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Postsurgical Intracranial Hypotension: Diagnostic
and Prognostic Imaging Findings

BACKGROUND AND PURPOSE: CSF loss with consecutive intracranial hypotension has been discussed
as a possible pathogenetic mechanism in poor clinical outcome after uneventful neurosurgery and
appears to be correlated to specific imaging findings. The purpose of this study was to describe the
clinical and imaging findings of symptomatic intracranial hypotension likely induced by wound suction
drainage.

MATERIALS AND METHODS: This is a review of previously published cases of patients in whom this
condition developed after uneventful intracranial surgery. We performed an analysis of 3 more cases,
of which 2 occurred after spinal surgery with accidental dural opening.

RESULTS: Sixteen patients who remained unconscious or did not become fully responsive after
surgery showed symmetric bilateral thalamic/basal ganglia signal intensity changes on CT and MR
imaging studies. Of these 16 patients, 4 died and 2 also had brain stem signal intensity changes. All
patients had rapid and distinct intraoperative and postoperative CSF loss documented on CT and/or MR
imaging studies by a transient increase of the sag ratio, defined as maximal anteroposterior midbrain
diameter by maximal bipeduncular diameter.

CONCLUSIONS: The clinical course and typical MR imaging findings characterize the disease entity
postsurgical intracranial hypotension. These findings also underline the potential danger of wound

he clinical hallmark of spontaneous intracranial hypoten-

sion is orthostatic headache relieved by lying down." MR
imaging signs include thickening and enhancement of the
dura after contrast administration, subdural fluid collections,
sagging of the brain, engorgement of venous structures with
dilation of the intracranial dural sinuses and spinal epidural
plexuses, and enlargement of the pituitary gland.'® CSF loss is
suggested as a possible pathogenetic mechanism, though the
exact location of CSF loss often remains undetected.”® Ac-
cording to the Monro-Kellie doctrine, in a closed compart-
ment (as within the skull) the volume loss of 1 compart-
ment—CSF in this disease entity—is compensated by an
increase of the volume in the other ones. Because the CNS
volume is likely invariable, compensation should occur
through increase of the cerebral blood volume, especially of
the venous blood, because veins are inherently less resistive to
expansion than arteries.’

Recently, Savoiardo et al® described 8 patients with diffuse
brain swelling without subdural fluid collections. MR imaging
scans of these patients showed severe brain sagging with trans-
tentorial descent of the diencephalon and third ventricle.
Some of these patients did well, whereas others were more
severely affected; even fatal outcome was observed in some
cases. Diffusion measurements with slightly increased appar-
ent diffusion coefficients (ADC) and slightly increased signal
intensity on T2-weighted images indicated mild vasogenic
edema, which was explained by impairment of venous drain-
age through the internal cerebral veins and vein of Galen be-
cause of narrowing of the angle between the vein of Galen and

Received March 30, 2009; accepted after revision May 25.

From the Departments of Radiology (D.R.H., AK., H.T., H.U.) and Neurosurgery (RK., J.S.)
University of Bonn Medical Center, Bonn, Germany.

Please address correspondence to Horst Urbach, MD, Department of Radiology/Neurora-
diology, University of Bonn Medical Center, Sigmund Freud St 25, D-53105 Bonn, Germany;
e-mail: urbach@uni-bonn.de

DOI 10.3174/ajnr. A1749

100  Hadizadeh | AJNR 31 | Jan 2010 | www.ajnr.org

suction drainage in the case of possible CSF loss.

the straight sinus.” In 2003, we had reported on rare, but oc-
casionally fatal, outcomes after uneventful brain surgery.®
This condition is likely related to intracranial hypotension be-
cause no additional cases have been noted after cessation of
wound suction drainage following intracranial surgery. Here,
we extend the spectrum with 3 more cases. Two of these cases
occurred after spinal surgery with accidental dural opening
and postoperative wound suction drainage. We also reviewed
several previously published cases to test the above-mentioned
hypothesis on the mechanism of thalamic/basal ganglia
lesions.’

Materials and Methods

We reviewed previously published cases collected from several cen-
ters® and performed an analysis of 3 more cases with sustained com-
plications associated with rapid and distinct CSF loss after uneventful
intracranial and spinal surgery with dural opening and wound suc-
tion drainage. Data from 10 male and 6 female patients with a mean
age of 54 * 15 years (age range, 34—88) years were analyzed. Imaging
procedures were performed as part of the clinical work-up and in-
cluded CT scans in all, MR imaging studies in 13 patients, and con-

ventional angiography in 5 patients, respectively.

Image Analysis

The following items on CT scans, MR imaging studies, and/or digital
subtraction angiography (DSA) images were analyzed by 2 neurora-
diologists in consensus:

e Dural thickening and enhancement after intravenous contrast ad-
ministration on MR imaging.

e Subdural fluid collections on CT and/or MR imaging.

e Thalamic and basal ganglia hypodensities on CT scanning and/or
hyperintensities on fluid-attenuated inversion recovery (FLAIR),
proton attenuation, or T2-weighted fast spin-echo (FSE) MR
images.



Table 1: Imaging modalities and clinical outcome in 16 patients with intracranial hypotension

Pt No. Sex Age (y) Type of Surgery Imaging Modalities Clinical Qutcome mRS
1 M 51 Optic glioma CT, MRI Full recovery 0/5
2 M 59 Oligoastrocytoma WHO grade |I CT, MRI Full recovery 0/5
3 F 36 2/3 resection of temporal lobe CT, DSA, MRI Moderate deficit 3/3
4 F 37 Granulomatous inflammation CT, MRI Full recovery 0/5
5 M 44 Incidental MCA aneurysm CT, DSA Fatal 6/1
6 M 58 Cavernoma CT Full recovery 0/5
7 M 67 Colloid cyst CT, DSA Vegetative state 5/2
8 M 60 Recurrent metastasis CT Mild deficit 2/4
9 M 42 Hippocampal sclerosis CT, MRI, DSA Moderate deficit 3/3
10 M 39 Astrocytoma WHO grade I CT, MRI Fatal 6/1
1 F 44 Select amygdalo CT, MRI Fatal 6/1
12 M 59 AVM, Spetzler & Martin grade | CT, MRI, DSA Mild deficit 2/4
13 F 34 Oligodendroglioma WHO grade IIl CT, MRI Moderate deficit 3/3
14 F 70 Spondylodiskitis T6/7 CT, MRI Full recovery 0/5
15 F 7 Spondylodiskitis L4/5, spinal fixation CT, MRI Fatal 6/1
16 M 88 Bilat. subdural hematomas: hollow screws CT, MRI Mild deficit 2/4

Note:—mRS indicates modified Rankin scale/Glasgow outcome score; DSA, digital subtraction angiography; MCA, middle cerebral artery; select amygdalo, selective amygdalohip-
pocampectomy; AVM, arteriovenous malformation; M, male; F, female; WHO, World Health Organization; bilat, bilateral; MRI, MR imaging.

Table 2: Imaging findings in 16 patients with intracranial hypotension

Pt No. tce sdf bs cer ang sag Sag Ratio dil bg enl
1 n.d. y n.d. n.d. n.d. n 0.83 n.d. + n.d.
2 n.d. y n.d. n.d. n.d. y 0.90 n + n.d.
3 n.d. y n y 88 y 0.92 n ++ n.d.
4 n.d. y n n n.d. n 1.00 n.d. + y

5 n.d. n n.d. n.d. n.d. y 1.15 n.d. + n.d.
6 n.d. n n.d. n.d. n.d. y 0.92 n.d. + n.d.
7 n.d. n n.d. n.d. 70 n 1.09 n.d. ++ n.d.
8 n.d. y n.d. n.d. n.d. y 1.00 n.d. + n.d.
9 n.d. n n.d. n.d. 58 y 0.83 n.d. ++ n.d.
10 n.d. n n y n.d. n 0.87 n.d. ++ n.d.
1 n.d. n y y 44 y 1.1 n +++ y

12 n.d. n y y n.d. y 0.88 n ++ n.d.
13 n.d. n n.d. n.d. n.d. y 0.92 n.d. + n.d.
14 n y y y 102 y 1.00 n + n

15 n y y y 130 n 0.96 n +++ n

16 y y y y 105 y 1.00 y ++ n.d.

Note:—tce indicates dural thickening and enhancement; sdf, subdural fluid collections; bs, brain stem hyperintensity; cer, cerebellar hyperintensities; ang, angle of vein of Galen to straight
sinus; sag, brain sagging; sag ratio, maximal anterior-posterior midbrain diameter divided by maximal bipeduncular diameter; dil, dilation of intracranial dural sinuses and/or spinal epidural
plexuses; bg, hyperintense thalamic/basal ganglia signal; enl, enlargement of pituitary gland; y, yes; n, no; n.d., not determinable.

Table 3: Correlation of imaging findings with clinical outcome
parameters in 16 patients with intracranial hypotension

mRS P Value GOS P Value n
sdf 0.360 A7 —0.381 146 16
bs 0.258 537 —0.206 624 8
cer 0.756 .030° —0.637 .089° 8
ang —0.049 916 0.049 916 7
sag —0.026 923 0.120 659 16
Sag ratio 0.442 .087¢ —0.478 .061° 16
dil 0.059 1900 0.043 927 7
bg 0.632 .009® —0.646 0072 16
enl —0.408 592 0.302 698 4

2 Statistically highly significant (P < .01).
b Statistically significant (P < .05).
¢ Strong tendency but not statistically significant.

e Brain stem hyperintensities and/or cerebellar hyperintensities on
FLAIR, proton attenuation, or T2-weighted FSE MR images.

e Midbrain sagging with CSF loss and downward placement of per-
imesencephalic cisterns on CT and MR images.

e Engorgement of venous structures with dilation of intracranial du-

ral sinuses and/or spinal epidural plexuses on sagittal or coronal
MR images.
e Enlargement of the pituitary gland on sagittal MR images.

The angle between the vein of Galen and the straight sinus was mea-
sured when sagittal MR, reformatted CTA, or lateral DSA images were
available. A sag ratio was calculated on axial CT images by dividing the
maximal anteroposterior diameter of the midbrain by the maximal
bipeduncular diameter as described by Komotar et al.”

Clinical outcome at 3 months was determined by use of the Glas-
gow outcome score’ and modified Rankin scale.'

Statistics

Pearson nonparametric correlation coefficients for the following pa-
rameters were determined: modified Rankin scale, Glasgow outcome
score, sag ratio and thalamic/basal ganglia hyperintensities and/or
hypodensities. Significance was stated at the .05 level (2-tailed). We
performed all statistical analysis using commercially available soft-
ware (SPSS 17.0; SPSS, Chicago, Illinois).
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Fig 1. Sag ratios defined as maximal anteroposterior midbrain/maximal bipeduncular
diameter® preoperatively (n = 12), on the day after surgery (n = 16), in the first week after
surgery (n = 13), and on long-term follow-up examinations (n = 7). Note the temporary
significant increase of the sag ratio and complete resolution at long-term follow-up. Error
marks indicate SDs of measurements (n = number of patients)

Results
Patient characteristics, imaging procedures, and clinical out-
come in 16 patients with intracranial hypotension are summa-
rized in Table 1. Full recovery was observed in 5 (31%) of 16
patients, whereas 4 (25%) of 16 patients died. CT examina-
tions 1 day after surgery were available in all patients who were
included in the analysis. Additional MR imaging examinations
were available in most cases (12/16; 75%), whereas DSA was
only performed in a third of the study population (5/16;31%).
The sag ratios before surgery (40 examinations), 1 day after
surgery (16 examinations), and during immediate (18 exami-
nations) and long-term follow-up (24 examinations) of the
patients revealed a significant increase associated with the
clinical observation of intracranial hypotension that resolved
during clinical recovery and returned to preoperative values in
follow-up studies that were obtained more than 7 days after
surgery (Fig 1). Patients with initially higher sag ratios showed
a strong tendency to have a worse clinical outcome; however,
this finding was not statistically significant (Table 2).
Imaging findings (Table 3) included typical changes sug-
gestive of CSF loss as well as hyperintensities in the thalamus/
basal ganglia, brain stem, and cerebellum (Fig 2). Because of

Fig 2. Sagittal T1-weighted spin-echo (A) and coronal T2-weighted FSE images (B,C) after depth electrode placement for presurgical work-up. Sagittal (D), axial (£), and coronal (f)
T2-weighted FSE images 5 days after left-sided hippocampectomy. Vasogenic edema with increased signal intensity on T2-weighted images and elevated ADC values on diffusion-weighted
MR imaging (not shown) is present in the basal ganglia (E; open arrows) and, to a lesser extent, in the brain stem (D, open arrow). CSF loss causes noisy T2-weighted images (D-f) and
sagging of the brain stem and cerebellum (D,A. Normally, the iter in the aqueduct is within 2 mm below the incisural line connecting the tuberculum sellae and the entrance of the vein
of Galen into the straight sinus (A). With severe CSF loss, the iter and the splenium corporis callosi are displaced downwards (D). Note tonsillar displacement into the foramen magnum

(arrows in F compared with B and C).
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Fig 3. Axial FLAIR before right-sided temporal lobe lesionectomy (4,B), 1 day after the lesionectomy (C,D), and 5 years later (£ f). Note that sections in A, B, E, F are angulated along the
temporal lobe length axis, whereas sections in Cand D are angulated along the c.a.-c.p.-line. However, apart from the resection defect (C; thick arrow), moderate thalamic and basal ganglia
hyperintensities (D; open arrow) and compressed ambient cisterns (C; arrows) are clearly visible. From a clinical standpoint, this 36-year-old woman had a complete recovery with resolution
of the imaging findings (£A).

the inconsistent use of CT, DSA, and/or MR imaging and vary-
ing MR imaging protocols depending on clinical require-
ments, many items in Table 2 could not be safely determined.
However, subdural fluid collections, which are considered a
hallmark of intracranial hypotension, were found in 5 (31%)
of 16 patients only and did not correlate with clinical outcome
parameters (Table 3). All patients showed thalamic/basal gan-
glia hypodensities on CT scans and/or hyperintensities on
FLAIR images resembling the drainage territory of the internal
cerebral veins (Fig 3). Patients with severe thalamic/basal gan-
glia signal intensity changes had a significantly worse clinical
outcome (Table 3). Thrombotic occlusion of the internal ce-
rebral veins, the vein of Galen, or straight sinus was not found
in any of the patients. The angle between the vein of Galen and
the straight sinus showed a large intraindividual variability
(Table 2) and did not correlate with the clinical outcome (Ta-
ble 3).

Cerebellar hyperintensities on FLAIR images occurred in 5
of 6 intracranial cases and both spinal cases, and brain stem
hyperintensities occurred in 3 of 6 intracranial cases and also
both spinal cases (Fig 4). All patients with brain stem hyper-

intensities also showed cerebellar hyperintensities. Cerebellar
hyperintensities correlated significantly with the clinical out-
come as defined by the modified Rankin scale and showed a
strong tendency for correlation with the Glasgow outcome
score. Patients with intracranial surgery who showed cerebel-
lar or brain stem hyperintensities also had severe hyperinten-
sities of the thalamus/basal ganglia, and 2 (40%) of 5 patients
showed a fatal outcome within 3 days after surgery (Tables 1
and 2).

Discussion

Intracranial hypotension after intracranial and spinal surgery
with dural opening is potentially life threatening if patients
are left with a subfascial suction drainage and, thus, with
continuous CSF loss under relatively high negative pressure.
The distribution of MR imaging signal intensity changes in
the thalamus/basal ganglia had been the result of impaired
drainage through the internal cerebral veins and the vein of
Galen into the straight sinus.” However, none of our patients
showed occlusions of the internal cerebral vein, vein of Galen,
or straight sinus, and the measurement of the angle between
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Fig 4. Intracranial hypotension after spinal fixation with dural opening. Axial CT images show compressed ambient cisterns (A, arrows) and basal ganglia hypoattenuation (B; open arrow).
On midline sagittal reformatted CT angiogram (C), only sparse CSF space is visible in the posterior fossa. Axial ADC map (D) and coronal FLAIR images show mainly cytotoxic edema of
the gray matter. Increased signal intensity is also visible in the cerebellum (£,A and, to a lesser extent, in the pons (A. From a clinical standpoint, this 60-year-old woman who underwent
spinal surgery for lumbar spondylodiskitis has recovered fully from symptoms of intracranial hypotension.

the vein of Galen and the straight sinus revealed too large
intraindividual variability to test this hypothesis. Diffusion-
weighted images and ADC measurements in 6 patients were
consistent with mixed cytotoxic and vasogenic edema, which
is also present in venous stroke because of internal cerebral
vein thrombosis."'

In this series, patients who did not awaken after uneventful
intracranial or spinal surgery were initially studied with CT
scans to rule out intracranial hemorrhage or other
space-occupying lesions that could otherwise have explained
the unexpected clinical course. Symmetric thalamic/basal gan-
glia hypodensities resembling the drainage territory of the in-
ternal cerebral veins resulted in the use of additional imaging
modalities (either DSA or MR imaging). Before we realized
intracranial hypotension as a pathogenetic mechanism, we
rarely acquired sagittal MR images but, rather, focused on
ischemic-hypoxic changes primarily ruling out perfusion ab-
normalities. After the use of wound suction drainage had been
terminated, only 1 case with major CSF loss (see below) oc-
curred after intracranial surgery, providing further evidence to
the claim in our first publication.® After prolonged postoper-
ative unconsciousness following spinal surgery occurred in 2
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patients, imaging studies demonstrated identical imaging ab-
normalities with an accidental and undetected dural opening
in these patients. Another patient had this condition after
evacuation of a subdural hematoma with use of hollow screws;
he lost 450 mL of CSF in the immediate postoperative period
and recovered with the Trendelenburg position (—15 to 30°).

Herniation secondary to postsurgical CSF hypovolemia
has been described in 11 (8%) of 137 patients with aneurysmal
subarachnoid hemorrhage who experienced signs of transten-
torial herniation, most commonly between 2 and 4 days after
clipping and intraoperative spinal drainage.’ The Trendelen-
burg position reversed the symptoms in all patients. Thala-
mus/basal ganglia hypodensities on CT scan have neither been
described in these patients nor in various case reports,'*"’
whereas global cerebral edema on admission CT scan and a
longer operative time were identified as risk factors for the
development of symptomatic CSF hypovolemia.>™*

A combination of thalamic/basal ganglia, cerebellar, and
brain stem lesions in patients who had intracranial hypoten-
sion after intracranial surgery correlated with a worse clinical
outcome. Brain stem and thalamic/basal ganglia lesions in pa-
tients undergoing spinal surgery were more severe in the pa-



tient with a fatal outcome compared with the patient who fully
recovered from symptoms. In 2 patients with a fatal outcome
or a vegetative state, postsurgical MR imaging was not avail-
able to identify possible cerebellar or brain stem hyperintensi-
ties. However, the combination of thalamic/basal ganglia, cer-
ebellar, and brain stem lesions may be a prognostic factor for
the clinical outcome. The sag ratio, on the other hand, was
significantly increased in patients with intracranial hypoten-
sion compared with the same patients before surgery (Fig 1)
but revealed no significant correlation with the clinical out-
come. This finding suggests that this parameter is, rather, of a
diagnostic value than a prognostic factor. Subdural fluid col-
lections, which are considered a consistent finding in sponta-
neous intracranial hypotension, were only found in a minority
of the cases, indicating a limited value of this parameter in the
diagnosis of postsurgical intracranial hypotension.

Both from an imaging and a clinical point of view, internal
cerebral vein thrombosis, diffuse hypoxia, and hypoglycemia
are the most important differential diagnoses. Before recog-
nizing the association of intracranial hypotension with signal
intensity changes in the basal ganglia, we used the term
pseudohypoxic brain swelling because extensive laboratory
investigations and careful anesthetic monitoring had re-
mained uneventful.® Severe hypoglycemia and diffuse hypoxia
were considered unlikely to be concurrently causative because
cortical structures were not involved and signal intensity
changes were very prominent. Moreover, in severe hypoglyce-
mia and diffuse hypoxia, there are typically only subtle intra-
cranial volume changes. Significant intracranial volume
changes and, sometimes, subtentorial cerebellar hemorrhage
as a well-known phenomenon of intraoperative CSF loss may
guide clinicians to the correct diagnosis.

Conclusions

In conclusion, neurosurgeons and neuroradiologists should
be aware of symmetric thalamic/basal ganglia lesions associ-
ated with other imaging signs of CSF loss likely induced by
postsurgical wound suction drainage. A differentiation be-
tween the mechanism of development of this lesion (formerly

termed pseudohypoxic brain swelling) and true hypoxia must
be carefully made.

Acknowledgment
The authors thank D. Van Roost for providing clinical
information.

References

1. Beck CE, Rizk NW, Kiger LT, et al. Intracranial hypotension presenting with
severe encephalopathy. Case report. ] Neurosurg 1998;89:470-73
2. Binder DK, Dillon WP, Fishman RA, et al. Intrathecal saline infusion in the
treatment of obtundation associated with spontaneous intracranial
hypotension: technical case report. Neurosurgery 2002;51:830-36
3. Komotar RJ, Mocco J, Ransom ER, et al. Herniation secondary to critical post-
craniotomy cerebrospinal fluid hypovolemia. Neurosurgery 2005;57:286-92
4. Komotar RJ, Ransom ER, MoccoJ, et al. Critical postcraniotomy cerebrospinal
fluid hypovolemia: risk factors and outcome analysis. Neurosurgery 2006;59:
284-90
5. Savoiardo M, Minati L, Farina L, et al. Spontaneous intracranial hypotension
with deep brain swelling. Brain 2007;130:1884-93
6. Van Roost D, Thees C, Brenke C, et al. Pseudohypoxic brain swelling: a newly
defined complication after uneventful brain surgery, probably related to suc-
tion drainage. Neurosurgery 2003;53:1315-26
7. Rabin BM, Roychowdhury S, Meyer JR, et al. Spontaneous intracranial
hypotension: spinal MR findings. ATNR Am ] Neuroradiol 1998;19:1034 -39
8. Schievink WI. Spontaneous spinal cerebrospinal fluid leaks and intracranial
hypotension. JAMA 2006;295:2286-96
9. Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet
1975;1:480-84
10. Bonita R, Beaglehole R. Recovery of motor function after stroke. Stroke
1988;19:1497-500
11. Keller E, Flacke S, Urbach H, et al. Diffusion- and perfusion-weighted mag-
netic resonance imaging in deep cerebral venous thrombosis. Stroke 1999;30:
1144—46
12. Kelley GR, Johnson PL. Sinking brain syndrome: craniotomy can precipitate
brainstem herniation in CSF hypovolemia. Neurology 2004;62:157
13. Samadani U, Huang JH, Baranov D, et al. Intracranial hypotension after intra-
operative lumbar cerebrospinal fluid drainage. Neurosurgery 2003;52:148 51
14. Schievink W1, Palestrant D, Maya MM, et al. Spontaneous spinal cerebrospinal
fluid leak as a cause of coma after craniotomy for clipping of an unruptured
intracranial aneurysm. ] Neurosurg 2008;110:521-24
15. Albayram S, Ulu MO, Hanimoglu H, et al. Intracranial hypotension following
scoliosis surgery: dural penetration of a thoracic pedicle screw. Eur Spine |
2008317 Suppl 2:5347-50
16. Cornips EM, Staals ], Stavast A, et al. Fatal cerebral and cerebellar hemorrhagic
infarction after thoracoscopic microdiscectomy. Case report. | Neurosurg
Spine 2007;6:276-79
17. Inamasu J, Guiot BH. Intracranial hypotension with spinal pathology. Spine
2006;6:591-99

AJNR Am J Neuroradiol 31:100-05 | Jan 2010 | www.ajnrorg 105



