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Abstract

Purpose To provide new insights into the pathophysiol-

ogy, prevention and diagnosis of cerebral venous throm-

bosis (CVT) associated with iatrogenic cerebrospinal fluid

(CSF) leaks and/or external CSF drainage.

Methods Case report and literature review.

Results We describe the case of a 30-year-old woman

who developed a CSF fistula after lumbar spinal surgery.

The treatment included rest, hydration, caffeine, and con-

tinuous lumbar CSF drainage. After closure of the fistula,

the patient complained of severe orthostatic headache.

Thrombosis involving the superior sagittal sinus, the right

transverse sinus, the right sigmoid sinus, and the right

jugular vein was diagnosed after neurological deterioration.

Conclusion A few reports have associated CVT with

various forms of spinal meningeal injury. However, it has

been rarely documented following spinal surgery compli-

cated by accidental durotomy and/or external lumbar CSF

drainage. CSF hypovolemia may precipitate CVT in

patients having prothrombotic risk factors. Patients who

have or had CSF leaks and/or lumbar CSF drains who

present with symptoms of intracranial CSF hypotension

should remain in the horizontal position to prevent CVT. In

that context, the diagnosis of CVT depends on a high

degree of suspicion.

Keywords Cerebrospinal fluid leak � Cerebral venous

thrombosis � External lumbar cerebrospinal fluid drainage �
Intracranial hypotension � Spinal surgery

Introduction

Several prothrombotic risk factors for cerebral venous

thrombosis (CVT) are consistently described in the litera-

ture. In the majority of patients, CVT has a multifactorial

etiology [1–3]. The exact mechanisms by which each risk

factor causes or precipitates thrombosis are complex and

only partially understood. The role of cerebrospinal fluid

(CSF) hypovolemia as a risk factor for CVT has deserved

little attention. We describe here the rare case of a patient

who developed dural sinuses thrombosis following a spinal

lumbar surgery complicated by a CSF fistula which was

treated with external CSF drainage. We take this opportunity

to timely review the literature and provide new insights into

the pathophysiology, prevention, and diagnosis of CVT

associated with iatrogenic CSF leaks and/or external CSF

drainage.
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Case description

A previously healthy 30-year-old woman complained of

chronic and disabling lumbago. Lumbar spine CT and

MRI revealed L5–S1 discarthrosis, grade I/IV listhesis

associated with bilateral isthmic lysis, and bifid L5

posterior arch as well. During the open approach for

transpedicular screw L4–L5–S1 fixation, an accidental

durotomy at the L5 level occurred. The dural injury was

repaired with sutures and fibrin glue, but the hardware

placement was abandoned. During the following week,

continuous CSF drainage through the operative wound

was observed, in spite of suture revision and rest. The

closure of the fistula required bed rest and continuous

external CSF drainage for 2 weeks. A 16-gauge catheter

was inserted at the L3–L4 space after three attempts and

the height of the collecting chamber of the system was

adjusted to promote drainage of about 10 mL/h. Pro-

phylactic ceftriaxone and enoxaparin were prescribed

during this period. After removal of the lumbar drain,

the patient complained of severe orthostatic headache

and dizziness. The complaints diminished after intro-

duction of intravenous fluids and caffeine. However,

3 days after removal of the lumbar drain, she complained

of severe headache, nausea and photophobia, which were

not alleviated in the recumbent position, as well as right

hemihypoesthesia/paresthesia. Signs of surgical wound

dehiscence/infection, and CSF leakage or subcutaneous/

paravertebral fluid collection were not noted. She did not

have fever or meningeal signs but was prostrated, and

fundoscopy revealed bilateral papilledema, retinal vessel

tortuosity and retinal hemorrhages. A focal epileptic

crisis of motor aphasia was observed. Contrast-enhanced

CT scan revealed thrombosis involving the superior

sagittal sinus, the right transverse sinus, the right sigmoid

sinus, and the right jugular vein, as well as slight diffuse

cerebral edema (Fig. 1). Anticoagulation with enoxaparin

and warfarin (target INR 2–3) was introduced. After

7 days of rest and treatment with acetaminophen and

prophylactic levetiracetam, the patient was discharged.

She showed no relevant symptoms or neurological defi-

cits. A detailed investigation identified the following

prothrombotic factors: prothrombin 20210G/A heterozy-

gosity, methylenetetrahydrofolate reductase (MTHFR)

homozygosity plus hyperhomocysteinemia, and oral

contraception. Her personal and family history was

negative for venous thromboembolic or cerebrovascular

events. Oral contraception was stopped and anticoagula-

tion with warfarin was continued ad eternum. One year

after the surgery, the patient complained of residual

lumbago, and her general and neurological examinations

were found normal. Additional thromboembolic events

were not noted. The repermeabilization of the

thrombosed sinuses and the absence of cerebral lesions

were documented by MRI 6 months after the diagnosis

of CVT (Fig. 2).

Discussion

Accidental durotomy is a frequent complication of spinal

surgery, being easily treated with minimum morbidity in the

majority of cases. External lumbar CSF drainage systems

are widely and safely employed in clinical neurology and

neurosurgery. However, to our knowledge, only Miglis and

Levine have previously reported a case of CVT following

spinal surgery complicated by durotomy, which was treated

with the aid of external CSF drainage, presenting a more

dramatic outcome and a much shorter follow-up period [4].

Nevertheless, a few reports have associated CVT with other

forms of spinal meningeal injury, including spontaneous

intracranial hypotension, diagnostic lumbar puncture,

myelography, and epidural and spinal anesthesia, as well as

intrathecal administration of steroids and cytostatics [4–23].

The temporal gap between the iatrogenic injury to the spinal

meninges and the diagnosis of CVT has ranged from a few

hours to a few days.

Actually, CSF hypovolemia due to spinal meningeal

injury of any type may precipitate CVT, especially when

patients with prothrombotic conditions assume an erect

position. Despite the absence of a uniform investigation, the

majority of patients had genetic or acquired prothrombotic

risk factors, but their history was negative for previous

cerebrovascular events. However, in almost all cases, dural

injury produced symptomatic intracranial CSF hypotension.

When patients are recumbent, CSF hypovolemia caused by

meningeal injuries is homogeneously distributed throughout

the CSF space. However, when patients assume an erect

position, CSF hypovolemia in the intracranial compartment

is abruptly exacerbated due to gravity-dependent CSF caudal

displacement, producing two relevant consequences. First,

caudal displacement of the brain with acute stretching and

distortion of the meninges, vessels and nerves occurs [24].

Second, according to the Monro–Kellie hypothesis, a com-

pensatory increase in total blood volume in the intracranial

compartment happens to maintain the volume of its content.

An important portion of the additional blood volume is

accommodated in the capacitance veins and, to a lesser

degree, in the venous sinuses, producing an increase in their

diameter and a proportional decrease in the blood flow

velocity in their interior, as predicted by the hydrodynamic

theory and confirmed by MRI and transcranial Doppler

ultrasound studies [24–26]. During the shift to the erect

position, these changes trigger the stimulation of pain

receptors located in the meninges, vessels and nerves, which

is thought to cause the clinical manifestations of intracranial
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CSF hypotension, including the classic post-lumbar punc-

ture headache [27, 28]. However, the same mechanisms may

promote CVT, according to Virchow’s theory. First, distor-

tion of sinusal and venous walls impairs endothelial anti-

thrombotic properties. Second, blood flow in the dural

sinuses and capacitance veins is slow under physiologic

conditions and may be critically reduced due to acute

engorgement of these vessels. Third, the viscosity of venous

blood increases due to the reduction of CSF reabsorption.

After surgical injury to the spinal meninges, the treat-

ment of the CSF leak and the restitution of CSF volume are

the best strategies to improve the symptoms of intracranial

hypotension and prevent CVT. When external CSF drain-

age systems are employed, overdrainage should be care-

fully avoided. Patients who have or have had CSF leaks

and/or lumbar drains and present with intracranial hypo-

tension symptoms should not have their head elevated,

remaining in the horizontal or Trendelenburg position.

After closure of the leak and/or removal of the drain, the

shift to the erect position should be progressive.

We must emphasize that the diagnosis of CVT after

spinal surgery and/or external CSF drainage is not always

immediate. First, dural injuries are not always recognized

during surgery. However, spinal surgery and/or lumbar CSF

drain insertion may cause meningeal injuries that, despite

producing important epidural or paravertebral CSF collec-

tions, manifest exclusively by intracranial CSF hypotension

symptoms. Second, the clinical presentation of CVT is

nonspecific and isolated intracranial hypertension may be

the sole manifestation of CVT, especially in patients with

dural sinus thrombosis without involvement of superficial

or deep veins [1–3]. CVT should be excluded every time in

patients with symptoms of intracranial CSF hypotension

after spinal surgery and/or external lumbar CSF drainage

show the following: (1) complaint of headache that worsens

after an initial plateau, loses its orthostatic character or lasts

for more than a few days after the introduction of proper

treatment; and (2) a decreased level of consciousness,

encephalic focal neurologic deficits or seizures [4, 5, 20,

23]. However, the change in headache pattern may not

reliably predict the development of CVT [20].

In the reported case, the patient had genetic and acquired

prothrombotic factors. CSF hypovolemia was caused by

Fig. 1 Sagittal (a), and coronal (b, c) contrast-enhanced CT scan

(venous phase). Abnormal diffuse dural enhancement and engorge-

ment of the dural sinuses and veins are frequent findings in patients

with intracranial CSF hypotension (a–c). The superior sagittal sinus

(a–c), the right transverse sinus and right sigmoid sinus (b) show

peripheral enhancement along with central nonopacification (‘‘empty

delta sign’’), suggesting thrombosis that also involves the right jugular

vein (c). The left transverse sinus and the left sigmoid sinus are

hypoplastic. Slight bilateral and diffuse cerebral edema was also

evident (not shown)

Fig. 2 Postprocessed image from a two-dimensional time-of-flight

magnetic resonance venogram (TOF-MRV) performed 6 months after

the diagnosis of CVT showing complete repermeabilization of the

right transverse sinus, right sigmoid sinus, and right jugular vein
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continuous CSF leakage through the fistula and the external

CSF drainage system. Additional dural injury could have been

produced during puncture attempts. The shift to the erect

position exacerbated CSF hypovolemia in the intracranial

compartment, causing symptoms of intracranial hypotension

and precipitating CVT. Dural sinus thrombosis manifested as

nonspecific symptoms of intracranial hypertension and a sei-

zure. It is important to note that CVT was diagnosed after

closure of the fistula and removal of the drain, probably due to

residual occult CSF leakage to epidural or paravertebral

spaces and/or incomplete CSF volume replacement. Young

age, absence of infectious or neoplastic underlying disease,

good neurological status, thrombosis limited to venous sinu-

ses, and absence of ischemic or hemorrhagic lesions, as well as

a prompt diagnosis and a proper treatment explained the

observed outcome [3]. However, according to a recent pro-

spective study, CVT still carries a mortality of 8.3 % and a

permanent neurological morbidity of 5.1 % [3].

Conclusion

Our report adds to the limited literature on the role of CSF

hypovolemia as a risk factor for CVT and supports the

notion that this cerebrovascular condition is a rare but

difficult to diagnose and potentially severe complication of

spinal surgery and external CSF drainage.
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