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Sepsis is a life-threatening condition

(]
° caused by an abnormal and excessive
immune response to infection, which
® can overwhelm the body and requires

immediate medical attention. The
infection may be bacterial, viral, fungal

([ ] [
or parasitic.
V I I Sepsis frequently presents with
symptoms that resemble those of

common illnesses, making it susceptible
to being undiagnosed. It can develop

[ [ . T .
extremely quickly from initial infection
and progression to full septic shock and
is regarded as the most common causes
of death from infectious diseases or viral
infections.

Early recognition of sepsis is essential,
as delays in diagnosis and failure to
initiate prompt treatment are associated
with significantly worse outcomes,

including increased morbidity and
mortality.”?

David Norcliffe, David Manuel and Bernie Definition, stages and
Benson examine the role of plasma viscosity o s

as a diagnostic marker in sepsis and also (Sepsis ) was developed-” Sepsis is defined

as life-threatening organ dysfunction

plasma-serum viscosity ratio as a predictor of caused by a dysregulated host response

to infection, replacing the earlier three-

H H H H stage model, sepsis, severe sepsis, and
disseminated intravascular coagulation. e Shock The termm severe semsie has
been removed. Septic shock is recognised
as a subset of sepsis with profound
. circulatory and metabolic abnormalities.
Sepsis is now viewed as a continuum of
severity requiring prompt recognition and
management.

] Septic shock is associated with high
© morbidity and mortality.*® Current
guidelines recommend that treatment
and resuscitation should be initiated

> i - immediately.’
f A high proportion of patients with
P sepsis develop disseminated intravascular
: coagulation (DIC) or ‘consumption
coagulopathy’ characterised by
A widespread activation of coagulation
- pathways leading to depletion of
fibrinogen and platelets.’ This results in
a paradoxical state of both microvascular
thrombosis and an increased tendency for
severe bleeding from multiple sites.

OF AN INFECTION

Siurred speech or confusion

E xtreme shivering or muscle pain
Passing no urine (in a day)
Severe breathlessness

Signs and symptoms of sepsis

It feels like you’re going to die
Sepsis can develop rapidly and can

kin mottled, discoloured or very pale -
S % e present in diverse ways. The most
Sepsis is the body’s response to an infection. If you think you have t include:

an infection and develop any of the symptoms listed above, you common symptoms 11’1(? uae:

may have sepsis. Dial 999 and Just Ask: “Could it be Sepsis?” ® feveror hypothermla

chills, rigors

[ ]
For more information visit nhs.ul¢/sepsis SEPSIS ® malaise, fatigue
[ ]
[ ]

or sepsistrust.org TRUST

tachycardia (heart rate >90 bpm)
""""""""""" tachypnoea (respiratory rate >22/min).
Systemic and organ-specific features are:
The signs of sepsis. ® Neurological: confusion, altered mental
status
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® Respiratory: shortness of breath,
hypoxia

® Cardiovascular: hypotension, weak
pulse

® Renal: decreased urine output
(<0.5mL/kg/h)

® Skin: warm flushed skin (early stage),
cold clammy skin (late stage)

® Gastro: nausea, vomiting.

In some cases, there may be symptoms

related to a particular condition such as:

® cough in chest infection, pneumonia

® painful or frequent urination, in the
case of a urinary tract infection

® redness, warmth, swelling, pain in
cellulitis following a skin breach.

People most at risk are the very young, the
elderly, patients on immunosuppressant
drugs and neutropenic patients, though it
must be stressed that sepsis can present
at any age.

The National Institute for Health and
Care Excellence (NICE) advises suspecting
sepsis if a patient has any of the following
high-risk features:"
® mottled or ashen skin
® cyanosis (blue lips, tongue, or skin)
® anon-blanching petechial or purpuric

rash
® any break in skin integrity.

Be aware, sepsis may present differently:
® inyoung children

in the elderly

during pregnancy

in immunocompromised patients

in patients with meningitis or
septicaemia.

Diagnosis regime

Delays in diagnosis will be critical and
certainly life-threatening; therefore,
prompt and accurate identification of
sepsis is essential. In sepsis, diagnosis
requires a comprehensive and systematic
approach, integrating a detailed patient

The viscosity of plasma changes more

reliably and consistently in proportion to the
concentration and molecular size of plasma
proteins such as fibrinogen, immunoglobulins
and paraproteins. Therefore, changes in plasma
viscosity correlate directly with disease severity
and the response to treatment
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Factors

v
<

Normal range is consistent across different ages and genders

Unaffected by physiological stimuli: Lifestyle, smoking, weight, blood pressure

Anaemia and polycythaemia do not interfere with the result

Testing can be performed on a sample up to seven days old

Aspirin and steroids have no effect on the result

Can be a diagnostic test for: multiple myeloma, hyperuviscosity,
temporal arteritis and Waldenstrém’s macroglobulinaemia

Reliable, repeatable and reproducible test results

Comparison of inflammatory markers ESR, CRP and PV.

NSNS SNININS

history, careful clinical assessment, and
prompt pathological investigations to
ensure early recognition and immediate
intervention.
Established blood tests in suspected
sepsis are:'?
® Blood gas analysis including glucose
and lactate
® Blood culture
Inflammatory markers, white cell
count, plasma viscosity (PV) or C-
reactive protein (CRP)
Urea and electrolytes
Creatinine
Liver function
Lactate : albumin ratio®
Clotting screen.

Inflammatory markers
Inflammatory markers are blood tests
used by healthcare professionals to
detect inflammation, which aid in the
diagnosis and monitor the progression
of many diseases including sepsis.* The
three most commonly used general
inflammation markers to screen the wide
range of diseases are CRP, erythrocyte
sedimentation rate (ESR) and PV. The
decision to commit to a particular test
can therefore be an important one for
clinicians and laboratory scientists,
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with many factors to consider. The
plasma viscosity test will have a
considerably greater validity due to its
superior accuracy and sensitivity when
investigating sepsis compared with the
CRP and the ESR tests.”

Plasma viscosity is acknowledged as a
superior marker of inflammation which
truly reflects the changes in blood plasma
proteins.

The plasma viscosity gives a measure
of the acute phase response, which will
increase as part of the body’s natural
response to infection, inflammation, and
the severe autoimmune reaction caused
by sepsis. The viscosity of plasma also
changes more reliably and consistently
in proportion to the concentration
and molecular size of plasma proteins
such as fibrinogen, immunoglobulins
and paraproteins. Therefore, changes
in plasma viscosity correlate directly
with disease severity and the response
to treatment, which is unequivocally
displayed in a clear, numerical, easily
interpreted result.

The PV test has advantages in terms
of stability, direct measurement with
no external factor interference.**

This makes it an exceptional choice in
the detection of elevated proteins and
abnormal paraproteins in sepsis.

Disseminated intravascular
coagulation

In sepsis the disseminated intravascular
coagulation is an acquired condition
marked by widespread clot formation
in small blood vessels and capillaries,
causing the depletion of fibrinogen,
platelets and the other clotting

factors. This imbalance will lead to both
organ failure and severe bleeding and
is a major contributor to morbidity and
mortality in sepsis and other critical
conditions.”

In sepsis-induced DIC, fibrinogen is
initially elevated due to its role as an
acute-phase reactant but then decreases
as coagulation factors are consumed
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during widespread intravascular

coagulation. This depletion contributes
to hypocoagulability and bleeding risk, Formula PV:SV ratio PV /SV
with fibrinolysis variably contributing,
depending on the stage of the sepsis.?!

Category Parameter Details/Values/Calculation

Measurement conditions Temperature Measured at 37°C, reported at 25°C

In suspected DIC, the plasma-to- Ll VETS U ulas o, )
; ) ) ) numerically equivalent and interchangeable
serum viscosity (PV:SV) ratio will reflect
the consumption of clotting proteins Normal Plasma viscosity 1.60 mPa-s (mean PV value)
particularly fibrinogen. A changing PV:SV Normal Serum viscosity 1.50 mPa-s (mean SV value)
ratio will indicate evolving coagulopathy Caleulation PV:SV ratio 160/150=106

and support early recognition of DIC with

standard laboratory tests. Final reference Normal PV:SV ratio 1.06

Understanding PV:SV Normal plasma : serum uiscosity ratio.
Plasma and serum viscosity ratio refers
to the relationship between the viscosity

of plasma and that of serum from the Stage Plasma | Serum | PV:SV Rationale

same patient.?? The normal PV is slightly of sepsis viscosity | viscosity | ratio

higher than SV. This reflects the fact that Early M1 1 High Surge in fibrinogen and acute-phase
plasma contains fibrinogen and other (hyperinflammatory) proteins (plasma viscosity rises more)
clotting factors, while serum does not. - ; - ; T
Therefore, serum viscosity is primarily Established sepsis " " Moderate Per§|stent mftarpmatlon rises bpth

. . fibrinogen and immunoglobulins,
influenced by the concentration and increasing plasma and serum viscosity
size of circulating proteins, particularly

immunoglobulins and paraproteins, in a Late / septic shock Low-Normal | Fibrinogen consumption, possible DIC

patient sample. The PV:SV ratio indicates
which protein components are elevated Illustration of plasma : serum viscosity ratio across stages of sepsis.
and contribute to abnormal viscosity in a
patient sample.

Early sepsis is characterised by a rise in circulating proteins, including underlying changes in coagulation
marked increase in plasma viscosity, immunoglobulins, driven by immune and inflammatory protein
largely attributable to elevated acute- activation and dysregulated inflammation.  composition.
phase reactants such as fibrinogen and This hyperviscosity state will impair Serial monitoring of the PV:SV ratio
other plasma proteins produced during microcirculatory flow and will contribute will provide a real-time biomarker
the systemic inflammatory response to to organ dysfunction. indicator of the evolving balance between
infection. In contrast, serum viscosity inflammatory and consumptive processes.
may remain within normal limits or Phase-dependent dynamics of the When, interpreted with other clinical
show only a modest increase in earlier PV:SV ratio markers, this ratio has the potential to
stages. In more advanced or severe The PV:SV ratio exhibits a dynamic, help identify critical transition points
cases, both plasma and serum viscosity phase-dependent pattern during and guide phase-specific therapeutic
become elevated, indicating a wider the progression of sepsis, reflecting interventions.
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@ Early inflammatory phase

When bacteria or their toxins enter the
bloodstream, they activate immune
responses, particularly via hepatic,
signalling pathways. This leads to
increased synthesis of acute-phase
proteins, most notably fibrinogen. As
fibrinogen is present in plasma but
absent in serum, plasma viscosity rises
disproportionately compared to serum
viscosity, resulting in a distinctive increase
in the PV:SV ratio.

@ Established sepsis

As the inflammatory response

progresses, both plasma and serum
protein concentrations will increase;
however, fibrinogen remains a dominant
contributor to elevating the plasma
viscosity. The PV:SV ratio may remain
elevated but becomes more variable due to
concurrent changes in immunoglobulins,
albumin, and fluid balance.

@ Late phase / consumptive
coagulopathy
In severe sepsis, DIC will develop,
characterised by widespread
microvascular thrombosis and rapid
consumption of clotting factors, including
fibrinogen and platelets. As fibrinogen
levels decline, plasma viscosity decreases,
causing the PV:SV ratio to dramatically
fall towards the baseline or lower. This
reduction will signal transition to a
critical coagulopathic state.

Confirming DIC using PV:SV
Predicting DIC in sepsis isn't just about
anticipating a complication. Confirming
DIC fundamentally shifts care from
reactive to proactive, which will
significantly improve sepsis outcomes by:
® early intervention and treatment

® reduction in mortality

® improved monitoring and resource
allocation

prevention of complications

more informed clinical decision-making
enhanced organ protection

shorter hospital stays and reduced
healthcare costs

implementation of a precision medicine
approach.
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PV:SVratio | Phase

Interpretation

Mechanism

~1.06 Baseline Normal ratio

Physiological levels of fibrinogen and
serum proteins

Early acute
phase

Rising ratio

Fibrinogen increases more than serum
proteins (plasma viscosity rises more)

Peak
hyperinflammatory
phase

Maximum ratio

Significant increase in fibrinogen and clotting
factors due to peak inflammation

Consumption
phase

Declining ratio

Fibrinogen consumption due to ongoing
coagulation

~11
(or lower)

Late/DIC

phase reduced ratio

Dynamic changes in PV:SV during sepsis progression.

Low—-normal or

Fibrinogen depletion (eg DIC) reduces plasma
viscosity; serum relatively preserved

Discussion
It is universally agreed that a rapid
diagnosis is essential in cases of suspected
sepsis. A low diastolic blood pressure
in conjunction with clinical signs and
symptoms suggestive of sepsis, should
alert the clinician towards a positive
sepsis diagnosis.

To confirm the diagnosis of sepsis,
NICE recommends the following
range of diagnostic and confirmatory
investigations:
® measurement of lactate levels
® liver function tests
® full blood count with differential white
cell count
blood film
coagulation screen
blood cultures to rule out septicaemia
inflammatory markers such as PV or
CRP.

To complete these investigations will
require significant resources and most
importantly time, a precious factor many
sepsis patients will not have.

Plasma viscosity testing can be
completed within minutes; it should
therefore be prioritised in the initial
clinical assessment. A positive result
supports the early recognition of sepsis
and enables the prompt initiation of
appropriate management and therapeutic
intervention.

The 2026 NICE guidelines recommend
performing blood cultures in suspected

Plasma viscosity cannot replace blood
cultures but can indicate increased immune
activity and support prompt initiation of

prophylactic treatment
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sepsis. Accuracy of the test relies on
proper timing and adequate blood
volume. Results to identify septicaemia
and its cause may take up to 24 to 48
hours. Plasma viscosity cannot replace
blood cultures but can indicate increased
immune activity and support prompt
initiation of prophylactic treatment.

Clinical evidence indicates that plasma
viscosity is a valuable biomarker for
the rapid diagnosis of sepsis and other
conditions that are often challenging to
identify. This was demonstrated during
the COVID-19 pandemic, when plasma
viscosity proved particularly useful in
predicting which patients were likely
to require hospitalisation and further
intervention.? Although COVID-19 and
sepsis have different underlying causes,
they share several similarities in their
immune responses.

The relationship between plasma and
serum viscosity directly reflects changes
in the plasma proteins, particularly
fibrinogen, and provides an indirect
insight into the inflammatory status.
The use of PV:SV ratio is a quick, reliable
tool for fibrinogen quantification and for
predicting dynamic changes during sepsis
progression and DIC.%

Conclusions
Sepsis remains a life-threatening
condition with high morbidity and
mortality, demanding rapid recognition
and decisive diagnostic action. Laboratory
investigations are central to this process,
providing the clarity needed to initiate
timely and effective management.
Plasma viscosity testing provides
reliable, repeatable, and reproducible
results that serve as a valuable marker
for diagnosing and monitoring the
progression of sepsis. Knowing the
dynamic changes in circulating plasma
proteins, including fibrinogen, accurately
reveals the patient’s in vivo inflammatory
state and strengthens clinical decision-
making.
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Peak hyperinfammatory phase with
maximum fibrinogen and clotting factors

Early acute phase
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Normal PV:SV ration 1.06

Consumption phase

-Disseminated intravascular
coagulation (DIC)

Organ dysfunction

Time from sepsis initiation (hours)

Bi-phasic trend of PV:SV during sepsis and DIC.

Analysing plasma and serum viscosity
results, and utilising the PV:SV ratio,
as a routine clinical sepsis pathway, is
as a practical, simple and informative
laboratory process. Especially when used
as an early suspicion of disseminated
intervascular coagulation, reinforcing
fibrinogen assessment while enabling
closer monitoring across the evolving
stages of sepsis.

Plasma and serum viscosity testing
will play a crucial role in both diagnostic
precision and patient management in
different stages of sepsis. The application
of a PV:SV ratio analysis as a routine
sepsis evaluation will direct accurate
treatment, and regular PV:SV ratio
monitoring will drive rapid sepsis-targeted
care resulting in a significantly improved
patient outcome.
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