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ABSTRACT 
 

Cerebrospinal fluid (CSF) is critical in maintaining brain interstitial fluid balance and providing 
hydromechanical protection. Lumbar puncture (LP) is a common invasive procedure for obtaining 
CSF samples to evaluate central nervous system infections and cancers and measure intracranial 
pressure. While LP is generally considered safe, it is associated with both minor and major 
complications. Post-LP meningitis occurs in approximately 50% of spinal anesthesia cases and 9% 
of diagnostic LPs. Additionally, over 70% of diagnostic LPs result in minor bleeding, which can lead 
to serious outcomes such as spinal epidural hematoma, nerve damage, or paralysis. Significant 
consequences of LP include headaches and hearing loss; however, other rare complications, such 
as cerebral herniation and CSF leak syndrome, must be considered carefully. This review 
synthesizes findings from multiple studies published in PubMed, Google Scholar, and Scopus, 
highlighting the need for further research on the complications and interventions related to this 
commonly performed procedure. 

Key words: Cerebrospinal Fluid (CSF), Lumbar Puncture (LP), Complication of LP, Headache, CSF 
Leak. 

INTRODUCTION 
 

Lumbar puncture (LP), popularly known as a "spinal tap," is a frequently conducted 
procedure that involves the extraction of cerebrospinal fluid (CSF) for analysis. 
Heinrich Quincke created it in the late 19th century. [1] LP is the definitive diagnostic 
standard procedure for meningitis, subarachnoid bleeding, and other neurological 
diseases. Intracranial pressure can be measured via LP, and drugs or diagnostic 
substances can be administered. [2, 3] LP helps to diagnose infectious (encephalitis, 
meningitis), inflammatory (MS, Guillain-Barré syndrome), oncologic, and metabolic 
diseases. Furthermore, LP may be required to inject chemotherapy agents and 
antibiotics intrathecally. [2] The main complications of LP are back pain, headache, 
nausea, and vomiting. Brain herniation, infection, hematomas, and death occur, but 
they are rare. [4-6] 
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CSF persistent leakage is a rare complication; however, it must 
be suspected when the patient develops persistent headaches 
and back pain. [7, 8] CSF leakage can be prevented by 
excluding increased intracranial pressure, avoiding multiple LP 
trials and excessive sampling, using a small LP needle pore, 
and the proper patient positioning during and after LP. [9] This 
review will review and update indications, contraindications, 
and complications, including the post-LP leak syndrome. 
Updated PubMed, Scopus, Google, and Google Scholar 
articles published between January 2018 and December 2024 
were studied to achieve this aim. 
 
NORMAL CEREBROSPINAL PHYSIOLOGY 
 
CSF is a plasma ultrafiltrate found in the brain's ventricles and 
cranial and spinal subarachnoid regions. [10] A 150-ml adult 
CSF volume is distributed as 125 ml in the subarachnoid areas 
and 25 ml in the ventricles. [10] The choroid plexus secretes 
most CSF, with other sources having a less clear role. Its daily 
secretion in adults ranges from 400 to 600 ml, according to the 
method utilized to measure the volume and the person's age, 
sex, plus other factors. [10] Approximately 60%-75% of the 
formed CSF is synthesized into the 3rd and 4th ventricles by 
telachoroidea and lateral ventricle choroidal plexus cells (CP). 
[10]  
 

The CPs are simple, highly specialized cuboidal epithelial cells 
embedded between the brain ventricle and ependymal cells. 
Plasma is filtered by cuboidal epithelium around the 
fenestrated capillaries. [11] CP cells feature abundant apical 
microvilli. They form a blood-CSF barrier via tight junctions to 
regulate CSF composition. [10] Due to continual secretion, a 
typical young adult renews CSF four to five times daily. A 
decreased CSF turnover may cause metabolite build-up in aging 
and neurological disorders. CSF composition is closely 
monitored, and any deviation may aid diagnosis. [10]  
 

The blood-CSF barrier is a semipermeable membrane that 
regulates the brain environment. Ions and tiny molecules, such 
as vitamins and minerals, can enter the CSF, but cells and 
proteins cannot. The Osmotic water channel-1 channels allow 
water to move through the CP epithelium. CP epithelial cells 
may produce or transport brain-necessary substances into the 
CSF, which may not cross the blood-CSF barrier. A 5-mV lumen-
positive voltage potential exists across CP epithelial cell 
membranes. The electrical potential difference pushes 
sodium, bicarbonate ions, and chloride from plasma to the CSF, 
generating an osmotic gradient that draws water in. [11]   
CSF contains more sodium, magnesium, and chloride than 
plasma but less calcium and potassium. CSF contains fewer 
cells, immunoglobulins, and other proteins than plasma. The 
blood-CSF barrier prevents cells from crossing; however, 
modest quantities of leucocytes may be present. CSF cell count 
is usually below 5 cells/ml. [10] CSF composition remains 
consistent despite blood structure and flow variations, 
creating a steady intraventricular milieu necessary for 
neuronal function. [11]  
 

CEREBROSPINAL FLUID SYNTHESIS MECHANISM 
 
CSF secretion by the choroidal cells occurs in two stages. The 
first phase involves plasma passive filtration from the choroidal 

capillaries into the choroidal interstitial compartment, driven 
by a pressure gradient. The second stage involves active 
transfer from the interstitium milieu to the ventricle's lumens 
via the choroidal epithelium, using carbonic anhydrase and 
membrane ion transport proteins.  
 
Cytoplasmic carbonic anhydrase facilitates the synthesis of 
hydrogen and bicarbonate ions from water and carbon dioxide. 
The carrier proteins in the basolateral membranes of choroidal 
cells facilitate the exchange of hydrogen and bicarbonate ions 
for sodium and chloride ions. ATP-dependent ion pumps in the 
apical membrane transport chloride, bicarbonate, sodium, and 
potassium ions to the ventricular lumen. Water transport, 
mediated by aquaporin-1 in the apical membrane, adheres to 
the osmotic gradient difference created by these pumps, which 
creates a difference in osmolarity. [12] The sodium-potassium-
2-cholride cotransporter located in the apical membrane 
facilitates bidirectional ion transport and controls the 
composition and secretion of CSF.  
 
Interestingly, the CPs release growth factors that likely 
influence the subventricular zone, perhaps facilitating the 
healing of tissue alterations associated with hydrocephalus. 
They produce vitamins B12, B1, and C, folate, nitric oxide, 
arginine vasopressin, and β2-microglobulin. Approximately 20% 
of the peptides in CSF originate from the brain, and the 
concentration of these peptides diminishes during the CSF 
transitions from the ventricles to the subarachnoid regions. 
[13] Furthermore, extrachoroidal secretion of CSF originates 
from cerebral capillaries and extracellular fluid across the 
blood-brain barrier. This route appears to have negligible 
function under physiological conditions. CSF may also arise 
from the ependymal epithelium, which is controlled by growth 
factors and neuropeptides and may be modified by ependymal 
alterations, particularly those generated by ventricular 
dilation. 
 
MECHANISM OF CEREBROSPINAL FLUID DRAINAGE 
 
To ensure brain stability, CSF is released continually with an 
unchanged composition. The repetitive systolic pulse wave in 
the choroidal arteries propels the CSF down the neuroaxis from 
secretion to absorption. Breathing frequency, posture, jugular 
vein venous pressure, physical exertion, and time of day are 
less important CSF flow factors. [14]  
CSF moves from the rostral to the caudal direction within the 
ventricular system. Starting in the lateral ventricles, CSF 
passes through the interventricular foramina to reach the third 
ventricle, travels via the cerebral aqueduct to the fourth 
ventricle, and finally enters the subarachnoid space at the 
base of the brain through the median aperture (foramen of 
Magendie). Once in the subarachnoid area, CSF circulates 
gently in various directions, maintaining its composition. It 
then flows around the brain and spinal cord within this space. 
CSF ultimately exits the subarachnoid area through arachnoid 
villi along the superior sagittal venous sinus, intracranial 
sinuses, and spinal nerve roots. 
 

The arachnoid villi protrude through the dura mater into 
venous sinus lumens. The arachnoid villi and a 3–5 mmHg 
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pressure gradient difference between the venous sinus and 
subarachnoid space draw CSF into the venous outflow system. 
CSF may enter the lymphatic system through the nasal 
cribriform plate or spinal nerve roots. CSF clearance depends 
on posture and pressure differentials. [10, 14]  
 
FUNCTION OF CEREBROSPINAL FLUID 
 
Beyond its protective role, CSF is crucial in the spinal cord and 
brain tissues, and it aids in removing waste products from the 
central nervous system. CSF provides hydromechanical 
protection to the neuroaxis in two ways: it acts as a cushion 
for the brain against the skull and shock absorber, and it 
creates buoyancy for the spinal cord and brain, reducing their 
effective weight from 1,500 grams to 50 grams. This significant 
weight reduction minimizes mechanical brain tissue and 
cerebral artery damage. Moreover, the CSF is essential for 
maintaining the balance of brain interstitial fluid and ensuring 
the stability of brain parenchyma, which is necessary for 
proper neuronal function. Furthermore, CSF has immune-
protective and homeostasis functions.  
The CP-CSF- extracellular space barrier ( ECSB) nexus supplies 
most of the nutrients to the brain. Brain-needed substances 
travel from the blood via the CP, CSF, and ECSB to their brain 
locations. CSF helps remove brain metabolic waste such as 
glycosylated proteins, peroxidation products, excess 
neurotransmitters, ventricular debris, germs, viruses, and 
unneeded chemicals. Aging and several neurodegenerative 
illnesses cause the accumulation of superfluous molecules, 
impairing brain function. The disturbance of brain physiology 
caused by CSF hydrodynamics or composition shows the 
relevance of CSF functioning. [10, 11, 14] Table 1, summarizes 
the main functions of CSF.  
 
Table 1. the main functions of CSF 

The main functions of CSF 
Brain and spinal protection 
Prevention of mechanical damage to cerebral blood vessels 
It is important for CNS parenchyma stability and neuron 
function  
Has an immune function because of its immune globulin 
content 
It is essential for CNS homeostasis 
Maintenance of brain and spinal cord integrity 
Supplies nutrition to the brain and spinal cord 
Helps in CNS metabolism and end-product removal 

 
TECHNIQUE AND THE DIAGNOSED VALUE OF CEREBROSPINAL 
FLUID EXAMINATION 
 
LP is frequently used to diagnose severe headaches and 
disorders of the central nervous system (CNS). During LP, the 
patient is positioned in either a lateral recumbent position 
with flexed knees, chest, and head or a sitting position with 
forward flexion to maximize the intervertebral space. A sterile 
spinal needle is carefully inserted between the vertebrae. 
Typically, the needle is introduced between the L3/4 or L4/5 
level and passes swiftly into the subarachnoid area. To enhance 
success rates and mitigate the risk of complications, imaging 

techniques, such as fluoroscopy or ultrasound, guide needle 
placement and entrance direction. Upon the flow of 
cerebrospinal fluid through the needle, the CSF is collected in 
four sterile containers. [15] The collected CSF can 
subsequently be analyzed for abnormal or elevated 
components to facilitate diagnosis. (Figure 1) shows the 
position and typical site for LP. 
 

 
 
Figure 1: Site of the patient who underwent LP. a. Lateral side 
position. b. Sitting position 

 
NORMAL CELLULAR AND BIOCHEMICAL COMPOSITION OF 
CEREBROSPINAL FLUID 
 
CSF is typically a transparent, colorless liquid. A yellow-orange 
hue in the CSF, known as xanthochromia, results from the 
breakdown of erythrocytes and may indicate a subarachnoid 
hemorrhage (SAH). Elevated levels of immunoglobulins could 
suggest either an autoimmune disease or systemic infection. 
Examination of the CSF has a high sensitivity and specificity for 
determining the presence of bacterial, viral, and fungal 
meningitis. The presence of blood indicates hemorrhagic CSF, 
which increases the possibility of SAH or trauma. In traumatic 
LP, CSF fluid is usually reddish in the first bottle; then, the 
color becomes less in the 2nd bottle. In the 3rd and 4th bottles, 
the CSF becomes clear and transparent. Meanwhile, in SAH, 
the color does not change. Furthermore, other findings, such 
as abnormal cells and proteins, may indicate malignancy or 
infections. 
The chemical composition of the CSF primarily includes 
proteins and glucose. The usual range for CSF protein in 
adults is between 23 to 38 mg/dL. [16] The broadest reported 
range of normal CSF protein concentrations is 9 to 93 mg/dL. 
[17] Elevated CSF protein levels have been associated with 
advanced age, male sex, spinal stenosis, diabetes mellitus, and 
hypertension. [17] In adults, the standard CSF glucose 
concentration is reported to be 2.5 to 4.4 mmol/L. [18]  
CSF glucose levels fluctuate with serum glucose levels and 
exhibit significant hourly variations. [19] The normal 
CSFglucose to serum glucose ratio level falls between 0.5 and 
0.8. [20, 21] The normal CSF contains no cells. Nevertheless, 
it is considered within normal limits in adults to have up to five 
leukocytes and five erythrocytes when CSF is obtained without 
trauma to blood vessels during LP introduction. [22] A count 
exceeding three polymorphonuclear leukocytes/ microliter is 
abnormal for adult patients. The CSF becomes cloudy when it 
contains 200 leukocytes or 400 erythrocytes/µL. A CSF sample 
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might appear bloody if it has ≥ 6000 erythrocytes/microliter. 
[16]  
 

More than 70% of diagnostic LPs result in minor bleeding due 
to trauma from the LP needle, thereby contaminating the CSF 
sample. [23] This is especially common with multiple needle 
insertions, difficult anatomy, or bleeding disorders. However, 
an intra-axial bleeding source may also be responsible for this 
finding. If blood is not clear in the 3rd or 4th tube, intra-axial 
bleeding rather than traumatic LP is the most likely cause. 
Other indicators of intra-axial bleeding include a higher ratio 
of leukocytes to erythrocytes in the CSF than in the peripheral 
blood. Furthermore, xanthochromia usually indicates that 
bleeding started > 2 hours before the LP. Bleeding from a 
traumatic tap is usually small and may be treated 
conservatively; however, persistent bleeding can result in 
spinal epidural hematoma, nerve damage, or paralysis. 
Xanthochromia (yellow or pink CSF supernatant after 
centrifugation) is due to hemoglobin breakdown into 
oxyhemoglobin (pink) and then into bilirubin, causing this type 
of CSF discoloration. Visual identification of xanthochromia is 
possible [24], but laboratory spectrophotometry investigations 
may be more sensitive to hemoglobin after erythrocyte 
breakdown from oxyhemoglobin to methemoglobin to 
bilirubin. [25]  

LUMBAR PUNCTURE INDICATIONS 
 

LP is necessary and very helpful for diagnosing CNS infections. 
It can also help diagnose SAH, demyelinating diseases, Guillain-
Barré syndrome, other inflammatory disorders, and CNS 
cancers. However, with the widespread availability of 
neuroimaging techniques such as CT and MRI, there are limited 
indications for urgent diagnostic LP.  
 

Table 2: Indications of lumbar puncture. 
Indications of lumbar puncture 
Urgent To exclude or prove meningitis, 

encephalitis, 
and meningoencephalitis, and to 
prove subarachnoid hemorrhage. 

Not Urgent IIH, Normal pressure 
hydrocephalus, CNS syphilis, 
carcinomatous meningitis, 
leptomeningeal CNS, CNS 
lymphoma, autoimmune 
encephalitis, multiple sclerosis, 
demyelinating polyneuropathy, 
paraneoplastic syndrome, 
neurosarcoidosis, Guillain-Barré 
syndrome, and CNS vasculitis.  

Therapeutic IIP and CSF leak to reduce the 
increased intracranial pressure.  

Drugs or contrast 
administration 

Intrathecal chemotherapy, spinal 
anesthesia, intrathecal 
antibiotics, and contrast media 
administration for myelography 
or cisternography. 

 

Nevertheless, urgent LP remains indicated for diagnosing 
suspected infectious meningitis, encephalitis, and SAH in 
patients with negative CT scan results. [15, 26]  

The primary indication of LP is in diagnosing or excluding 
meningitis in patients presenting with a combination of 
symptoms, including fever, altered mental status, headache, 
or meningism. (Table 2) presents the common indications for 
LP. 
 

LUMBAR TAP CONTRAINDICATION 
 
LP is contraindicated in instances of significantly elevated 
intracranial pressure, coagulopathies, and dermal infections at 
the site of the LP. In clinical practice, practitioners often 
request a brain CT or MRI before a lumbar puncture to rule out 
elevated intracranial pressure. [27] Neuroimaging is strongly 
advised when a physician identifies symptoms or indicators of 
elevated intracranial pressure, including altered 
consciousness, focal neurological deficits, 
immunocompromised status, new-onset seizures, and 
malignancy. [28, 29] Clinicians' vigilance is therefore essential. 
Recent research indicated that platelet counts below 
40,000/mm3 and international normalized ratio (INR) beyond 
1.5 are contraindications. [3] The platelet count must exceed 
50,000/mm3, and the INR should be below 1.5. [29] Clinicians 
should exercise caution with anticoagulants and antiplatelet 
agents because they represent relative contraindications, 
albeit with little supporting evidence. [30] Soft tissue infection 
at the lumbar puncture site is a contraindication. [3] 
Performing the procedure in the presence of infection at or 
near the puncture site may lead to a new CNS 
infection, compromising the reliability of CSF investigatory 
results. Myelomeningocele, a developmental defect, is also a 
contraindication. [27] (Table 3) represents the 
contraindication of lumbar puncture. 
 
Table 3: Summarizes the contraindications of lumbar puncture 

Contraindications of lumbar puncture 
Elevated intracranial pressure 
Coagulopathy 
Infection at the site of the Lambar puncture 
low thrombocyte count (<40,000/mm3) 
0High INR 
Usage of antiplatelets 
Congenital abnormality (e.g., Meningocele) 

 
COMPLICATIONS OF LUMBAR TAP 
 

Although LP is generally considered a safe procedure, it can 
lead to rare but serious complications. These include infection, 
nerve root pain, bleeding, cerebral herniation, or intermittent 
or continuous CSF leak. Headache is a commonly reported 
complication following the LP, which typically begins during 
the first day post-LP and usually resolves by the tenth day. [2] 
LP complications might occur even when standard precautions 
are applied. 
 
Infection 
 

When the standard septic procedures are used, infection 
following LP is rare. Although rare, meningitis can occur as a 
complication of LP. An analysis of 179 post-LP meningitis cases 
documented in literature from 1952 to 2005 revealed that 50% 
of the incidents were associated with spinal anesthesia, while 
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only 9% resulted from diagnostic LP. The primary causative 
organisms identified were Streptococcus spp.. Salivarius (30%), 
alpha-hemolytic Strept. (11%), Staph. aureus (9%), 
Pseudomonas aeruginosa (8%), and Streptococcus spp..viridans 
(2%).(31) Post-LP meningitis caused by staphylococci, 
Pseudomonas, and other gram-negative bacilli has been linked 
to contaminated equipment, solutions, or suboptimal 
techniques. [32] Other studies suggest that post-LP meningitis 
may stem from aerosolized oropharyngeal fluids of individuals 
attending or performing the procedure, particularly given that 
many causative organisms are found in the oral cavity and 
upper respiratory tract. [31, 33, 34] Few cases of discitis or 
vertebral osteomyelitis following LP have been reported. Most 
of these cases are attributed to normal skin flora, such as 
Cutibacterium species and coagulase-negative staphylococci. 
[35-37] These complications are believed to result from direct 
bacterial inoculation of the vertebrae. 
 
Bleeding 
 
More than 70% of diagnostic LPs result in minor bleeding due 
to needle trauma. [23] This is especially common with multiple 
needle insertions, difficult anatomy, or bleeding disorders. 
However, an intra-axial bleeding source may also be 
responsible for this finding. Persistent bleeding can result in 
spinal epidural hematoma, nerve damage, or paralysis. 

In the absence of bleeding danger, spinal epidural hematoma 
seldom compromises the spinal cord or cauda equina. [38] A 
2016 literature analysis found 35 incidences of spinal epidural 
hematoma following LP. [39] Patients with thrombocytopenia 
or other bleeding problems or who took anticoagulant 
medication before or after LP are at risk of bleeding. Seven of 
342 patients (2%) who received anticoagulant medication after 
LP had spinal hematoma, five of whom developed paraparesis. 
[40] A previous study found that 47% of 21 LP-related spinal 
hematoma cases had coagulopathy. [41] Thus, all LP patients 
with neurologic symptoms, even those without coagulopathy, 
should be suspected of spinal hematoma. Other bleeding risk 
factors, including violent or repetitive LP trials, may enhance 
the likelihood of spinal epidural hematoma following LP. 
 
Hidden bleeding makes spinal hematoma diagnosis difficult; 
Thus, a strong index of suspicion is required. After LP, patients 
with chronic back pain or neurologic symptoms (e.g., paralysis, 
impaired sensation, or incontinence) need immediate spinal 
MRI for spinal hematoma exclusion. [42] Patients with severe 
or worsening neurologic impairments need immediate 
laminectomy and blood removal. Hematoma decompression 
must be done quickly to prevent neurologic damage. [43, 44] 
Patients with mild symptoms can be managed conservatively 
with careful monitoring and dexamethasone administration to 
reduce the risk of damage. [45]  
 

Headache  
 

One of the most prevalent consequences of LP is headache, 
which affects 10–70% of patients. CSF leaking from the dura 
and tension on pain-sensitive tissues create post-LP headaches. 
Patients usually have frontal or occipital headaches within 24 
to 48 hours of the surgery, which worsen in upright posture and 

improve in the supine position. Nausea, vomiting, dizziness, 
tinnitus, and vision abnormalities may occur. 
In addition to post-LP headaches, other intracranial 
hypotension syndromes may occasionally develop. Rare post-
LP sequelae include cranial nerve dysfunction, subdural 
hematoma, and cerebral venous thrombosis due to CSF 
leakage-induced intracranial hypotension. Intracranial 
hypotension compresses the cranial nerves, dural bridging 
veins, and venous sinuses.  
 
Cranial nerve dysfunction 
 
Horizontal diplopia may have resulted from paralysis of cranial 
nerve VI (abducens nerve), causing ocular misalignment. LP 
may cause unilateral or bilateral abducens palsy. [46, 47] 
Abducens nerve palsies after LP are usually accompanied by 
post-LP headaches. Most individuals recover within days or 
weeks. Oculomotor (cranial nerve III) and combined abducens 
and trochlear nerve (cranial nerve IV) palsy may cause diplopia 
in rare circumstances. [48, 49]  
LP may cause hearing loss in 10-50% of individuals during spinal 
anesthesia, with fewer than 25% aware of the condition. [50, 
51] It might be unilateral or bilateral and occur without 
headaches. Hearing loss is normally temporary, although spinal 
anesthesia, inadvertent dural puncture, and diagnostic LP may 
cause a years-long CSF loss. [9] Although unconfirmed, 
cerebral hypotension may cause traction of the 
vestibulocochlear nerve (cranial nerve VIII), causing hearing 
loss. Previous studies have linked larger needle sizes [52] and 
cutting needles to hearing loss. [53] The hearing loss is usually 
corrected using an epidural blood patch. [54]  
 
Subdural hematoma 
 
The most probable mechanism is due to the sudden reduction 
of intracranial pressure, rupturing dural bridging veins, causing 
subdural hemorrhage after LP. LP was linked to subdural 
hematoma in large retrospective cohort studies. [55-57] 
Subdural hematoma may cause headaches. Positional post-LP 
headaches develop while sitting or standing and improve or 
resolve with recumbency. Subdural hematoma may induce 
headaches unrelated to position, nausea, vomiting, neck 
discomfort, and focal neurologic symptoms such 
as hemiparesis. In almost 22 million birthing patients who 
underwent neuraxial anesthesia, the incidence of subdural 
hematoma was 1.5/100,000, compared to 309/100,000 for 
post-LP headache. [56] Furthermore, LP bleeding may cause a 
spinal subdural hematoma. [58] Due to the danger of 
irreversible neurologic impairment from cauda equina 
syndrome, patients with spinal subdural hematoma may 
require neurosurgical intervention. [59]  
 

Cerebral vein thrombosis 
 

After LP, intracranial hypotension and brain CSF pressure drop 
may lead to cerebral venous thrombosis, usually in the context 
of post-LP headache and subdural hematoma. [60] In 
retrospective cohort studies, LP independently predicts 
cerebral venous thrombosis. [57, 61] In a retrospective cohort 
study of over 1 million patients who received neuraxial 
anesthesia for childbirth, 4800 developed post-dural puncture 



110 

 
Habas et al./Yemen J Med. 2025;4(1): 105-116 

headache (PDPH). PDPH patients had a significantly higher 
incidence of subdural hematoma and cerebral venous 
thrombosis (0.3% versus 0.02%). [57] 
 
Cerebrospinal-venous fistula 
 

The CSF-Venous fistula directly links the draining paraspinal 
vein and spinal subarachnoid space, facilitating the CSF's fast 
passage into the venous system. CSF is often reabsorbed at the 
spinal nerve roots by arachnoid villi, which are controlled by 
vacuoles. CSF leakage due to cerebrospinal fluid fistulas (CVFs) 
is uncontrolled, reducing CSF volume and lowering CSF tension. 
Although the thoracic spine spaces are the predominant site of 
CVFs, other sites, such as the lumbar region, may occur. It is 
more common in obese females with increased intracranial 
pressure. [62, 63] MRI-myelography is better than CT-
myelography for diagnosing CSF-venous fistula. [64] Epidural 
blood patch, injection of fibrin glue, and fistula surgical 
ligation are the recommended therapies for severe cases. [65]  

Cerebral herniation  
 

The most significant consequence of LP is cerebral herniation. 
Cardiorespiratory collapse, unconsciousness, and death may 
occur. An intracranial mass lesion, cerebral edema, or 
obstructive hydrocephalus may increase ICP, contraindicating 
an LP and requiring separate testing and treatment. In 1959, 
15 (12%) of 129 patients with elevated ICP who underwent LP 
had an unsatisfactory result after 48 hours. [66] Seven (13%) of 
55 SAH patients developed neurologic worsening during or 
shortly after an LP, six of whom had cerebral herniation. [67] 
Another 1533 individuals with acute bacterial meningitis 
experienced clinical worsening of 47 (3%) following LP. [68] LP's 
influence on these outcomes might be difficult to determine in 
individuals at risk of herniation due to SAH or other brain 
disorders that raise ICP.  
 

Rare complications 
 

Other rare cerebrovascular syndromes that are associated with 
dural puncture include RCVS (Reversible cerebral 
vasoconstriction syndrome) [69], PRES (Posterior reversible 
encephalopathy syndrome) (70, 71), Subarachnoid and 
intraventricular bleeding. [72] The RCVS and PRES occurrences 
are associated with preeclampsia or eclampsia. Radicular 
symptoms and low back discomfort occur in 13% of patients 
with transitory electrical-type pain in one leg during the 
treatment. [73] Sustained radicular symptoms or damage are 
unusual. [74]  
Post-LP, one-third of patients have localized back discomfort 
that may last several days but rarely persists for more than a 
week. [73] EBP usage does not seem to reduce persistent back 
pain in patients with post-LP headaches. [75, 76]  
Epidermoid spinal cord tumor is an uncommon LP complication 
that may appear years after the treatment. Most occurrences 
include children aged 5 -12 who had an LP in infancy; however, 
it has also been documented in adults. [76, 77] Epidermoid 
tissue injected into the spinal canal during LP, without or with 
a poorly fitted style, may induce this. This LP consequence may 
be prevented by using spinal needles with tight-fitting styles. 

[78] CSF leakage is another rare complication of LP. 
Complications are summarized in (Table 4). 

CEREBROSPINAL LEAK AFTER LUMBAR PUNCTURE 
 

Dura mater holes or tears can lead to CSF leaks. The outermost 
layer of the meninges that protects the central nervous system 
connects the epidural and subarachnoid space and, 
sometimes, to the skin, allowing CSF to leak. [7] CSF leaks may 
produce low CSF pressure, causing neck pain, headaches, ear 
ringing, and loss of smell and taste in some cases. A severe or 
continuous leak may reduce cerebral blood flow and increase 
the risk of direct brain parenchyma injuries due to the fluid 
cushion function. Open subarachnoid space communication 
with CSF leak may cause life-threatening CNS infections such 
as meningitis. Thus, CSF leak symptoms require additional 
assessment and care. 

Structures compromised by craniofacial trauma account for 
80% of CSF leaks. The remaining 4% of CSF leaks result from 
various causes, including iatrogenic lesions, 16%. CSF leaks can 
occur post-LP (especially after multiple 
attempts), epidural anesthesia, lumbar-abdominal shunt 
placement, and spinal surgery. [79] Types of CSF leaks include 
traumatic, iatrogenic, and spontaneous. [80, 81] The most 
common symptoms associated with Low CSF pressure 
(orthostatic) include headaches (92%), nausea (54%), and neck 
discomfort (43%). [82]  

The most common invasive procedure performed by physicians 
and neurologists is LP, which may cause post-lumbar puncture 
syndrome, leading to headaches. Posture-dependent 
headache is the main symptom of this syndrome due to 
prolonged spontaneous CSF leakage. The headache frequency 
ranges from 1% to 30%, which depends on the LP approach. A 
22-gauge, Whitacre atraumatic or Sprotte needle reduces the 
post-LP syndrome/headache risk. [83] Most patients with 
spontaneous low CSF pressure syndrome are identified weeks 
to months later. This condition should be considered in all 
patients with persistent headaches. 

Spinal CSF leaks are now acknowledged to arise from three 
principal mechanisms: meningeal diverticula, CSF-
venous fistulas, and ventral dural hole. [84] Meningeal 
diverticula are regions of dural dehiscence that allow the 
leptomeninges to protrude through the dural defect, resulting 
in a fragile, rupture-prone outpouching. Certain diverticula 
include extensive meningeal lacerations that facilitate quick 
CSF egress, whereas others result in gradual CSF seepage 
during the Valsalva maneuver. Ventral dural rips are mostly 
induced by calcified disc protrusions or pointed endplate 
osteophytes that sever the dura, resulting in a longitudinal 
rupture. Ventral tear leaks often occur rapidly, leading to 
substantial epidural CSF accumulations.  

DIAGNOSIS OF CEREBROSPINAL FLUID LEAK 

Beta-2 transferrin has been demonstrated as a valuable test 
for diagnosing CSF leaks and even for resolution. [85, 86]  
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Table 4:  Summarizes the complications associated with LP. 

 

 

Beta-trace protein, synthesized in the leptomeninges and 
secreted in CSF, can facilitate the diagnosis of a CSF leak. The 
assay is cost-effective and demonstrates specificity and 
sensitivity comparable to beta-2 transferrin assays, rendering 
it a viable diagnostic option. [87, 88] However, its availability 
is limited in most regions of the world. Furthermore, the utility 
of the test may be constrained in cases of meningitis, as low  

 

concentrations of beta-trace protein can be detected in blood, 
and meningitis may result in decreased beta-trace protein 
levels in CSF. [88] Another possible test is a glucose test, as CSF 
has about the same amount of glucose as blood.  

The most likely imaging and diagnostic tests include 
computerized tomography (CT) scans, magnetic resonance 

Frequency Risk factor Symptoms Intervention

Coagulopathy or 
anticoagulant medication,

 Usually conservative

Low platelets, violent or 
repetitive taps

Mild symptoms conservatively with watchful monitoring 
and dexamethasone to reduce brain damage.

Subdural 
hematoma 

No data- however its 
negligible  

Trauma to local blood 
vessel, or fluid leak

Headache, nausea, vomiting, neck 
discomfort, focal neurologic 
symptoms (hemiparesis, spinal 
subdural hematoma, and cauda 
equina syndrome

Conservative, Drainage may be required in rare cases

Subarachnoid 
hemorrhage

Very rarely reported
To much fluid removal or 
leak

Headache, altered consciousness

severe or worsening neurologic impairments need 
immediate laminectomy and blood removal. Hematoma 
decompression must be done quickly to prevent 
neurologic damage

Intraventricular 
hemorrhage 

Unusual Fluid leak Headache, blurred vision
Conservative, Drainage may be required in rare 
cases

uncommon Much Fluid drained or leak Headache, nausea IV fluid, lying on the back without pillow

Rarely recognized 
Multiple punctures, weak
sac

Headache, site pain Rarely problematic, surgery

Very rare Excess fluid drainage, leak Reparatory and cardiac arrest Supportive, preventive precautions

Conservative in mild cases.

Tension pneumocephalus, An emergent frontal twist 
drill burr hole spiration of pneumocephalus

Rare 
Excessive CSF leakage or
drainage

Headache Conservative management

Rare Excess CSF leak Headache, eye pain

Increased or decreased CSF 
pressure

unilateral or bilateral abducens 
palsy

Increased or decreased CSF 
pressure

Oculomotor (cranial nerve III) and 
combined abducens and trochlear 
nerve (cranial nerve IV) palsy

Very rare Excess CSF loss Headache, vision disturbances Supportive and follow up

common
Multiple punctures, CSF
leak, infection, trauma

localized back discomfort, rarely 
lasts several days 

Exclusion of infection and CSF leak. conservative

Rarely recognized 
Occurs in children 5-10 
years had LP during infancy

Pain and my palpable small lesion
prevented by utilizing spinal needles with tight-fitting
stylets

Cerebrospinal-Venous 
Fistula

Very Rare
Occurs in obes women with 
increased ICP

Headache related to head position
epidural blood patch, fibrin glue injection, and surgical
ligation of the fistula

Conservative management. Usually resolved
spontaneously

Reversible cerebral vasoconstriction 
syndrome, posterior reversible 
encephalopathy syndrome, subarachnoid 
and intraventricular hemorrhage.

Low back pain

Hearing loss
10-50% post spinal 
anesthesia 

Larger needle size and 
cutting needle size 

Temporary - Unilateral or bilateral Epidural blood patch if persist 

Epidermoid tumor

Pneumocephalus Unusual
Occurs in sitting technique
lumbar puncture, low CSF
pressure, wide pore needles

Asymptomatic usually, Headache, 
dizziness visual alteration, 
confusion and personality changes   
to obtundation occur

Cerebral vasoconstriction and 
encephalopathy syndromes
Cerebral vein thrombosis

Cranial nerve dysfunction or damage Uncommon 

Detection the infection site, antibiotic, and antipyretics
Discitis 

Osteomyelitis 

Intracranial hypotension

Late onset of epidermoid tumors of the 
thecal sac

Cerebral herniation

Bleeding

Epidural 
hematoma 

0.2-0.23%  
paralysis, reduced feeling, or 
incontinence

Infection

Meningitis May occur, although
rare when all
precaution taken and
done by expert

contaminated tools, 
solutions, suboptimal 
techniques, or aerosolized 
oropharyngeal fluids from 
attendees

Fever, confusion, headache, pain at
the site of myelitis, discitis, and
osteomyelitis

Maintain supine position, hydration, I.V Caffeine or 
theophylline If failed conservative management, and 
epidural blood patch

Complication

Post-LP headache 10 -70%
younger age, female, 
headache before or at the 
time of the procedure

Positional headache, Nausea, 
vomiting, dizziness, tinnitus, and 
vision abnormalities
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imaging (MRI) scans, digital subtraction angiography, 
myelography, and cisternography. 

MANAGEMENT OF CEREBROSPINAL FLUID LEAK POST-LUMBAR 
PUNCTURE 

Managing a CSF leak depends on the etiology, dimensions, and 
site. A small leak may resolve; however, a significant leak may 
require surgical intervention. Conservative management and 
applying a lumbar epidural blood patch may be advised if the 
leak continues. A lumbar epidural blood patch involves 
injecting a tiny volume of autologous blood into the vicinity of 
the spinal cord at the area of leakage. This facilitates the 
sealing of the leak and mitigates the symptoms related to it. 
Alternative treatments for a cerebrospinal fluid leak may 
include endoscopic repair and surgical repair.  

Conservative management of a cerebrospinal fluid leak may 
include bed rest, which alleviates pressure on the afflicted 
region and facilitates healing of the leak. Pain management: 
Non-prescription analgesics like ibuprofen or acetaminophen 
may be advised to alleviate headaches and cervical discomfort. 
Hydration: Consuming enough water aids in sustaining 
sufficient bodily fluid levels and alleviating symptoms. 
Limitation of caffeine: Caffeine may exacerbate symptoms and 
should be avoided or restricted. Modifications in position: 
Refraining from actions that elevate pressure on the impacted 
region, such as sneezing, coughing, or straining, may alleviate 
discomfort. Acetazolamide administered at a dose of 500 mg 
12 hourly for the first week, then reduced to 250 mg twice a 
day for the following week, seems to achieve a 100% success 
rate in the closure of the main defect in spontaneous 
cerebrospinal fluid leaks with regulated intracranial pressure. 
[89] Experts assert that acetazolamide must be supplied to 
individuals displaying spontaneous cerebrospinal fluid leaks 
and indications of high CSF pressure. Acetazolamide decreases 
CSF production by 48%. [90] 

Conservative therapy is a choice for mild cases of CSF leaks 
and may be beneficial in allowing the leak to heal on its own. 
Nevertheless, more intrusive interventions, such as surgical 
correction, may be necessary in severe cases or if symptoms 
persist. Collaborating closely with a proficient healthcare 
practitioner is essential for determining the appropriate course 
of action, which should be individualized accordingly. 

The epidural blood patch (EBP) method is a frequently used 
intervention for CSF leakage. The technique is to inject a tiny 
volume of the patient's autologous blood into the epidural 
space around the spinal cord to occlude the leak and avert 
further cerebrospinal fluid loss. [91] The EBP technique is often 
conducted under local anesthesia, with the patient positioned 
prone. The anesthesiologist anesthetizes the skin and tissues 
of the lower back and subsequently uses a needle to introduce 
a catheter into the epidural area. The patient's autologous 
blood (between 10 and 55 ml) is fed gradually via the catheter, 
occupying the epidural space and exerting pressure on the 
leakage site to facilitate closure. The EBP method is generally 
regarded as a safe and efficacious therapy for CSF leaks, with 
a high success rate for alleviating symptoms. It is often used in 
individuals not treated with conventional therapy or who have 
encountered a recurring leak. No significant difference was 

observed in the success rates of target and non-target patching 
procedures. [92]  

The EBP method is essential for neurosurgeons and other 
professionals in addressing CSF leakage. The treatment is 
straightforward, minimally invasive, and may rapidly alleviate 
symptoms in most cases. Success rates for EBP have risen with 
the quantity of autologous blood, reaching 80% with 10 to 15 
ml and exceeding 95% with 20 ml. [93]  

The lumbar drain operation involves the insertion of a catheter 
into the lumbar portion of the spinal canal, where 
cerebrospinal fluid is collected. The lumbar drain procedure 
often provides temporary symptom relief and allows the 
cerebrospinal fluid leak to heal. The dimensions and position 
of the leak, together with the patient's healing trajectory, 
dictate the duration for which the catheter must be retained. 
A small incision was made in the lower back, and a slender tube 
was inserted. The cerebrospinal fluid can then be extracted 
from the body by connecting the tube to a drainage system. 
The patient often remains hospitalized for observation and 
necessary follow-up treatment for several days after the 
procedure. The procedure is often performed under local or 
general anesthesia; however, local anesthesia is enough 
because of its low risk. [94]  

Surgery is advised when the leak source is located, symptoms 
remain unresponsive to less-invasive therapies, and severe 
symptoms continue to manifest. The surgeon locates the leak 
site and employs specialized devices to apply absorbent 
materials, such as Gelfoam and/or fibrin glue, to seal the 
breach in the nasal passage.  

PROGNOSIS  

Limited data indicate that most patients with cranial CSF 
leakage demonstrate improvement with treatment. The 
resolution of the leak and associated symptoms appears to be 
more probable in patients with posttraumatic or postoperative 
CSF leaks and an identified dural defect than in those with a 
spontaneous CSF leak. [95]  

LIMITATIONS 

This review has limitations, including a narrow scope of 
literature, trial secrecy, varying quality of studies, publication 
bias, lack of standardization, temporal factors, and authors' 
biases. These factors may lead to an incomplete understanding 
of complications, underestimating risks, and influencing 
conclusions. Addressing these limitations in future research 
could improve patient safety and enhance understanding of LP 
complications. 

CONCLUSION 

Lumbar puncture is a commonly used technique that yields 
significant diagnostic insights into central nervous system 
disorders. The related risks, such as post-LP meningitis, 
hemorrhagic complications, and grave neurological 
consequences, emphasize the need for increased vigilance and 
a meticulous approach. The literature analysis underscores the 
need for further study to enhance understanding of these 
problems and to develop appropriate therapies. Enhanced 



113 

 
Habas et al./Yemen J Med. 2025;4(1): 105-116 

reporting and research methodologies might strengthen safety 
standards and optimize patient outcomes, ensuring that the 
advantages of lumbar puncture surpass the dangers in practical 
practice. 
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