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In the second of two articles for Pathology in Practice, retired biomedical scientist David 
Norcliffe, with David Manuel, looks at how clinical viscosity testing can be used more 
widely, with the measurement of viscosity having a considerable number of possible 
applications which are receiving further investigation.

On the cusp of change – 
the future of clinical 
viscosity testing

Since the measurement of plasma 
viscosity (PV) in 1971,1 PV testing has 
become available in many haematology 
laboratories and has become a 
relatively well understood, fast, reliable, 
and standardised test. That said, the 
measurement and clinical application of 
PV is an ongoing progressive process, 
such as in the study by Gleghorn et al.2

Viscosity testing appears to be on the 
cusp of change. As its application during 
the pandemic has been realised, clinicians 

are starting to question where else this 
simple test may be used and how it may 
contribute to other conditions, to patient 
outcomes, and to efficiency savings.

At a time when resources are 
challenged, taking time to think 
creatively about what we do and how 
can be challenging. We are often too 
overwhelmed by the day job. 

The bodily fluids which can be 
tested for their viscosity, and the 
conditions where viscosity testing may 

have a positive effect is growing. The 
interest in fluids such as synovial and 
pleural has seen a significant increase 
which is extremely exciting and opens 
opportunities across the world, for 
patients, clinicians, researchers, and 
students doing postgraduate, masters 
and PhD programmes.

Serum viscosity
Serum viscosity is more widely tested 
in the USA. The significance of serum 
viscosity (SV) is only just being realised 
in the UK and, whilst its potential 
use has previously been described in 
suspected rheumatoid arthritis,3 there 
are many other clinical conditions in 
which its contribution has yet to be 
explored. Furthermore, its relationship 
with PV is thought by some to be useful 
in the progress of viral infections. The 
quantitation of SV may offer an improved 
quality service to the patient and 
numerous research opportunities to the 
scientist.

The ability to measure SV and link 
it to that of plasma could be a useful 
parameter in rheumatoid arthritis and 
other heterogenic disorders. The potential 
for future applications is significant not 
least if carried out in combination with a 
plasma viscosity.

The focus historically has primarily 
been on both PV and SV, but not all 
conditions and risk factors had an 
association with both. For example, 
COVID-19 was found to have an 

The ability to measure SV and link it to that of plasma could be a useful parameter in rheumatoid arthritis 
and other heterogenic disorders.
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association with PV, but there is little or no 
literature examining SV. This highlights a 
potential gap in research and knowledge 
that may be found to have clinical 
significance in the future. 

Whole-blood viscosity
Clinically, and assuming normal cardiac 
function and vasculature, blood flow and 
therefore oxygen supply to tissues is 
mostly dependent on three fundamental 
things:
n  �The viscosity of whole blood and 

therefore that of plasma
n  �The haematocrit
n  �Red-cell deformability.

Whole-blood viscosity has often 
previously been considered of limited use 
other than in polycythaemia but has been 
shown to be altered and play a part in 
several other clinical conditions including 
those in ophthalmology and haematology 
in such cases as chronic lymphatic 
leukaemia and in cardiovascular disease. 

Once the whole-blood viscosity is 
measured it is possible to calculate 
red-cell deformability or rigidity from 
that, using the PV and haematocrit to 
produce a complete rheology profile.4,5 
The importance of red-cell deformability 
cannot be overstated. To function, red 
cells must be able to deform to pass 
through capillaries less than half their 
diameter and remain functional for 
their approximate 120-day lifespan. 
The deformability of red cells, and 
subsequent oxygen delivery calculation, 
could potentially open up a plethora of 
uses in a huge number of conditions and 
have an immense impact for patients. 
This could be important for patients with 
haemoglobin C in any combination, in 
haemoglobin S disease patients during 
crisis recovery or indeed any condition 
which may increase the intracellular 
calcium concentration. A deformability 
index at various rates of shear could 
potentially be helpful to large numbers 
of patients. A point-of-care version of 
this single instrument controlled by 
haematology and interfaced to the 
laboratory host would give the patient an 
enhanced and first-class service.

Synovial fluid viscosity
There has recently been some interest in 
the viscosity of synovial fluid as there is 
no specific gold standard test available 
for the diagnosis of periprosthetic joint 
infection. This leaves clinicians to rely on 
many serology and synovial fluid tests 
that are not 100% accurate or reliable. 
Fu et al. (2019)6 suggest that synovial 
fluid viscosity is one of the parameters 
defining the rheological properties of 
synovial fluid. In this seminal publication, 
the authors found that patients with 
periprosthetic joint infection had a 
significantly lower synovial fluid viscosity 
when compared with patients who 
underwent surgery for revision for aseptic 
failure and primary arthroplasty. It was 
proposed that synovial fluid viscosity 
is a possible test for the diagnosis of 
perioperative joint infection. The authors 
reported that determining the synovial 
fluid viscosity had a sensitivity of 93.3% 
and a specificity of 66.7%. The study 
paper also states that: “The synovial fluid 
viscosity outperformed ESR, CRP and 
D-dimer as a positive indicator,” as well as 
being a cost-effective diagnostic support. 
Therefore, further synovial fluid viscosity 
studies could be promising and could be 
of real value to patients undergoing other 
orthopaedic procedures.

Maybe both PV and SV have roles to 

play in the field of orthopaedics? How 
many patients’ lives could be improved 
and impacted in a positive way?

In another orthopaedic study by 
Bajada et al. (2019) on the diagnosis of 
prosthetics joint infection after total knee 
arthroplasty,7 it was found that plasma 
viscosity was raised consistently and had a 
greater efficiency than that of ESR  
and CRP in detecting prosthetic joint 
infection. They found that combining a 
CRP ≥13.5 mg/L with PV ≥1.81 mPa·s in 
a serial test approach produced highest 
specificity of 97.9%. In addition to the 
time saving and other documented 
advantages, it is worth mentioning that 
the paper states: “The relative cost of PV 
was noted to be less than half of that of 
ESR and of CRP. It was also noted that 
the cost of a revision of an infected joint 
is approximately three times that of an 
aseptic revision.” Bajada et al. (2019) 
also highlighted that it is challenging as 
there is no single test that has consistently 
demonstrated an adequate discriminative 
potential in the diagnosis of prosthetic 
joint infection.7 In contrast Fu et al. (2019) 
suggest synovial fluid viscosity is one of 
the parameters defining the rheological 
properties of synovial fluid and is a 
promising marker for the diagnosis 
of periprosthetic joint infection.6 This 
highlights the importance of the future 
similar studies. 

The area of synovial fluid viscosity is an 
exciting prospect which could potentially 
have a huge impact on patients, but 
which also requires more work. Amongst 
the functions of synovial fluid are 
lubrication and impact absorbance so it is 
surprising to learn that very little work has 
been done on its viscosity. 

Pleural fluid viscosity
Pleural fluid analysis is performed to 
determine whether a patient is presenting 
with a transudative or exudative effusion 
and for the cause of the pleural effusion. 
Transudative pleural effusions are usually 
caused by increased pulmonary capillary 
pressure and decreased osmotic pressure, 
causing increased filtration and reduced 
absorption of pleural fluid. Exudative 
pleural effusions result from increased 
capillary permeability, allowing leakage 
of cells, protein, and other serum 
components. Yetkin et al. (2007) proposed 
that the confirmation of pleural fluid as an 
exudate alone would bring about the need 
to investigate a relatively high number 
of diseases compared with it being a 
transudate.8 This also highlighted the lack 
of a single useful test for differentiating 
exudate effusion of various aetiology.

The Yetkin study on the role of pleural 
viscosity in the differential diagnosis of 
exudative pleural effusion suggests that 

Once the whole-blood viscosity is measured it 
is possible to calculate red-cell deformability or 
rigidity from that, using the PV and haematocrit to 
produce a complete rheology profile.

The area of synovial fluid viscosity is an exciting 
prospect which could potentially have a huge impact 
on patients, but which also requires more work. 
Amongst the functions of synovial fluid are lubrication 
and impact absorbance so it is surprising to learn that 
very little work has been done on its viscosity 
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Pleural fluid analysis is performed to determine whether a patient is presenting with a transudative 
or exudative effusion and for the cause of the pleural effusion. Pleural fluid viscosity, and its possible 
application to other respiratory or thoracic disorders, could bring significant benefits to patient care.

pleural fluid viscosity could differentiate 
between tuberculous pleurisy effusion and 
that of lung cancer.8 The authors found 
that a pleural viscosity above 1.58 mPa·s 
was strongly indicative of tuberculous 
pleurisy, with a sensitivity of 100% and a 
specificity of 95%, and a viscosity of less 
than 1.39 mPa·s was indicative of lung 
cancer with a sensitivity of 100% and a 
specificity of 94%. This is a remarkable 
finding and again illustrates that pleural 
fluid viscosity, and its possible application 
to other respiratory or thoracic disorders, 
could bring significant benefits to patient 
care. Therefore, pleural viscosity has a 
promising future with much more research 
to do.

Similarly, in a paper by Chang et al. 
(2008) the viscosity of pleural fluid has 
also been found to be significant in 
identifying malignant pleural effusions and 
correlated with the percentage of tumour 
cells.9 The authors’ conclusion was that 
high pleural fluid viscosity may suggest a 
potential diagnosis of malignant pleural 
effusion. This suggests that a pleural 
fluid viscosity test has the potential for 
early diagnostic support whilst waiting 
for the cytology. Furthermore, with future 
research analysing the viscosity of pleural 
effusions irrespective of the aetiology, 
this may prove to have a diagnostic 
value and significantly lower the time to 
diagnosis, potentially reducing anxiety for 
patients. It is also important to highlight 
that both synovial and pleural fluid 
viscosity study will provide an amazing 
research opportunity for students 
doing postgraduate, masters and PhD 
programmes.

Sepsis
Sepsis is a rapidly progressing, life-
threatening infection. NICE has published 
guidelines10 covering the recognition, 
diagnosis and early management of 
sepsis which should be fulfilled whilst 
waiting for the blood culture results 
to come back – which can be several 
hours. It is believed that it would be 
hugely beneficial to the patient if PV 
was a recognised sepsis marker. It might 
have the potential for an early diagnosis 
and to prevent the disease progressing 
which would save lives. Even a fast-
tracked full blood count introduces a 
delay, during which time a rapid PV result 
can be obtained. Given the impact on 
patients and the NHS, this is an area of 
significance for researchers.

Cellulitis
Patients who present with cellulitis 
frequently have the area of inflammation 
marked with a marker pen on their skin, 
given antibiotics and told to return 
if the inflammation exceeds the pen 

marks as this can also be an indication 
of early sepsis. If a PV at presentation, 
along with a white blood count was 
above a particular value, it might be an 
early indicator. Whilst the PV is likely to 
be raised due to the inflammation it is 
probably not as much as in the presence 
of infection. Again, this needs further 
work doing to explore the possibilities. 
Patients with cellulitis following insect 
bites/stings often present at pharmacies 
or GP surgeries and the PV, if measured 
on a clinical viscometer, could be used as 
part of an early rapid screen for sepsis. 
The patient would not then need to wait 
for a subsequent GP appointment. Is this 
an area where a point-of-care viscometer 
could help?

Takotsubo cardiomyopathy
Finally, there is a recently recognised 
condition highlighted since the pandemic 
called Takotsubo cardiomyopathy, 
which the press refer to as ‘broken-heart 
syndrome’.11 It is a temporary non-
ischaemic enlargement of the heart muscle 
which may involve functional impairment. 
It has been linked with stress, anxiety, 
or depression, was commonly seen 
throughout the pandemic and can be 
suddenly fatal. Further work is needed to 
explore possible links with PV and/or SV.

Portable clinical viscometry
It is so easy to think only of diagnostic 
tests within a laboratory environment. 
However, technology is advancing and 

achieving the accuracy and reliability 
in portable devices is almost upon us. 
Using these devices in remote or low-
use locations should be considered. 
How much more can we improve the 
patient experience if we achieve speed, 
efficiency, affordability, accuracy and 
timely interventions?

A rapid, portable point-of-care 
clinical viscometer without the need for 
pre-centrifugation would be perfect for 
individual cases where results are needed 
quickly without the time for them to be 
sent to a laboratory. Even if centrifugation 
was required, does this need to be the 
bulky bench-mounted ones we are all 
used to?

n  �Sepsis
In cases of possible sepsis, juvenile septic 
arthritis, acute inflammation or similar 
which can be seen in the community, 
a rapid diagnosis or exclusion can 
be critical. Less urgent cases such as 
unexplained chronic back ache or joint 
pain could have myeloma excluded in 
the presence of a normal PV result, thus 
saving the patient anxiety and time. It 
represents a pathology inclusive one-
stop shop for the patient who can leave 
the surgery with a result and possible 
diagnosis instead of waiting for blood 
results to come back to the GP and 
making a further appointment.

n  �Accident and emergency 
Within hospitals the accident and 
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emergency department is an obvious 
location, particularly as part of a 
sepsis screen, temporal arteritis test, 
inflammation or infection marker. This 
concept of having a rapid result for 
sepsis can be critical for the patient and 
may also help to prevent a breach of the 
Government’s four-hour rule. There may 
also be cases of inpatients benefitting 
from a rapid PV measurement such as on 
day-surgery wards during a pre-op screen 
for infection.

n  �Pharmacies
With the trend for high-street pharmacists 
being trained to do more clinical activities 
it is predicted that some patients will soon 
be attending pharmacies for their annual 
review, blood pressure, cholesterol, 
review of medication etc, and it would 
make sense to have a clinical viscometer 
involved in that process. 

n  �Home visits
Healthcare staff who do home visits or 
care home visits out of GP surgeries or 
in outpatient clinics could also benefit. 
The results are stored and can be 
electronically transferred to a host system 
in the GP surgery or hospital LIMS. When 
seeing a resident in a care home the 
community healthcare worker or GP could 
measure the PV and the result could be 
available on site or back at the GP surgery 
within a few minutes, thus saving time 
and resources.

n  �Satellite laboratories and 
walk-in centres

Some hospital trusts have ‘hot labs’, 
satellite laboratories or outreach clinics 
where frequently performed tests are 
done on site or where specific clinics are 
held and a portable POC viscometer 
would be ideal for such scenarios. Walk-in 
centres which are alternatives to A&E and 
GP surgeries are also ideal places for the 
portable device to be sited.

n  �Other settings
A portable clinical viscometer could 
have a positive impact in a wide range 
of settings such as care homes, with 
military field medics, mobile district 
nurses, prisons, cruise ships and in remote 
rural areas. Ultimately, ‘a knowledge of 
the patient’s plasma viscosity will aid 
the clinician in diagnosis, prognosis and 
treatment’.12

Can you think of another field or 
location where a portable clinical 
viscometer could add value? What are 
the possibilities that having one of these 
devices could bring? Why stop at plasma? 
Serum? Synovial? Pleural? 

What is stopping us reaching our 
goals?				        
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Patients who present with cellulitis frequently have the area of inflammation marked with a marker pen on 
their skin, given antibiotics and told to return if the inflammation exceeds the pen marks as this can also 
be an indication of sepsis. If a PV at presentation, along with a white blood count was above a particular 
value, it might be an early indicator of sepsis.

David Norcliffe MMedSci, CSci (retired) 
FIBMS (retired) DM
David Manuel, BSc (Hons) Health Science, 
SP & IP (Prescribing), PGCert (Advanced 
Practice)

Article supplied by Benson Viscometers
T: +44 (0) 1646 650065
E: sales@bensonviscometers.com
W: www.bensonviscometers.com

jlc
am

pb
ell

10
4 

CC
0 

1.
0 

 O
pe

nv
er

se


