identify

hyperviscosity syndrome through blood

investigations. They might utilise:®

B Plasma viscosity (PV), serum viscosity or
whole blood viscosity tests to evaluate
blood thickness.

B Arterial blood gas test to measure
oxygen and carbon dioxide.

H Full blood count (FBC).

M Bilirubin level.

B Creatinine test to evaluate kidney
function.

B Liver function test.

B Protein tests.

M Blood glucose.

Clinical conditions associated
with hyperviscosity

B Multiple myeloma

Multiple myeloma (MM) is an
immunoproliferative disorder associated
with increased numbers of abnormal
plasma cells in the bone marrow.¢ When
plasma cells are healthy, they produce
antibodies (immunoglobulins). MM is
characterised by an excess production of
a single paraprotein, commonly IgG, but
may also be IgM, IgA, IgD, or IgE. This
can cause complications such as bone
thinning, spontaneous and pathological
fractures, and recurrent infections in the
bone.

The association of MM and raised PV
is well established, with the UK's National
Institute for Health and Care Excellence
recommending that a PV test should be
conducted for individuals suspected of
having MM.”

The association is most emphasised in
IgM because ‘the large star-shaped IgM
pentamers are highly viscous',? and less
so in IgG and IgA, though an association
is still apparent. For example, according
to Rogers and Estes: “About 25% of
hyperviscosity syndrome (HVS) cases
secondary to myelomas are caused by
IgA, followed by IgG myelomas.”

Multiple myeloma and plasma viscosity
were discussed in a 1981 report by
Harkness, who stated that HVS, which
arises “from the marked increase in
the viscosity of the plasma”, occurs in
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two main conditions: Waldenstrém's
macroglobulinaemia (WM) and MM.? In
MM, HVS is well-established and can be
seen in the research of Mehta and Singhal
(2003)'° and MacKenzie et al (1970)"

and is also cited in a Clinical Laboratory
Measurement of Serum, Plasma, and
Blood Viscosity article published in 2006
by Rosencranz and Bogen.?

Harkness (1981) indicates that patients
with multiple myeloma exhibit elevated
plasma viscosity as a result of monoclonal
protein fractions that resemble the size
and shape of proteins typically found
in plasma; approximately 80% of these
patients show an increase in IgG levels,
while around 20% demonstrate an
increase in IgA levels.

In the research conducted by
McGrath and Penny (1976), it was
found that out of 31 patients with IgG,
25 with IgM, and nine with IgA, 75%
exhibited elevated plasma hyperviscosity
syndrome.™ They state that: “In each of
the three immunoglobulin classes, the
viscosity of blood and plasma increased
logarithmically with the paraprotein
concentration being greatest in the case
of IgM."” This demonstrates a strong
association between IgM multiple
myeloma and raised PV; as well as an
association between IgG and IgA MM
and raised PV.

BLOOD SCIENCES

HVS is characterised by a significant increase in
plasma protein concentration or cellular component
changes causing impairment of blood flow

Though, in a 1973 article about HVS
in IgA MM, Whittaker, Tuddenham and
Bradley discuss how the association was
previously thought of as rare, but after
finding HVS in 10 IgA MM patients,
they state that: "It suggests that IgA
multiple myeloma in association with the
hyperviscosity syndrome is not as rare as
previous reports indicate.”"

The association with MM and serum
viscosity (SV) mirrors that of PV, in terms
of IgM having a stronger association, and
although it is present in IgG and IgA, it is
less so.

A paper by Fahey et al. (1965)
discusses the long-established association
between multiple myeloma and increased
serum viscosity, noting that that:
"Between 1932 and 1937, Reismann,
Magnus-Levy, and Albers reported
increased SV in several patients with
multiple myeloma.”®

The association has further been

demonstrated in Timo Somer’s chapter in
Bailliere’s Clinical Haematology.'® A table
of characteristics and disease features
illustrates and presents the percentage
increase of SV at presentation of the
different types of MM: IgM 95-100%, IgG
80-85% and IgA 85%.

Mehta and Singhal (2003) state that:
“Monoclonal hypergammaglobulinaemia
resulting in hyperviscosity syndrome
is seen in multiple myeloma and
Waldenstrém'’s macroglobulinaemia.”©
However, symptomatic hyperviscosity is
much more common in Waldenstrém'’s
macroglobulinaemia (10-30%) than it is in
myeloma (2-6%).

The association between MM and
serum viscosity appears to be less
well established than of PV. However,
establishing SV in MM patients does
have clinical significance considering
that, ‘prompt recognition of the
potentially fatal hyperviscosity syndrome
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in multiple myeloma (can result in)
dramatic relief in symptoms from the
lowering of viscosity by plasmapheresis’.
In this paper the authors discuss both
PV and SV testing, to which both are
found to have clinical significance when
screening for MM (Wright and Jenkins,
1970)."

Changes in plasma viscosity and
other blood test parameters can be
detected up to three years prior to
myeloma diagnosis. Koshiaris et al. (2018)
conducted a five-year prospective study
of 2,703 patients with myeloma and
12,157 in a healthy control group.

The study showed that the Hb began
to fall up to three years before diagnosis,
the MCV began to increase up to one
and a half years before and the PV began
to show an increase up to two years
prior to diagnosis. The authors looked at
individual parameters and combinations
to obtain ‘likelihood ratios’ to rule in
or rule out myeloma. It was found that
PV had higher rule-in and rule-out
sensitivities than ESR.

However, they found that the rule
out likelihood ratio using a combination
of Hb and PV was the best, with 95%
sensitivity. This rose to 97% when
creatinine was also added. The authors
concluded that: “ESR and PV have better
diagnostic performance for myeloma
both as rule-in and rule-out tests when
normal in contrast to CRP which has very
little value in myeloma diagnosis.” Given
the variables associated with ESR and
the relative stabilities of the PV there is
evidence that a screening programme
using Hb, PV +/- creatinine may be
beneficial.

B Waldenstrém'’s macroglobulinaemia
Waldenstrém macroglobulinaemia is an
indolent lymphoma (ie one that tends to
grow and spread slowly) and a type of
lymphoproliferative disorder which shares
some clinical characteristics with the
indolent non-Hodgkin lymphoma." It is
commonly classified as a form of plasma
cell dyscrasia, similar to other disorders
in this group, such as those that lead to
multiple myeloma.

It was first described by Jan
Waldenstrém in 1944 in two patients

Factors ESR | CRP | PV | SV
Normal range is consistent across different ages and genders X Vaa s
Unaffected by physiological stimuli: lifestyle, smoking, weight, blood pressure X X v |V
Anaemia and polycythaemia do not interfere with the result X VAN
Testing can be performed on a sample up to seven days old X X |/ |/
Aspirin and steroids have no effect on the result X |/ |/ |/
Can be a diagnostic test for: Multiple myeloma, hyperviscosity, X XV |/
temporal arteritis and Waldenstrdm’s macroglobulinaemia

Reliable, repeatable and reproducible test results X X / /

Table 2. ESR, CRP, PV and SV comparison table.

who presented with bleeding from

the nose and mouth, anaemia,
hypofibrinogenaemia, lymphadenopathy,
neoplastic plasma cells in the bone
marrow, and increased blood

viscosity due to increased levels of
macroglobulin.?

Until the late 1990s, WM was
considered to be related to multiple
myeloma due to the presence of a
monoclonal gammopathy and infiltration
of the bone marrow and other organs by
plasmacytoid lymphocytes. However, the
World Health Organization (WHO) now
classifies WM as a lymphoplasmacytic
lymphoma, which is itself related to non-
Hodgkin lymphomas.?”

Presenting symptoms of WM
are heterogenous but often include
weakness, fatigue, weight loss, blurring or
loss of vision, nystagmus, chronic oozing
of blood from mucous membranes of the
nose and gums, peripheral neuropathy,
hepatosplenomegaly, headache, and
rarely stroke or coma.?

It is characterised by an uncontrolled
clonal proliferation of B lymphocytes
with >10% lymphoplasmacytoid cells
in the bone marrow. Genetic mutations
have been discovered, the most
common being MYD88 and CXCR45.
CXCR4 mutations are known to cause
symptomatic hyperviscosity syndrome.?

There is also thought to be a two-to-
threefold increased risk of Waldenstrom
macroglobulinaemia in people with a
history of autoimmune diseases with
autoantibodies, and a particularly
elevated risk associated with hepatitis,
HIV and ricketts.?

Red cell rigidity (the inverse of deformability) can
be calculated from whole blood viscosity, plasma
viscosity and haematocrit using an equation by

Dintenfass
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Hence there is a case for including
regular plasma viscosity screening in this
patient group.

B Hyperviscosity due to cellular
components
The cellular components of blood can
also contribute significantly to HVS; an
increase in haematocrit (polycythaemia)
being the most common. Polycythaemia
can be broadly classified into two types:
primary polycythaemia (polycythaemia
rubra vera [PRV]) and secondary
polycythaemia.

Alternatively, the "absolute
polycythaemias' refer to an increase in
haematocrit and/or haemoglobin whilst
the 'relative polycythaemias’ refer to
a decrease in plasma volume caused
by other reasons such as dehydration,
cardiorespiratory or renal problems.

PRV is a myeloproliferative disorder
typically with a haematocrit above 0.55,%
leading to an increase in whole blood
viscosity (WBV) and is most commonly
found in the over 60 age group? with
males more commonly affected than
females.?

Secondary polycythaemia can be
caused by tissue hypoxia induced
by cardiorespiratory problems, long-
term smoking and over secretion
of erythropoietin due to renal or
drug related causes. Other cellular
influences on blood viscosity are red cell
deformability and aggregation, which
is enhanced where vascular bifurcations
are found, or in the presence of vascular
plaques.

Red cells are a biconcave disc
shape and have a resting diameter of
approximately 7.5um whereas nutritive
capillaries have a diameter as low as
3pm. Therefore, the ability of red cells
to be flexible is of crucial importance
to maintaining fluidity of blood and
therefore perfusion of the capillaries in all
organs and tissues.

Furthermore, normal red cells can
immediately regain their resting shape,
diameter and functionality, repeating
the process many times for the duration
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of their approximate 120-day lifespan.

Their flexibility is due to their shape, high

surface-area-to-volume ratio, structural
membrane components, cytoskeleton,
internal viscosity and intracellular
calcium level. Hence the importance

of red cell deformability in health and
disease cannot be over emphasised as
the function of every organ and tissue is
dependent on this.

Red cell deformability can be
assessed by several methods: laser
diffraction (ektacytometry), micropore
filtration and calculation being the three
most widely used. Laser diffraction
requires a specialist standalone
instrument and gives a pictorial
representation of red cell elongation
but does not lend itself to batch analysis
such as that required in a diabetic clinic.

Micropore filtration through
polycarbonate filters with pores of
5pum has been used for several years.
However, it requires red cells to be
washed three times before analysis to
remove any white cells, thus rendering
the measurement open to criticism of
being unphysiological. Furthermore, it
does not lend itself to batch analysis
and is therefore probably better suited
to research studies rather than everyday
use.

Red cell rigidity (the inverse of
deformability) can be calculated from
whole blood viscosity, plasma viscosity
and haematocrit using an equation
by Dintenfass.?® The calculation was
later evaluated by Norcliffe and Brown
(1988).2? One of the advantages
this calculation has over the other
methods is that no additional specialist
equipment is required so a result can
be relatively easily obtained without
incurring additional cost, and sequential
batch analysis can be performed. It is
a calculation of rigidity: so the higher
the value the less deformable the cells
are, and it has a further advantage of
a narrow reference range. It is possible
to measure plasma and whole blood
viscosity on a clinical viscometer (BV200
and BV1) to obtain a red cell rigidity
value.

Measurement of plasma
viscosity

Since the introduction of efficient
measurement of plasma viscosity
(Harkness, 1971), testing has been
available in many haematology
laboratories.*® Plasma viscosity is
renowned as a quick, inexpensive, non-
specific test, but also capable of being a
more accurate and useful screening test.
The viscosity of plasma is determined by
the quantity and size of the proteins.*
Notably the amount of fibrinogen

BLOOD SCIENCES

Since the introduction of efficient measurement of PV, testing has been available in many haematology

laboratories.

and the size of the immunoglobulins

in the blood which increase as part of
the body’s normal auto-response to
infection, inflammation, and the effects
of traumatic injury.

Plasma viscosity results are tested
and reported at 37°C but can also be
reported at 25°C (room temperature).
The results are presented in a clear,
easy to interpret numerical format,
displayed in two decimal places. Since
the PV reported value is identical
whether expressed in millipascal-seconds
(mPa-s) or centipoise (cP), both units
are universally recognised and easily
understood.

The plasma viscosity normal reference
range for individuals aged three years
and above is considered to be a result
within 1.50 - 1.72 mPa-s reported at
25°C and 1.12 - 1.27 mPa:-s reported at
37°C.2? Importantly a minor variation in
a patient’s PV of 0.05 mPa-s is deemed
to have clinical significance. The serum
viscosity normal reference range is a
result within 1.40 - 1.60 mPa-s reported
at 25°C and 1.09 - 1.23 mPa-s at 37°C.%*

Based on scientific studies, the
plasma viscosity test is shown to be a
robust and reliable tool that provides
valuable insight into a patient’s health,
particularly in relation to hyperviscosity
syndrome as well as inflammatory and
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several haematological conditions.®*

The PV test has advantages in terms of
stability, direct measurement, and minimal
external factor interference. This makes it
a superior choice in detection of elevated
proteins and abnormal paraproteins
in hyperviscosity syndrome and many
clinical scenarios.

Therefore, the PV and SV tests have
greater validity when investigating
hyperviscosity syndrome due to their
superior accuracy and sensitivity when
compared to the C-reactive protein (CRP)
test and ESR.

Conclusions
Hyperviscosity syndrome is a critical
condition characterised by an elevated
risk of both bleeding and thrombosis,
along with various other complications.
Consequently, it is crucial to establish an
early diagnosis, classification, and the
underlying cause as swiftly as possible.
Both plasma and serum viscosity serve
as a rapid method to confirm or exclude
paraproteinaemia, thus playing a vital
role. Clinical viscosity test results are
reliable, repeatable, and reproducible.
Furthermore, by measuring whole
blood viscosity, the rigidity of red blood
cells can be assessed, providing the
clinician with additional insights into the
patient’s true in vivo condition. This can
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It is crucial to establish an early diagnosis,
classification, and the underlying cause as swiftly

as possible

facilitate a prompt diagnosis and the
initiation of appropriate treatment.

It is evident that PV and SV are superior
tests for diagnosing and monitoring
hyperviscosity syndrome. The benefits
and rewards of PV and SV testing are
substantial, for clinical services and for the
patient’s clinical outcome. P
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