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Chapter 11
Spinal fluid

Pedro Rosa-Neto, Eduardo Zimmer

Key points

® | umbar puncture (cerebrospinal fluid or CSF) is a safe and
acceptable procedure towards a specific diagnosis in people with
dementia of uncertain aetiology.

® Cerebrospinal fluid analysis biomarkers constitute an affordable
alternative to imaging biomarkers, with excellent diagnostic
properties.

® There is a need for cerebrospinal fluid biomarkers specific for
dementias of causes other than Alzheimer's disease.

® Accessibility to cerebrospinal fluid analytical infrastructure remains
unavailable in the vast majority of low- and middle-income
countries.

This is a chapter of the World Alzheimer Report 2021, Journey to a Diagnosis of Dementia which
can be accessed in full at: https://www.alzint.org/resource/world-alzheimer-report-2021/


https://www.alzint.org/resource/world-alzheimer-report-2021/

ALZHEIMER'S DISEASE INTERNATIONAL | WORLD ALZHEIMER REPORT 2021

General background

Cerebrospinal fluid (CSF) is a clear fluid that protects and
supplies nutrients and clears metabolic waste from the brain
and spinal cord. Every day, the brain produces nearly half a
litre of cerebrospinal fluid, which carries proteins associated
with neurodegenerative conditions. The CSF obtained via
lumbar puncture is a safe and cost-efficient way to identify
the presence of a pathological process in the brain.

Cerebrospinal fluid profile
provides information regarding the
underlying cause of dementia

In the field of dementia, biomarkers are defined as objective
measures of biological or pathogenic processes obtained
in living individuals (1). Measures of amyloid or neurofibril-
lary tangles are biomarkers of brain protein aggregation
and reflect the core brain pathology underlying Alzheim-
er's disease. Unfortunately, apart from Alzheimer's disease,
there are no biomarkers specific for other neurodegen-
erative conditions. Biomarkers of neurodegeneration
designate tests (that is, structural MRI, PET-FDG, Nfl and
total-tau in the CSF) assess brain damage secondary to
Alzheimer's disease or other neurodegenerative demen-
tias. Brain atrophy, reduction of metabolism, release of tau

The CSF obtained via lumbar
puncture is a safe and cost-efficient
way to identify the presence of a
pathological process in the brain.

protein in the CSF are measures of brain damage present
in all dementias (2). Biomarkers of neurodegeneration can
be obtained using MRI, PET, cerebrospinal fluid or blood.
Regarding their origin, they are designated as imaging
or fluid biomarkers. It is expected that researchers will
develop biomarkers able to identify protein aggregates
such as alpha-synuclein, 3-R or 4R tau, TDP-43.

The cerebrospinal fluid is an optimal source for Alzheim-
er's disease biomarkers due to its direct contact with
the brain’'s extracellular space. This physical contiguity
between the brain and CSF is advantageous to obtain
information regarding abnormal brain processes (3).

As dementia can be caused by various diseases, the goal
of cerebrospinal fluid biomarkers in clinical practice is to
diagnose Alzheimer's disease in people with dementia
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(4). Indeed, one might claim that cerebrospinal fluid bio-
markers have an advantage over their PET counterparts
by providing a measure of brain amyloid pathology (AB42),
and t-tau (neurodegeneration), and p-tau (neurofibrillary
tangles) in a single test. In fact, cerebrospinal fluid infor-
mation is sufficient to meet the requirements for the 2018
operational definitions of Alzheimer's disease.

Fluid biomarkers analysis improves the diagnostic of the
underlying cause of dementia using a more affordable
technology as compared to PET scans. The role of fluid
biomarkers in patient care is an evolving field in the face
of recent developments of biomarkers for other neuro-
degenerative conditions (5).

Although cerebrospinal fluid biomarkers are well-estab-
lished clinic diagnostic tests in some European countries,
they are not routine clinical practice elsewhere. The major
obstacle impeding CSF dissemination is the availability
of an appropriated laboratory infrastructure for analysis.

The most studied biomarkers for dementia are the mono-
meric form of amyloid beta 42 (AB42), the total tau (t-tau),
and the tau phosphorylated at threonine 181 (p-tau-181)
(see Table 1).

Amyloid isoforms

AB42 is one of the most abundant amyloid species in the
CSF. Itis produced during normal cell metabolism and is
secreted into the extracellular space. As AB42 is retained
in amyloid plaques in the brain of people with Alzheimer's
disease, CSF AB42 in Alzheimer's disease is decreased to
approximately 50% of control levels. Although methodol-
ogy to quantify AB species is mature, cerebrospinal fluid
handling from collection to the analysis may be complex
due to the AB42 physicochemical properties. The ratio
between AB42/40 has been proposed as a robust meas-
ure of amyloidosis, however its use remain restricted to
selective clinical centres (3,6).

Phosphorylated tau isoforms

Tau is a neuronal protein part of the skeleton of the brain
cells with a large number of phosphorylation sites. Hyper-
phosphorylation of tau constitutes an important molecular
abnormality of Alzheimer's disease. In fact, neurofibrillary
tangles are composed by the aggregation of hyperphos-
phorylated tau. P-tau CSF analysis targets specific to certain
phosphorylation sites, namely the 181 (p-tau181) or 217
(p-tau-217) were recently recognised for their excellent
diagnostic performance of Alzheimer's disease. Studies
using these assays have consistently revealed a robust
increase in CSF P-tau in Alzheimer's disease but not in
t=other dementia conditions. All phospho-tau isoforms are
considered as core biomarkers of Alzheimer's disease (7-9).

Total tau protein

Total tau measured in the CSF belongs to a pool of cytoskel-
eton proteins secreted to the extracellular space. In the CSF,
totaltau provides a metric of brain integrity, independent of
specific neuronalinsult. Cerebrospinal fluid t-tau in Alzheim-
er's disease might reach 300% of control levels. Total tau is
considered a biomarker of neurodegeneration (10).

Several consensus recommendations have been pub-
lished to provide guidance in the utilisation of cerebrospinal
fluid in dementia or predementia cases. In summary, these
biomarker tests seem particularly useful in the diagnos-
tic workup of individuals of atypical cases, early-onset
dementia and rapid progressive cases (11-13).

Limitations regarding the
use of cerebrospinal fluid
in dementia diagnosis

The dissemination of cerebrospinal fluid biomarkers is ham-
pered by several factors. First, lumbar punctures remain
a complex procedure to be conducted as routine in pri-
mary care. Second, handling of CSF samples requires some
degree of expertise. Third, analytical infrastructure remains
confined at expert centres. Fourth, the absence of cere-
brospinal fluid biomarkers for diagnosis of other dementia
diseases constitutes an important diagnostic limitation.

Table 1. Clinically relevant cerebrospinal fluid biomarkers for Alzheimer's disease

Pathophysiology Key References

Amyloid pathology (biomarker of)
Tau pathology (core Alzheimer's disease biomarker)

Neurodegeneration (not specific)

p-tau-181, p-tau-217

AB1-42 (AB 42/40 ratio)

(14) (7) (8) (6)
t-tau, NfL
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Survey results

The 1,111 multidisciplinary clinicians who responded to
the survey revealed that only 35% of clinicians use lumbar
punctures to assist in the diagnosis of dementia in selected
cases based on national practice guidelines, while 5% of
clinicians do this in all patients (Chart 1). These lumbar punc-
tures are mostly performed by neurologists (Chart 2). These
responses support the idea that although lumbar punctures

constitute an acceptable method for assessing people with
dementia (Chapter 11), they are currently underutilised.

Lumbar puncture and cerebrospinal fluid seem to offer
an affordable alternative for imaging biomarkers. How-
ever, there are limitations regarding the accessibility of
CSF infrastructure for the analysis of cerebrospinal fluid.

Do people concerned about their cognition get a lumbar puncture and
cerebrospinal fluid amyloid and tau quantification in your practice?
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Chart 1. Clinician responses.

cognition if indicated?

Do you perform lumbar punctures for people concerned about their

- We do not use this procedure

- | refer to a colleague with practical experience

- | do lumbar punctures

Chart 2. Clinician responses.
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Expert essay

How to reassure people in need

of a lumbar puncture

Paolo Vitali

McGill University Research Centre for Studies in Aging, CANADA

umbar puncture is a unique medical procedure to
I collect samples of cerebrospinal fluid (GSF) sur-
rounding brain and spinal cord. It represents a
relatively non-invasive way to gain direct access to the
central nervous system, compared to other more aggressive
surgical techniques such as brain biopsy or external ven-
tricular drain. Given its proximity to the central nervous
system structures, CSF analysis provides vital information
about pathophysiological processes underlying neurological
disorders, such as infectious, inflammatory, autoimmune,
and neoplastic diseases.

There is no denying that the prospect of a lumbar punc-
ture procedure is very stressful for most people. One way
to mitigate the anxiety related to the technique is to keep
the individual informed every step of the way throughout
the procedure, explaining in simple terms why and how
the lumbar puncture is performed, detailing whether there
is any associated discomfort or risk, and how to go about
minimising the possible minor side effects.

Below is a review of the important features of a lumbar
puncture, all with the aim to reassure people who will
undergo the procedure.

What to expect?

The procedure lasts approximately 15 minutes and basically
consists of inserting a small atraumatic needle into the lower
back, similar to the epidural procedure for pregnant women
during labour. Before the lumbar puncture itself, people are
asked to lie down comfortably on their side or sit with their
back arched. The back is then cleansed with antiseptics to
prevent infections. Subsequently, a local anaesthesia, (like a
dental anaesthesia) is provided. The anaesthesia will numb
most of the discomfort experienced from the insertion of
the spinal needle. During the lumbar puncture, a needle will
be inserted, under aseptic conditions, between two of the
bones in the back into a fluid-filled space. The needle enters a
space below the actual spinal cord. The lower back is gener-
ally considered the safest site to perform a lumbar puncture.
Once the needle attains the fluid space, the spinal fluid will

be removed for testing. After the lumbar puncture, the per-
son will be asked to drink water or juice and rest in a bed
for at least one hour. The amount of spinal fluid removed
is naturally replaced by the body after approximately one
hour. People are generally invited to avoid driving after a
lumbar puncture. The next day, a follow-up call is made to
verify that everything is fine and answer questions.

Why perform a lumbar puncture in
patients with memory changes?

In memory clinics, lumbar puncture is largely performed
by trained physicians to investigate in cognitively impaired
patients the presence of abnormal proteins in the CSE which
are generally associated with underlying neurodegenerative
conditions. Detection of abnormal values of amyloid beta,
tau and phospho-tau in CSF can help diagnose Alzheim-
er’s disease. In Ganada, CSF analysis is not recommended
routinely, but it can be considered in symptomatic patients
with diagnostic uncertainty and onset at an early age (<65)
to rule out Alzheimer’s disease pathophysiology. CSF analy-
sis can also be considered in patients with atypical cognitive
deficits such as predominance of language, visuospatial,
dysexecutive, or behavioural features to rule out Alzheim-
er’s disease pathophysiology (2). A CSF-based diagnosis will
eliminate diagnostic incertitude and help people receive
more adequate treatments and appropriate referral to clin-
ical trials if available.

Will it be painful?

Contrary to what is commonly believed, due to the anaes-
thetic most people do not feel any discomfort during a
lumbar puncture, except for some pressure in the back.
In most memory clinics, especially where research lumbar
punctures are performed, physicians are required to com-
plete a lumbar puncture certificate to guarantee that the
standard operational procedures respected. Complying with
evidence-based guidelines contributes to reduced discom-
fort and complication rates. It has been proven that the use
of atraumatic (small) needles with an introducer, not more
than four lumbar puncture attempts, passive withdrawal of
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CSF (instead of active withdrawal using a syringe), collection
of up to 30 mL of CSEF and the lateral recumbent position
minimise complaints and complications (3).

Which are the risks?

Lumbar puncture is considered a safe procedure. Post-
lumbar puncture complaints are generally mild and severe
complications are extremely rare (< 0.01%) (4). Per pro-
cedure, nerve root irritation by the needle — occasioning
intermittent electric shocks down in one leg — is relatively
common, but not dangerous nor associated to any com-
plication. After the procedure, lower back pain may be
experienced, which is essentially related to the number of
attempts and failures. For the experienced physician, this
amount is low. Post lumbar puncture headache is the most
frequent complication and occurs in 9% of cases (4). Clas-
sically, this happens over the subsequent three days when
sitting or standing and subsides when lying down. To prevent

References

1. Rosa-Neto P, Gauthier S. Standard operational procedures (SOP)
to perform Cerebral Spinal Fluid Sampling at the Douglas Hospital
nd.

2. Ismail Z Black SE. Camicioli R, Chertkow H, Herrmann N, Laforce
R, et al. Recommendations of the 5th Canadian Consensus
Conference on the diagnosis and treatment of dementia.
Alzheimer's Dement 2020;16:1182-95. https://doi.org/10.1002/
alz.12105.

3. Engelborghs S, Niemantsverdriet E, Struyfs H, Blennow K,
Brouns R, Comabella M, et al. Consensus guidelines for lumbar
puncture in patients with neurological diseases. Alzheimer's
Dement Diagnosis, Assess Dis Monit 2017;8:111-26. https://doi.
0rg/10.1016/j.dadm.2017.04.007.
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Expert essay

CSF biomarkers for Alzheimer’s disease

Henrik Zetterberg, Kaj Blennow

Department of Psychiatry and Neurochemistry, Institute of Neuroscience and Physiology, the Sahlgrenska Academy

at the University of Gothenburg, Mélndal, SWEDEN

he development of Alzheimer’s disease fluid bio-

I markers started with using cerebrospinal fluid (CSF)

as the matrix, which was logical based on the prox-

imity of CGSF to the brain, and the secretion (at that time
called ‘shedding’) of brain proteins from neurons and other

cell types to the extracellular space, which is continuous with
the CSF. GSF can easily be collected by lumbar puncture (1).

Based on the knowledge of Alzheimer’s disease pathophysi-
ology, methods for the quantification of CSF levels of ‘total’
tau (T-tau), phosphorylated tau (P-tau) and amyloid b (AB42
and AB42/40 ratio) were developed. These proteins are often
referred to as the ‘core’ Alzheimer’s disease CSF biomark-
ers. The typical changes in Alzheimer’s disease, namely the
increased CSF levels of T-tau (reflecting neurodegeneration)
and P-tau (a marker for tangles and tau pathology) together
with decreased AP42 and AB42/40 ratio (reflecting brain
amyloidosis and plaques), are often called the ‘Alzheimer
CSF profile’.

A very large number of clinical studies consistently show that
these core Alzheimer’s disease CGSF biomarkers reflect key
parts of Alzheimer’s disease pathophysiology and have high
diagnostic value, also in the early disease stages (2) to iden-
tify MCI individuals with ‘prodromal Alzheimer’s disease’
that will progress to Alzheimer’s disease at long-term clinical
follow up, and to differentiate from both stable MCI cases
and MCI people developing other dementias (3). Notably, a
wealth of studies have also shown high agreement between
CSF AB42 (and AB42/40 ratio) and amyloid PET positivity,
with concordance figures of 90% or higher (4), which is in
the same range as the concordance between different expert
readers classifying amyloid PET scans as either positive or
negative for brain amyloidosis (5). In other words, amyloid
PET and CSF biomarkers can be used interchangeably in
the clinic, leaving the clinician, together with the individual,
the option to decide based on costs, expertise, availability,
and risk estimations (radiation exposure vs. post lumbar
puncture headache).

It should be noted that CSF T-tau and P-tau correlate closely
within Alzheimer’s disease and control populations (6), but
the correlation is lost in diseases with marked neuronal dam-
age but no tangles or tau pathology, such as acute stroke and

Creutzfeldt-Jakob disease (7-9), supporting CSF T-tau as a
neurodegeneration biomarker and that CSF P-tau reflects
Alzheimer-type tau pathology. For unknown reasons, CSF
P-tau seems specifically increased in Alzheimer’s disease, and
normal in other tauopathies, such as progressive supranuclear
palsy and frontotemporal dementia.

Recent developments to standardise the core Alzheimer’s
disease CSF biomarkers include uniform procedures for the
collection of CSF by lumbar puncture and so-called pre-an-
alytical procedures, for example, the use of specific test tubes
(to avoid unspecified loss of the protein biomarkers) for CSF
collection (10), and the development methods for measure-
ment of these Alzheimer’s disease CSF biomarkers on fully
automated lab analysers. As an example, the AB1-42 method
on the Cobas Elecsys platform shows excellent performance
and very low between-day variability (11), and the methods
for T-tau and P-tau have even higher performance (12). These
improvements are important to have exact and consistent
readouts for the CGSF Alzheimer’s disease biomarkers in the
clinical routine setting.

CSF biomarkers reflecting other pathogenic mechanisms in
Alzheimer’s disease include biomarkers for synaptic degener-
ation, which is an early phenomenon in Alzheimer’s disease
(13, 14) that 1s linked to cognitive symptoms (15, 16). One
example is the post-synaptic protein neurogranin, that is
found in the cortex and hippocampus, brain regions heav-
ily affected in Alzheimer’s disease (17, 18), and plays a role
in memory formation (19, 20). Increased CSF neurogranin
concentration is found in Alzheimer’s disease dementia also
in the early prodromal phase of disease (21), and high CSF
neurogranin predicts future rate of neuronal degeneration
(22). Interestingly, high CSF neurogranin is seemingly spe-
cific to Alzheimer’s disease, while levels are normal in other
neurodegenerative disorders such as frontotemporal demen-
tia and progressive supranuclear palsy (23, 24).

In summary, the core CGSF Alzheimer’s disease biomarkers
show very high diagnostic utility, are clinically well validated,
and are available today on fully automated instruments that
have excellent analytical performance. In many countries all
over the world, these biomarkers now have a central place as
diagnostic tests in routine clinical practice.
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Conclusions

Cerebrospinal fluid biomarkers provide reliable and clinically relevant
diagnostic information in dementia cases of diagnostic uncertainly. Due

to its lower cost, cerebrospinal fluid biomarker might constitute a viable
diagnostic method in low- and middle-income countries. Importantly, the
scalability of cerebrospinal fluid biomarkers seems a sustainable option for
assessing patient eligibility for the upcoming disease-modifying interventions.
Cerebrospinal fluid biomarker research developments bring hope for

the diagnosis of non-Alzheimer's disease neurodegenerative processes
underlying dementia.
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