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More than 90 percent of Idiopathic Intracranial Hypertension (IIH) patients are known to have cerebral venous sinuses stenosis1,2. Based on these findings, venous stenting has become an established treatment option for IIH patients, especially for refractory cases3,4. 	Comment by Elizabeth Caplan: Other articles in this journal show the citation numbers in brackets.
One of the criteria for stenting IIH patients is having a pressure gradient of over 8 mm Hg measured before and after the stenosis of over 8 mm Hg5-8. 
Traditionally, venous pressure measurements are performed through a 3/4 FR micro catheter attached distally to a standard hydraulic pressure recording system used for vascular pressure monitoring5-8. 
Catheter-based pressure measurement inaccuracy was has been discussed in past studies 9--12. 
In the Cardiology field, dDual-sensor pressure wires are have beenbeing routinely used for over 20 years in the Cardiology field routinely for gradient measurement over stenotic lesions for over 20 years13.
 Over the last past 10 years, only A a few case reports and case series have studied the safety and possible accuracy of using a pressure wire for measurements of brain vasculature.10,11,14,15,16. 
Since there is a doubt about the accuracy of catheter-based venous measurement, in our center, we decided to perform in all of the cases, both catheter and pressure wire measurements in all cases before getting making the decision to deploy a stent in the venous system. 
In this study, we compared cerebral venous measurements with microcatheter to pressure wire in twenty-six26 IIH patients. Our study aimed to checktests the safety and possibly the accuracy of the pressure wire. 







Methods:
In this retrospective analysis, we compared two methods of pressure measurements from the cerebral venous system in patients with venous stenosis. Demographic characteristics, medical history, procedural details, medications, indications for the procedure, and complications were collected from the patient's charts. The institutional ethics committee of the Soroka University Medical Center approved the study protocol.
Study population:
The study population included Ppatients over 18 years old, who had underwent undergone an elective venous diagnostic venography and venous pressure measurements at Soroka University Medical Center between January 2015 and October  2020. The indication for the procedure was evaluation and possible venous stenting due to refractory IIH or isolated pulsatile tinnitus (PT). Prior to the procedure, all patients went through brain MRI/MRV that ruled out malignancy or other pathological findings and showed suspected transverse/sigmoid sinus (TSS) stenosis uni/bilateral.
Procedural management:
Before the procedure, the patients were treated with 7 seven days of 100mg Aspirin and 75 mg of clopidogrel Clopidogrel once daily. Cerebral venography was performed under general anesthesia.i a. After transfemoral venous access was obtained, a 6 Fr NeuronMax guide catheter (Penumbra) was advanced into the right jugular bulb.
The patient was treated with IV Heparin during the procedure to keep an ACT over 250 seconds. A microcatheter (3MAX, Penumbra) over 0.14-inch microwire (Synchro-2, Boston Scientific) was navigated into the superior sagittal sinus. An injection through a microcatheter was performed to verify and locate the stenotic region/(s). After the stenosis was crossed, the microwire was removed, and a standard arterial pressure transducer was calibrated and connected to the microcatheter. Systolic, diastolic, and mean measurements were recorded. The same measurements were also recorded proximal to the stenosis and in the contralateral side ( in case contralateral stenosis was demonstrated). After the microcatheter pressure measurements were completed, we crossed the stenosis again in the same manner. After the lesion was crossed, we exchanged the Synchro wire with a pressure wire (x-guidewire, Abbott /Verata, Phillips Volcano) and pulled back the microcatheter. The wire was connected to its computerized system and pressure recording was collected from the exact locations before and after the stenotic areas. 
We made sure that during all measurements, the microcatheter and Navien will werebe pulled back into the Neuronmax that was always located always at the proximal point of the Sigmoid sinus (as far as possible to avoid interference with measurements). In cases where a gradient of ≥8 mm Hg was recorded with the microcatheter  (currently the gold standard), we proceeded with stenting. Patients that were not found to have a significant pressure gradient did not go through stenting, and the procedure was completed at this point.

Venous sinus stenting
An appropriately sized Precise (Cordis) stent (7–9 mm diameter, 40 mm length) was placed in eligible patients. If bilateral stenosis with a bilateral significant pressure gradient was found, the stent was placed on the dominant side with the higher pressure gradient. In patients in for whom the stent did not look completely opened, we choose to inflated a balloon in the stenotic area. A pressure gradient was re-measured with both microcatheter and pressure wire post stenting proximal and distal to the stent. Post stenting dilatation was done only rarely with a 7X40 Ballon (Aviator, Cordis) whenever we got had the impression that there is was a stenotic region within the stent structure. 
Post stenting, we repeated the pressure measurements with the pressure wire and the microcatheter in the same way done as before stenting. 

The study was approved by the Soroka university hospital ethics commity



Results:
Twenty-six ,all-female patients were included in the study. Three of them had an isolated PT, and twenty-three23 patients had beenwere diagnosed with IIH and had who either developed severe side effects to medical treatment or did not showed no a significant response to it. The mean age of the patients at the time of the procedure was 34.12 ± 9.88 years  (range 17-52). Additional demographic and clinical information is shown in table Table 1.












Table 1: Patients Demographic and clinical Clinical History
	N=26
	

	1 (3.8)
	Gender (male) – N (%)

	34.12 ± 9.88
(17;52)
	Age, years –
Mean ± SD
(min;max)

	(23) 81.91± 14.34
(51;105)
	Weight, kg –
(N) Mean ± SD
(min;max)

	(21) 161.90 ± 5.90
(150;170)
	Height, cm –
(N) Mean ± SD
(min;max)

	(24) 31.96 ± 8.32
(19;61)
	BMI –
(N) Mean ± SD
Median (IQR)

	4 (15.4)
	Topamax Treatment - N (%)


	20 (76.9)
	Uramox Treatment – N (%)

	10 (38.5)
	Pseudotumor
	Symptoms - N (%)

	5 (19.2)
	Tinnitus
	

	9 (34.6)
	Both
	

	(21) 341.19 ± 123.32
320 (250;400)
	LP -  
(N) Mean ± SD
Median (IQR)

	23 (88.5)
	Headache - N (%)

	20 (76.9)
	Papilledema – N (%)

	17 (65.4)
	Visual Field Defects – N (%)
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 All twenty-six26 patients underwent pre- and post- stenosis venous pressure  measurements with both pressure wire and a microcathter attached to an arterial line transducer system. 



Results of the measurements are detailed in Ttable 2.

Table 2. Venous pressure measured with the microcatheter and the pressure wire before stent treatment
A) Pre-treatment pressure measurements – right transverse sigmoid junction (mm Hg)
	
	Pre-treatment pressure measurments- right transverse sigmoid junction (mm Hg)

	
	
	

	
	
	Pre-stenosis
	Poet-stenosis
	Pressure gradient
	

	micro-catheter
	Avg±SD
	systole
	diastole
	mean
	systole
	diastole
	mean
	
	

	micro-catheter
	nAvg±SD
	38.8±13.2
	29.9±8.1
	33.9±9.6
	23.8±3.9
	19.1±4.7
	20.3±4.8
	13.8±8.0
	

	pressure wire
	Avg±SDn
	20
	20
	23
	21
	21
	23
	25
	

	pressure wire
	nAvg±SD
	29.5±12.3
	19.6±7.0
	24.7±8.4
	9.6±3.4
	4.9±3.7
	9.6±4.9
	15.8±7.3
	

	
	n
	14
	14
	23
	12
	12
	23
	25
	

	t test
	p value
	
	
	
	
	
	
	
	

	t test
	np value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.048
	

	
	n
	13
	13
	23
	12
	12
	23
	25



	

	
	
	Pre-stenosis
	Post-stenosis
	Pressure gradient

	
	
	systole
	diastole
	mean
	systole
	diastole
	mean
	

	micro-catheter
	Avg±SD
	34.2±10.7
	28.3±7.4
	31.8±9.2
	22.2±3.8
	18.3±3.6
	19.8±3.4
	12.2±7.8

	
	n
	18
	18
	20
	18
	18
	20
	20

	pressure wire
	Avg±SD
	27.6±11.5
	19.5±8.3
	26.7±11.3
	9.8±4.1
	5.0±3.6
	10.9±5.4
	15.7±7.9

	
	n
	10
	10
	19
	9
	9
	19
	19

	
	
	
	
	
	
	
	
	

	t test
	p value
	<0.001
	<0.001
	0.0017
	<0.001
	<0.001
	<0.001
	<0.001

	
	n
	10
	10
	19
	9
	9
	19
	19


B) Pre-treatment pressure measurments – left transverse sigmoid junction (mm Hg)
Pre-treatment pressure measurments- left transverse sigmoid junction (mm Hg)
	

	
	
	Pre-stenosis
	Post-stenosis
	Pressure gradient

	
	
	systole
	diastole
	mean
	systole
	diastole
	mean
	

	micro-catheter
	Avg±SD
	34.2±10.7
	28.3±7.4
	31.8±9.2
	22.2±3.8
	18.3±3.6
	19.8±3.4
	12.2±7.8

	
	n
	18
	18
	20
	18
	18
	20
	20

	pressure wire
	Avg±SD
	27.6±11.5
	19.5±8.3
	26.7±11.3
	9.8±4.1
	5.0±3.6
	10.9±5.4
	15.7±7.9

	
	n
	10
	10
	19
	9
	9
	19
	19

	
	
	
	
	
	
	
	
	

	t test
	p value
	<0.001
	<0.001
	0.0017
	<0.001
	<0.001
	<0.001
	<0.001

	
	n
	10
	10
	19
	9
	9
	19
	19



Table 2: measurements were recorded during the procedure before stenting on both TSS (A: Right, B: Left), and the calculated values based on them.  A paired student t-test was performed for each parameter measured by the two systems.  

All measurements pointed to statistically significant differences between the two measurement systems. 
Microcathter pressure values were significantly higher than the pressure wire in all measurements, as presented in Figure 1.

	Right-side TSS

	[image: ]

	Left-side TSS
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Fig.ure 1:. Estimated blood pressure gradients across the stenosis on both its sides before treatment
Venous pressure measurements pre- and post-stenosis as estimated by the arterial line and pressure wire differ on both sides.   Measured Systolic systolic (A) and Diastolic diastolic (B) pressure are shown on the right and measured Systolic systolic  (C) and diastolic  (D) pressure on the left TSS. The measurements differ significantly in all the locations, and the arterial line yields higher calculated values.

Based on an 8 mm mmHg  pressure gradient cut-off indication, Nineteen 19 patients were found eligible and wentto go through unilateral venous stenting (the decision was based on catheter measurements only alone). 
The wire results supported the catheter in detecting all cases indicated for a stent. This finding implies a sensitivity equal to 100% for the wire measurements.
 Out ofOf the patients not in need of stenting as per the catheter measurements, three patients would bewere assigned for to this procedure based on the wire. This can be translated to the a specificity index equal to 60%
  
We conducted the ROC analysis to estimate the ability of the pressure wire method to discriminate between patients in who need for  stenting  and from those who are notdon’t. In the ROC curve analysis shown in (Figure 2), a stent was indicated for patients with pressure gradients  higher than 8 mm Hg in the catheter measurments. The figure presents the estimates of Sensitivity sensitivity and Specificity specificity of the method versus this indication. The area under the curve (AUC) was estimated at 0.997 (p-value<0.001).
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Figure 2.: ROC curve analysis of of pressure wire method t.
Keeping the same pattern, significantly higher values were also recorded in the catheter also Post post-stenting,. A as presented shown in tTable 3 and figure3Figure 3. 
The wire pressure gradient measurements were supported in 100% of the catheter measurements also post- stenting as well. 
For availability reasons, In nineteen 19 patients, we used an (Abbott) X-guidewire (Abbott) pressure wire system, and on the seven other patients, a (Philips) Volcano pressure wire (Philips) was used. When we repeated the comparison with the microcatheter separately with each wire, we did not get differentgot the same results.




Table 3. Venous pressure measured with the microcatheter and the pressure wire post-stenting
	
	Post-stenting pressure measurments (P, mm Hg)

	
	
	Pre-stenosis
	Post- stenosis
	Pressure gradient

	
	
	systole
	diastole
	mean
	systole
	diastole
	mean
	

	micro-catheter
	Avg±SD
	27.1±7.7
	23.8±7.5
	25.4±7.7
	26.6±8.1
	22.3±8.4
	23.4±8.2
	2.3±2.3

	
	n
	15
	15
	17
	15
	15
	17
	17

	pressure wire
	Avg±SD
	13.7±4.7
	8.8±4.5
	15.8±7.0
	9.5±3.4
	5.0±3.6
	11.3±6.8
	4.5±1.7

	
	n
	10
	10
	18
	10
	10
	18
	18

	
	
	
	
	
	
	
	
	

	t test
	p value
	0.0016
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.0038

	
	n
	8
	8
	16
	8
	8
	16
	16



Table 3: mMeasurements in Table 3 were recorded post- stenting proximal and distal to the stent. A paired student t-test was performed for each parameter measured by the two systems.  

Fig. 3: systolic and Diastolic values measured proximal and distal to the stent:
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Figure 3. Systolic and diastolic values measured proximal and distal to the stent
	Comment by Elizabeth Caplan: Something seems to be missing here. The sentence is incomplete, but there is no other text that goes with it logically.
Fig. 2: Estimated blood pressure gradients across the treated stenosis 
 B)  SVP and C) DVP proximal and distal to the treated stenosis obtained by the two measurement systems.  The venous pressure ranges measured by the two methods, for all the cases tested, differed significantly, p<0.001.
Regarding complications,; One one patient developed a groin hematoma, but no other complications were reported. We did not encountered no any wire-related technical problems nor wire-related complications.

Discussion
In this study, we compared two modalities for cerebral venous pressure measurements,; The the microcatheter system,which is currently the gold standard, versus the pressure wire system, which is routinely used only in the cardiology field. 
As far as we are aware off, this is the largest case series reporting the use of pressure wire for cerebral venous measurements. 
Our study showed shows the safety of pressure wire use in cerebral veins. Under Using the our technique we used, there were no wire-related complications. Other studies also support the safety of the using a pressure wire used in the cerebral venous system10,11,15,16.
We also noticed that the wire was in full agreement with the microcatheter system on patients with pressure gradients equals or more greater than eight 8mm Hg, which is currently the formal indication for venous stenting (100% sensitivity).
In 3 three cases, the wire detected a significant gradient for stenting that was not appreciated by the microcatheter. In one of the cases, we repeated the microcatheter measurements a few times and webut couldn’t get persistent results which could point outindicate a technical failure of the arterial line system. This technical failure cancould be the result of aoccur from several few possible malfunctions, such as accidentally changing the location of the transducer, adding extension tubing, kinking of in the tubing system, or adding an extension tubing, clotting in the tubing system, etc..
In the two other cases, the wire showed results that are were slightly over the 8 mm h20Hg,? and the catheter showed a result that is slightly lower than that. so tThis difference can couldbe possibly be explained by a normal deviation between the different measurement systems. We didn’t noticed no any anatomical differences in these three cases that can could give provide a better explanation.	Comment by Elizabeth Caplan: Please confirm the accuracy of this change.
SA significantly higher mean, diastolic, and systolic pressure measurement values were recorded from the microcatheter and were noticed relatively close to the pressure wire.	Comment by Elizabeth Caplan: Please confirm the accuracy of this change.
These results are not in agreementdisagree with a case series published by Lenck et al.10 that included 14 patients, whichwhich  showed that the absolute measured values were actually higher in the wire measurements (although no statistical significance was calculated for this questions)10 in a case series that included 14 patients. 
This difference in absolute results can be explained by the different microcatheters that were used in the other studies. Lenck et al. used a Prowler select plus, which has a 2.3F distal  OD and 0.015 inches distal ID., in In our study, we used a 3 Max which has a 3.8F distal OD with an 0.035 inch distal ID. A bigger catheter may might measure higher values since it narrows the lumen of the vessel. 
Other studies, on the other hand, other studieshave showed shown that microcatheters with larger ID will have lower  damping17,18 which may potentially provide may give more accurate results. These results suggest and recommend using larger ID catheters for pressure measurements.
Besides catheter dimensions that may affect the measurements ,also the vessel curves may also exhibit artifacts-causing attenuation, overshooting, or damping. Other issues that may affect the waveform are the sensor position and stability;, length of the tubing,; and the material quality of the catheter and tubing materials . The pressure wire system is an electrical-based method that can measure pressure without the need for a diaphragm or interposed liquid columns that potentially allow more accurate measurements with less fewer artifacts11. The Ppressure wire method has been used as the gold standard pressure for measuring measurementmethod in cardiology for the plast twenty 20 years and is considered be highly accurate13,19,20. However, 

Based on our measurements lead us to we can  conclude that the pressure wire is safe and probably as accurate as of the microcatheter. As a more straightforward method without dependence on multiple variables, it is possible that the pressure wire is more accurate than the microcatheter.In his study, While we were not unable to prove the a higher accuracy of for the wire over the catheter in the present study, we propose since the microcatheter was referred to as the gold standard. Based on the wire measurement as a more straightforward method without dependence on multiple variables it is possible that it is more accurate than the catheter but larger scale largerstudies to help -scale studies are needed to address investigate this issuelikelihood.
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