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Vertebral Endplate Pain
* Pathophysiology
* C(linical Phenotype

* Treatment



Endplates are vulnerable to large forces

BVN Termini

BVN Termini
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Endplates are vulnerable to large forces

» Damage/defects -> leakage of
proinflammatory factors from the
nucleus pulposus
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Endplates are vulnerable to large forces

»Damage/defects -> leakage of
proinflammatory factors from the nucleus
pulposus

» Chemical sensitization
» Increased nerve fiber density

» Nociceptor proliferation at
basivertebral nerve termini
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Patients with Chronic LBP:

e Basivertebral nerve termini:
Immunoreactive to substance P
at levels with Modic 1 or 2

changes

* Increase in CGRP
containing sensory nerves
compared with normal levels.
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. N=22: undergoing 2 level fusion

. Modic changes at one level and one without
(control)
. Gene expression profiles of the marrow and disc

assessed by comparing disc/bone marrow features
at levels with Modic relative to those without.
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. Pro-osteoclastic changes in
MC2 levels, an inflammatory
dysmyelopoiesis with
fibrogenic changes in MC1
and MC2 marrow

Pro-inflammatory

® leukocytes
e NP cells

. Upregulation of neurotrophic
receptors in MC1 and MC2
bone marrow and discs.

Anti-inflammatory
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Clinical Phenotype of Vertebrogenic Pain?

* How do we recognize patients with Vertebrogenic pain?

* How do we best select patients for the BVNA procedure?
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Aggregated Randomized Patients (3 Studies)
N= 475

—>‘ 1—LTFU prior to treatment

BVN Ablation Sham/Standard Care
n=322 n=152
147 - SMART RCT (Treatment Arm) 78 - SMART RCT Sham
66 - INTRACEPT RCT (Treatment Arm) 74 - INTRACEPT RCT Standard Care

61 - INTRACEPT RCT (Crossover)
48 - CLBP Single Arm Study

2 - Inability to Access 2 —LTFU prior to 3-Month
24 - Target Failures

Sham/Standard Care
n=150

Successfully Treated BVN Ablation
n=296
130 - SMART RCT (Treatment Arm)
64 - INTRACEPT RCT (Treatment Arm)
57 - INTRACEPT RCT (Crossover)
45 - CLBP Single Arm Study

AJ 5 — Missing ODI/VAS at 3 months

BVN Ablation

Medicine N=291




Inclusion Criteria

Exclusion Criteria

1,

Skeletally mature patients with chronic (>6 months) isolated lumbar
back pain, who had not responded to at least 6 months of nonopera-
tive management

Type 1 or Type 2 Modic changes at one or more vertebral body for
levels L3-S1

Minimum ODI of 30 points (100-point scale)

Minimum VAS of 4 cm (10-cm scale) (average low back pain in past
7 days)

Ability to provide informed read, and

questionnaires

consent, complete

1.

2:

10.

11:

2

13:

14.

15:

16.

17.

MRI evidence of Modic at levels other than L3-S1

Radicular pain (defined as nerve pain following a dermatomal distri-
bution that correlates with nerve compression in imaging)

Previous lumbar spine surgery (discectomy/laminectomy allowed if
>6 months before baseline and radicular pain resolved)

Symptomatic spinal stenosis (defined as the presence of neurogenic
claudication and confirmed by imaging)

Metabolic bone disease, spine fragility fracture history, or trauma/
compression fracture, or spinal cancer

Spine infection, active systemic infection, bleeding diathesis
Radiographic evidence of other pain etiology

Disc extrusion or protrusion >5 mm

Spondylolisthesis >2 mm at any level

Spondylolysis at any level

Facet arthrosis/effusion correlated with facet-mediated LBP

BDI >24 or >3 Waddell’s signs

Compensated injury or litigation

Currently taking extended-release narcotics with addiction behaviors
BMI >40

Bedbound or neurological condition that prevents early mobility or
any medical condition that impairs follow-up

Contraindication to MR, allergies to components of the device, or ac-
tive implantable devices, pregnant, or lactating



Included Based on Presumed Vertebral Endplate Pain

* Lacked significant stenosis and/or radicular pathology
* Lacked significant spinal instability

* Lacked scoliosis

* Lacked high depression scores

* Lacked morbid obesity



Grid created in Adobe Illustrator

Overlaid on patient-completed body
diagram

Blinded research assistant:
» Location of patient markings
translated to binary “1 or 0”
within each grid box
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e Binary “1 or 0” within each grid box
summed across all study participants
who underwent BVN to create a
“heat map”




Also coded for regions of clinical interest
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Definition 1 Response Threshold

>50% VAS improvement
P Value

Definition 2 Response Threshold

>15 ODI improvement

Definition 3 Response Threshold
>50% VAS or >15 ODI

improvement

}

Stepwise Logistic
Regression Model

P Value

Stepwise Logistic
Regression Model

P Value

Stepwise Logistic
Regression Model




Definition 1 Response Threshold

>50% VAS improvement
P Value

Definition 2 Response Threshold

>15 ODI improvement

Definition 3 Response Threshold
>50% VAS or >15 ODI

}

Stepwise Logistic
Regression Model

}

P Value

Stepwise Logistic
Regression Model

}

improvement

P Value
Stepwise Logistic
Regression Model

}

AUC (Area under the receiver-operating characteristics (ROC) curve)
0.5 = no discrimination between treatment success/failure in the model
0.5 - 0.7 = some predictive ability

0.7 - 0.8 = acceptable predictive ability
0.8 - 0.9 = excellent predictive ability
>0.9 = outstanding predictive ability




Results — Demographic
and Historical Factors
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Table 3. Nonpredictive variables removed from the final regression model

Definition 1 Response Threshold Definition 2 Response Threshold Definition 3 Response Threshold

>50% VAS or >15 ODI
>50% VAS improvement >15 ODI improvement improvement
P Value P Value P Value

Variable (n=292) (n=291) (n=292)

Age 0.1933 0.5762 0.5024
Sex 0.6798 0.0927 0.2686
Married 0.5416 0.7837 0.8384
Pain duration >3 years Included in the 0.5994 0.2003

final model
History of depression 0.2102 0.3024 0.166
History of anxiety 0.9015 0.2146 0.2214
History of opioid use 0.886 Included in the 0.239
final model
Employed 0.1874 0.5707 0.6254
Facet arthropathy 0.3546 0.7962 0.8707
Radicular pain/weakness 0.7015 0.4162 0.4715
Baseline BMI 0.2058 0.5708 0.6929
Baseline BDI Included in the Included in the Included in the
final model final model final model
Baseline VAS score 0.3585 0.1853 0.2089
Baseline ODI score 0.8449 Included in the Included in the
final model final model

Baseline SF-36 PCS score 0.4977 0.3379 0.7675
Baseline SF-36 MCS score 0.2175 0.795 0.6659
Modic Type 1 0.5802 0.6332 0.7288
Modic Type 2 0.6146 0.49 0.5947
Number of treated levels 0.8768 0.5385 0.3919

SF-36= Short-Form-36; PCS= Physical Component Score; MCS= Mental Component Score.

Variables that were not selected for the final model based on the stepwise logistic regression approach with each definition of response are shown. Except as
noted, these predictors were not considered statistically significant predictors when fitting the regression model with an entry P value of 0.05 and a stay P value of
0.10.
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Table 6. Predictive model from the final selected model following stepwise logistic regression (Response Definition 2)

Area Under ROC
Model Variable Included Odds Ratio P Value Pseudo R? Curve
Treated subjects History of opioid use (yes vs no) 0.544 0.0424
n=296
n =289 used for Baseline BDI 0.943 0.0203 0.10 0.70
selection
n =291 for final se- Baseline ODI 1.062 <0.0001

lected model

Final candidate predictors for the final model are shown: Opioid use, baseline BDI score, and baseline ODI demonstrated a P value <0.05 with Response
Definition 2 (>15-point ODI improvement). Of the variables examined, higher baseline ODI score (greater functional impairment related to LBP) increased the
odds of treatment success, whereas history of opioid use and higher baseline BDI score (greater depression symptoms) decreased the odds of treatment success.
The AUC for this model is 0.70, for borderline acceptable predictive ability.



Table 6. Predictive model from the final selected model following stepwise logistic regression (Response Definition 2)

Area Under ROC
Model Variable Included OddsRatio P Value Pseudo R* Curve
Treated subjects History of opioid use (yes vs no) 0.544 0.0424
n=296
n =289 used for Baseline BDI 0.943 0.0203 0.10 0.70
selection ’
n =291 for final se- Baseline ODI 1.062 <0.0001
lected model Border of “acceptable”

Final candidate predictors for the final model are shown: Opioid use, baseline BDI score, and baseline ODI demonstrated a P value <0.05 with Response
Definition 2 (>15-point ODI improvement). Of the variables examined, higher baseline ODI score (greater functional impairment related to LBP) increased the
odds of treatment success, whereas history of opioid use and higher baseline BDI score (greater depression symptoms) decreased the odds of treatment success.
The AUC for this model is 0.70, for borderline acceptable predictive ability.



Results — Pain Location
and Exacerbating
Activities
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Table 3. Variables not selected for the final model

Variables that were not selected for the final model based on the stepwise logistic regression approach using each definition of re-
sponse are shown. Except as noted, these predictors were not considered statistically significant predictors when fitting the regres-
sion model using an entry Pvalues of 0.05 and a stay P values of 0.10.

ODI >15-point OR

VAS >50% Reduction ODI >15-point Reduction VAS >50% Reduction
Variable P-value P-value P-value
Age 1745 2647 3977
Gender .6381 Included in model .0722
History of epidural use Included in model 5077 4269
History of opioid use 5934 Included in model 2036
Lateral pain 1871 2752 4195
Lower gluteal pain 9627 4403 5232
Lower leg pain 1165 .8708 2352
Mid upper gluteal pain 4257 2148 .3304
Midline pain .307 185 1594
Pain duration > § years Included in model 241 .1016
Paraspinal pain 4927 .8534 8507
Upper gluteal lateral pain 9169 8154 9209
Upper leg pain 9956 5291 .8885
Worse pain bending backward 3244 .0502 Included in model
Worse pain bending forward 9212 4392 .5419
Worse pain bending to the left 401 3061 Included in model
Worse pain bending to the right .8135 .7047 .1098
Worse pain with laying down 5628 3767 .69
Worse pain with physical activity 1191 Included in model 0675
Worse pain with sitting 2137 .565 3134
Worse pain with standing :522. 2508 7271
Worse pain with walking 7596 9351 6287
Worse pain with work activity 4596 9111 9304

VAS = Visual Analog Scale; ODI = Oswestry* Disability Index.
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Table 4. Predictive model results by response definition

Final candidate predictors for the three models are shown: pain duration and baseline Beck Depression Inventory (BDI) score dem-
onstrated a P values <.05 using the Response Definition 1 (>50% VAS improvement). Of the variables examined, pain duration
>byears increased the odds of treatment success while higher baseline BDI scores (greater depression symptoms) decreased the
odds of treatment success. The AUC for this model is 0.62 for limited predictive ability.

Area Under

Model Variable Included OR P-value Pseudo R*> ROC Curve
Definition no. 1: > 50% VAS Improvement from Baseline
Treated subjects Pain duration > § years (Yes vs No) 2.366 .001 0.05 0.63
N =296,
N =283 used for selection, History of Epidural use (Yes vs No) 0.556 .0162
N =292 for final selected model
Definition no. 2: > 15-point ODI Improvement from Baseline
Treated subjects Gender (Female vs Male) 1925 .0119 0.05 0.64
N =296,
N =282 used for selection, History of opioid use (Yes vs No) 0.509 017
N =291 for final selected model

Worse pain with physical activity (Yes vs No) 2.099 .0253
Definition no. 3: > 15-point ODI Improvement or > 50% VAS Improvement from Baseline
Treated subjects Worse pain bending to the left (Yes vs No) 2.184 .0049 0.04 0.61
N'=296.
N =283 used for selection, Worse pain bending backward (Yes vs No) 0.542 .038

N =290 for final selected model
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Pain Location Heat Maps
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Results — MRI
Characteristics
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Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
BMIC
Yes 100.0% (292) 54.2% (156/288) 45.8% (132/288) 67.2% (193/287) 32.8% (94/287)
BMIC type 42 .58
Type 1 54.8% (160) 56.1% (88/157) 43.9% (69/157) 69.4% (109/157) 30.6% (48/157)
Type 2 44.5% (130) 51.2% (66/129) 48.8% (63/129) 64.3% (83/129) 35.7% (46/129)
Type 3 0.7% (2) 100.0% (2/2) 0.0% (072) 100.0% (1/1) 0.0% (0/1)
BMIC height 24 .78
Localized to endplate only 27.7% (81) 60.5% (49/81)  39.5% (32/81) 71.6% (58/81)  28.4% (23/81)
Less than 25% of vertebral body 35.3% (103) 49.5% (50/101) 50.5% (51/101) 65.3% (66/101) 34.7% (35/101)
height
25 to 50% of vertebral body height 31.5% (92) 56.7% (51/90)  43.3% (39/90) 66.3% (59/89)  33.7% (30/89)
More than 50% vertebral body 5.5% (16) 37.5% (6/16) 62.5% (10/16) 62.5% (10/16)  37.5% (6/16)
height
BMIC area 54 .68
Less than 25% of endplate area 28.1% (82) 55.6% (45/81)  44.4% (36/81) 65.4% (53/81)  34.6% (28/81)
25 to 50% of endplate area 26.7% (78) 58.4% (45177)  41.6% (32/77) 71.4% (55177)  28.6% (22/77)

More than 50% of endplate area 45.2% (132) 50.8% (66/130) 49.2% (64/130) 65.9% (85/129) 34.1% (44/129)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement

ODI >15 Point Improvement

Successfully Treated P Non P

Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Endplate defect 25 13

No 22.3% (65) 47.6% (30/63)  52.4% (33/63) 58.7% (37163)  41.3% (26/63)

Yes 77.7% (227)  56.0% (126/225) 44.0% (99/225) 69.6% (156/224) 30.4% (68/224)
Endplate defect shape .50 .63

Sharp, angular 1.8% (4) 25.0% (1/4) 75.0% (3/4) 50.0% (2/4) 50.0% (2/4)

Schmor!’s node 4.4% (10) 60.0% (6/10) 40.0% (4/10) 80.0% (8/10) 20.0% (2/10)

Irregular 93.8% (213) 56.4% (119/211) 43.6% (92/211) 69.5% (146/210) 30.5% (64/210)
Endplate defect size 41 W

Less than 1/3 endplate area
Between 1/3 and 2/3 endplate area
More than 2/3 endplate area

22.9% (52)
22.5% (51)
54.6% (124)

59.6% (31/52)
62.0% (31/50)
52.0% (64/123)

40.4% (21/52)
38.0% (19/50)
48.0% (59/123)

71.2% (37/52)
80.0% (40/50)
64.8% (79/122)

28.8% (15/52)
20.0% (10/50)
35.2% (43/122)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement

ODI >15 Point Improvement

Successfully Treated Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Degenerative disc disease .60 12
Homogeneous disc structure with 0.0% (0) 0.0% (0/0) 0.0% (0/0) 0.0% (0/0) 0.0% (0/0)
bright white disc (Pfirrmann
Grade 1)
Inhomogeneous structure with or 1.4% (4) 75.0% (3/4) 25.0% (1/4) 75.0% (3/4) 25.0% (1/4)
without horizontal bands (Grade 2)
Inhomogeneous structure with gray 21.6% (63) 47.5% (29/61)  52.5% (32/61) 55.7% (34/61)  44.3% (27/61)
disc (Grade 3)
Inhomogeneous structure with gray 39.7% (116) 55.7% (64/115) 44.3% (51/115) 73.0% (84/115) 27.0% (31/115)
to black disc (Grade 4)
Inhomogeneous structure with black 37.3% (109) 55.6% (60/108) 44.4% (48/108) 67.3% (72/107)  32.7% (35/107)
disc (Grade 5)
Nuclear signal 27 44
Normal, pure white signal on T2- 1.4% (4) 50.0% (2/4) 50.0% (2/4) 75.0% (3/4) 25.0% (1/4)
weighted images
Moderate loss, intermediate between 20.2% (59) 44.8% (26/58)  55.2% (32/58) 60.3% (35/58)  39.7% (23/58)
normal and severe
Severe loss, homogenous black signal 78.4% (229) 56.6% (128/226) 43.4% (98/226) 68.9% (155/225) 31.1% (70/225)
Disc height .61 22
Normal, less than 10% loss of 12.7% (37) 47.2% (17/36)  52.8% (19/36) 58.3% (21/36)  41.7% (15/36)
expected height
Moderate narrowing, 10-50% loss 33.9% (99) 56.7% (55/197)  43.3% (42/97) 63.9% (62/97)  36.1% (35/97)
Severe narrowing, 50% loss 53.4% (156) 54.2% (84/155) 45.8% (71/155) 71.4% (110/154) 28.6% (44/154)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
High intensity zone .74 49
No 84.2% (246) 53.7% (131/244) 46.3% (113/244) 66.3% (161/243) 33.7% (82/243)

Yes 15.8% (46) 56.8% (25/44)  43.2% (19/44) 72.7% (32/144)  27.3% (12/44)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Disc contour . . . . .89 V . . . .63
Normal, no extension beyond the 3.4% (10) 60.0% (6/10) 40.0% (4/10) 50.0% (5/10) 50.0% (5/10)
interspace
Bulge, circumferential, symmetrical 81.2% (237) 54.5% (127/233) 45.5% (106/233) 67.4% (157/233) 32.6% (76/233)
disc extension
Protrusion, focal or asymmetrical disc 15.1% (44) 50.0% (22/44)  50.0% (22/44) 69.8% (30/43)  30.2% (13/43)
extension
Extrusion, focal disc extension be- 0.3% (1) 100.0% (1/1) 0.0% (0/1) 100.0% (1/1) 0.0% (0/1)

yond the interspace



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Nerve root compromise 5 30
No nerve root contact 94.5% (276) 53.3% (145/272) 46.7% (127/272) 67.2% (182/271) 32.8% (89/271)
Nerve root contact without deviation 3.8% (11) 63.6% (7/11) 36.4% (4/11) 63.6% (7/11) 36.4% (4/11)

(

(
Nerve root deviation 1.4% (4) 100.0% (4/4) 0.0% (0/4) 100.0% (4/4) 0.0% (0/4)
Nerve root compression/deformation 0.3% (1) 0.0% (0/1) 100.0% (1/1) 0.0% (0/1) 100.0% (1/1)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Facet joint arthropathy 47 .62
Normal facet joint space (2-4 mm 8.9% (26) 44.0% (11/25)  56.0% (14/25) 60.0% (15/25)  40.0% (10/25)
width)
Narrowing of the FJ space (<2 mm) 60.6% (177) 57.4% (101/176) 42.6% (75/176) 69.3% (122/176) 30.7% (54/176)
and/or small osteophytes
Narrowing of the F] space and/or 28.8% (84) 51.2% (42/82)  48.8% (40/82) 65.9% (54/82)  34.1% (28/82)
moderate osteophytes
Narrowing of the F] space and/or 1.7% (5) 40.0% (2/5) 60.0% (3/5) 50.0% (2/4) 50.0% (2/4)
large osteophytes
Facet joint fluid .03 42
No 66.4% (194) 58.6% (112/191) 41.4% (79/191) 68.9% (131/190) 31.1% (59/190)

Yes 33.6% (98) 45.4% (44/97)  54.6% (53/97) 63.9% (62/97)  36.1% (35/97)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Olisthesis .80 .78
No 94.5% (276) 54.4% (148/272) 45.6% (124/272) 67.5% (183/271) 32.5% (88/271)

Yes 5.5% (16) 50.0% (8/16) 50.0% (8/16) 62.5% (10/16)  37.5% (6/16)



Table 2. Descriptive summaries by patient and endplate with greatest bone marrow intensity changes (BMIC) height

VAS >50% Improvement ODI >15 Point Improvement
Successfully Treated P Non P
Characteristics Patients (n=292)  Responders Non Responder value*Responders Responders value*
Congenital stenosis .34 .10
No 98.6% (288) 54.6% (155/284) 45.4% (129/284) 67.8% (192/283) 32.2% (91/283)
Yes 1.4% (4) 25.0% (1/4) 75.0% (3/4) 25.0% (1/4) 75.0% (3/4)
Foraminal stenosis A1 46
Normal foramina with normal dorso- 33.6% (98) 49.5% (47195)  50.5% (48/95) 62.1% (59/95)  37.9% (36/95)
lateral border
Slight foraminal stenosis and defor- 53.1% (155) 52.6% (81/154) 47.4% (73/154) 68.2% (105/154) 31.8% (49/154)
mity of the epidural fat
Marked foraminal stenosis and defor- 12.0% (395) 71.4% (25/35)  28.6% (10/35) 76.5% (26/34)  23.5% (8/34)
mity of the epidural fat
Advanced stenosis with obliteration 1.4% (4) 75.0% (3/4) 25.0% (1/4) 75.0% (3/4) 25.0% (1/4)
of the epidural fat
Central spinal stenosis .65 59
No constriction of thecal sac 95.5% (279) 53.8% (148/275) 46.2% (127/275) 67.3% (185/275) 32.7% (90/275)
Mild constriction of thecal sac with 2.7% (8) 62.5% (5/8) 37.5% (3/8) 71.4% (5/7) 28.6% (217)
minimal loss of CSF
CSF diminished but still present 1.4% (4) 75.0% (3/4) 25.0% (1/4) 75.0% (3/4) 25.0% (1/4)
Complete loss of CSF in the thecal sac 0.3% (1) 0.0% (0/1) 100.0% (1/1)