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Abstract 

Background: 

Central venous obstruction (stenosis or occlusion) is common in patients with renal 
failure on hemodialysis and may be associated with intracranial hypertension (IH).  
Causes include vein injury from an endoluminal device, lumen obstruction from a device 
or thrombus, external vein compression, and high venous flow leading to vein intimal 
hyperplasia.  A combination of high venous flow and central venous obstruction can 
lead to intracranial venous hypertension, impaired CSF resorption, and subsequent IH. 

Evidence Acquisition: 

We conducted a search of the English literature using the Ovid MEDLINE® Database 
and PubMed, with a focus on reports involving IH and central venous obstruction in the 
setting of hemodialysis.  We review CSF flow dynamics, the risk factors and causes of 
central venous obstruction, and the evaluation, management, and outcomes of central 
venous obstruction-induced IH.  

Results: 

Twenty-four cases of IH related to central venous obstruction in hemodialysis patients 
were identified.  Twenty patients had headaches (83.3%) and nine had visual symptoms 
(37.5%).  The brachiocephalic vein was the most common site of stenosis or occlusion 
(20/24, 83.3%).  Twenty-one patients (87.5%) had resolution of IH with treatment.  Two 
patients died from complications of IH (8.3%). 

Conclusions: 

Central venous obstruction-induced IH is likely underrecognized by clinicians and 
mimics idiopathic intracranial hypertension.  Hemodialysis patients with IH should be 
screened with CT venography of the chest.  Optimal treatment is with vascular 
intervention or a CSF diversion procedure and can help prevent vision loss from 
papilledema or nervous system damage.  Medical management may be appropriate in 
mild cases or as a bridge to definitive interventional treatment.  Increased awareness 
among clinicians has potential to facilitate the timely diagnosis of this treatable condition 
with potential for good neurologic and visual outcomes. 
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Introduction 

Intracranial hypertension (IH) may occur in patients with renal failure on hemodialysis 
and is likely underrecognized.  A variety of mechanisms related to the establishment of 
reliable hemodialysis access can cause obstruction of central venous outflow in the 
neck and chest.1  As cerebrospinal fluid (CSF) dynamics are sensitive to alterations in 
intracranial venous pressure, an increase in resistance to venous outflow from the head 
and neck can lead to venous hypertension, decreased CSF resorption, and IH.  The 
approach to management of IH in hemodialysis patients with central venous obstruction 
(stenosis or occlusion) differs from that of other causes of IH and the condition is 
treatable with good potential outcomes, which emphasizes the importance of early 
diagnosis and treatment. 

 

Cerebrospinal Fluid Flow Dynamics 

CSF is primarily made by the choroid plexus in the third, fourth, and lateral ventricles 
and circulates through the ventricular system and subarachnoid space surrounding the 
brain, spinal cord, and optic nerves.  The majority of CSF resorption occurs in the 
cranial arachnoid granulations, where the fluid joins the venous circulation in the 
intracranial venous sinuses.2  A system of granulations consisting of invaginations of the 
arachnoid mater into the dura permits close approximation of the CSF and blood in the 
venous sinuses.  Arachnoid granulations have a valvular structure, rather than simply a 
membrane, which only permits unidirectional CSF flow from the subarachnoid space to 
the venous circulation.3  The drainage of CSF through the arachnoid villi is dependent 
on a pressure gradient between the subarachnoid space and the adjacent venous sinus 
of at least 3-5 mm Hg.4  A gradient less than this results in collapse of the arachnoid 
villus, cessation of CSF flow, and buildup of intracranial pressure.3  Therefore, any 
process that increases intracranial venous pressure can decrease the pressure gradient 
for CSF resorption and result in IH.  Recent evidence has also shown a role for spinal 
arachnoid granulations, transependymal flow, and the lymphatic system as additional 
CSF outflow pathways.2, 5  Although CSF drains through a variety of mechanisms, the 
most significant drainage pathway is through the craniocervical veins.  A net total 
overwhelming of the various CSF drainage pathways leads to IH. 

 

Intracranial Venous Outflow 



The sigmoid and transverse venous sinuses accommodate most of the cerebral venous 
drainage.  Numerous connections between the dural venous sinuses of the posterior 
fossa and the internal and external vertebral plexus provide some flexibility in the 
distribution of exiting intracranial blood.6  The predominant pathways of intracranial 
venous drainage through the neck are position-dependent, with the internal jugular 
veins (IJV) being the primary drainage route in the supine position, and the vertebral 
venous systems playing a larger drainage role in the upright position.7  Therefore, the 
precise pathway of intracranial venous drainage depends on posture, pressures, and 
anatomic variations. 

Intracranial venous blood en route to the heart, regardless of the pathway taken through 
the neck, flows through the major central veins of the chest: the brachiocephalic veins 
and the superior vena cava (SVC).  Obstruction of blood flow through the major central 
chest veins by thrombosis, stenosis, external compression, or other means, can lead to 
an increase in venous pressure and subsequent IH. 

 

Pathogenesis of IH in the Setting of Central Venous Obstruction 

The specific veins that constitute the central venous system have been variable in the 
medical literature, potentially limiting the usefulness of comparing data from multiple 
reports.  Recognition of this problem led to the development of reporting standards for 
thoracic central veins, which term includes the SVC, brachiocephalic veins, subclavian 
veins, IJV below the first rib, and azygous vein, and excludes the axillary veins (lateral 
to the first rib) (Figure 1).8  Notwithstanding the past variability in reporting standards, 
central venous stenosis is common in hemodialysis patients, affecting approximately 
16-42% of patients, depending on the series, and is likely underreported in 
asymptomatic cases.1, 9, 10  However, despite the relative prevalence of central venous 
stenosis, the prevalence of papilledema in hemodialysis patients is low.  In one cross-
sectional observation case series of 44 hemodialysis patients with peripheral 
arteriovenous dialysis shunts, not one patient had papilledema or symptoms of IH.11  
Therefore, central venous obstruction alone is unlikely to account for IH in hemodialysis 
patients.  This observation lead to the proposal of a “two-hit” hypothesis to explain why 
only some hemodialysis patients developed IH.12  The “two-hit” hypothesis proposes 
that both 1) central venous obstruction and 2) increased venous flow from an 
arteriovenous shunt are required to cause IH.  Increased venous flow through an 
arteriovenous fistula or graft can overwhelm the flow capacity of an obstructed central 
vein and lead to retrograde flow through the IJVs, which causes intracranial venous 
hypertension and subsequent IH.  Without both “hits”, retrograde flow through the IJVs 
is much less likely to occur. 



The site of central venous stenosis appears to play an important role in the 
development of IH.  Retrograde flow through the IJV or vertebral vein is a common 
feature in reported cases of IH from central venous obstruction.13-16  Most cases involve 
the brachiocephalic veins or IJVs (table 1), rather than subclavian vein stenosis, as 
stenosis of the more central veins is more likely to lead to retrograde venous flow in the 
neck.17, 18  A valve in the IJV typically prevents pressure variations in the extracranial 
venous system from affecting cerebral venous drainage, but venous hypertension can 
lead to valvular incompetence, retrograde IJV flow, and IH.18-20  Increased venous flow 
(part of the “two-hit” hypothesis) from an arteriovenous shunt in the setting of central 
venous obstruction involving the brachiocephalic or IJVs, in particular, likely leads to IH 
by inducing retrograde venous flow in the neck.  Brachiocephalic vein stenosis tends to 
be less common than stenosis involving other central veins (e.g., subclavian), which 
may help explain why IH is still an uncommon finding despite the prevalence of 
hemodialysis arteriovenous fistulas/grafts and central venous stenosis.9, 13 

 

How Does Central Venous Stenosis Occur? 

Understanding why central venous stenosis occurs can help identify high-risk patients.  
There are four main mechanisms by which central venous stenosis occurs in 
hemodialysis patients: 1) Vein injury related to an endoluminal device, such as a central 
catheter, 2) endoluminal obstruction related to a thrombus or endoluminal device, 3) 
extrinsic vein compression, and 4) hemodynamic abnormalities, such as turbulent blood 
flow, leading to neointimal hyperplasia and stenosis.1 

Vein injury from an endoluminal device 

Central or peripherally inserted central catheters (CICC or PICC), as they are inserted, 
are typically advanced to the superior vena cava.  As the catheter is advanced, several 
turns may be necessary, depending on the access site, which increases the risk of vein 
injury as the catheter collides with the vessel wall.  The risk may be higher with insertion 
in either subclavian vein where a turn is needed to follow the course of the 
brachiocephalic vein into the SVC, or the left internal jugular vein, where two turns are 
needed (one from the IJV to the brachiocephalic vein, and another to the SVC).21  
Insertion through the right IJV yields a straight access trajectory to the SVC (Figure 1).  
The leads from a cardiac implantable device can also lead to vein injury.  Vein injury 
leads to neointimal hyperplasia, and consequently vein stenosis.9 

Endoluminal obstruction related to a thrombus or intraluminal device 



The presence of an obstruction in the vessel lumen may also cause a functional 
stenosis.  A thrombus or intraluminal device, such as a catheter, may partially or fully 
occlude the vessel, also limiting venous blood flow.22 

Extrinsic vein compression 

External compression of the central veins most typically occurs from an adjacent artery, 
such as an ectatic aorta compressing the left brachiocephalic vein, or from a 
musculoskeletal cause, such as costoclavicular compression of the subclavian vein.  
The resulting functional stenosis may cause symptoms when it is sufficient to impede 
venous flow.1 

Hemodynamic abnormalities causing neointimal hyperplasia 

Some patients may have central venous stenosis from hemodynamic abnormalities, 
such as turbulent blood flow, without any history of endoluminal device placement or 
extrinsic compression.9 

 

Review of Published Cases of Central Venous Stenosis-Induced IH in 
Hemodialysis Patients 

A systematic review was conducted of currently available English literature regarding 
cases of presumed IH from central venous stenosis in patients with chronic renal failure 
on hemodialysis. PubMed and Ovid MEDLINE® databases were searched using search 
terms “intracranial hypertension”, “venous stenosis”, “venous occlusion”, and 
“hemodialysis”. The resulting articles were analyzed for relevance, and their references 
were also scanned in order to identify any additional relevant cases. Twenty-four cases 
were identified (Table 1).  

There were 12 cases receiving hemodialysis through an arteriovenous fistula, ten 
through an arteriovenous graft, and two through a central venous line. Most patients 
had undergone venous access multiple times in the past for central venous catheters, 
surgical correction of shunts,13 and prior angioplasty for venous stenosis.17, 23, 24 In 
some cases, there was previous venous access for another purpose such as total 
parenteral nutrition25 or cardiac pacemaker lead placement.12, 18, 26 

Presenting symptoms included headache in most patients (20/24, 83.3%). Visual 
complaints such as transient visual obscurations, progressive vision loss, or diplopia 
were reported in nine cases (37.5%). Papilledema was noted in ten cases (41.7%), 
although it is very unlikely that all patients underwent a funduscopic exam, and the true 
prevalence of papilledema in this series may have been substantially higher. No cases 
in the series reported a lack of papilledema when specifically examined.  Cerebrospinal 



fluid opening pressure was reported in eight cases, ranging from 27-56 cm H2O. Many 
also had evidence of extracranial venous congestion such as unilateral upper extremity 
or facial edema and development of tortuous collateral veins. Most exhibited an indolent 
onset of symptoms over weeks to months, although five cases (20.8%) had a fulminant 
course.14, 17, 18, 26, 27 

The most common location of central venous stenosis or occlusion was the 
brachiocephalic vein (20/24, 83.3%) followed by the subclavian vein (7/24, 29.2%), with 
ten cases involving stenosis or occlusion of multiple central veins. The left 
brachiocephalic vein was more commonly affected than the right with 13 cases involving 
the left brachiocephalic vein, four involving the right brachiocephalic vein, and three with 
bilateral involvement. One patient had hydrocephalus on MRI26 and another had MRI 
findings typical of increased intracranial pressure.17 Several patients developed 
intracranial hemorrhage or white matter edema, theorized to be due to cerebral venous 
hypertension.15, 18, 22, 28, 29 Enlarged venous collaterals and retrograde venous flow, most 
commonly in the internal jugular vein (18 cases), were noted on vascular imaging in the 
majority of cases. 

Treatment consisted of angioplasty and stent in the region of central venous stenosis in 
five cases, angioplasty without stent in five cases, shunt ligation in 11 cases, and 
ventriculoperitoneal shunt placement in one case. One report described treatment with 
a combination of partial arteriovenous shunt closure, lumboperitoneal shunt, and 
venous angioplasty.23 Acetazolamide and optic nerve sheath fenestration were used as 
temporizing measures in two cases.18, 30 One patient required repeat venoplasty after IH 
recurred due to central venous stenosis.18 Of all reported cases, 21 (87.5%) had 
complete resolution of IH with treatment. Of those with resolution of IH, only two had 
residual vision loss while the remainder had recovery of vision. 

Two patients (8.3%) died from complications of IH, one with deferral of treatment due to 
sepsis with subsequent fatal intracranial hemorrhage,22 and one who developed venous 
sinus thrombosis after treatment, with a prolonged convulsion that lead to brain death.23 

 

Risk Factors 

Identification of risk factors associated with IH in hemodialysis patients can help 
clinicians adjust their index of suspicion for a specific patient, justify appropriate 
additional testing, and facilitate an earlier diagnosis to minimize permanent vision 
damage from papilledema or avoid other complications. 

Hemodialysis patients with symptoms and signs of IH, including headache, pulse-
synchronous tinnitus, papilledema, and transient visual obscurations should certainly 



prompt further imaging for causes of secondary IH.  Additional helpful information 
includes a history of venous access procedures including the location of the access site, 
any history of central venous angioplasty or stent placement (as recurrent stenosis is 
common), arteriovenous shunt failure, or catheter-related infection.9, 31 

Uremia has been proposed as a cause of optic neuropathy with optic disc edema, but 
without convincing evidence regarding a direct toxic effect.  At least some of the cases 
attributed to uremia toxicity are more likely accounted for by nonarteritic anterior 
ischemic optic neuropathy (NAION) or possibly papilledema associated with IH due to 
unrecognized central venous obstruction.32-34 

 

Establishing the Diagnosis 

Evaluation of a hemodialysis patient with suspected IH should begin with a thorough 
clinical history screening for symptoms of IH, such as headaches, pulsatile tinnitus, 
transient obscurations of vision, and binocular diplopia, and the clinical exam must 
include a funduscopic examination screening for papilledema.  Additional symptoms 
seen in hemodialysis patients that may indicate venous hypertension, as seen in 
superior vena cava syndrome, include facial or upper extremity edema, pain, bluish 
discoloration and pigmentation of the skin, increasing difficulty with access and efficacy 
of dialysis, and respiratory distress (from laryngeal edema, pleural effusion, or chest 
swelling).1, 8, 13, 35  Bilateral ophthalmoplegia and exophthalmos have been reported as a 
result of retrograde IJV flow in hemodialysis patients with central venous stenosis.16, 36  
Intracranial imaging should be performed, preferably with MRI (+/- MRV) of the head, to 
exclude structural intracranial causes of IH, such as a mass lesion or cerebral venous 
sinus thrombosis.  Intracranial imaging can also identify other manifestations of IH due 
to venous hypertension, such as cerebral venous infarction or hemorrhage.15, 35  Many 
patients with IH have radiographic signs on MRI, such as a partially empty sella, optic 
nerve sheath distension, posterior globe flattening, tortuosity of the optic nerves, and 
transverse venous sinus stenosis.37  These radiographic signs may be associated with 
chronic IH, and are not specific to idiopathic intracranial hypertension (IIH).  Therefore, 
in hemodialysis patients with IH (and selected patients with atypical IH), chest vascular 
imaging is necessary before a diagnosis of IIH can be made. 

Central venous imaging options 

A CT venogram of the chest is the study of choice for screening for central venous 
stenosis as it includes the central veins most likely to cause IH when narrowed (superior 
vena cava, brachiocephalic veins, and the inferior portion of the internal jugular veins).17  
The requisition should include a note to the radiologist protocolling the study requesting 
special attention to screening for central venous stenosis, as the scan protocols may 



vary according to local practice and the timing of contrast administration will need to be 
optimized for the venous phase.  Preference should be given to scheduling the study 
immediately prior to a hemodialysis session to allow the clearance of contrast dye.  
Although MRV of the chest with contrast can also be considered, opinions among 
radiologists vary regarding the use of gadolinium-based contrast dye (GBCD) in patients 
with advanced renal disease, with or without hemodialysis, due to the risk of 
nephrogenic systemic fibrosis (NSF).38  Although there is thought to be a lower risk of 
NSF with newer GBCDs, MRI is likely not necessary to screen for central venous 
obstruction in most cases.39  If a CT of the chest with contrast proves to be inadequate 
and suspicion remains high for central venous stenosis, catheter-based venography 
may be pursued.  Ultrasonography is ineffective in the detection of most central vein 
stenosis.40 

Lumbar puncture with measurement of the opening pressure is also essential to confirm 
a diagnosis of central venous obstruction-induced IH.  Demonstration of elevated 
opening pressure may exclude other causes of bilateral optic disc edema and is 
necessary prior to consideration of any intracranial pressure-lowering interventions. 

 

Management and Treatment Options 

Management strategies for IH related to central venous obstruction in hemodialysis 
patients include the possibility of an interventional procedure to relieve the venous 
obstruction.  Options include percutaneous transluminal angioplasty and stent 
placement.  Many central vein lesions are elastic, which may limit improvement in 
stenosis following percutaneous transluminal angioplasty.  Furthermore, many stenoses 
that do improve following the procedure restenose within months.41 

Although intracranial pressure lowering medications, such as acetazolamide, may help 
lower intracranial pressure in patients with central venous obstruction-induced IH, their 
use should be limited to patients with only mild papilledema without visual dysfunction 
and without other symptoms who have a high surgical risk.  Moreover, the effect of 
medication may be limited, and acetazolamide may be difficult to effectively dose in 
hemodialysis patients.  Medical management may be most appropriate as a bridge to 
surgery for more definitive treatment of IH. 

Most published cases of IH related to central venous obstruction were treated with AV 
graft ligation/occlusion or angioplasty +/- stent (22/24 cases, 91.6%), and 20 of those 22 
(90.9%) cases experienced resolution of IH (including one with a successfully-treated 
recurrence)18 and all 22 had some symptom improvement initially.  Although direct 
treatment of central venous obstruction is ideal, it may be difficult or impossible in some 
patients, including those with a history of multiple previous endovascular procedures.   



Optic nerve sheath fenestration may be considered in patients with severe papilledema 
threatening visual loss while awaiting more definitive treatment.  CSF shunting 
procedures, such as a ventriculoperitoneal or lumboperitoneal shunt, may be 
appropriate when endovascular intervention for central venous obstruction may 
jeopardize currently reliable hemodialysis access or interventions for central venous 
obstruction are otherwise high-risk or contraindicated.17  More long-term follow-up data 
is necessary to assess the long-term efficacy and prognosis of patients undergoing 
interventional treatment for central venous obstruction-induced IH. 

 

Conclusions 

Central venous obstruction-induced IH is likely more common than previously 
recognized in hemodialysis patients.  The presenting signs and symptoms are very 
similar to IIH.  Therefore, before a diagnosis of IIH is made in any hemodialysis patient, 
venous imaging of the chest must be performed to rule out central venous obstruction.  
Medical management is less likely to be effective, and clinicians must be familiar with 
central venous obstruction-induced IH to facilitate appropriate treatment with 
endovascular intervention for central venous obstruction, arteriovenous shunt ligation, 
or a CSF diversion procedure.  There is significant risk for visual loss or permanent 
nervous system damage without treatment.  Clinicians familiar with the risk factors, 
presenting signs and symptoms, indications for central venous imaging, and 
management options will be well-positioned to diagnose and arrange for intervention 
early in the course of this treatable condition with potential for good neurologic and 
visual outcomes. 
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Figure Legends 

Figure 1.  Venous anatomy.  The thoracic central veins include the superior vena cava, 
brachiocephalic veins, subclavian veins, internal jugular veins below the first rib, and 
azygous vein, and excludes the axillary veins (lateral to the first rib).  Obstruction of 
venous flow through these veins along with increased venous flow from an 
arteriovenous fistula may lead to retrograde venous flow in the neck and intracranial 
hypertension. 

     



Table 1: Literature review of IH associated with central venous obstruction in the setting of hemodialysis 

Reference Ophthalmologic and  
neurologic symptoms 

Type of HD 
access 

LP 
opening 
pressure 
(cm H2O) 

Central venous 
disease Treatment Outcome 

Lal et al., 198625 Headaches, transient visual 
obscurations R arm AV graft 56 R BCV occlusion Graft ligation Resolution of IH 

Molina et al., 199842 
Headaches, transient visual 

obscurations,  
progressive vision loss 

R arm AV graft 35 Bilateral BCV 
occlusions Graft ligation Improvement in IH 

without full resolution 

Varelas et al., 199916 Diplopia, headaches R arm AV graft - R BCV stenosis Angioplasty and stent Resolution of IH 
Hartmann et al., 

200126 
Occipital headaches, gait 

instability, memory problems L arm AV graft - R SCV occlusion,  
L BCV stenosis Graft ligation Resolution of IH 

Chang et al., 200443 Left-sided headaches, 
pulsatile tinnitus 

L brachiobasilic 
AV fistula - L BCV stenosis  Angioplasty  Resolution of IH 

Cuadra et al., 200530 
Progressive left eye vision 

loss, encephalopathy, 
headaches 

R brachial artery 
to IJV graft 37 

R axillary vein, 
SCV, and IJV 
occlusions 

L optic nerve sheath 
fenestration, 

graft occlusion 

Resolution of IH with 
unilateral vision recovery 

Nishimoto et al., 
200527 Headaches, seizures L arm AV fistula - L BCV occlusion AV fistula ligation Resolution of IH 

Cleper et al., 200723 Right eye vision loss, 
headaches 

L brachiobasilic 
AV fistula 50 

Bilateral BCV 
occlusions, SVC 

stenosis 

SVC angioplasty, 
lumboperitoneal shunt, 

partial AV fistula 
closure 

Resolution of headache; 
Later developed CVST, 

seizures, and brain death 

Eames et al., 201013 Headaches,  
right eye vision loss 

L brachiobasilic 
AV fistula - L SCV stenosis,  

L BCV occlusion Angioplasty and stent Resolution of IH but 
persistent vision deficits 

McQuillan et al., 
201128 

Headaches, dizziness, 
encephalopathy R IJV catheter - R IJV occlusion, L 

BCV stenosis Angioplasty Resolution of IH 

Nishijima et al., 201115 Left temporal headaches, 
seizures, hemiplegia 

L forearm AV 
fistula - L BVC occlusion AV fistula ligation Resolution of IH 

Saha et al., 201214 Headache, encephalopathy L brachiojugular 
graft - L IJV stenosis,  

L SCV stenosis Graft occlusion Resolution of IH 



Reference Ophthalmologic and  
neurologic symptoms 

Type of HD 
access 

LP 
opening 
pressure 
(cm H2O) 

Central venous 
disease Treatment Outcome 

Chen et al., 201329 
Dizziness, involuntary 
movements, seizures, 

hemiparesis 

L radiocephalic 
AV fistula - L BCV stenosis AV fistula ligation Resolution of IH 

Herzig et al., 201318 Headache, blurred vision, 
encephalopathy, seizure L arm AV fistula 35 L BCV occlusion 

Acetazolamide, 
failed recanalization,  

AV fistula ligation 
Resolution of IH 

Herzig et al., 201318 Encephalopathy, right arm 
weakness, myoclonic seizures 

AV fistula 
(location not 

specified) 
- L BCV stenosis  Angioplasty and stent 

Resolution of IH;  
Recurrent IH from stent 
occlusion resolved with 

repeat angioplasty 
Samaniengo et al., 

201344 Headaches, encephalopathy  R arm AV graft - R BCV occlusion Occlusion of graft Resolution of IH 

Prasad et al., 201445 Encephalopathy,  
right-sided hypertonia L arm AV fistula - L BCV occlusion Angioplasty and stent Resolution of IH 

Simon et al., 201412 Headaches, blurred vision, 
tinnitus R IJV catheter 30 R SCV and R BCV 

stenosis 
R SCV angioplasty, 
catheter removal 

Resolution of IH;   
Developed recurrent  

R SCV stenosis without IH 
Mackay and Biousse, 

201517 Blurred vision, headaches R arm AV fistula 38 R SCV stenosis VP shunt Resolution of IH 

Pereira et al., 201546 Vertigo, left lateropulsion,  
supine headaches 

L brachiocephalic 
AV fistula 27 L BCV stenosis AV fistula ligation Resolution of IH 

Kim et al., 201822 Headaches L arm AV graft - L BCV occlusion Angioplasty and stent Resolution of IH 

Kim et al., 201822 Seizure L arm AV graft - L BCV occlusion Treatment deferred 
due to sepsis 

Fatal intracranial 
hemorrhage 

Kwon et al., 201824 Headache, right ptosis R arm AV graft - 
Bilateral BCV 

stenosis, bilateral 
SCV occlusion 

R BCV angioplasty Resolution of IH 

Bakradze et al., 201935 Headache, aphasia L arm AV fistula - L cephalic vein 
occlusion 

Recanalization of 
occlusion Resolution of IH 

Abbreviations: AV = arteriovenous; BCV = brachiocephalic vein; CVST = cerebral venous sinus thrombosis; HD = hemodialysis; IH = intracranial hypertension; 



Reference Ophthalmologic and  
neurologic symptoms 

Type of HD 
access 

LP 
opening 
pressure 
(cm H2O) 

Central venous 
disease Treatment Outcome 

IJV = internal jugular vein; L = left; LP = lumbar puncture; PTFE = Polytetrafluoroethylene; R = right; SCV = subclavian vein; SVC = superior vena cava; VP = 
ventriculoperitoneal 

 


