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TECHNIQUES FOR COLLECTING CEREBROSPINAL FLUID DURING AUTOPSY (Abstract): 
The cerebrospinal fluid (CSF) is collected and analyzed post-mortem, and can often contribute to 
the identification and diagnosis of the cause that led to death. Collecting CSF can be considered 
a routine investigation to rule out possible meningitis or even certain cerebral hemorrhages. The 
CSF samples can be collected by different techniques represented by the peripheral puncture 
techniques - lumbar or central puncture techniques - with CSF aspiration from the level of the 
cistern, the third ventricle or the lateral ventricles. In order to perform the CSF analysis, it must 
first be correctly collected. The CSF collecting technique involves certain steps that must be fol-
lowed, so that the integrity of the CSF is not affected / altered. When errors occur in performing 
the procedure, local vascular lesions can be performed, with consecutive bleeding, which can lead 
to false-positive results. In order for these steps to be able to be correctly performed, it is essen-
tial to know the anatomical notions of the elements that are addressed while performing the CSF 
puncture technique. This article aims to bring to the attention of forensic scientists and anatomists, 
the imperiousness of obtaining the correct anatomy information when making a point aimed at 
collecting and analyzing CSF. Key-words: CEREBROSPINAL FLUID, AUTOPSY, VENTRIC-
ULAR SYSTEM, TECHNIQUE, BIOCHEMISTRY

inTroDUcTion
The cerebrospinal fluid (CSF) is collected 

and analyzed post-mortem, and can often con-
tribute to the identification and diagnosis of the 
cause that led to death. In certain circumstanc-
es, such as sudden death in children and ado-
lescents, collecting CSF can be considered a 
routine investigation to rule out possible men-
ingitis or even certain cerebral hemorrhages 
(1). The CSF samples can be collected by dif-
ferent techniques represented by the peripheral 
puncture technoque - lumbar or central punc-
ture techniques - with CSF aspiration from the 
level of the cistern, the third ventricle or the 
lateral ventricles. In order to perform the CSF 
analysis, it must first be correctly collected. 
The CSF collecing technique involves certain 
steps that must be followed, so that the integ-

rity of the CSF is not affected / altered. When 
errors occur in performing the procedure, local 
vascular lesions can be performed, with con-
secutive bleeding, which can lead to false-pos-
itive results (1). In order for these steps to be 
able to be correctly performed, it is essential 
to know the anatomical notions of the elements 
that are addressed while performing the CSF 
puncture technique. This article aims to bring 
to the attention of forensic scientists and anato-
mists, the imperiousness of obtaining the cor-
rect anatomy information when making a point 
aimed at collecting and analyzing CSF, so as 
to minimize technical errors such as CSF con-
tamination - issues that may lead to real errors 
in the results of the analysis of the CSF com-
ponents.
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ProDUcTion AnD circUlATion 
of cErEbrosPinAl flUiD
The cerebrospinal fluid is a fluid that in 

physiological conditions is colorless and clear 
as rock water, which fills the ventricular system 
and the subarachnoid space of the brain, having 
a low level of cellular constituents and proteins 
(2-4). This fluid comes from the blood plasma 
so that any of its constituents can be found in 
the plasma, but in different concentrations. For 
example, in the CSF, the following elements are 
found in lower concentrations than in plasma: 
potassium, calcium, glucose, proteins, urea, 
uric acid but also pH (2-4).  There are con-
stituents that can be found in the same quanti-
ties in both fluids, namely sodium and water. 
In contrast, magnesium and chloride concentra-
tions in CSF are higher than plasma (2-4).  

As early as 1865, Luschka showed that most 
of the CSF is actively secreted at the level of 
the choroid plexuses (about 60-70%), espe-
cially those of the lateral ventricles (5). Subse-
quently, different researchers have shown that 
CSF can be produced also at the subarachnoid, 
periencephalic and spinal level, so the extrapl-
exal origin can vary from 20-50% of the total 
secretion (5,6).

CSF circulation occurs from the ventricular 
compartment to the subarachnoid compartment. 
In the Ventricular System, CSF it flows from 
the lateral ventricles to the IV ventricle, suc-
cessively crossing the foramina interventricu-
laris (foramen of Monro), the third ventricle 
and the mesencephalic aqueduct. The commu-
nication of the ventricular system with the 
subarachnoid space takes place at the level of 
the fourth ventricle, when the CSF penetrates 
into the cisterna magna (part of subarachnoid 
space) through 3 apertures: 1 median – fo-
ramina of Magendie and 2 lateral – foraminaes 
of Luschka. Lazorthes denied the existence of 
the last two communications, stating that they 
would rather be "2 weak points" of the epend-
ymal membrane (5,6). Arrived in the subarach-
noid compartment, the CSF follows two direc-
tions: one in the spinal subarachnoid space and 
one in the pericerebral subarachnoid space. In 
the subarachnoid spinal space, the CSF reach-
es the bottom of the dural sac, which is ar-
ranged between the second lumbar vertebra and 
the first sacral vertebra, a space with CSF in 
which the nerves of the so called ”ponytail” 
float. In the pericerebral subarachnoid space, 

the CSF circulates from the cisterna magna to 
the other cisterns: basal, prepontine, interpe-
duncular, supraselaris, ambiens, the cerebral 
magna vein, the superior cerebellar, the peri-
calosal and the terminal blade.

The total amount of CSF in adults is 140 ml 
± 30 ml, in children 60-100 ml, and in infants 
40-60 ml. In the Ventricular System, only 25 
ml of CSF are found in the adult, the rest being 
present in the subarachnoid space (5-9). It is 
stated that in 24 hours approximately 400 ml 
of CSF is produced, thus deducing that the 
renewal of the liquid (the "turn over") takes 
place about 6 hours, so about 4 times / day 
(7,8). Under physiological conditions, the 
amount of CSF remains constant, so that this 
fluid is absorbed mainly by the venous tract and 
by other secondary elements. The CSF is drained 
into the venous system through some arachnoid 
invaginations that herniates into the thickness 
of the hard cranial and spinal mater, which is 
called the arachnoid villi. These velocities, first 
described in 1923, have valves that allow the 
flow to be unidirectional and global, from the 
subarachnoid space to the venous blood (9).

fUncTions of ThE 
cErEbrosPinAl flUiD
CSF has three major functions: mechanics, 

nutrition and excretory. The mechanical func-
tion of CSF is translated by the capacity of 
suspension and protection of the brain, being 
considered a shock absorber against external 
shocks and pressure fluctuations in the cranial 
cavity. CSF fills the subarachnoid pericerebral 
space, thus allowing the brain to float, as in a 
bath. The second important function of the 
CSF, nutrition function, is given by ensuring 
exchanges with the extracellular cerebral fluid, 
maintaining a constant concentration of the 
perineural environment. CSF is also considered 
a transporter of neurohormones, neuromodula-
tors and immunoglobulins. The third function, 
the excretory one, ensures the elimination of 
catabolism products of the brain, some protein 
substances and even certain drugs (9).

lATErAl VEnTriclE PUncTUrE 
TEchniqUE
This technique aims to collect CSF from the 

two lateral ventricles that are part of the Ven-
tricular System of the brain. The two ventricles 
are even, symmetrical cavities and are found in 



144
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the cerebral hemispheres, each in the form of 
a horseshoe, in whose concavity are located the 
caudate nucleus and the posterior pole of the 
thalamus. The convexity of the two horseshoes 
comes in relation to the corpus callosum. Dur-
ing the autopsy, after the opening of the cra-
nial cavity, the brain is removed from the cra-
nial box and the Virchow section is performed, 
which is the classic method during the autopsy 
of highlighting the cavities of the two lateral 
ventricles. Thus, by sectioning corpus callo-
sum, the CSF is aspirated with a syringe from 
the lateral ventricles, through a needle, avoiding 
contamination of the fluid with blood as much 
as possible (10). The fluid is harvested through 
the aspiration process, introducing a 22-gauge 
needle attached to a 10 ml syringe. According 
to other authors, fluid collection can be done 
directly, by inserting the needle through the 
corpus callosum, without cutting it in advance 
(10, 11). Although this technique is quite simple 
to perform, it is not among the favorites, being 
widely disputed by some authors, the reason 
being the high risk of contamination of the 
sample (10,11).

ThirD VEnTriclE PUncTUrE 
TEchniqUE 
This technique aims to collect CSF from the 

third ventricle, which is also part of the Ven-
tricular System of the brain. The third ventricle, 
also called the diencephalic ventricle, is an odd, 
median cavity, located between the two thala-
mus nuclei, above the hypothalamus and below 
the fornix and upper choroidal velum. The di-
encephalic ventricle communicates with the 
lateral ventricles through the interventricular 
foramina of Monro and with the fourth ventri-
cle through the mesencephalic aqueduct of Syl-
vius. During the autopsy, after opening the skull 
box, the brain is removed from the skull and 
placed on the autopsy table, with the base up. 
The fluid is collected through a blind aspira-
tion, inserting a 22-gauge needle attached to a 
10 ml syringe. This needle is inserted upright, 
about 10-20 mm posterior to the mammilary 
bodies, so 2-3 ml of clear CSF can be aspi-
rated (12,13).

cisTErnAl PUncTUrE 
TEchniqUE
This technique is considered to be the ideal 

one for collection of CSF from the central lev-

el, but also quite simple to perform (11). The 
method involves collecting CSF directly from 
cisterna magna. Cisterna magna also called 
lower cerebellar cistern or cerebello-medullary 
cistern occupies the space between the inferior 
face of the cerebellum and the posterior face of 
the medulla oblongata of the brainstem. In the 
great cistern the liquid from the fourth ventricle 
drains, through the median opening – foramen 
of Magendie, into the subarachnoid space. The 
advantage of this cistern, compared to the oth-
er cisterns of the subarachnoid space, is that it 
is not crossed by large brain vessels, making it 
a suitable site for collecting CSF.

During the necropsy, the corpse is placed in 
prone position, with the head support placed 
under the cervical and thoracic region, so that 
a flexion of the cervical spine is performed. 
The external occipital protruberance, atlanto-
occipital membrane, spinal process of the atlas, 
mastoid processes and nasi craniometric point 
are identified and then located by palpation. 
Cisterna magna is located approximately under 
a drawn line that unites the postero-upper cer-
vical portion with the edges of the mastoid 
processes, at a depth below the tegument of 
about 5 cm. A 22-gauge 90 mm spinal needle 
is used for this type of technique. The needle 
is advanced by puncturing the skin on the mid-
line of the posterior cephalic region, just above 
the spinal process of the first cervical vertebra, 
in a slightly ascending direction to the nasion 
(14).The needle advancement is performed at 
a slow rate, until an increased resistance is felt, 
usually at a depth of about 2.5-3.5 cm, at which 
point the atlanto-occipital membrane is pene-
trated (11,14). Immediately after this moment 
is exceeded, there is a sharp decrease in resist-
ance or a distinct pop, given by the needle 
entering the cistern. Sometimes a sensation of 
failure may be encountered when the needle 
enters the epidural space, in which case no 
fluid is evident but blood from an epidural vein 
can be externalized. In this circumstance it is 
recommended to forward the spinal needle up 
to a distance of 0.5 cm, in order to enter the 
reservoir of the great cistern. Other times, the 
spinal needle can hit a bone surface, which 
should be assumed to be the occipital bone. In 
this case, the needle will retract slightly, it will 
then be sloped lower and then the progression 
will continue (14).
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lATErAl c1-c2 sPAcE PUncTUrE 
TEchniqUE
Percutaneous cordotomy by lateral puncture 

at the C1-C2 level was first described in the 
1960s (15,16). Most often, the dorsal subarach-
noid space is better represented at the C1-C2 
level, the spinal cord in the cervical region 
becoming larger below C2, so that CSF will be 
much harder to collect (17,18). The thoracic 
spinal canal is narrow, its access being limited 
also by the presence of the costal grid, the CSF 
collecting being not preferred at this level (19).

During the necropsy, the corpse is placed in 
a supine position, preferring to perform a slight 
hyperextension of the cervical region because 
it is assumed that by extension, the dorsal sub-
arachnoid space at the C1-C2 level increases in 
width (20,21). The puncture site is placed ap-
proximately 1 cm lower and 1 cm posterior to 
the mastoid process, and the puncture point can 
even be marked with a colored pen. Data from 
the literature that included fluoroscopic guid-
ance say that the puncture site is 2-5 mm ante-
rior to the spinolaminary line, 5 mm lower than 
the posterior arch C1 and posterior of C1 pos-
terior arch flare point (17,22). Collection of 
CSF is done with a 20 or 22-gauge spinal nee-
dle. When the needle reaches several millime-
ters from the medial edge of the lateral mass 
C1, the CSF should stand out. And in this case 
it may leak from the needle venous blood, in 
which situation it is recommended the easy 
advancement of the needle with another 1-2 mm 
(17).

lUmbAr PUncTUrE TEchniqUE
This technique is the most experienced and 

most common method of collecting CSF, espe-
cially in living persons but also in post-mortem 
examinations. The correct level of spinal needle 
entry is easily identified by palpation. Thus, 
the spinous processes of L3, L4 and L5, as well 
as the intervertebral spaces can be easily found. 
Also, it is known that, by drawing a line joining 
the two upper edges of the iliac ridges, the point 
on this line that intersects the posterior median 
line corresponds to the body of the fourth lum-
bar vertebrae (17). There are authors who claim 
that this line can intersect the spine at levels 
ranging from L1-L2 to L4-L5, as well as the 
fact that there is a tendency to show a higher 
spinal level among obese people and women 
(17,23,24). In cases with ankylosing spondyli-

tis, the so-called Taylor approach can be applied 
by the paramedian needle insertion in space 
L5-S1 (25).

In lumbar puncture for collecting the CSF, 
during the necropsy it is preferred the lateral 
position of the corpse, but when difficulties are 
encountered in manipulating the corpse (large 
waist, obesity), in our experience, we affirm 
that this technique can be carried out when the 
body's position is in pronation. Once the inser-
tion point of the needle has been identified, its 
advancement is made slowly, under an angle 
with cranial direction, towards the ombilicus. 
The approximate distance from the tegument to 
the epidural space is 45-50 mm, which can be 
greater in obese people (24,26,27). The stylet 
is then removed and the CSF will progress 
through the spinal needle.

PrEsErVATion of 
cErEbrosPinAl flUiD
After we have made sure that the collection 

steps have been followed correctly and we have 
managed to obtain some clear CSF troops, the 
sample must be transported in proper condi-
tions and stored in the freezer, at a temperature 
of - 20 degrees, until it will be analyzed. So-
dium chloride should be added to preserve the 
sample if it is desired to determine toxic sub-
stances such as alcohol, cocaine, cyanide or 
carbon monoxide. To determine glucose and 
protein, some authors recommend the use of 
sodium fluoride / EDTA when subarachnoid 
haemorrhage is suspected. If any xanthochro-
mia is suspected, take 1 ml of the sample which 
will be stored in a container through which the 
light cannot enter, for spectrophotometric anal-
ysis (28,29).

conclUsions
We consider that every technique presented 

regarding the post-mortem puncture of the CSF 
must be known by any forensic doctor and not 
least by the anatomist. This knowledge must be 
a complete one and based on some constantly 
updated information from the specialized lit-
erature, which provides retrospective data but 
also a perspective capable of helping to carry 
out a more accurate analysis of the CSF. In 
order to be able to perform these puncture 
techniques as efficiently as possible regarding 
CSF collection, it is necessary to know and 
understand the anatomical elements that we 
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approach when we want to collect this fluid, so 
that we are aware of the quality of the sample 
but also the possibility of contamination, these 
being very important aspects in the correct di-
agnosis of the cause of death. Moreover, the 
enterprise of knowledge regarding these CSF 

puncture techniques, is transposed over the 
quality of the post-mortem study of the bio-
chemical markers present in this fluid.

conflicT of inTErEsT
None declared

rEfErEncEs
 1. Itabashi HH, Andrews JM, Tomiyasu U, et al. In: Forensic neuropathology: A practical review of 

the fundamentals. Burlington, MA: Elsevier; 2007. pp. 68-70.
 2. Tumani H, Huss A, Bachhuber F. The cerebrospinal fluid and barriers — anatomic and physiologic 

considerations. Handb Clin Neurol. 2017;146:21–32.
 3.  Morris JA, Harrison LM, Telford DR. Postmortem cerebrospinal fluid pleocytosis: a marker of in-

flammation or postmortem artifact? Int J Pediatr. 2012;2012:964074. 
 4. Brinker T, Stopa E, Morrison J, et al. A new look at cerebrospinal fluid circulation. Fluids Barriers 

CNS. 2014;11:10.
 5. Barr ML, Kiernan JA: The human nervous system. An anatomical viewpoint, sixth edition. JB Lip-

pincott Company, Philadelphia, 1993.
 6. Carpanter MB: Core text of neuroanatomy, third edition, Williams & Wilkins, Baltimore, 1985.
 7. Damkier HH, Brown PD, Praetorius J. Cerebrospinal fluid secretion by the choroid plexus. Physiol 

Rev. 2013;93(4):1847–1892. 
 8. Spector R, Robert Snodgrass S, Johanson CE. A balanced view of the cerebrospinal fluid composition 

and functions: Focus on adult humans. Exp Neurol. 2015;273:57–68. 
 9. Sakka L, Coll G, Chazal J. Anatomy and physiology of cerebrospinal fluid. Eur Ann Otorhinolaryngol 

Head Neck Dis. 2011;128(6):309–316.
 10. Arroyo, Amparo & Rosel, P & Marron, Teresa. (2005). Cerebrospinal fluid: Postmortem biochemi-

cal study. Journal of clinical forensic medicine. 12. 153-6. 10.1016/j.jcfm.2004.11.001.
 11. Swain, Rajanikanta & Krishna, K. & Singh, S.R. & Behera, Chittaranjan. (2012). Post mortem bio-

chemistry-sampling and preservation. Journal of Punjab Academy of Forensic Medicine and Toxicol-
ogy. 12. 121-124.

 12. Garland, Jack & Philcox, Winston & Kesha, Kilak & Morrow, Paul & Lam, Leo & Spark, Amy & 
Palmiere, Cristian & Elstub, Hannah & Cala, Allan & Stables, Simon & Tse, Rexson. (2018). Differ-
ences in Sampling Site on Postmortem Cerebrospinal Fluid Biochemistry: A Preliminary Study. The 
American Journal of Forensic Medicine and Pathology. 39. 1. 10.1097/PAF.0000000000000420.

 13. Stratchko L, Filatova I, Agarwal A, et al. The ventricular system of the brain: anatomy and normal 
variations. Semin Ultrasound CT MR. 2016; 37(2):72–83.

 14. Kendall B. How to do a cisternal puncture. Br J Hosp Med 1980;24:571 PubMedWeb of Science-
Google Scholar

 15. Mullan S, Harper PV, Hekmatpanah J, Torres H, Dobbin G. Percutaneous interruption of spinalpain 
tracts by means of a strontium90 needle. J Neurosurg 1963; 20:931–939 

16. Rosomoff HL, Carroll F, Brown J, Sheptak P. Percutaneous radiofrequency cervical cordotomy: 
technique. J Neurosurg 1965; 23:639–644

 17. Steven P. Daniels, Andrew D. Schweitzer, Ritwik Baidya, George Krol, Robert Schneider, Eric Lis, 
and J. Levi Chazen. The Lateral C1–C2 Puncture: Indications, Technique, and Potential Complica-
tions. American Journal of Roentgenology 2019 212:2, 431-442 

 18. Ulbrich EJ, Schraner C, Boesch C, et al. Normative MR cervical spinal canal dimensions. Radiology 
2014; 271:172–182

 19. Imbelloni LE, Pitombo PF, Ganem EM. The incidence of paresthesia and neurologic complications 
after lower spinal thoracic puncture with cut needle compared to pencil point needle: study in 300 
patients. J Anesth Clin Res 2010; 1:2–5

 20. Bazylewicz MP, Berkowitz F, Sayah A. 3D T2 MR imaging–based measurements of the posterior 
cervical thecal sac in flexion and extension for cervical puncture. AJNR 2016; 37:579–583

 21. Raininko R, Sonninen P. Dorsal CSF space at CIII level: technique of cervical myelography. Neuro-
radiology 1987; 29:73–75

 22. Peckham ME, Shah LM, Tsai AC, Quigley EP, Cramer J, Hutchins TA. C1 posterior arch flare point: 
a useful landmark for fluoroscopically guided C1–2 puncture. AJNR 2018; 39:1562–1567



147

Techniques for Collecting Cerebrospinal Fluid During Autopsy

 23. Margarido CB, Mikhael R, Arzola C, Balki M, Carvalho JC . The intercristal line determined by 
palpation is not a reliable anatomical landmark for neuraxial anesthesia. Can J Anaesth. 2011 Mar; 
58(3):262-6. Epub 2010 Dec 3.

 24. Chakraverty R, Pynsent P, Isaacs K. Which spinal levels are identified by palpation of the iliac crests 
and the posterior superior iliac spines? J Anat. 2007;210(2):232.

 25. Shrestha GS, Acharya SP, Keyal N, Paneru HR, Shrestha PS. Successful lumbar puncture with Taylor’s 
approach for the diagnostic workup of meningitis in a patient with Ankylosing spondylitis. Indian J 
Crit Care Med. 2015;19(10):618.

 26. Ravi KK, Kaul TK, Kathuria S, Gupta S, Khurana S. Distance from Skin to Epidural Space: Cor-
relation with Body Mass Index (BMI). J Anaesthesiol Clin Pharmacol. 2011;27(1):39. 

 27. Hirabayashi Y, Matsuda I, Inoue S, Shimizu R. The distance from the skin to the epidural space. J 
Anesth. 1988;2(2):198. 

 28. Cruikshank A, Auld P, Beetham R, Burrows G, Egner W, Holbrook I, et al. Revised national guidelines 
for analysis of cerebrospinal fluid for bilirubin in suspected subarachnoid haemorrhage. Ann Clin 
Biochem 2008; 45 (pt 3):238-44.

 29. The biochemistry of body fluids. 2009. Available at: http://www.acbi.ie/Downloads/Guideline s-of-
Body-Fluids.pdf. Accessed April 05, 2020. 

* Corresponding author

Andrei Daniel Timofte
e-mail:timofteandreidaniel@yahoo.com


