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Clinical viscosity and its
testing: a medical and
laboratory perspective

In part one of a two-part series David Norcliffe presents

a study of clinical viscosity, outlining how it is measured

and how it is used as part of the diagnosis of various

conditions. Part two — to run in the next issue — looks at

future applications of this technology.

Clinical viscometers are used for
measuring the viscosity of human
biological fluids: blood plasma, blood
serum, whole blood, and synovial fluid.
Most commonly, clinical viscosity testing
is used with a population of any person
over three years old but can also be used
for younger patients too. The intended
function is to screen, monitor and aid in
diagnosis of multiple clinical conditions
by establishing the viscosity of patient
samples to produce quantitative data.

To further aid in diagnosis the results
from clinical samples are correlated to
indicative viscosity ranges for specific
conditions. There are an increasing
number of conditions and risk factors that
the clinical viscosity test is intended to
screen, monitor and aid in diagnosis for.
These include (but are not limited to):

B Waldenstrom'’s macroglobulinaemia (WM)
B Multiple myeloma (MM)

M Leukaemia

B Hyperviscosity syndrome (HVS)

B Rheumatoid arthritis (RA)

B Polymyalgia rheumatica (PMR)

B Temporal arteritis/giant cell arteritis (GCA)
M Cardiovascular disease (CVD)

M Coronavirus disease (COVID-19).

The possible applications for clinical
viscosity measurement are much greater

than the above and there is the potential
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to increase and improve where and
how it may be used. Whilst work on this
is currently being done much is still to
be explored and formal research to be
undertaken.

Principle

Plasma and serum behave as Newtonian
fluids. Where there is a linear relationship
between shear stress and shear rate, this
is said to be a Newtonian fluid. This is

defined by: “The measured viscosity is
the same regardless of whether the fluid
is flowing slowly or quickly.”" The shear
stress divided by the shear rate is the
viscosity, and the viscosity is the resistance
to flow. The units of viscosity are

reported as millipascal-seconds (mPa-s)
or centipoise (cP). The numeric value of
these units is equal. That is 1 mPa-s = 1
cP. Pure deionised water has a viscosity of
1.00 mPa's at 20°C. Clinically, plasma is
the fluid primarily tested, though serum
has also been used and has the potential
for further investigation. The viscosity

of plasma is mainly determined by the
concentration of the large asymmetric
molecules such as fibrinogen, which

has a length:diameter ratio of
approximately 18:1.

Plasma viscosity, ESR and CRP
After the full blood count (FBC),
erythrocyte sedimentation rate (ESR),

The BV200 clinical viscometer will measure the viscosity of human biological fluids: blood plasma, blood

serum, whole blood and synovial fluid and will test directly from primary blood sample tubes.
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plasma viscosity (PV) and C-reactive
protein (CRP) are likely to be the second
most frequently requested tests in the
typical haematology laboratory. The long-
established ESR is largely unchanged
from its first use more than 200 years ago.
Its many limitations are well documented
including the often-overlooked
requirement that is must be performed
within four hours of venepuncture. The
process is also a sigmoid curve with
variable points and therefore any attempt
to reduce the traditional one-hour test
time it requires only introduces errors.
Furthermore, it is not representative of

in vivo circulatory conditions. Indeed, in
cases of IgM myeloma or Waldenstrom’s
macroglobulinaemia, the ESR is most
commonly paradoxically and very
misleadingly normal.

With many haematology laboratories
now combining with those of
biochemistry, it is tempting to attempt
to reduce costs by using CRP as an
alternative to PV or ESR, given that many
biochemistry analysers have that facility
already. However, the measurement of
this single acute phase protein alone or its
isomers brings limitations of its own. Most
notably, baseline levels can be influenced
by age, gender, smoking, weight, lipid
levels, blood pressure,? variable results in
rheumatoid arthritis patients due to the
heterogeneity® and method variation. All
of this can mean that the quality of service
to the patient may well be less than
that hoped for or required. Additionally,
the CRP does not directly measure the
equivalent of PV or indeed ESR and
therefore may be misleading in certain
clinical conditions. CRP is a single acute
phase protein, whereas PV is the effect of
all acute phase proteins combined. CRP
increases more quickly than PV, (about
6-12 hours) with a shorter half-life (about
48 hours). It tends, however, to increase
only slightly, if at all, in viral infections
and may not increase at all in conditions
such as some leukaemias and lymphoma.
Whilst PV or CRP may be an incidental
finding in leukaemia investigation, a
raised PV might be the first indication
to trigger further specific investigations
in a possible lymphoma. The uses and
limitations of CRP measurement have
been described such as in heterogeneic
conditions like rheumatoid arthritis and its
most effective use may be as part of a test
panel for inflammation.*

PV is a sensitive measurement of the
effect of all the acute phase proteins
combined and is therefore reflective of
in vivo circulation. It is also much more
than an alternative replacement for the
ESR or CRP. It has recently been shown
to be a very effective parameter in the
prediction of the progress of COVID-19

positive patients, in a study done in
Addenbrookes Hospital, Cambridge,
UK.,® and Emory University Hospital,
Atlanta, GA.¢ Other publications are
appearing regularly. Plasma for viscosity
measurement can be obtained from any
dry anticoagulated tube; most commonly
potassium EDTA. Anecdotally, some
laboratories have used sodium citrate
samples and multiplied the answer by
10%, but to date there are no publications
to support this practice which therefore
requires further work.

Misconceptions about PV

in the laboratory

There are several misconceptions
regarding PV. First there is the belief that
the measurement is insensitive due to

the ‘bulky equipment’ and large sample
volumes required. This stems from when
large manually operated cone-and-plate
viscometers, originally designed for

the oil and food industries, were used.
These industrial viscometers typically

have sensitivities and tolerances to the
nearest whole 1.0 mPa and are therefore
unsuitable for plasma. This can introduce
issues with reliability, accuracy and
precision both from a clinical, quality and
compliance perspective. This, however,

is no longer the truth. A modern, fully
automated clinical viscometer can have

a sensitivity of 0.01 mPa and can give
results in just 60 seconds. Furthermore,
the sample volume can be as little as 50pL
making it suitable for paediatric samples or
from patients with compromised venous
access from whom obtaining a normal
sample volume is very difficult, whilst
complying with the trend to do more tests

BLOOD SCIENCES

on a smaller volume of blood. It also offers
better NEQAS and UKAS compliance.

The second misconception is that
there is no linear relationship and,
therefore, no conversion factor either from
or to ESR. This is very much a reflection
of the limitations of the ESR test. Sample
delay, accuracy of dilution with trisodium
citrate affecting the zeta potential of
red cells, the angle of the tube, the
laboratory temperature at the time of
measurement and the pharmacological
status of the patient are just some of the
many variable factors affecting the ESR,
all of which are difficult to control. All
these variables are removed by using PV.
Many believe viscosity testing to be a
difficult concept. This results in a lack of
acceptance of its advantages over other
previously established inflammatory or
infection markers. However, the science
behind PV is simple whilst also having the
advantage of a narrow reference range.
Samples are also stable for up to a week
after collection which makes it easier
to organise workloads in a laboratory,
especially when samples are collected
from remote locations.

Clinical viscosity testing is often
viewed as a test that only specialist labs
can perform or when testing patients
with suspected myeloma or other
paraproteinaemia. This is simply not the
case. Clinical viscometers are available to
suit every medical or research laboratory
and, when done in large numbers, can
offer cost savings over CRP and ESR.

Clinical viscosity in practice
A clinical viscometer can have a
throughput of more than 60 samples per

The BV1 is a semi-automated analyser, suitable for small laboratories performing up to 50 samples a day.
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hour which means a FBC and a viscosity
test can potentially be obtained in little
more time than the FBC alone requires.
The measurement of PV is a controlled
process as well as being more reflective
of true physiological conditions than other
methods. Results can then be sent directly
to the LIMS.

Clinically a result for an infection or
inflammation marker which is equivocal is
generally of limited use to the patient or
clinician. An ESR of 20mm in one hour or
a CRP of 10mg/L for example, is probably
of little use to the clinician when faced
with a patient with appropriate symptoms.
A change of 0.05 mPa-s in PV, however,
is clinically significant so, assuming an
upper reference limit of 1.72 mPa-s, an
isolated PV result of 1.77 (or alternatively
> 0.05 from previous) is unequivocally
abnormal and significant. This could be
vital where a rapid diagnosis is required
such as in suspected sepsis, temporal
arteritis, salpingitis or juvenile septic
arthritis. Similarly, for a rapid differential
diagnosis, such as differentiating between
acute appendicitis and renal colic, a
clear indicator like PV may be hugely
beneficial. A common finding in ESR is
an unclear demarcation between cells
and plasma (so-called streaming) since
the cells are still in the decantation phase
when the test is read.

® Waldenstrom’s
macroglobulinaemia
Waldenstrom’s macroglobulinaemia is
a slow-growing type of non-Hodgkin’s
lymphoma. It is sometimes called
lymphoplasmacytic lymphoma or indolent
lymphoma. WM is characterised by an
excess production of immunoglobin M
(IgM), which accumulates in the blood.
This can cause complications such as
impaired circulation, visual impairment,
enlargement of the lymph nodes and
spleen, hyperviscosity syndrome (HVS),
anaemia and repeated infections.

A raised PV and serum viscosity (SV)
is associated with WM as reported by
Timo Somer.” Somer states that plasma
HVS ‘complicates... up to one-third of
Waldenstrom’s macroglobulinaemia’,
which may be caused by ‘excessive
paraproteinaemia. The resultant severe
microcirculatory impairment is mainly
due to the combined effects of plasma
hyperviscosity, significant plasma
volume expansion and intense red-cell
aggregation.’ Somer’s earlier research®
considers the results from many clinical
reports and stresses the ‘significance
of plasma proteins in the impaired
capillary flow and in the ensuing clinical
complications of these diseases’ (WM
and MM). Both papers support the
importance of PV in WM.
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Another example of application of PV is hyperproteinaemia which includes causal conditions such

as hepatitis B and C, HIV/AIDS, Waldenstrom’s macroglobulinaemia, myeloma, liver disease, chronic

inflammatory disorders, and others.

A useful review of laboratory findings
and clinical aspects of WM, states that
for WM patients, serum HVS is a result
of the overproduction of IgM, which
causes fatigue and is ‘the most common
clinical presentation of Waldenstrom'.?

A study about HVS-related retinopathy
states that ‘approximately 17% of all
patients with WM show clinical symptoms
related to HVS',"® while a 1972 study

of 40 patients found HVS in 33% of
patients.” The incidence of HVS in

WM has also been reported as high as
95-100% in Somer’s chapter of Baillieres
Clinical Haematology.” This broad range
of findings of the incidence of HVS in
WM could be because ‘hyperviscosity
syndrome is less frequently seen today as
more patients are diagnosed and treated
earlier'."?

m Myeloma

Multiple myeloma is an
immunoproliferative disorder associated
with increased numbers of abnormal
plasma cells in bone marrow, which
when healthy, 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 repeated infections.

The association of MM and raised PV
is well established. NICE recommends
that for suspected MM, a PV test should
be arranged.’? 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 at less than 5%
of cases’ IgD and IgE will not be
discussed in this report. MM and PV was
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 two main
conditions: WM and MM. In MM, HVS
is well-established and can be seen in
the research of Mehta and Singhal'
and MacKenzie et al." and is also cited
in a 2006 article: Clinical Laboratory
Measurement of Serum, Plasma, and
Blood Viscosity."”

A modern, fully automated clinical viscometer can
have a sensitivity of 0.01 mPa and can give results in

just 60 seconds
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B Leukaemia
The causes of leukaemia are largely
unknown and whilst they can be classified
in several ways, there are currently only
three that we are able to evidence in
relation to PV: acute myeloid leukaemia
(AML), acute lymphoblastic leukaemia
(ALL), and chronic myeloid leukaemia
(CML). In a study of 30 ALL, 21 AML and
30 CML patients, it was found that all
patients had a significant increase in PV.
This study provides significant evidence
to support the association of PV to
leukaemia, because 100% of the subjects
from this study had increased PV. On the
Cancer Therapy Advisor website, HVS is
said to be a result of ‘abnormal plasma
components such as paraproteins...
(and) can also be secondary to increased
cellular components due to leukaemia’.
There is also evidence to suggest an
association of leukaemia with SV. A 2013
case report into HVS of an AML patient
studied how hyperleukocytosis in acute
leukaemia can lead to leukostasis which
‘is caused by the increased viscosity and
sluggish flow of circulating leukemic
blasts in tissue microvasculature’.’® The
report goes on to explain the multiple
clinical conditions that may occur if
treatment for HVS is not provided
promptly. They state that ‘leukopheresis
is the treatment of choice for initial
treatment and stabilisation of HVS caused
by hyperleukocytosis and leukostasis. ..
(because leukopheresis) decreases the
SV by decreasing excess WBCs (white
blood cells)'. It is concluded that ‘due
to the high mortality rate associated
with HVS and acute leukaemia, it should
be promptly and aggressively treated’.
This report evidences an association
between acute leukaemia and HVS and
also highlights the severe consequences
if SV is not taken into account early in
the diagnosis. Other reports include a
case study of a 56-year-old male found
to have serum HVS and primary plasma
cell leukaemia (PCL)'" and another found
high relative SV of 2.6 in an 85-year-old
woman with PCL.2° However, the causal
relationship between SV and PCL was
not clear and each of the reports only
involved only one subject, which in
isolation, make association difficult to
define. Therefore, larger studies into
the association of leukaemia and SV are
required to solidify this.

m Hyperviscosity

syndrome
Hyperviscosity syndrome is a general
term where patients have symptoms
related to increased blood viscosity,
to which blood cannot flow freely
through arteries. It could be as a result
of paraproteins, which are seen in WM
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There is great potential to increase and improve where and how clinical viscosity measurement may be used.

Whilst work on this is currently being done much is still to be explored and formal research to be undertaken.

and MM. It could also be a result of
increased cellular components, causing
polycythaemia or formation of immune
complexes in autoimmune diseases such
as rheumatoid arthritis (RA). HVS can
cause complications such as neurologic
abnormalities (headache, seizure, stroke,
etc.), visual disturbances and mucosal
bleeding.

The link between HVS and PV was also
described in the 1981 paper by Harkness,
which notes how a significant increase
in PV can cause symptoms of HVS17.
One of the symptoms is neurologic
abnormalities including strokes, to which
a 1991 study found that subjects at
risk of strokes or with cerebrovascular
symptoms, had a much higher PV than
in the control group.?' A later study
regarding hyperviscosity in plasma cell
dyscrasias, suggests that ‘pathogenic
factors for the hyperviscosity (caused
by plasma cell dyscrasias) are due both
to increased plasma viscosity and to
increased erythrocyte aggregation’.?
They go on to discuss how it then also
leads on to an increase in whole blood
viscosity.

B Rheumatoid arthritis
Rheumatoid arthritis is a chronic
inflammatory autoimmune disorder.
Although it primarily affects the lining of
joints, it is not solely confined to them,
and its effect can be seen in changes of
the cartilage, bone, skin, eyes, lungs, and
blood vessels.

The association between PV and RA
is demonstrated in a 1987 study of 27
outpatients with RA. "The measurements
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showed a significantly raised PV in
patients with RA... compared with a
control group.’? The mean average PV of
the control group was 1.38 mPas and for
RA patients it was 1.55 mPa-s. A similar
result was also found in a later study of
40 RA patients, where PV: “Discriminated
significantly between active and inactive
disease (and) the sensitivity and specificity
for PV above the normal range as a sign
of disease activity was 89% and 73%,
respectively, which was superior than
the commonly used ESR (erythrocyte
sedimentation rate).”?*

The association between PV and
RA is further demonstrated in a study
examining both PV and ESR.?® The
authors studied 120 outpatients with
RA and found that 94% had raised PV.
This study also focuses on the difference
between ESR and PV as a diagnostic
aid. It states that ‘PV estimations are
at least as reliable as ESR... in terms
of diagnosis and as indices of disease
activity and improvement during
specific antirheumatoid drug therapy.
Similar findings are reported in a study
performed on 17 RA patients over
seven months, which found that when
using consensus analysis to “assess the
performance of laboratory tests that are
commonly used to monitor the acute
and chronic phases of inflammatory
disease” % PV and ESR came in first
place. Considering that ESR is regularly
used by clinicians currently, where results
show that PV is also a reliable test to
diagnose RA, this positively supports both
the association between PV and RA, and
also the clinical importance of the PV test.
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Pickup et al. go on to conclude that: “The
methodological advantages offered by
the PV test lend support to its application
in RA.” Cowan and Harkness? also found
“that the viscosity is a more reliable index
of clinical condition than the ESR".

m Polymyalgia

rheumatica
Polymyalgia rheumatica is an
inflammatory disorder, causing
widespread aching and stiffness of the
shoulders, neck, and hips that can
worsen rapidly. The symptoms are similar
to those of RA, and that in 2001 a study
into the presenting features of PMR and
RA it was concluded that: “At present,
there are no clinical or routine laboratory
features allowing early differentiation
between PMR and RA with PMR-like
onset.”?® PMR can also be linked to
temporal arteritis/giant cell arteritis (GCA),
“which may occur abruptly and without
warning early in the course of PMR"%
(NICE, 2019). The cause is unknown and
the condition “requires treatment with
systemic steroids for months or, more
usually, years" %0

The association between PV and
PMR is demonstrated in a five-year
prospective study into predicting the
prognosis of PMR at the disease onset.
It was consistently found that PV is raised
in patients with PMR and that: “A higher
PV in PMR is associated with prolonged
steroid requirements and late GCA." This
suggests that a high PV may correlate
with the severity of the condition and
could also lead to further complications.
PV analysis gives similar information to an
ESR, but is not influenced by factors such
as anaemia, polycythaemia, sex, or age®
and therefore theoretically, could be seen
as a more valid test than ESR. A 1977
study comparing ESR and PV had similar
findings, however, it recommended using
both tests when assessing disease activity
because: “It is not possible to provide
exact guidelines for a safe level of ESR or
PV applicable to the individual patient.”*2
This is re-enforced in a later study which
notes that the appropriate investigations
for PMR and temporal arteritis/GCA
are a full blood count, ESR or plasma
viscosity.*®

B Temporal arteritis

Temporal arteritis or giant cell arteritis
is an inflammation of the lining of the
arteries, most commonly of those in the
temples. The cause of GCA is largely
unknown. It can cause complications such
as frequent and severe headaches, jaw
and scalp pain, and vision impairment,
left untreated it can lead to blindness.
Temporal arteritis/giant cell arteritis
should be regarded as a clinical
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Plasma viscosity (mPa-s)
Temperature °C Sex Number of tests Range Mean | Standard deviation
20 - - 1.70-1.915 - -
25 Male 96 1.50-1.72 1.64 0.049
Female 63 1.50-1.72 1.63 0.056
Combined 159 1.50-1.72 1.64 0.052
37 - - 1.16-1.35 - -

Harkness (1981) Viscosity Measurements.

emergency because patients have a high
chance of rapid-onset blindness if they do
not receive treatment promptly.

The association between PV and GCA
is well established, from J. Harkness’
report in 1981 to the work of Finke et al.
in 2011. Harkness states that in chronic
diseases such as GCA: "There is usually
an increase in the plasma viscosity...(and)
the degree of the increase in the viscosity
and the upset of the protein pattern is
related to the clinically assessed severity
of the disease”. This is similarly seen in an
observational study by Finke et al. who
found that PV ‘significantly contributes
to a reliable diagnosis early in the course
of the disease’.?* In their study of 10
patients, the results showed that PV was
significantly elevated in all GCA patients,
but normal in non-GCA patients. It is also
significant to note that in comparison to
ESR, PV was substantially less ‘affected
by age, sex, drugs and smoking, which
solidifies the importance of PV testing.

Although the results from Finke et
al. are significant, they had a relatively
limited number of subjects. Other studies
with greater numbers of subjects have
also demonstrated this association
including a 1993 study of 31 patients
by Gudmundsson et al. This study
analysed patients receiving standardised
prednisolone treatment for one year.
They found that on the day of diagnosis
all patients had an increase in plasma
viscosity and ESR.3* They discuss in
detail the comparison between both
tests and conclude that both PV and
ESR: “Paralleled clinical findings more
closely and predicted flare ups better
than the other variables (and that)
plasma viscosity had advantages over
the ESR for predicting flare ups and in
the clinical monitoring of treatment with
glucocorticoids.”

m Cardiovascular disease
Cardiovascular disease can be
categorised into four main types:
coronary heart disease (CHD or ischaemic
heart disease), strokes and transient
ischaemic attack (TIA), peripheral arterial
disease and aortic disease. The cause of
CVD is unclear, but some risk factors are
well known: hypertension, smoking, high
cholesterol, diabetes, obesity, inactivity,
family history, and others. CVD can cause
complications including blood clots,
damage to the blood vessels in the brain,
heart, kidneys, and eyes and is one of the
main causes of death and disability in the
UK 3¢

“The fact that blood viscosity is of
importance in ischaemic heart diseases
is not new,"¥ is a statement from a 1985
medical book about blood viscosity,
which suggests that not only is the
association between viscosity and CVD
well established, but it is also long
established. Mayer also found that from
a study of 344 subjects, patients suffering
from chronic coronary heart disease have
significantly higher blood and plasma
viscosity than healthy groups of the same
sex.’® He states that: “A higher viscosity
of... plasma is a contributory factor in the
development of the clinical symptoms
of coronary heart disease and possibly
atherosclerosis itself.” A study carried
out 52 years later, which was the “largest
prospective study yet reported of plasma
viscosity and whole-blood viscosity in
prediction of cardiovascular disease"*
also found an association between PV
and CVD risk, as well as mortality.

There have been many other studies
that have also found association between
PV and CVD, including a study by
Lowe et al. from 1991, of 529 subjects.
They found that five known coronary
risk factors (cigarette smoking, blood

Clinical viscometers are available to suit every
medical or research laboratory and, when done in
large numbers, can offer cost savings over CRP

and ESR
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Hyperviscosity syndrome is a general term
where patients have symptoms related to increased
blood viscosity, to which blood cannot flow freely

through arteries

pressure, body mass index, cholesterol
and triglyceride) were associated... with
increases in plasma viscosity.** One of
the five risk factors mentioned in Lowe's
study — increased blood pressure — can
also be seen to have an association with
PV in a study from 1981. In this study,
blood pressure and components of blood
viscosity were measured in 49 normal
subjects and in 49 untreated patients with
essential hypertension,*' it was found that
PV was higher in hypertensive patients,
which they suggest is related to the
increase in blood pressure.

m COVID-19
Coronavirus disease (COVID-19) is a
highly infectious disease that can cause
a diverse variety of problems. It spreads
primarily through droplets of saliva or
discharge from the nose when coughing
or sneezing. COVID-19 has been the
causative agent implicated in several
million deaths during the pandemic.
The association between COVID-19
and PV has been demonstrated in a 2020
article in The Lancet. This research was
carried out on 15 critically ill patients,
with all found to have a PV ‘exceeding
95% of normal... ranging from 1.9-4.2
centipoise (cP; normal range 1.4-1.8)".

The research also found that PV highly
correlated with the severity of the
disease. The authors concluded that:
“Further study is needed to evaluate
which plasma components, including
acute phase proteins such as fibrinogen,
contribute to COVID-19 associated
hyperviscosity.” This research, even in
isolation, is certainly strong evidence
that there is an association between
COVID-19 and PV.

Considering that plasma fibrinogen
concentration is the main determinant
of plasma viscosity,*? studies into
fibrinogen levels in COVID-19 patients
are also significant. An article from
The Lancet discusses how: “"Mean
fibrinogen concentrations in patients
with COVID-19 are at the upper limits of
normal, presumably as an acute phase
response.”*® Another example is from
a study of 40 control subjects and 94
COVID-19 positive patients, to which the
latter had fibrinogen values that were
substantially higher than those in healthy
controls.* Thus, the inference is that
PV is higher in COVID-19 patients. The
research of Han et al. similarly found that
fibrinogen degradation product values
in severe COVID-19 cases were higher
than those in patients with milder forms,

The sample volume for PV can be as little as 50uL making it suitable for paediatric samples or from

patients with compromised venous access.
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thus, indicating that PV may be higher in
COVID-19 patents throughout the course
of the disease, and noticeably lower if
they are likely to die as a consequence.
This solidifies the research from Maier

et al. that the PV correlates with severity.
Thus, considering that COVID-19 is a
relatively new-found disease, this range
of research into its association with PV
appears to be significant and as the
research progresses, it could prove to
have more and more clinical importance.

Other clinical conditions

It is important to note that there is
evidence that more clinical conditions
have a correlation with PV and SV.

For example, in one extensive study
of 81 leukaemia patients; 30 acute
lymphoblastic leukaemia, 21 acute
myeloid leukaemia and 30 chronic
myeloid leukaemia, it was found that
all patients had a significant increase
in PV, This study provides significant
evidence to support the association of
PV to leukaemia, because 100% of the
subjects from this study had increased
PV. However, there has been minimal
research evidence since to confirm the
validity of these results.

Another example of application of
PV is hyperproteinaemia which includes
causal conditions such as hepatitis
B and C, HIV/AIDS, Waldenstrom’s
macroglobulinaemia, myeloma, liver
disease, chronic inflammatory disorders,
and others. Two studies, over ten years
apart both found good correlation with
SV and the appearance and severity
of clinical symptoms, such as retinal
occlusion, and are proportional to
IgA and IgG concentrations. In this
case the latter paper confirmed and
followed up the original 1965 paper in
light of the advances of knowledge of
immunoglobulins between the two dates.
However, again there has been little
research into this since.

Medical science is constantly evolving
and in the short-term future it is hoped
that work previously published on the
association of PV with some leukaemias,
as well as hyperproteinemia and other
conditions will be further developed. P
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