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Abstract 
 
Background/Aim. Disruption of cerebral venous blood 
drainage leads to cerebral venous congestion, an increase in 
intracranial pressure and decrease of the cerebral perfusion 
pressure. The exact role of the cerebral venous circulation 
in acute stroke is not yet known. The main blood drainage 
from the brain and the superficial parts of the face and neck 
is drained by a paired internal jugular vein (IJV). Congenital 
anomalies of IJV may disrupt the blood collection from the 
brain, which leads to congestion of the cerebral venous cir-
culation. The aim of our study was to determine the associa-
tion between the hypoplastic ipsilateral IJV and clinical out-
come of patients with acute ischemic anterior circulation 
stroke. Methods. This prospective case series study in-
volved the patients with the anterior circulation stroke and 
ultrasonographic criteria for unilateral hypoplasia of the ip-
silateral IJV. Data from the 74 consecutive patients with 
acute anterior circulation stroke admitted to the Special 
Hospital for Cerebrovascular Diseases “Sveti Sava”, Belgrade, 
from September 2015 to January 2016 were included. Ultra-
sonography of IJV diameter and the collection of the 

hemodynamic data were performed in all patients. Neuro-
logical deficits on admission were evaluated using the Na-
tional Institutes of Health Stroke Scale (NIHSS) score. The 
clinical outcome was assessed using the modified Rankin 
Scale (mRS) score (from 0 to 6) at 30 days or at discharge, 
whichever occurred sooner. Good and poor outcomes were 
defined as an mRS score of 0–2 and 3–6, respectively. Re-
sults. Ipsilateral hypoplastic IJV was diagnosed in 13 
(17.6%) patients with anterior circulation stroke. In this 
group, 9 stroke patients (69.2%) had mRS ≥ 3. Of the re-
maining 4 patients with mRS ≤ 2, three had bilateral hy-
poplasia of IJV and one patient had smaller diameter of the 
IJV, but did not fulfill the ultrasonographic criteria for hy-
poplastic venous anomaly. Conclusions. In our case, a se-
ries of the patients with anterior circulation stroke with ul-
trasonographic criteria for unilateral hypoplasia of the ipsi-
lateral IJV (on stroke side) have worse clinical outcome 
compared with the patients with bilateral hypoplasia. 
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Apstrakt 
 
Uvod/Cilj. Poremećaj odvođenja venske krvi iz mozga do-
vodi do cerebralne venske kongestije, povećanja intrakrani-
jalnog pritiska i pada cerebralnog perfuzionog pritiska. 
Tačna uloga cerebralnog venskog sistema u akutnom 
moždanom udaru još uvek nije dovoljo poznata. Glavni iz-
vodni put krvi iz mozga, gornjeg dela lica i vrata su unu-
trašnje jugularne vene (VJI). Urođene anomalije VJI remete 
odvođenje venske krvi iz mozga, što dovodi do kongestije u 
venskom sistemu mozga. Cilj ove studije je bio da utvrdi 
povezanost između hipolazije istostrane VJI i kliničkog 
ishoda akutnog ishemijskog moždanog udara (AIMU) u 
prednjoj cirkulaciji. Metode. Ova prospektivna studija slu-

čaja obuhvatila je bolesnike sa AIMU u prednjoj cirkulaciji i 
jednostranom hipoplazijom istostrane VJI prema ultrasono-
grafskim kriterijumima. U studiju su slučajnim izborom bila 
uključena 74 bolesnika sa AIMU u prednjoj cirkulaciji koji 
su hospitalizovani u Specijalnoj bolnici za cerebrovaskularne 
bolesti „Sveti Sava“ u Beogradu, od septembra 2015 do 
kraja januara 2016. Kod svih bolesnika je ultrazvučnim pre-
gledom određivan dijametar VJI. Težina neurološkog defi-
cita na prijemu procenjivana je pomoću National Institutes of 
Health Stroke Scale (NIHSS). Klinički ishod bolesti 
procenjivan je preko modifikovanog Rankin Skora (mRS) 
od 0 do 6, na dan otpusta. Dobar i loš ishod su definisani 
preko mRS skora. Skor 0–2 je smatran dobrim, dok je 3–6 
smatran lošim. Rezultati. Istostrana hipoplastična VJI 
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dijagnostikovana je kod 13 (17,6%) bolesnika sa AIMU u 
prednjoj cirkulaciji. U ovoj grupi devet (69,2%) bolesnika 
imalo je mRS ≥ 3. Od preostala četiri bolesnika sa mRS ≤ 2, 
tri su imala obostranu hipoplaziju VJI, dok je četvrti boles-
nik imao užu VJI koja nije ispunjavala ultrazvučne krite-
rijume za hipoplaziju VJI. Zaključak. Bolesnici sa akutnim 
infarktom mozga u prednjoj cirkulaciji sa jednostranom 

hipoplazijom istostrane VJI (na strani infarkta mozga) imaju 
lošiji ishod u odnosu na bolesnike sa obostranom 
hipoplazijom VJI. 
 
Ključne reči: 
mozak, infarkt; vv. jugulares; ehokardiografija, dopler; 
lečenje, ishod. 

 

Introduction 

Acute ischemic stroke (AIS) can occur as a result of 
cerebral artery or vein occlusion. There are a lot of data 
about the significance of artery circulation, but, on the other 
hand not so many about the influence of the venous 
circulation. Acute ischemic stroke occurs when the cerebral 
blood flow (CBF) decreases under 10–12 mL/100 g 
tissue/min. 1. CBF depends on the level of cerebral perfusion 
pressure (CPP). CPP represents the difference between mean 
artery pressure and vein pressure, which explains the 
influence of the vein pressure on CPP 2. 

In supine position, the largest part of the blood drains 
by the internal jugular vein (IJV). This is the biggest vein in 
the neck, it follows the carotid artery and it unites with the 
subclavian vein distally to form the brachiocephalic vein 
(innominate vein). Further, it runs into the vena cava 
superior and then into the right atrium 3. 

Anomalies of the IJV are not so rare and can be the 
cause of the venous circulation insufficiency. There are 
different kinds of anomalies – anomalies on the venous 
valve, vein hypoplasia or atresia 4. Hypoplasia of IJV is the 
cause of venous insufficiency and the increase in the 
intracranial blood pressure due to the reduced blood flow 5. 
Intracranial blood pressure increase leads to the CPP 
decrease and consequently enlargement of a brain infarction 
along with worse clinical outcome 6. Stable CPP allows 
adequate exchange of the nutrients and oxygen in the brain 
tissue, which is of crucial importance in an acute stroke, and 
it has an impact on the survival of the tissue. 

The aim of our study was to determine the importance 
of the presence of hypoplastic ipsilateral IJV on the outcome 
of acute territorial stroke of the anterior circulation by 
ultrasonography. 

Methods 

This was a case series of patients with the acute 
ischemic anterior circulation stroke admitted to the Special 
Hospital for Cerebrovascular Diseases “Sveti Sava” in 
Belgrade, from September 2015 to January 2016. Seventy-
four consecutive patients, older than 30 years of age, with the 
acute anterior ischemic stroke, were enrolled in the study. 
The patients with thrombosis of IJV, the acute venous stroke, 
history of malignancy or severe infection, were excluded. 
The patients in our study were assessed regarding 
demographic data, comorbidities and vascular risk factors. A 
stroke severity was assessed by the National Institutes of 
Health Stroke Scale (NIHSS), at admission and discharge, by 

board of certified neurologist 7. The eligible candidates were 
those with the NIHSS between 4 and 25 points. The clinical 
outcome was assessed using the modified Rankin Scale 
(mRS) score (from 0 to 6) on a discharge day. Good and po-
or outcomes were defined as an mRS score of 0–2 and 3–6, 
respectively. All patients underwent the native multiphasic 
computed tomography [CT-General Electric (GE), Bright 
speed] or the magnetic resonance imaging (MRI) (MR Signa, 
HD×, 1.5T, GE, Milwaukee) of the brain performed on the 
1.5-Tesla system at first 72 hours after the onset of a stroke. 
The radiological assessment was provided by an experienced 
neuroradiologist. For clinical classification of ischemic 
strokes we used The Oxfordshire Community Stroke Project 
criteria to assess the brain infarct size and location. All 
patients in our study had total anterior circulation infarct 
(TACI) or partial anterior circulation infarct (PACI) 8. 

The ultrasound examinations of IJVs were performed 
using the MyLab 70 XVision ultrasound machine (Esaote, 
Genoa, Italy) by a neurologist who was blinded for the 
patient’s neurological conditions. We used 5–7 MHz the 
ultrasound (US) linear probe and US settings for the 
examination of venous vessels 9. The IJV was scanning with 
a minimal probe pressure, with thick US gel. The US probe 
was placed on the level of cricoid cartilage on either side, or 
1–2 cm above IJV valves. The patients laid on their back 
with their head positioned at 30º. This position was the same 
as one when patients were lying on a hospital bed. M-mode 
was used for the assessment of IJV, in transversal plane 
(Figure 1). The patient was breathing spontaneously and 
after five respirator cycles we recorded a maximum vein 
diameter 7. M-mod was used because of the variations in the 
diameter of veins during the respiratory cycle. The diametar 
of hypoplastic IJV was Dmax ≤ 5 mm 4. The functional stro-
ke outcome on a discharge day was estimated using mRS 10. 

The Ethical Committee of the Special Hospital for 
Cerebrovascular Diseases “Sveti Sava” approved the study. 
Informed consent was obtained by all patients. 

 
Statistical analysis 

Statistical analysis was performed using Statistical 
software package (SPSS). We used the methods of 
descriptive statistics and absolute and relative numbers, 
measures of central tendency and measures of dispersion. 
Differences in frequency distribution between the studied 
groups were estimated by chi-square (χ2) test and confirmed 
by Fisher's exact test. To evaluate predictors of good and 
worst outcome for patients with AIS in our study we 
preformed logistic regression analysis. χ2 test was used to 
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evaluate presence of statistical significance regarding type of 
ischemic area and presence of IJV hypoplasia in both TACI 
and PACI regarding treatment outcome. 

The studied variables were considered statistically 
significant if the probability of risk for accidental difference 

between empirical and theoretical values was less than 0.05 
(p < 0.05), and highly statistically significant if the 
probability was less than 0.01 (p < 0.01). 

 

 

Fig. 1 – 65-year-old woman with an acute onset of right limb weakness with neglect. A) Magnetic resonance (MR) 
cerebral venogram showing left transversal sinus and internal jugular vein (IJV) hypoplasia (arrows); B) Brain MR 
tomogram showing partial anerior circulation infarct (PACI); C) IJV on B-mode showing a maximal diameter 2mm, 
D. Duplex imaging IJV on M-mode at transversal plane showing small-caliber lumen of the left IJV, with a maximal 

diameter 4.2 mm (ACC – common carotid artery). 
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Results 

This study included 74 patients, 39 (52.7%) female and 
35 (47.3%) male patients. The mean age of the female study 
patients was 73.2 years (from 65 to 84 years of age) and of 
the male study patients 70.3 years (from 54 to 80 years of 
age). The most prevalent risk factor was hypertension (Table 
1). According to the Oxford classification, of the patients 
with AIS, 27 (36.5%) of them had TACI and 47 (63.5%) had 
PACI. There was no significant difference in relation to gen-
der – 52.1% of women had TACI and 53.5% had PACI. 
Right IJV was dominant in 47 (63.5%) and left IJV in 27 
(36.5%) patients. 

Table 1  
Risk factors in the patients with anterior circulation 

stroke (n = 74) 

Risk factor Patients n (%) 

Hypertension 62 (83.8) 
Diabetes mellitus 17 (22.9) 
Hyperlipidemia 11 (14.8) 
Atrial fibrillation 26 (35.1) 
Ischemic heart disease 22 (29.7) 
Smoking 12 (16.2) 
TACI 27 (36.5) 

TACI – total anterior circulation infarct. 
 
Sixty-one (82.4%) patients had no hypoplasia of IJV 

while 13 (17.6%) of them had ipsilateral hypoplasia of IJV. 
The group with hypoplastic IJV and the stroke on the same 
side, had TACI in 38.5% and PACI in 61.5% cases. 

Right IJV was hypoplastic in 6 patients (41.7%), with 
the mean diameter of 4.4 mm. Left IJV was hypoplastic in 7 
patients (58.3%) with the mean diameter of 4.2 mm. The 
mean diameter of hypoplastic IJV was 4.4 ± 0.5 mm [mean ± 
standard deviation (SD)], the median was 4.4 mm, the mini-
mal diameter was 3.4 mm and the maximal was 5.0 mm. On 

the contralateral side, the diameter was 7.6 ± 2.2 mm (me-
dian 8.3 mm; minimum 3.5 – maximum 11.5 mm). 

Comparing the clinical outcome in the group of patients 
with territorial infarction in anterior circulation and 
ipsilateral hypoplasia, we did not find a statistically 
significant difference. Similar percentage of patients in both 
group (without and with ipsilateral hypoplasia) had good or 
worse outcome. Four (20%) had mRS < 2 and 9 (16%) had 
mRS ≥ 3 (χ2 test; p = 0.73). 

We found a statistically significant difference comparing 
the clinical outcome in the group of patients with territorial 
infarction in anterior circulation and unilateral ipsilateral 
hypoplasia IJV only on a stroke side. Nine (69.2%) patients with 
unilateral hypoplasia on a stroke side had poor outcome while 
only one (7.7%), in the group with good outcome had unilateral 
hypoplasia. (Fisher's exact test; p = 0.014). 

In the group of 13 patients with ipsilateral IJV 
hypoplasia, 4 (30.8%) patients had good outcome. Based on 
the NIHSS values for a stroke severity, 3 patients had mild 
and one patient had moderate stroke. Three patients with 
good clinical outcome had bilateral hypoplasia of IJV, whe-
reas only one patient had unilateral hypoplasia with a small 
diametar of contralateral IJV (6.3 mm) (Table 2). 

In the multivariate regressional analysis as the outcome 
predictor in our study for the patients with AIS, we stressed 
out the infarction size (Table 3), and thus we separately eva-
luated the presence of IJV hypoplasia and the infarction size 
on the treatment outcome in the patients with TACI and PA-
CI (Table 4). In the group of patients with TACI, there was a 
statistically significant difference in frequencies of the parti-
cipants without hypoplasia, with unilateral and with bilateral 
TACI in relation for treatment outcome (Table 4), while in 
the group of patients with PACI, there were no statistically 
significant differences in the frequencies of participants re-
garding presence and side of PACI in relation for treatment 
outcome (Table 4). 

Table 2  
Demographic and clinical features of patients with internal jugular vein (IJV) hypoplasia 

Patient 
No 

Age 
(years) 

Gender 
Infarct 

side 
Oxford 
scale 

Etiology 
TOAST 

NIHSS 
(admission)

AP Dmax 
ipsilateral 
IJV (mm) 

AP Dmax 
contralateral 

IJV (mm) 

mRs 
(discharge)

1 74 F L TACI 2 22 4.8 8.8 6 
2 84 F L TACI 1 15 3.7 9.4 5 
3 75 F R TACI 1 14 4.4 11.5 4 
4  78 F R PACI 2 7 4.2 8.6 4 
5 65 F L PACI 2 8 4.1 8.3 4 
6 74 M L PACI 4 11 4.9 8.3 4 
7 80 M L TACI 1 7 3.4 8.3 3 
8 70 F L PACI 2 8 4.8 8.3 3 
9 54 M R PACI 5 11 4.9 8.4 3 
10  82 F R TACI 2 15 5 5 2 
11 66 F R PACI* 2 3 4.1 6.3 1 
12 73 M L PACI 1 6 4.6 4.3 1 
13 74 F R PACI 5 4 4 3.5 1 

M – male; F – female; R – right; L – left; TACI – total anterior circulation infarct; PACI – partial anterior circulation 
infarct; * – billaterall frontal stroke; TOAST – Trial of ORG 10172 in Acute Stroke Treatment: 1 – large-artery 
atherosclerosis; 2 – cardioembolism; 3 – small-artery occlusion-lacune; 4 – stroke of other determined etiology; 5 – stroke of 
undetermined etiology; NIHSS – National Institute of Health Stroke Scale; AP Dmax – anterior posterior maximal diametar 
IJV; mRs – modified Rankin Scale. 
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Table 3 
Multivariate logistic regression analysis of the evaluated parameters and treatment outcome in the patients with the 

acute ischemic stroke  

With/Without other conditions  
Parameters  

ExpB (95% CI ExpB)  p 
Alcohol  0.178 (0.021–1.492) 0.112 
Ischemic area (TACI/PACI) 0.106 (0.012–0.945) 0.044* 
NIHSS on admission 1.137 (0.971–1.330) 0.110 

*p < 0.05; CI – confidence interval. For other abbreviations see under Table 2. 
 

Table 4 
Distribution of treatment outcome frequencies regarding the type of ischemic area and presence of internal jugular 

vein (IJV) hypoplasia 

Outcome, n (%) 
Ischemic area (IJV hypoplasia) 

good  poor 
p 

 
0 (0) 

 
22 (100) 

0 (0) 4 (100) 

TACI 
none  
unilateral 
bilateral  1 (100) 0 (0) 

0.000 

 
16 (41.0) 

 
23 (59.0) 

1 (16.7) 5 (83.3) 

PACI 
none 
unilateral 
bilateral  2 (100) 0 (0) 

0.113 

*p < 0.05. 
For abbreviations see under Table 2. 

 
Discussion 

In this study, we attempted to determine the influence 
of cerebral vascular congestion (CVC) on the outcome of an 
acute territorial ischemic stroke in anterior circulation, in 
terms of present hypoplastic jugular vein on the infarction 
side. We hypothesized that the cerebral venous congestion 
might influence the stroke outcome through impact on CPP 
or through disbalance of cerebrospinal fluid (CSF) resorp-
tion. It is known that CPP depends on the mean arterial and 
intracranial pressure, while the intracranial pressure resem-
bles the cortical veins pressure 2. Further, the cortical veins 
pressure depends on the pressure in IJV. In a supine position, 
IJV drain the largest portion of the blood from the brain. The 
ultrasound studies that evaluated anatomical characteristics 
of IJV showed that congenital small IJV or hypoplastic IJV 
were present in 10%–23% of the population 4, 5. Our findings 
are in correlation with the previous reports where we pointed 
out that 16.7% of the patients were diagnosed with 
hypoplastic IJV. 

IJV that are of a small diameter decreased the blood vo-
lume flow with the consequent congestion in the intracranial 
venous system, since, the blood flow rate was shown to be 
directly proportional to the average velocity and the vein di-
ameter 11. Some studies showed that the right IJV diameter 
was wider, stressing out that right IJV was dominant 
particularly in 2/3 of the patients 12, 13. Our study correlates 
with previous reports since we found that in 63.5% of the 
evaluated patients the right IJV was of a wider diameter. 

A great proportion of studies in last decade dealing with 
CVC was done on the patients with multiple sclerosis (MS), 
indicating as possible causes: neck veins with multifocal lu-

men narrowing, jugular reflux and jugular veins 
hypoplasia 11, 14. Further, it was stressed out that CVC was 
thought to be among the causes of leukoaraiosis and normo-
tensive hydrocephalus 15, 16. Previous reports pointed out that 
in these neurological conditions, there was a chronic decrea-
sed reuptake of CSF in dural sinuses due to the elevated ve-
nous pressure, which lead to the presence of stasis in capilla-
ries. These processes altogether directly influence CPP 17. It 
was also noticed that the small IJV presence lead to chronic 
cerebral venous insufficiency and congestion 11. 

Some studies demonstrated that in an acute territorial in-
farction, on MRI, on the side of infarction, the deep medullar 
veins could be seen and that they were the predictors of a severe 
deficit according to the NIHSS and poor outcome 18. Our find-
ings stressed out that the patients with unilateral hypoplasia on 
the infarction side had poorer outcome then others. It should be 
pointed out as well, that the patients with bilateral hypoplasia 
had a satisfactory outcome in both groups (PACI and TACI). 
Our study demonstrated that the TACI patients with unilateral 
hypoplasia had poorer outcome, while one patient with bilateral 
hypoplasia had better outcome. This observation might be ex-
plained by the fact that in such a case there could be some kind 
of the venous blood flow reorganization from jugular to non-
jugular (most likely to vertebral plexus) and thus preventing 
blood drainage from the brain misbalance, further preventing as 
well the cerebral venous congestion 19. CVC in the acute cere-
bral infarction leads to an increased pressure in veins and capil-
laries, impairing the blood-brain barrier, that is already damaged 
by the acute ischemic stroke, leading to the vasogenic edema 20. 
In addition, the cerebral venous congestion leads to a decrease in 
the perfusion pressure along with a reduction in the cerebral 
blood flow, causing further damaging of the brain tissue. The 
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deep medullar veins are dilated due to the venous insufficiency 
and congestion in the patients with leukoaraiosis 21. 

There are no studies with the ultrasonographic follow-
up measurements of IJV in acute stroke. However, one angi-
ographic study reported that the IJV and venous sinus 
hypoplasia may be the cause of the fatal edema in malignant 
media syndrome 6. 

This is in line with our results, where we stressed out 
that the presence of IJV hypoplasia on infarction side was as-
sociated with poorer prognosis, and bilateral hypoplasia with 
the better outcome. 

Despite the obtained results from our study, we should 
stress out the study limitations. The main limitation refers to 
a sample size of the stroke patients with IJV hypoplasia. 
Therefore, further studies are needed to be conducted on a 
larger number of participants for more sensitive 
interpretation of treatment outcome in the patients with the 
acute myocardial infarct regarding the presence of unilateral 
or bilateral IJV hypoplasia. 

Conclusion 

Ipsilateral, hypoplastic IJV is the cause of poor clinical 
outcome in the patients with the acute anterior circulation 
stroke due to reduced drainage of blood from the affected ce-
rebral hemisphere. It is possible that in the acute phase, the 
venous circulation cannot adapt to the new situation fast 
enough, which further leads to an increase in the intracranial 
pressure, edema and a poor clinical outcome. In our study, 
the patients with bilateral hypoplasia of IJV had good clini-
cal outcome. The main reason for this is probably a good 
adaptation of venous circulation to narrow IJV and enhanced 
drainage of the blood from the brain to non-jugular pathway 
most likely through the vertebral veins. The routine ultraso-
und examination of veins might be of a great importance in 
selection of the patients with territorial infarction who are 
expected to develop edema and thus progression of the neu-
rological condition influencing poorer treatment outcome. 

 

R E F E R E N C E S

1. Baron JC, Meglic B, Kobal J, Osredkar J, Pogacnik T. Perfusion 
thresholds in human cerebral ischemia: Historical perspective 
and therapeutic implications. Cerebrovasc Dis 2001; 11(Suppl 
1): 2–8.  

2. Paulson OB, Strandgaard S, Edvinsson L. Cerebral autoregulation. 
Cerebrovasc Brain Metab Rev 1990; 2(2): 161–92. 

3. Seoane E, Rhoton AL. Compression of the internal jugular vein 
by the transverse process of the atlas as the cause of cerebellar 
hemorrhage after supratentorial craniotomy. Surg Neurol 
1999; 51(5): 500–5. 

4. Lin BS, Kong CW, Tarng DC, Huang TP, Tang GJ. Anatomical 
variation of the internal jugular vein and its impact on tempo-
rary haemodialysis vascular access: An ultrasonographic survey 
in uraemic patients. Nephrol Dial Transplnt 1998; 13(1): 134–
8.  

5. Krsmanović Ž, Živković M, Lepić T, Stanković A, Raičević R, Dinčić E. 
Small internal jugular veins with restricted outflow are associated 
with severe multiple sclerosis: A sonographer-blinded, case-
control ultrasound study. BMC Neurol 2013; 13: 90. 

6. Yu W, Rives J, Welch B, White J, Stehel E, Samson D. Hypoplasia 
or occlusion of the ipsilateral cranial venous drainage is associ-
ated with early fatal edema of middle cerebral artery infarction. 
Stroke 2009; 40(12): 3736–9. 

7. Kasner SE. Clinical interpretation and use of stroke scales. Lan-
cet Neurol 2006; 5(7): 603–12.  

8. Pittock SJ, Meldrum D, Hardiman O, Thornton J, Brennan P, Mo-
roney JT. The Oxfordshire Community Stroke Project classifi-
cation: Correlation with imaging, associated complications, and 
prediction of outcome in acute ischemic stroke. Stroke Cere-
brovasc Dis 2003; 12(1): 1–7. 

9. Malferrari G, Zedde M, Prati P. Neurosonological Evaluation of 
Cerebral Venous Outflow. Italia, Rome: Springer-Verlag; 2014. 

10. Banks JL, Marotta CA. Outcomes validity and reliability of the 
modified Rankin scale: Implications for stroke clinical trials: a 
literature review and synthesis. Stroke 2007; 38(3): 1091–6.  

11. Bower S, Vyas S, Campbell S, Nicolaides KH. Color Doppler im-
aging of the uterine artery in pregnancy: Normal ranges of im-
pedance to blood flow, mean velocity and volume of flow. Ul-
trasound Obstet Gynecol 1992; 2(4): 261–5. 

12. Lichtenstein D, Saïfi R, Augarde R, Prin S, Schmitt JM, Page B, et al. 
The Internal jugular veins are asymmetric. Usefulness of ultra-
sound before catheterization. Intensive Care Med 2001; 27(1): 
301–5.  

13. Samy Modeliar S, Sevestre M, Cagny B, Slama M. Ultrasound 
evaluation of central veinsin the intensive care unit: Effects of 
dynamic manoeuvres. Intensive Care Med 2008; 34(2): 333–8.  

14. Zamboni P, Menegatti E, Conforti P, Shepherd S, Tessari M, Beggs C. 
Assessment of cerebral venous return by a novel plethys-
mography method. J Vasc Surg 2012; 56(3): 677–85.e1.  

15. Chung C, Lin YJ, Chao-Ching A, Lin S, Chen Y, Wang Y, et al. 
Jugular venous hemodynamic changes with aging. Ultrasound 
Med Biol 2010; 36(11): 1776–82. 

16. Bateman GA. Vascular compliance in normal pressure hydro-
cephalus. AJNR Am J Neuroradiol 2000; 21(9): 1574–85.  

17. Bateman GA. Pulse-wave encephalopathy: A comparative study 
of the hydrodynamics of leukoaraiosis and normal-pressure 
hydrocephalus. Neuroradiology 2002; 44(9): 740–8.  

18. Mucke J, Möhlenbruch M, Kickingereder P, Kieslich PJ, Bäumer P, 
Gumbinger C, et al. Asymmetry of deep medullary veins on sus-
ceptibility weighted MRI in patients with acute MCA stroke is 
associated with poor outcome. PLoS ONE 2015; 10(4): 
e0120801.  

19. Doepp F, Schreiber SJ, von Münster T, Rademacher J, Klingebiel R, 
Valdueza JM. How does the blood leave the brain? A system-
atic ultrasound analysis of cerebral venous drainage patterns. 
Neuroradiology 2004; 46(7): 565–70.  

20. Gotoh M, Ohmoto T, Kuyama H. Experimental study of venous 
circulatory disturbance by dural sinus occlusion. Acta Neuro-
chir (Wien) 1993; 124(2–4): 120–6. 

21. Yan S, Wan J, Zhang X, Tong L, Zhao S, Sun J, et al. Increased 
Visibility of Deep Medullary Veins in Leukoaraiosis. A-T MRI 
Study. Front Aging Neurosci 2014; 6: 144. 

 
Received on January 18, 2017. 

Revised on May 28, 2017. 
Accepted on June 29, 2017. 

Online First July, 2017. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


