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◗ Low Cerebrospinal Fluid Pressure
Steinar T. Vilming and Bahram Mokri

POSTLUMBAR PUNCTURE HEADACHE

Definition of Post-Lumbar
Puncture Headache

International Headache Society (IHS) code and diag-
nosis: 7.2.1 Postdural (postlumbar) puncture headache

World Health Organization (WHO) code and diagno-
sis: G44.88 Headache associated with other specified
disorders

Short description: Bilateral headache that develops
within 5 days after lumbar puncture (LP) and disap-
pears within 1 week. Headache occurs or worsens in
the upright position and disappears or improves after
resuming the recumbent position.

Other terms: postlumbar puncture headache, postdural
puncture headache, postmyelogram headache

Essex Wynter in 1889 and H. Quincke in 1891 per-
formed the first dural punctures, and a vast amount of
literature followed on the distressing headache that may
ensue. Postlumbar puncture headache (PPH) and other
headaches due to low cerebrospinal fluid (CSF) pressure
are unique because of the postural character, occurring or
worsening when assuming the erect position.

Pathophysiology

The exact cause of PPH remains elusive. The favored “leak-
age theory,” which was proposed at the beginning of this
century, implies that post-LP leakage of CSF through a
dural rent leads to a decreased CSF pressure and vol-
ume, whereby the cerebral veins dilate and the brain is
deprived of its CSF cushion (72). The consequent gravity-
dependent downward sagging of the brain causes traction
on the distended and distorted pain-sensitive anchoring
veins (the sagittal sinus and its tributary veins) and pres-
sure on equally pain-sensitive large arteries at the skull
base and the tentorium (Fig. 114-1). Several facts support
this theory.

A dural rent is caused by a Quincke-cut needle and it
has the form of a nearly opened tin lid hinged on one side
(Fig. 114-2). Complete sealing of a rent may take more
than 14 days (22). Small rents caused by thin needles heal
more rapidly than larger rents, and rents made through the
thickest parts of the dura retract more quickly than rents
in the thinner parts (22,32). Penetrating the dura with the
bevel of a Quincke needle parallel rather than transverse to
the longitudinal axis of the dural cylinder reduces the in-
cidence of PPH, possibly because such a technique creates
the smaller apertures (29). It has been suggested, although
unproven, that a rent created by an oblique needle inser-
tion or a penetration through a richly vascularized area of
the dura might be more likely to heal (32,57).

CSF is normally produced at a rate of about 0.3 mL per
minute, but despite its great renewal capacity, a low CSF
volume and pressure may be maintained by CSF leakage,
which could be continuously observed by direct inspection
isotope studies weeks and even months after a spinal tap.
Epidurally lost CSF is absorbed through the intervertebral
foramina (32).

CSF pressure closely parallels the venous pressure at all
levels of the intracraniospinal system. In the erect human,
intracranial CSF pressure is negative at the vertex, approx-
imately 150 mm H2O. In the horizontal position, intracra-
nial CSF pressure is positive at all levels, normally 50 to
180 mm H2O. Removal of 30 mL CSF regularly induces
headache in the erect position concomitant with a reduc-
tion of the vertex CSF pressure down to approximately
220 to 290 mm H2O. The headache is ameliorated by
restoration of the CSF volume or tilting toward the hor-
izontal position and augmented by jugular compression
(44,93). In some PPH patients, CSF pressure is zero or
low when repunctured (57,82), and intrathecal infusion
of saline relieves the headache by restoring the pressure
(60). In a controlled clinical study, the average reduction
in CSF pressure after lumbar puncture (LP) was signifi-
cantly greater for patients with headache compared with
patients without headache (95). In another study, however,
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FIGURE 114-1. A schematic
presentation of intracranial
structures before (left) and
after (right) withdrawal of
cerebrospinal fluid explaining
the mechanism of postlumbar
puncture headache (PPH). The
loss of volume is compensated
for by a significant distention
of the pain-sensitive sagittal
sinus and its tributary veins.
The downward sagging of the
brain causes traction on these
veins and pressure on the large
arteries at the skull base.

only three of five PPH patients had a low CSF pressure with
repuncture after 24 hours, and a low CSF pressure was
found in 7 of 37 patients who had not developed PPH (47).
Thus, the association between PPH and low CSF pressure
is not invariable, and other factors may play some role.

CSF serves to buoy about 97% of the weight of the
slightly denser brain (61). By magnetic resonance imaging
(MRI), it has been shown that the CSF volume is signifi-
cantly reduced in nearly all patients 24 hours after LP and
that there is a trend toward a greater reduction in those
who develop PPH than in controls (36). This loss of CSF
causes the thin-walled veins to distend, which has been ob-
served directly through a cranial window in cats (31). Also,
the brain appeared edematous and cyanotic, and the arter-
ies were constricted slightly. These findings agree with the
Monro-Kellie doctrine with Burrow’s modification, which
postulates that blood volume increases when the CSF

FIGURE 114-2. Effect of dural puncture with Quincke needles
of different sizes from 20 to 29 gauge. The typical “tin-lid effect”
is visualized, and one example is given (arrow). From Dittmann
et al. (23).

volume is reduced and vice versa (37). Elevated blood
volume is due exclusively to a venous dilation, since the
venoarterial reflex, which occurs within seconds of CSF
removal, causes the arteries to constrict and keeps cere-
bral blood volume unaltered.

Clinical Features

IHS diagnostic criteria for postdural (postlumbar) punc-
ture headache (revised International Headache Classifica-
tion of Headache Disorders [ICHD-II]) are as follows:

A. Headache that worsens within 15 minutes after sitting
or standing and improves within 15 minutes after lying,
with at least one of the following and fulfilling criteria
C and D:
1. Neck stiffness
2. Tinnitus
3. Hypacusia
4. Photophobia
5. Nausea

B. Dural puncture has been performed.
C. Headache develops within 5 days after dural puncture.
D. Headache resolves either:

1. Spontaneously within 1 week
2. Within 48 hours after effective treatment of the

spinal fluid leak (usually by epidural blood patch)

PPH occurs within 2 days (range: minutes to days) after
LP in approximately 90% of patients (83). It usually lasts a
week, but a duration of several weeks or even months has
been reported (44,60,79,82,83), probably because of a per-
sisting fistula. PPH with early onset seems to last longer
and tends to be more severe than PPH with a later on-
set (35,88). PPH is posture dependent, usually starting to
increase within 20 seconds when the patient assumes an
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FIGURE 114-3. Headache severity on a 100-mm visual analogue
scale (VAS) related to time; median values from 79 patients. The
body position of the patient is indicated. The pain is minimal
when the patient is in the recumbent position, but pain starts
to increase after 20 seconds when the patient is in the upright
position (T1). The time to maximal pain is 30 seconds (T2). When
the patient lies down, the pain decreases to its lowest level within
20 seconds (T3). From Vilming and Kloster (83).

upright position, reaching its maximum within another
30 seconds, and subsiding within 20 seconds of assuming
recumbency (Fig. 114-3) (83). The time course of PPH is
fairly stable until the last 2 days of its course, when the
headache severity usually starts to subside, the patient’s
mobility increases, and the time required for headache to
develop on rising increases (84).

PPH is usually described as aching, dull, deep, constrict-
ing, or throbbing, and it is most frequently frontal but of-
ten occipital, fronto-occipital, or generalized (1,44,79,82).
More than half of PPH patients have associated symp-
toms, and the more severe the PPH, the more frequently
the symptoms occur. Dizziness and nausea, occasionally
with vomiting, are most prevalent. Auditory difficulties and
tinnitus are not infrequent and may be caused by leak-
age of perilymphatic fluid from the cochlea to the cere-
brospinal space through a cochlear aqueduct, which is
functionally open in about 50% of adults (48,90), result-
ing in a Ménière-like syndrome. Blurred vision and other
visual disturbances are quite infrequent. Cranial nerve
lesions, usually the abducens nerve, have been reported
(1,79,82,88).

Age and gender influence the incidence of PPH. Data
from old studies that investigated large numbers of pa-
tients (79,82) and a more recent report (88) indicate that
the incidence of PPH is highest among younger patients,
perhaps with the exception of prepubertal children (26).
Also, the incidence of PPH may decrease with increasing
age, usually above 50 or 60 years, perhaps on the basis of
narrowed epidural space (81) or reduced elasticity of pain-
sensitive cerebral vessels (82). It should be noted, however,
that concerns with study methodology and the potential

confounding effect of gender cast doubt on the conclusion
that the incidence of PPH is reduced with increasing age
(79).

The potential effect of gender on the incidence of PPH
has been addressed in several studies, but most were not
designed specifically for that purpose, and hence the po-
tential for methodologic flaws. In general, the incidence
of PPH is higher in women than in men (19,25,79,80,
82,88,95). It is suggested that this observation is on the
basis of a higher incidence of PPH in women of child-
bearing age and does not apply to the prepubertal girls
or postmenopausal women (Fig. 114-4). Also, the authors
of a large study (n = 300 patients) argued that the appar-
ent reduction in the incidence of PPH with age is gender
dependent; that is, the incidence of PPH is reduced in aging
women only (88).

The indication for LP may impact the development of
PPH. The incidence of PPH following spinal anesthesia
(SA) is reportedly lower than that following diagnostic LP
(79). Perhaps the requirement that patients post-SA re-
main on bedrest for several days after the procedure hides
cases of short-lasting PPH. Also, it is unclear how the in-
troduction of intrathecal chemicals during SA influences
the development of PPH.

The influence of body mass index on the incidence of
PPH remains elusive (45,86).

Several well-designed controlled studies have indicated
that the incidence of PPH decreases with a smaller needle
size, possibly because of reduced leakage through smaller
rents (Table 114-1) (30,33,43,58,80). It is recommended
that a 20-gauge needle or smaller be used for diagnostic

FIGURE 114-4. Incidence of postlumbar puncture headache
(PPH) related to age for 150 men and 150 women. There was
a significantly higher incidence of PPH in women ( p < 0.025)
and in patients younger than 40 years ( p <0.005). A significant
difference between the two age groups is only shown for women
( p <0.005), and the incidence of PPH is significantly different
for the two sexes only below the age of 40 years ( p <0.01). From
Vilming et al. (88).
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◗ TABLE 114-1 Well-Designed Controlled Studies Regarding the Significance

of Needle Sizea

Design % PPH

Author Year R B A S n 20G 22G 23G 25G 26G 29G

Tourtellotte et al. (92) 1972b + DB + − 100 36 12
Nestvold (60) 1978b + − + + 99 48 27
Kovanen and Sulkava (44) 1986b − − + − 300 52 37 28
Flaatten et al. (31) 1989c + − + − 149 7 0
Geurts et al. (34) 1990c + DB + − 80 25 0

PPH, postlumbar puncture headache; +, yes; −, no, or not stated; R, randomized; B, blinded; DB, double blind; A, groups
congruent for age; S, groups congruent for sex; n, number of patients; G, gauge.

a The table shows details concerning the design of different studies and the incidence of PPH in relation to needle size.
bDiagnostic lumbar puncture.
cSpinal anesthesia.

LP (14). Also, an oblique penetration of the dura (40), in-
sertion of a Quincke needle with the bevel parallel instead of
transverse to the longitudinal axis of the dural cylinder re-
duced the incidence of PPH in one study (29), but this was
not proved in another (58). The use of atraumatic (blunt-
tipped) needles reduce the incidence of PPH (75,78).

The influence of body position and rest after LP has
been the subject of several studies dating back to 1902
(72). Some early reports indicated that bedrest post-LP
from 3 to 24 hours reduces the incidence of PPH (11,70)
but others (81) and more recent well-controlled studies
(3,11,13,15,38,74,87) (Table 114-2) refuted this theory. Ac-
cordingly, it is now accepted that bedrest after LP has
no prophylactic effect and, in fact, early mobilization
may be preferable (3,87). Furthermore, the head-down
position in recumbency after LP does not prevent PPH
(38,73).

The impact of personality traits on the incidence of PPH
is unclear. It has been widely believed that apprehensive
patients are prone to PPH, but this theory was challenged
(79). A recent study indicated that personality profiles of

patients with and without PPH were similar, based on the
Minnesota Multiple Personality Inventory (85). Further-
more, headache occurs almost as frequently after sham
LP as after real LP (42).

The influence of the underlying diagnosis (e.g., multi-
ple sclerosis, syphilis) on the incidence of PPH has been
investigated but no definite conclusions could be drawn
because of lack of prospective, controlled studies.

The following factors are unlikely to influence the inci-
dence of PPH: race, quantity of removed CSF, bloody tap,
multiple perforations of the dura, and qualifications of the
person performing the LP (79).

Diagnosis

The diagnosis of PPH is made on the basis of its clini-
cal characteristics. MRI may reveal sagging of intracranial
structures, pachymeningeal enhancement, dilation of the
anterior internal vertebral venous plexus, spinal hygromas,
and focal fluid collections in the upper retrospinal region
(39,94).

◗ TABLE 114-2 Well-Designed Controlled Studies Regarding the Significance of Body

Position after Lumbar Puncturea

Design % PPH

Author Year R B A S n 0h 2h 4h 6h 24h

Carbaat et al. (14) 1981b − − + − 100 38 36
Andersen et al. (3) 1986b + − + + 112 11 14
Vilming et al. (89) 1988b + + + + 300 35 39
Cook et al. (16) 1989c + + + − 102 12 12
Spriggs et al. (76) 1992b + + + − 110 32 31

h, hours; +, yes; −, no or not stated; R, randomized; B, blinded; A, groups congruent for age; S, groups congruent for sex;
n, number of patients; PPH, postlumbar puncture headache.

a The table shows details concerning the design of different studies and the incidence of PPH in relation to bedrest for
different lengths of time. No statistically significant differences are observed in any of the studies.

bDiagnostic lumbar puncture.
cSpinal anesthesia.
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Management

There is no universally accepted standard for the manage-
ment of PPH except that treatment should not have more
side effects than the symptom being treated (41). Often,
it is sufficient to advise the patient to lie down as long as
PPH lasts and to use mild analgesics when necessary. The
clinical practice of advising patients to increase their daily
fluid intake after LP is ineffective (20).

Caffeine sodium benzoate 0.5 mg either in 2 mL of
saline for bolus injection or in 1 L of Ringer solution
for slow infusion and a single oral dose of USP 300 mg
anhydrous caffeine powder have shown efficacy in well-
conducted studies (12,23,69). Also, theophylline 282 mg
three times daily was better than placebo in a controlled
study (27). It is of note, however, that the efficacy of these
drugs is modest and their long-term effect has not been
established.

Case series have indicated that a single lumbar epidural
injection of 10 to 60 mL sterile saline provides immediate
relief, and recurrence within a few hours occurs in only a
few patients (64,81). An alternative to the single injection
is the slow infusion of 700 mL of saline at 15 to 30 mL per
hour with a success rate of 70 to 100% (7). Epidural in-
jection of as little as 10 mL of saline in the lumbar region
raises both epidural and CSF pressures significantly, but
the pressure returns to previous values within 3 to 10 min-
utes (81). It is thought that the beneficial effect of epidural
saline is on the basis of sealing a rent (64,81). Side effects of
epidural saline infusion include backache, dizziness, nau-
sea, tachypnea, or ocular–frontal pain.

The therapeutic value of an epidural blood patch (EBP)
has been known for almost 50 years (Gormley) and the pro-
cedure gained wide acceptance in the 1970s (21). Several
uncontrolled studies indicated that an initial EBP provides
immediate relief of PPH in approximately 90% of patients,
and almost all patients are relieved after a second EBP
(16,21,76). However, data from two small controlled stud-
ies (6,70) and a Cochrane Collaboration systematic review
(76) indicated lack of sufficient evidence for the routine or
prophylactic use of EBP for patients with PPH. Some prac-
titioners recommend EBP for incapacitating pain or PPH
lasting longer than 5 days but others perform the proce-
dure as early as day postonset of PPH. EBP may be effective
even months after the onset of PPH (91). It is argued that
EBP is more effective than an epidural saline injection (6).

The recommended EBP procedure is a slow (0.5 mL/s)
injection of 10 to 20 mL of autologous blood near the rent,
and a subsequent 1-hour bed rest. Fever, local infection,
and coagulopathies are contraindications for EBP (1). Side
effects of EBP, which may be troublesome in some people,
include nuchal, occipital, or shoulder pain during the pro-
cedure, but the symptom could be avoided by a slow in-
jection rate. Also, meningismus may follow an accidental
dural puncture. One third of patients who undergo EBP re-

port focal backache for a few days, although rarely patients
report pain for weeks to months. Some patients complain
of radiating back pain or paresthesias during the injection
and for days or weeks thereafter (1).

EBP is effective likely due to initial focal compression
of the thecal sac (8) followed by the formation of a seal
when blood rapidly coagulates upon contact with the CSF
and the bare epithelium and collagen of the rent (65).

Surgical interventions (clipping or suturing of an open
dural rent) for the treatment of PPH are sometimes used.
Single reports have described the immediate success of
surgery, even several months after LP.

CSF FISTULA HEADACHE AND
HEADACHE ATTRIBUTED TO
SPONTANEOUS (OR IDIOPATHIC)
LOW CSF PRESSURE

Definition of CSF Fistula Headache

IHS code and diagnosis: 7.2.2 Cerebrospinal fluid fistula
headache

WHO code and diagnosis: G44.88 Headache associated
with other specified disorders

Short description: Headache occurs or worsens shortly
after assuming the upright position and improves or
disappears with recumbency. It is caused by a cere-
brospinal fistula, the existence of which may or may
not be proven, and disappears within 7 days after suc-
cessful closure of a fistula.

IHS diagnostic criteria for CSF fistula headache
(Headache Classification Committee, 2004) are as
follows:

A. Headache that worsens within 15 minutes after sitting
or standing, with at least one of the following and ful-
filling criteria C and D:
1. Neck stiffness
2. Tinnitus
3. Hyperacusia
4. Photophobia
5. Nausea

B. A known procedure or trauma has caused persistent
CSF leakage with at least one of the following:
1. Evidence of low CSF pressure on MRI (e.g., pachy-

meningeal enhancement)
2. Evidence of CSF leakage on conventional myelog-

raphy, computed tomography (CT) myelography, or
cisternography

3. Opening pressure <60 mm H2O in sitting position
C. Headache develops in close temporal relation to CSF

leakage.
D. Headache resolves within 7 days of sealing the CSF

leak.
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Definition of Headache Attributed to
Spontaneous Low CSF Pressure

IHS code and diagnosis: 7.2.3 Headache attributed to
spontaneous (or idiopathic) low CSF pressure

WHO code and diagnosis: G44.88 Headache associated
with other specified disorders

Short description and other terms: In 1938, Schal-
tenbrand used the term “aliquorrhea” to describe a clin-
ical condition presenting chiefly as spontaneous ortho-
static headache and very low, unmeasurable, or even
negative CSF opening pressure (66,67). To date, these
initial cases are diagnosed as spontaneous intracranial
hypotension (SIH) (63). The overwhelming majority of
SIH cases are caused by spontaneous CSF spinal leaks
(50), particularly at the level of the thoracic spine (56).
Rarely, CSF leak from the skull base causes SIH.

CSF leak leads to CSF volume depletion. Lately, “CSF
hypovolemia” and “CSF volume depletion” have been
used interchangeably with SIH as some of the patients
with CSF leaks may display consistently normal CSF
opening pressures (49,56).

IHS diagnostic criteria for headache attributed to spon-
taneous (or idiopathic) low CSF pressure (Headache Clas-
sification Committee, 2004) are as follows:

A. Diffuse and/or dull headache that worsens within
15 minutes after sitting or standing, with at least one
of the following and fulfilling criterion D:
1. Neck stiffness
2. Tinnitus
3. Hypacusia
4. Photophobia
5. Nausea

B. At least one of the following:
1. Evidence of low CSF pressure on MRI (e.g., pachy-

meningeal enhancement)
2. Evidence of CSF leakage on conventional myelog-

raphy, CT myelography, or cisternography
3. CSF opening pressure <60 mm H2O in sitting posi-

tion
C. No history of dural puncture or other cause of CSF

fistula.
D. Headache resolves within 72 hours after epidural blood

patching.

Etiology

A known procedure or trauma is not required for the diag-
nosis of headache attributed to low CSF pressure, which
is unlike CSF fistula headache. However, a substantial mi-
nority of patients do report a history of trivial trauma that
preceded the onset of symptoms. Furthermore, factors that
predispose to SIH include congenital weakness of the dural
sac, meningeal diverticula (similar to Marfan syndrome)

◗ TABLE 114-3 Headache Phenotype in CSF

Leak Conditions

■ Orthostatic headaches that are preceded by neck pain or
interscapular pain or both or by lingering nonorthostatic
headaches

■ A headache with dampened orthostatic features and with
transformation into chronic lingering headaches that can be
present even in recumbency. This usually occurs with chronic
conditions of CSF leak.

■ Acute thunderclaplike headache that mimics subarachnoid
hemorrhage before orthostatic features are recognized

■ A rare, paradoxically postural headache (i.e., present in
recumbency and relieved in the upright position)

■ A “second-half-of-the-day headache.” Typically, a patient is
headache free in the morning but the pain starts and worsens
later in the day as the patient remains in the upright position. In
some, the headache improves with recumbency but it does not
in others.

■ Isolated exertional headaches with or without nonheadache
manifestations of CSF leaks, and without orthostatic features

■ Recurring and remitting headaches that parallel the course of
intermittent CSF leaks

■ Acephalgic SIH despite documentation of a CSF leak, low CSF
pressures, and typical MRI abnormalities

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; SIH,
spontaneous intracranial hypotension

(18), disorders of a connective tissue matrix (55), spondy-
lotic spurs (26), or disk herniation (92).

Clinical Manifestations

Spontaneous intracranial hypotension headache is classi-
cally orthostatic (i.e., present in the upright position and
relieved by recumbency) (63,67), and is often aggravated
by Valsalva-type maneuvers. However, not all CSF leak
headaches are orthostatic (Table 114-3) (51), and not all
orthostatic headaches result from CSF leaks (e.g., with pos-
tural tachycardia syndrome [POTS]) (54).

The headache of SIH is often bilateral and nonthrob-
bing, and the pain location is variable.

Clinical Manifestations Other
Than Headaches

One, and more often several, nonheadache symptoms ac-
company SIH (Table 114-4) (51).

Diagnosis

CSF examination: The CSF opening pressure is typically
low, sometimes unmeasurable, and, rarely, even negative.
In a minority of patients, however, opening pressures
are consistently within normal limits. The fluid color is
clear but can occasionally turn xanthochromic. The fluid
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◗ TABLE 114-4 Clinical Features Other

Than Headaches

■ Interscapular or neck pain (sometimes orthostatic), low back
pain

■ Nausea, sometimes emesis—often orthostatic
■ Horizontal diplopia (unilateral or bilateral sixth cranial nerve

palsy)
■ Cochleovestibular manifestations (dizziness, change in hearing,

tinnitus)
■ Photophobia, visual blurring
■ Upper limb numbness or pain
■ Rare manifestations: facial numbness or weakness, diplopia due

to third or fourth cranial nerve palsy, galactorrhea, Ménière
disease–like symptoms, upper limb radicular symptoms,
encephalopathy, stupor, coma, parkinsonism, ataxia, sphincter
trouble, gait unsteadiness, frontotemporal dementia

chemistry profile is that of normal or elevated protein
(commonly up to 100 mg/dL and rarely up to 1000 mg/dL)
(56) and normal glucose concentrations. The leukocyte
count is normal or mildly elevated (up to 50 cells per mm3)
but counts exceeding 222 cells per mm3 have been reported
(56). The erythrocyte count is typically normal and so is cy-
tology and microbiology.

Indium-111 radioisotope cisternography: Normally, sub-
stantial radioactivity is detected over the cerebral convex-
ities at 24 hours or earlier. In CSF leaks, however, radioac-
tivity typically does not extend beyond the basal cisterns
in the first 24 hours, and its minimal appearance, if any,
over the cerebral convexities is delayed from 24 to 48 hours
(5,9). Also, radioactivity appears early in the kidneys and
urinary bladder (less than 4 hours versus 6 to 24 hours un-
der normal circumstances). Finally, a parathecal (paradu-
ral) activity that may point to the approximate site of the
leak may be noted (Fig. 114-5). It should be mentioned
that meningeal diverticula manifest as foci of parathecal
activity that could mimic a site of CSF leakage and may
not necessarily be the site of CSF leak.

CT: Head CT is usually normal and of limited diagnostic
value. Infrequently, a head CT may reveal subdural fluid
collections or increased tentorial enhancement following
contrast administration.

MRI (Table 114-5): On head MRI (Fig. 114-6-A and
D), a diffuse pachymeningeal and leptomeningeal en-
hancement pattern is most commonly observed. En-
hancement is typically linear, nonnodular, uninterrupted,
bilateral, and involving both supra- and infratentorial
regions (4,29,52,54,57,61,64). Other MRI signs include
cerebellar tonsils descent that may mimic type I Chiari
malformations (Fig. 114-7) (54), bilateral subdural fluid
collections that may (subdural hematoma) or may not
(subdural hygroma) compress the underlying sulci (59),
and pituitary gland enlargement that may mimic a pitu-
itary adenoma or hyperplasia (Fig. 114-2-A) (54).

FIGURE 114-5. Indium-111 cisternogram. Note that radioactiv-
ity has not extended beyond the basal cisterns. Parathecal activ-
ity (arrowheads) points to the extrathecal egress of cerebrospinal
fluid (CSF) as the approximate site of the CSF leak.

Spinal fluid collections can be detected on spinal MRI
(Table 114-5) and can be either extra-arachnoid (62), which
often extend to several levels and rarely reveal the exact
leak site, or extradural, which span only a few spinal seg-
ments but more likely reveal a leak site.

CT-myelography is a reliable and accurate test that may
show extra-arachnoid and extradural extravasation of con-
trast, meningeal diverticula, dilated nerve root sleeves, and
the actual leakage site (Fig. 114-2-B and C) (56). Fast and
slow flow CSF leaks may present special challenges, how-
ever. Fast flow leaks cause a substantial amount of con-
trast to distribute across several levels of the spine quite

◗ TABLE 114-5 MRI Abnormalities in CSF Leaks

Head MRI
Diffuse pachymeningeal enhancement
Descent (“sagging” or “sinking”) of the brain (descent of

cerebellar tonsils, obliteration of prepontine or perichiasmatic
cisterns, crowding of the posterior fossa)

Enlargement of the pituitary gland
Flattening of the optic chiasm
Subdural fluid collections
Engorged cerebral venous sinuses
Decrease in size of the ventricles
Spine MRI
Extra-arachnoid or extradural fluid collections
Meningeal diverticula
Spinal pachymeningeal enhancement
Engorgement of spinal epidural venous plexus

MRI, magnetic resonance imaging.
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FIGURE 114-6. (A) Coronal T1-weighted gadolinium-enhanced head magnetic resonance imaging
(MRI) shows diffuse pachymeningeal enhancement (upper arrows) as enlargement of pituitary gland
(lower arrow). Also note the flattened optic chiasm above the pituitary and partially obliterated perichias-
matic cistern (both related to sinking of the brain). (B) Myelogram and (C) computed tomography myel-
ogram show a meningeal diverticulum at L2 (arrows). (D) Coronal T1-weighted gadolinium-enhanced
head MRI after clinical recovery shows reversal of all of the abnormalities noted in the previous MRI
(A). Also note that during the symptomatic phase (A) when compared with the postrecovery (D), the size
of the lateral ventricles is somewhat smaller (a manifestation of sinking of the brain and “ventricular
collapse”). (From Mayo Clin Proc 2002;77:1241–1246, with permission of Mayo Foundation).

rapidly, making it difficult to find the leak site. Dynamic
CT-myelography (46) can resolve this problem through the
use of a high-speed, multidetector spiral apparatus that al-
lows scanning multiple levels over a short period of time.
In contrast, slow CSF leaks can lead to false-negative re-
sults if images are completed before enough contrast has
oozed out. Delayed imaging techniques (e.g., 3- to 4-hour

FIGURE 114-7. Median sagittal magnetic resonance imaging
demonstrates crowding of the posterior fossa and descent of the
cerebellar tonsils (arrow).

delayed CT, MR-myelography [77]) may be helpful in such
instances.

Treatment

A variety of treatment modalities are advocated for SIH
(Table 114-6), when a leak does not stop spontaneously.
Bedrest and adequate (over-) hydration are traditional
measures that are used but without clear evidence of their
benefit.

Pharmacologic interventions using caffeine, theo-
phylline, or steroids may be beneficial for some pa-
tients (89), although the effect is reportedly marginal and
unsustained.

Epidural infusion of saline (34) or dextran (2), epidu-
ral injection of fibrin glue (17), and intradural or even

◗ TABLE 114-6 Treatment of CSF Leaks

■ Bedrest
■ Hydration/overhydration
■ Caffeine, theophylline
■ Steroids
■ Abdominal binder
■ Epidural blood patch
■ Continuous epidural saline infusion
■ Epidural infusion of dextran
■ Epidural injection of fibrin glue
■ CSF shunting
■ Intrathecal fluid infusion
■ Surgery

CSF, cerebrospinal fluid.
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intrathecal fluid infusions are recommended occasionally.
An intrathecal infusion may be helpful in rare cases of
evolving obtundation or coma (10). These invasive pro-
cedures should be used sparingly because of concerns of
complications such as infections.

EBPs are in many accounts the treatment of choice
in patients who have failed initial conservative treatment
(25,73), but the beneficial effect may not be sustained in
approximately one third of the patients, requiring several
EBPs.

Surgical repair of a CSF leak is considered when con-
servative and less invasive approaches (e.g., EBP) fail (68).
It is essential to determine the site of the CSF leak before
surgery is undertaken.

Occasionally, rebound symptomatic intracranial hyper-
tension develops after treatment of spontaneous CSF leaks,
whether by EBP or surgery (52). This potential complica-
tion is often self limiting and can be managed with acet-
azolamide. Rarely, CSF shunting may be needed.
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