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Plasma and serum
viscosity ratio in

BLOOD SCIENCES

diagnostic medicine

The relationship between plasma viscosity and serum
viscosity can reveal much about the body's response to
infection and inflammation. David Norcliffe, David Manuel and
Bernie Benson explore the clinical significance of this metric

in diagnostic medicine.

Plasma viscosity (PV) and serum viscosity
(SV) are well understood as rapid, cost-
effective, non-specific tests. Despite

their simplicity, they can demonstrate
diagnostic capability when used to
diagnose and monitor complex disorders
that are difficult to detect, diagnose or

quantify.*?

viscosity.

Studies of blood and serum viscosity
date back to the middle of the 19th
Century by the physician Poisueille®
but with the introduction of in vitro
anticoagulation in the 1920s the emphasis
moved towards plasma.* It was measured
using an Ostwald device consisting of a
glass U-tube, where the time taken for a
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Plasma is obtained from blood collected into a tube containing an anticoagulant, gently mixed and then
centrifuged. Unlike serum, the plasma contains all the clotting factors, which will marginally increase the

1-2 mL sample of fluid to travel from one
arm to the other was measured, giving a
reflection of viscosity.

Today a fully automated capillary
viscometer will use only 70 uL of patient
sample per test giving repeatable,
reproducible and reliable results.’

The measurement of serum viscosity
is not a new practice; it has been used in
medical diagnostics for many years. Early
haemorheology research concentrated
mainly on serum viscosity rather than
plasma.® In recent years, however, plasma
viscosity has shown a greater potential
to be utilised for a wider range of clinical
conditions.

Plasma and serum preparation
One of the critical differences between
plasma and serum samples are the
presence of clotting factors in plasma.

Serum is obtained from a blood sample
which has been collected into a plain
non-anticoagulated tube, gently mixed
and allowed to clot. After a minimum of
15 minutes the sample is then centrifuged
and serum obtained.” Hence serum
does not contain any clotting factors or
platelets.

Plasma is obtained from blood
collected into a tube containing an
anticoagulant, gently mixed and then
centrifuged. For rheological purposes
any dry anticoagulant can be used but
most commonly it is potassium EDTA
(ethylenediaminetetraacetic acid),? which
is also used for a full blood count. The
EDTA works by removing calcium from the
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plasma, thus preventing clotting. Unlike
serum, the plasma contains all the clotting
factors —including fibrinogen — which

will marginally increase the viscosity of
plasma. Liquid anticoagulants, such as
sodium citrate should not be used due to
their dilutional effect.

Viscosity differences

The relative components of plasma and
serum account for their difference in
viscosities. At 37°C it has been reported
that plasma viscosity is about 1.8 times
greater than that of water due to its
plasma proteins,” and serum is about

1.6 times greater.’® The difference is
primarily due to the proteins, enzymes
and substrates involved in clotting, with
fibrinogen accounting for approximately
22% of the effect on plasma viscosity.* It
has been reported that serum viscosity

is about 93% that of plasma viscosity."?
Fibrinogen has a very significant effect
on the viscosity of plasma, due to its high
molecular weight and asymmetry with a
length to diameter ratio of approximately
18:1 thus offering the resistance to flow.

@ Plasma viscosity

The viscosity of plasma changes in
proportion to the quantity and molecular
size of plasma proteins, particularly
fibrinogen, immunoglobulins and
paraproteins when present.” These will
increase as part of the body’s normal
response to infection, inflammation,” and
due to the effects of traumatic injury.

The plasma viscosity (PV) test result
can provide critical information which
can be utilised by medical professionals to
aid diagnosing and monitoring complex
clinical conditions*such as:
polymyalgia rheumatica
multiple myeloma
temporal arteritis
Waldenstrém'’s macroglobulinaemia
hyperviscosity syndrome
diabetes
COVID-19
sepsis
meningitis
cardiovascular disease
rheumatoid arthritis
vascular dementia and Alzheimer’s
disease.

The PV test has advantages over the other
inflammatory markers, C-reactive protein
(CRP) and erythrocyte sedimentation
rate (ESR) in terms of stability, direct
measurement, and minimal external
factor interference. This makes it an
excellent choice in detection of elevated
proteins, and also abnormal paraproteins
in many clinical scenarios.

Plasma viscosity samples are tested
and reported at 37°C, but can also be
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Plasma viscosity was first measured using an
Ostwald device.

reported at 25°C (room temperature). The
results are presented in a clear, easy to
interpret numerical format, displayed at
two decimal places.

The unit of clinical viscosity
measurement most commonly reported
is the SI unit of milliPascal-second
(mPa-s). The previous non-SI viscosity
unit centipoise (cP) has now been largely
superseded by mPa:s. Interestingly, the
values are interchangeable. Hence 1.60
mPa:s is equivalent to 1.60 cP.

Plasma viscosity normal reference
range:*®
® 1.12-1.27 mPas, tested and reported at

37°C.
® 1.50-172 mPas, tested at 37°C reported

at 25°C.

@ Serum viscosity

The viscosity of serum is dependent on the
size and concentration of blood proteins,
paraproteins and immunoglobulins
present in a patient sample. These
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protein changes will increase in the body
as a natural reaction to infection and
inflammation. This mechanism is an
automatic body response and is affected
proportionally by the severity of the
patient’s clinical condition.

The presence of a large concentration
of IgM"” monoclonal proteins can be
the most common cause of serum
hyperviscosity and it is commonly
observed in conditions such as
Waldenstrom macroglobulinaemia®®
and multiple myeloma. The tendency
for these monoclonal proteins to cause
hyperviscosity is determined by the
concentration, molecular weight, and
aggregation of the proteins.

Serum viscosity (SV) testing is routinely
used by medical professionals to support
clinical monitoring and to identify
complex clinical conditions® that are
difficult to diagnoses, such as:
® multiple myeloma
® Waldenstrém’s macroglobulinaemia
® hyperviscosity syndrome
® rheumatoid arthritis.

Serum viscosity testing has been found
to be useful in autoimmune disorders,
connective tissue diseases and in
hyperviscosity syndromes due to the
abnormal presence of paraproteins (IgM,
IgG and IgA).

The SV test offers significant
advantages over other inflammatory
markers in terms of stability, direct
measurement, and minimal interference
from external factors. These features
make it an excellent tool for detecting
elevated protein levels and abnormal
paraproteins across a range of clinical
contexts.

Serum viscosity samples 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 and reported
at two decimal places.

Since the SV result is reported in a
numerical format, regardless of the unit,
whether it's 1.20 mPa-s or 1.20 cP, both
milliPascal-second and centipoise are
universally recognised, accepted, and
easily understood.

Serum viscosity typical normal
reference range:*
® 1.09-1.23 mPas, tested and reported

at 37°C.
® 1.40-1.60 mPa-s, tested at 37°C reported

at 25°C.

The PV:SV ratio

Plasma and serum viscosity ratio refers to
the relationship between the viscosity of
plasma and that of serum from the same
patient. The normal plasma viscosity is
slightly higher than serum viscosity. In



a patient with normal results: plasma
viscosity is about 1.60 mPa-s; while the
corresponding serum viscosity is typically
1.50 mPa-s, when measured at 37°C and
reported at 25°C.

It reflects the fact that plasma contains
fibrinogen and other clotting factors,
while serum does not. The PV:SV ratio will
determine which of the protein fractions
actually contribute to the abnormal
viscosity of the patient sample.

As the patient plasma sample contains
the acute phase protein fibrinogen and
other clotting factors, the viscosity
of plasma increases earlier in the
disease state and strongly in infections,
inflammation, auto immune flare and
tissue injury.

In paraproteinemias involving IgM,
IgA, or IgG, serum viscosity serves as an
excellent diagnostic indicator. It should be
noted that the presence of paraproteins
influences both serum and plasma
viscosity.

The PV and SV ratio can distinguish
and clarify whether the infection or
inflammation is significant in comparison
to elevated immunoglobulins and
hyperviscosity.

For example, a high PV with a normal
SV is likely caused by increased plasma
protein and fibrinogen levels, as seen in
infection or inflammation. If both PV and
SV are elevated, hyperviscosity is likely
due to increased immunoglobulins, as
seen in conditions such as Waldenstrém’s
macroglobulinemia or multiple myeloma.
These conditions are often first suspected
with a raised PV, which usually triggers
further investigations such as quantitative
serum electrophoresis. However, a PV:SV
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It is clear that the PV:SV ratio has extensive
diagnostic and monitoring potential in many

complex disease states,

with particular relevance

for chronic inflammatory conditions

ratio can be established easily and quickly
to support the latter findings.

The advantages of the PV:SV ratio was
proven in the 1981 study® by Alexander et
al. The study explored whether measuring
both plasma viscosity and serum viscosity
could better predict which patients with
early rheumatic symptoms would later
develop chronic arthritis. The researchers
compared plasma and serum viscosity
in 115 patients who had recent-onset
symptoms and were followed for at least
six months.

The study found that while many
patients had raised plasma viscosity, only
those with raised serum viscosity were
very likely to develop chronic arthritis.
Specifically, 28 of 29 patients with high
serum viscosity later developed chronic
arthritis, showing that serum viscosity
was a strong predictor. Overall, the study
suggests that combined PV and SV testing
will identify earlier which patients with
acute rheumatic symptoms are at risk of
progressing to chronic disease.

Therefore, the PV:SV ratio is clinically
valuable for distinguishing, identifying
and monitoring the following:*

Feature

Plasma Viscosity (PV)

Serum Viscosity (SV)

® inflammatory elevation (plasma >
serum)

® paraprotein-related hyperviscosity

® hyperviscosity syndromes and
inflammatory conditions.

Advantages of PV and SV testing

Clinical viscosity measurements

provide significant advantages* when

compared with other laboratory assays

for the identification of infection and

inflammation, as follows:

® same reference range for all ages, (over
three years old)

® same reference range for both genders

® unaffected by physiological stimuli:
lifestyle, smoking, body weight, and
blood pressure

® unaffected by anaemia and
polycythaemia

® aspirin and steroids do not interfere or
distort the plasma and serum viscosity
results

® tests can be performed on a plasma
sample up to seven days and on a
serum sample up to 14 days old

® myeloma, Waldenstrom’s
macroglobulinaemia and

Plasma:Serum Ratio (PV:SV)

Sample type

Plasma, contains fibrinogen,
and other clotting factors.

Serum, absence of fibrinogen
with no clotting factors.

The PV:SV ratio is diagnostically fundamental.
PV increases with inflammation. SV rises with
paraproteinaemia.

Recommended use

For infection, inflammation
and traumatic injury.

For paraprotein-related
hyperuiscosity.

Differentiating between inflammation or
paraproteinemia.

Influencing factors

Plasma includes fibrinogen.

No fibrinogen, and
no clotting factors.

Due to the presence of fibrinogen, PV is a superior
test for the detection of infection and inflammation.

Value when diagnosing
paraproteinaemia lgM / 1gG / IgA

Excellent.

Excellent - SV directly reflects
the presence of paraproteins.

Increase in PV and SV levels may well indicate
paraproteinemia.

Use in hyperviscosity syndrome

Very good screening.

Benchmark for monoclonal
IgM hyperuiscosity.

Can confirm paraproteinaemia as the main cause.

A recommendation
for plasmapheresis

Very helpful.

Extremely helpful.

PV:SV ratio strengthens decision-making.

Clinical application

Helps to isolate acute phase

protein and paraprotein effects.

Helps to isolate paraprotein
effects.

PV:SV ratio may aid in a differential diagnosis.

Current usage
and popularity

United Kingdom
and Europe.

The plasma to serum viscosity (PV:SV) ratio.

Primarily USA.

The PV:SV ratio can distinguish between
inflammation and paraproteinaemia.
Both PV and SV should be used globally.
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hyperviscosity syndrome results are
characteristic and diagnostic
abnormal results are reported earlier
in the disease than other comparable
markers

a minor variation in PV and SV of

0.05 mPa-s is deemed to have clinical
significance

by using internationally accepted
calibration standards clinical viscosity
test results are universally comparable.

Conclusions

It is evident that the PV and SV are
superior tests? to detect infection,
inflammation, as well as for diagnosing

and monitoring complex clinical disorders.

The PV and SV tests are repeatable,
reproducible, and reliable, providing an
accurate reflection of in vivo conditions.

It is clear that the PV:SV ratio has

extensive diagnostic and monitoring
potential in many complex disease states,
with particular relevance for chronic
inflammatory conditions.

In addition, it has been shown that

PS:SV ratio data delivers substantial
clinical value by enhancing diagnostic
accuracy, supporting patient
management, measuring treatment
efficacy and improving overall clinical

outcomes.
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