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Section 
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Scope and Duration 

Section 3.1.2: 
Safety 
Evaluations 

Section 4.5: 
Safety 
Evaluations . Appendix B: 
Adverse Event 
Definitions 

Effective Date 
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Description of Change 

The page footer has been changed from: 
Spinal Sealant System 
DRS-05-001 
Revision B - October 3 1,2005 

To: 
Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 
Addition of the following language: 

All randomized patients will be blinded 
until they complete the end of study 
visit at 90 days post-op, at which time 
study staff may inform the patient of 
their assigned treatment. 
Definition of Deep Surgical Site 
Infection was incorrectly reprinted from 
CDC guidelines. 

Change from: 

"Infection occurs within 30 days after 
the operation if no implant? is left in 
place Or within 1 year if implant is in 
place and the infection appears to be 
related to the operation 

and 

Infection involves any part of the 
anatomy (e.g., organs or spaces), other 
than the incision, which was opened or 
manipulated during an operation 

and'at least one of the following: 

1. Purulent drainage from a drain that is 
placed through a stab wound$ into 
the orgadspace. 

2. Organisms isolated from an 
aseptically obtained culture of fluid 
or tissue in the orgadspace: 

3. An abscess or other evidence of 
infection involving the organlspace 
that is found on direct examination, 
during reoperation, or by 
histopathologic or radiologic 
examination. 

4. Diagnosis of an orgadspace SSI by a 
surgeon or attending physician. 

Notes: 
1. Report infection that involves both 

superficial and deep incision sites as 

Justification for Change 

Administrative Change 

To clarify that patients are 
blinded until the completion of 
the 90-day follow-up visit. 

Correction of an inadvertent 
printing error. 
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deep incisional SSI. 
2. Report an organlspace SSI that drains 

through the incision as a deep 
incisional SSI." 

Change to: 
"Infection occurs within 30 
days after the operation if no 
implant? is left in place or 
within 1 year if implant is in 
place and the infection appears 
to be related to the operation 
and 
Infection involves deep soft 
tissues (e.g. fascia1 and muscle 
layers) of the incision 
and 
at least one of the following: 
1. Purulent drainage from the 
deep incision but not from the 
organlspace component of the 
surgical site. 

2. A deep incision 
spontaneously dehisces or is 
deliberately opened by a 
surgeon when the patient has at 
least one of the following signs 
or symptoms: fever (>3S0), 
localized pain, or tenderness, 
unless the site is culture- 
negative. 

3. An abscess or other evidence 
of infection involving the deep 
incision is found on direct 
examination, during 
reoperation, or by 
histopathologic or radiologic 
examination. 

4. Diagnosis of a deep 
incisional SSI by a surgeon or 
attending physician. 

Notes: 
1 .  Report infection that 

involves both superficial 
and deep incision sites as 
deep incisional SSI. 

2. Report an organlspace SSI that 
drains through the incision as a deep 
incisional SSI." 

Modified the following fever definition 
from: 

The definition was further 
defined for adverse event 
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Amendment I 
Revision B 

Definitions 

Page Footer 

Protocol 
Summary: 
Device 

Section 2.3: 
Description of 
Device 

Protocol 
Summary: 
study ~~~i~~ 

Section 3.4.2: 
Randomization 

Section 3.4.4: 

September 19,2005 

Fever: a rise in body temperature above 
the normal, whether a natural response 
(as to infection) or artificially induced 
for therapeutic reasons. 

High Grade Fever: a rise of body 
temperature above 38.5"C 

To: 
Elevated Temperature: a rise of body 
temperature to between 99.5"F and 
100.4"F. 

Fever: a rise of body temperature above 
100.5"F, whether a natural response (as 
to infection) or artificially induced for 
therapeutic reasons. 

High Grade Fever: a rise of body 
temperature above 10 1.3"F 
The page footer has been changed from: 
Spinal Sealant System 
DRS-05-00 1 
Revision A - July 18,2005 

To: 
Spinal Sealant System 
DRS-05-00 1 
Revision B - October 3 1,2005 

Throughout protocol, modified text to 
include and describe two product 
configurations: 

The system is provided in two 
configurations: 

2 mL Configuration 
2 mL polymer kit 
MicroMyst Applicator 
Confluent Surgical Air Pump 

5 mL Configuration 
5 mL polymer kit 
Dual Liquid Applicator (non air- 
assisted) 

Throughout protocol, modified 
randomization scheme from 1 : 1 to 
approximately 2: 1. 

reporting and monitoring 
purposes. 

Administrative change 

The two configurations provide 
the surgeon with flexibility in 
the selection of application 
devices for delivery of the 
hydrogel sealant. 

FDA advised in the Spinal 
Sealant System IDE conditional 
approval letter (dated 4/27/05) 
that 100 sealant patients would 
be required to support a 
marketing application. 
Therefore, the randomization 
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Summary: 
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Appendix A: 
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Summary: 
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Section 2.5: 
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Throughout protocol, modified baseline 
visit window from: 

"within 14 calendar days prior to the 
procedure" 

to: 

"within 30 calendar days prior to the 

Throughout protocol: 

Modified completed patients size (105 from enrolled, loo 
including allowance for 5% lost to 
follow-up) to 150 completed 
patients. (158 enrolled, including 
allowance for 5% lost to follow- 
UP). 

Modified number of clinical sites 
from 20 to 25. 

Included "Syringomyelia surgical 
intervention (cervical, thoracic, 
lumbar)" as a potential procedure type. 

Throughout protocol, modified intra- 
operative exclusion criterion from: 

"Patient has undergone a Chiari 

scheme was modified to allow 
for the enrollment of 100 sealant 
patients. 

The visit window was extended 
to 30 days to better coincide 
with the standard practice at a 
majority of participating 
institutions. 

FDA advised in the Spinal 
Sealant System IDE conditional 
approval letter (dated 4127105) 
that 100 sealant patients would 
be required to support a 
marketing application. 
Therefore, the sample size and 
number of sites were increased 
to allow for the completion of 
100 sealant patients. 

Surgical intervention for 
Syringomyelia requires a 
intentional dural incision, and 
therefore would qualify for the 
patient population. 

The criterion was modified to 
clarify that Chiari Malformation 
procedures may be included 
only when the incision reaches 
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Procedure 

section 4.6 
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Definitions 
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Definitions 

Throughout 
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Malformation procedure that entails a 
dural incision above the C1 level" 

to: 

"Patient has undergone a Chiari 
Malformation procedure that does not 
entail a dural incision at or below the C1 
level" 

Throughout the protocol added the 
following intra-operative exclusion 
criteria: 

"Patient has undergone a syringomyelia 
procedure where the shunt is not placed 
in the subarachnoid position." 

Modified and added language regarding 
the treatment of both study groups 
during the procedure. 
Added language regarding Other 
Analyses: 

Additionally, all key safety and efficacy 
analyses will be stratified between kit 
configuration types. Variables to be 
assessed will include procedure type, 
CSF leak rate, surgical site infection 
rate, and neurological complications 
rate. 
Modified and re-formatted Adverse 
Event definitions. 

Modified "Valsalva Maneuver" 
definition to include clarification that 
the patient should be laying flat during 
administration. 
Throughout protocol, made various 
administrative changes. 

C1 or below. 

The criterion was added to 
clarify which specific 
syringomyelia patients are to be 
excluded from the study. 

To clarify the intraoperative 
study flow of events. 

To clarify that data will be 
stratified based on sealant kit 
configurations that are used in 
the study. 

Per Clinical Events Committee, 
the Adverse Event definitions 
were more clearly defined for 
the target patient population. 
To standardize the 
administration of the Valsalva 
Maneuver. 

To provide clarity. 
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Indication: 

Study Objective: 

Study Design: 

Hypothesis Test: 

Study Evaluations: 

Sample Size: 
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A Prospective, Multi-Center, Randomized Controlled Study to Compare the 
Spinal Sealant System as an Adjunct to Sutured Dural Repair to Standard of Care 
Methods during Spinal Surgery 
Spinal Sealant System ("Spinal Sealant") 
The system is vrovided in two configurations: 

2 mL Configuration 
2 mL polymer kit 
MicroMyst Applicator 
Confluent Surgical Air Pump 

5 mL Configuration 
5 mL polymer kit 
Dual Liquid Applicator (non air-assisted) 

The Spinal Sealant System is intended for use as an adjunct to sutured dural repair 
to obtain watertight closure during spinal surgery 
To evaluate the safety and efficacy of the Spinal Sealant as an adjunct to sutured 
dural repair compared with standard of care methods (control) to obtain 
watertight dural closure in patients undergoing spinal surgery 
This is a prospective, multi-center, randomized, two arm, single blind study 
designed to assess if the Spinal Sealant System, when used as an adjunct to 
sutured dural repair, is more effective than standard of care methods for producing 
a watertight dural closure in patients undergoing an intentional durotomy during 
spinal surgery. 

Patients that are scheduled for spinal procedures requiring a dural incision and 
who meet the pre-operative eligibility criteria will be considered for study 
participation. Patients that meet all of the intra-operative eligibility criteria will be 
randomized to the Spinal Sealant or to control. Randomization will be based on 
an approximately 2: 1 (sea1ant:control) ratio. Patients that are randomized to the 
Spinal Sealant group may be treated with up to two dural sealant applications. 
Patients that are randomized to the control group may be treated with up to two 
treatments with the chosen standard of care method (i.e., devices that are designed 
to provide an intraoperative watertight closure). If there is a failure of the primary 
efficacy endpoint in either arm, investigators may opt to add additional devices to 
seal the dura that are not designed to provide an intraoperative watertight closure. 
The null hypothesis for this study is that the success rate (Ps) for the Spinal 
Sealant group is not higher than the success rate (PC) for the control group (Ps I 
PC). The alternate hypothesis is that the success rate for the Spinal Sealant group is 
higher than the success rate for the control group (Ps > PC). 
Protocol will include evaluations at the following timepoints: 

Pre-procedure visit (within 30 calendar days prior to the procedure) 
Procedure 
Discharge (within 7 calendar days post surgery, but prior to hospital 
discharge) 
30-day Post-procedure visit (-7 / +14 calendar days) 
90-day Post-procedure visit (f 14 calendar days) 

Enrollment is expected to take approximately 9 months for a total study duration 
of 12 months. 
It is estimated that up to 158 patients will be enrolled in order to obtain 150 
completed patients. The study will be conducted at up to 25 investigational sites 
in the U.S. 
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Safety Evaluations 

Pre-Operative 
Inclusion Criteria 
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Patients who are scheduled for an elective spinal procedure that requires a dural 
incision will be considered for study participation. Enrollment may include, but is 
not limited to, the following surgical procedures: 

Intradural tumor removal (cervical, thoracic, lumbar) 
Chiari malformation procedures entailing a dural incision at or below the 
Cl  level 
Intradural arteriovenous malformation (cervical, thoracic, lumbar) 

Release of tethered cord (lumbar) 
Syringomyelia surgical intervention (cervical, thoracic, lumbar) 

Primary Endpoint: 

The primary efficacy endpoint is the percent (Oh) success in obtaining a 
watertight closure following assigned treatment (Spinal Sealant or control) 
defined as: 

Success: A watertight closure of the dural repair intra-operatively after 
assigned treatment, confirmed by Valsalva maneuver at 20-25 cm H20 for 5- 
10 seconds. 

Failure: A non-watertight closure of the dural repair intra-operatively after 
assigned treatment, confirmed by Valsalva maneuver at 20-25 cm H20 for 5- 
10 seconds. 

Non-watertight closure is defined as: any overt flow, seepage, weeping, or 
sweating of CSF through the dura, regardless of volume. 

Spinal Sealant Treatment is defined as: treatment of the dural repair with up to 
two sealant applications. 

Control Treatment is defined as: up to two treatments of the dural incision with 
the chosen standard of care method (i.e., devices that are designed to provide an 
intraoperative watertight closure). 
Summary data will be presented on the following: 

Presence or absence of CSF leaks within 90 days post-procedure as 
determined from clinical diagnosis by one of the following methods: 

CSF leak or pseudomeningocele related surgical intervention (i.e., 
breaking skin) within 90 days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post- 
procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post- 
procedure 

Presence or absence of surgical site infection within 90 days post-procedure 
as determined from clinical diagnosis based on the CDC definitions of 
surgical site infection (refer to protocol appendix B). 
Adverse Events 
Laboratory Testing 
Neurological Assessment, including cranial nerve, neurological, motor, 
sensory, reflex, gait, and symptoms of nerve root compression 
Wound healing Assessment 

Patients must meet all of the follow in^ criteria to be eligible for the study 
participation: 

Patient is between 18 and 75 years of age 
Patients scheduled for a spinal procedure that requires a dural incision 
Patient requires a procedure involving surgical wound classification 
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Intra-Operative Inclusion 
Criteria 

Intra-Operative Exclusion 
Criteria: 
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Class I/Clean (per CDC criteria) 
Patient, or authorized representative, has been informed of the nature of the 
study, and has provided written informed consent, approved by the 
appropriate Institutional Review Board (IRB) of the respective clinical site 

Patients who meet anv of the following criteria are not eligible for study 
participation: 

Patient has active spinal and/or systemic infection 
Patient will require additional spine surgery within the study time period 
Patient has had a previous spinal surgery involving dural exposure and/or 
entry at the same level(s) as the study procedure 
Patient has pre-existing external lumbar CSF drain or internal CSF shunt 
Patient is participating in a clinical trial of another investigational device or 
drug 
Patient with creatinine > 2.0 mg/dL 
Patient with total bilirubin > 2.5 mg/dL 
Pregnant or breast-feeding females or females who wish to become pregnant 
during the length of study participation. 
Patient has been treated with chronic steroid therapy unless discontinued 
more than 6 weeks prior to surgery (standard perioperative steroids are 
permitted). For purposes of this protocol, chronic steroid therapy is defined 
as greater than 4 weeks. 
Patient has documented history of significant coagulopathy with a PTT > 35 
sec, PT/ INR >1.2, receiving aspirin, or NSAIDS at the time of surgery. 
Note: Patients who are receiving cardiovascular prophylaxis are not excluded. 
Patient is receiving warfarin or heparin at the time of surgery (including 
analogs). 
Patient has a diagnosed and documented compromised immune system and/or 
autoimmune disease. 
Patient has had chemotherapy treatment within 6 months prior to, or planned 
during the study (until completion of last follow-up evaluation). 
Patient has had prior radiation treatment to the surgical site or has planned 
radiation therapy within 30 days post procedure. 
Patient has a known malignancy or another condition with prognosis shorter 
than 6 months. 
Patients with documented history of uncontrolled diabetes. 
The investigator determines that the patient should not be included in the 
study for reason(s) not already specified. 

Patients must meet all of the following criteria to be eligible for randomization: 
Presence of non-watertight closure, either spontaneously or upon Valsalva 
maneuver at 20-25 cm H20 for 5-10 seconds 

Patients who meet any of the following criteria are not eligible for randomization: 
Incidental finding of any of the Pre-Operative Exclusion Criteria 
Patient requires use of a synthetic or non-autologous duraplasty material 
Patient has a gap of greater than 2 mm remaining after primary dural closure 
Patient has undergone laminoplasty decompression. 
Patient has undergone a syringomyelia procedure where the shunt is not 
placed in the subarachnoid position. 
Patient has undergone a Chiari Malformation procedure that does not entail a 
dural incision at or below the C1 level 
Investigator determines that participation in the study may jeopardize the 
safety or welfare of the patient. 
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Baseline Visit 
(within 30 days prior to 
procedure) 

Procedure 

Discharge Visit (Within 7-days 
post-procedure, but prior to 
discharge) 

Thirty Day Follow-up 
(-7 days/+ 14 days) 
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Signed Informed Consent 
Demographics 
MedicaYSurgical history 
Physical & Neurological exams 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, 
Platelet Count (excluding differentials)), Electrolytes (Na, K, C1, COz), Renal 
Function (BUN, Creatinine), Liver Function (alkaline phosphatase, albumin, 
Total Bilirubin, ALT, AST), and Glucose 
Serum or urine pregnancy test for females of childbearing potential 
Patient Questionnaires: SF-36 and Visual Analog Scale (VAS) 
Dural closure 
Confirmation of patient's intra-operative eligibility 
Randomization 

If Randomized to the Spinal Sealant arm: 
Up to two sealant applications 
Post treatment Valsalva maneuver(s) (evaluation for watertight 
closure) 

If Randomized to control arm: 
Up to two attempts with the chosen standard of care method 
(i.e., devices that are designed to provide an intraoperative 
watertight closure) 
Post repair Valsalva maneuver(s) (evaluation for watertight 
closure) 

Adverse Events (occurring after randomization) 
Medications - prophylactic antibiotic and anti-inflammatory regimen 
Physical & Neurological exams 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, 
Platelet Count (excluding differentials)), Renal Function (BUN, Creatinine), 
Liver Function (alkaline phosphatase, Total Bilirubin, ALT, AST) 
Post-procedure CSF leak evaluation 
Surgical Site Infection Evaluation 
Wound healing assessment - Adverse events 
Length of Hospital Stay 
Physical & Neurological exams 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, 
Platelet Count (excluding differentials)), Electrolytes (Na, K, C1, COz), Renal 
Function (BUN, Creatinine), Liver Function (alkaline phosphatase, Total 
Bilirubin, ALT, AST), and Glucose 
Post-procedure CSF leak evaluation 
Surgical Site Infection Evaluation 
Wound healing assessment 

+ Adverse events 
Patient Questionnaires: SF-36 and VAS 
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Ninety Day Follow-up 
(k 14 days) 

Study Sponsor: 
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Physical & Neurological exams 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, 
Platelet Count (excluding differentials)), Electrolytes (Na, K, C1, COz), Renal 
Function (BUN, Creatinine), Liver Function (alkaline phosphatase, Total 
Bilirubin, ALT, AST), and Glucose 
Post-procedure CSF leak evaluation 
Surgical Site Infection Evaluation 
Wound healing assessment 

r Adverse events 
Patient Questionnaires: SF-36 and VAS 

Confluent Surgical, Inc. 
10 1 A First Avenue 
Waltham, MA 0245 1 
USA 
(781) 693-2300 



2 INTRODUCTION 

2.1 Justification for Investigation 

Neurosurgical procedures in the spine often involve incision of the dura mater and arachnoid to access 
the spinal cord, after which the tissues are repaired in layers. If the dural incision is not properly 
repaired, and watertight closure is not achieved, cerebrospinal fluid (CSF) can escape from the 
subarachnoid spaces into the extradural compartment presenting's risk for significant morbidity. 

The most frequent complication of a CSF leak is recurring debilitating headache complicated with 
symptoms of nausea, vomiting, dizziness, photophobia and t inn i t~s"~ '~  however, even more serious 
consequences are common. Dural-cutaneous fistulas may form, leading to meningitis4, arachnoiditis or 
epidural a b s c e ~ s e s ' ~ ~ ~ ~ .  Furthermore, a subcutaneous fluid collection prevents proper wound healing and 
may lead to wound breakdown, infection of the incision, or both.' Continuous CSF leak predisposes the 
wound to pseudomeningocele formation, with possible trapping of nerve roots and development of 
neurologic symptoms such as recurrent radicular pain and cranial nerve a l ~ i e s . ~ , ~  Persistent CSF leak t has also been associated with the development of cerebellar hemorrhage and intracranial subdural 
hematoma presumably due to altered CSF dynamics resulting in caudally-directed movement of the 
spinal cord and brain, which in turn stretches fragile bridging veins with eventual rupture in the subdural 
space.10 Thus, when a dural incision is necessary, primary repair and watertight closure are paramount to 
minimizing risk and sequelae associated with CSF leakage and the need for reoperation. 

Current techniques for performing primary dural closure typically consist of employing a running suture 
to below the distal end of the Depending on the location and extent of the incision, use of 
fat plugs12, or muscle or fascia13 autologous patch grafts may be necessary. If following Valsalva 
maneuver, a leak persists, surgical hemostatic agents (e.g. Oxicel and Gelfoam) 1,2,11,14 and fibrin 
glue1"0"5 have been used to augment dural repairs; however, use of these materials in this manner 
constitutes an "off-label" use, as these products are not specifically indicated for dural repair. 

In spite of the recognized importance and the meticulous dural closure techniques employed, including 
use of tissue sealants, a "true watertight closure" remains an elusive target. For example, Shaffrey et al., 
reviewed 134 patients in whom fibrin glue had been used as an adjunct in sealing a dural defect. In 
patients who had a primary tear repaired intraoperatively, there was an overall failure rate of 7%.15 
Camissa et al,' evaluated outcomes following direct dural suturing augmented with the use of a patch 
graft and/or fibrin sealant as necessary for repair of 67 incidental durotomies. In this series, post- 
operative complications that have been noted to be associated with CSF leaks occurred in 7 patients (i.e., 
severe headache-2 patients and deep wound infections-5 patients) for an overall failure rate of 10%. In a 
retrospective review performed by Hodges and colleagues, twenty incidental durotomies following 
spinal procedures were repaired intra-operatively with dural stitches and fibrin glue2. Of the twenty 
patients, 25% had symptoms related to the dural tear and one patient (5%) required revision surgery due 
to stitch loosening. 

Failure of standard techniques to achieve watertight closure may be due in part to the fact that the suture 
pinholes and gaps between the suture stitches create high-pressure defects allowing for CSF seepage.' 
Therefore, the need for a tool that surgeons can use as an adjunct to contribute to a secure and watertight 
dural repair still remains and in particular, as an adjunct for procedures where there continues to be a 
CSF leak when Valsalva maneuver is performed. The Valsalva maneuver is an established intra- 
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operative method used to confirm the watertight quality of dural repair, and thus to predict its post- 
1,11,16 operative success. Typically, if a CSF leakage is successfully stopped intra-operatively, the dural 

repair remains sealed and watertight after surgery.17 

Confluent Surgical has developed the Spinal Sealant, a synthetic, absorbable hydrogel intended for use 
as an adjunct to sutured dural repair during spinal surgery to provide watertight closure. Relevant 
information pertaining to chemistry, toxicology and pharrnacokinetics of the hydrogel used in the Spinal 
Sealant was previously submitted to and reviewed by FDA as part of IDE GO300354 and PMA PO40034 
for the DuraSealB Dural Sealant. None of the components were found to have a significant risk 
associated based on the amounts used. There are no differences in the chemistry, toxicology and 
pharmacokinetics between the dural sealant used in the currently approved DuraSeal Dural Sealant 
System (PMA P040034) and the proposed Spinal Sealant. Therefore, the previously submitted and 
reviewed information is applicable to the Spinal Sealant. The current protocol is designed to show that 
the Spinal Sealant has the potential to offer surgeons a convenient and safe method for augmenting 
primary repair of dural openings as an adjunct to standard closure techniques. 

2.2 Report of Prior Investigations 

Below is a summary of the pre-clinical and clinical testing performed on the dural sealant used in the 
Spinal System. As noted previously, the chemical composition of the precursors in the Spinal Sealant, 
and that of the resulting hydrogel, is identical to that of the DuraSeal Sealant System. The identifier 
"Spinal Sealant" is used by the company to identify the product for the indication for use proposed in 
this submission. All pre-clinical and clinical testing of the hydrogel has been previously submitted to 
and reviewed by the FDA as part of the IDE and/or PMA for the DuraSeal Dural Sealant System. Please 
refer to the Investigator's Brochure for further information. 

2.2.1 Summary of Pre-Clinical Testing 

A series of animal studies have been performed that provide objective evidence that the hydrogel 
material is (1) effective as a tissue sealant to achieve watertight dural closure for the reduction of CSF 
leaks, and (2) the hydrogel material is well tolerated in that there have been no untoward neurological or 
histopathological findings. These studies have specifically demonstrated that the hydrogel does not have 
a negative effect on brain parenchyma or the production of cerebrospinal fluid; and there was no sign of 
neurotoxicity, neurological damage or mass effect following placement of the hydrogel in canines 
undergoing lumbar laminectomy, or discectomy in the area of the cauda equina. Taken together with 
results of in vitro and biocompatibility testing, results from these studies provide supportive evidence to 
establish that the dural sealant is safe and effective for the proposed intended use. 

2.2.1.1 Rat Brain Parenchymal Implant Studies, 
Studies in the Rat following injection of test extracts into the Brain 

In these studies, the dural sealant was evaluated for the potential to cause local irritation or toxicity at 
the implant site in the brain, and the potential neurotoxicity of the dural sealant compared to a control 
solution was evaluated following injection of prepared extracts into the lateral ventricle and the cisterna 
magna of the brain of a rat. There were no significant untoward acute neurological responses noted in 
these studies following placement or exposure to the material. Nor was there any local or neurotoxic 
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effect in association with the dural sealant when directly implanted within the neuropil of the brain in 
rats, or when extracts of the sealant were injected into lateral ventricle or cisterna magna of the 
cerebrospinal fluid space. 

2.2.1.2 Canine Cranial Sealing Study' 

A study was performed in a canine cranial durotomy model to demonstrate safety and performance of 
the dural sealant as a tissue sealant for optimal dural closure. Study endpoints included sealing capability 
of CSF leaks after treatment with the dural sealant when compared with control following challenge 
with a Valsalva maneuver, and conformation of normal healing (tolerance) following application of the 
dural sealant. Animals were observed to qualitatively assess normal behavior, general health signs (e.g., 
incision healing, appetite), and for possible central nervous system (CNS) abnormalities. 

A 2 cm incision of cranial dura and arachnoid was created in 26 adult dogs and partially repaired with 
microsutures to leave a 2 mm gap. The dural sealant was applied over the 2 mm dural gap in 13 dogs; 13 
control dogs did not have hydrogel application. At 1 ,4 ,7  and 56 days post treatment, three canines from 
both the dural sealant treated and the control group were terminated. A Terminal Pressure Test was 
conducted using a mechanical ventilator to perform a Valsalva maneuver up to a pressure of 55 cm H20. 
Histopathology was obtained as well. 

All dogs in the study remained neurologically intact. At re-exploration, 1111 1 control dogs showed CSF 
leakage at < 20 cm H20, while only 1 of the 12 treated dogs showed CSF leakage due to a faulty seal 
application. There was no evidence of neurotoxicity or evidence of a toxic leachable component. 

The results obtainedfiom this study suggest that the dural sealant performs as intended when used as a 
tissue sealant to achieve optimal dural closure and repair, and that the hydrogel material is well 
tolerated. 

2.2.1.3 Chronic Canine Spinal Adhesion Study 

A study was performed in a canine lumbar laminectomy model to evaluate the performance of the dural 
sealant on post laminectomy epidural scar formation after 12-weeks post-treatment compared to an 
internal control. Scar tissue formation was evaluated using gross dissection and histopathology. Animals 
were observed to qualitatively assess general health, normal behavior, and for possible neurological 
abnormalities. Specific neurological examinations were performed on the animals in this study. The 
exams were designed to test reflexes moderated in the area of the surgery and pathways, which ascend 
or descend through the surgical area. 

Following laminectomies at L3 and L5 in 13 canines, the two surgical sites were randomized to either 
treatment or control. The site randomized to treatment had the dural sealant applied to the laminectomy 
site followed by a sterile saline rinse. Control sites received no additional treatment. All animals were 
terminated at 12-14 weeks post-operatively. Six animals were selected for gross pathological 
examination, and the remaining six2 animals for histopathological examination. 

' Results of this study were published by the study director: Preul MC, Bichard WD et al. Toward Optimal Tissue Sealants 
for Neurosurgery: Use of a Novel Hydrogel Sealant in a Canine Durotomy Repair Model. Neurosurgery 53:1189-1199, 
2003. 

2 One animal developed an infection three days after surgery and had to be euthanized. 
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None of the animals tested exhibited any evidence of neurological lesions. The general health of the 
animals remained excellent throughout the study. Other than one animal who developed an infection 
three days after surgery and had to be euthanized, no animals exhibited neurological, behavioral or 
health problems. The extraspinal tissue had healed normally, and both the treated and control sites 
exhibited the same amount of bone regrowth. Gross pathological and histopathological examinations 
showed that the dural sealant decreased the severity and incidence of periosteal-dural adhesions. 

The results obtained@om this study suggest that the dural sealant performs as intended when used in 
the spine as no animals exhibited neurological or behavioralproblems, or evidence of neurological 
lesions, and that the hydrogel material is well tolerated. In addition, compared to non-treated 
laminectomy vertebral sites, the dural sealant decreased the severity and incidence ofperiosteal-dural 
adhesions. 

2.2.1.4 Canine Cauda Equina Study 

A study was performed in a canine cauda equina discectomy model to assess the acute and subchronic 
dural sealing, along with adhesion prevention, of the dural sealant when applied to the lumbar region 
following spinal surgery. Wound healing, tissue response, scar formation and nerve root mobility were 
evaluated using gross dissection and histopathology. Animals were observed daily for general health 
with emphasis on neurological deficits and pain. In addition, neurological examinations were conducted 
on days 3,7, 10, and 14 post treatment and weekly thereafter up to 8 weeks. 

A total of 18 canines underwent discectomies through the L7-S 1 intervertebral space. After dorsal 
midline incision and excising of the interarcuate ligament exposing the cauda equina, fat around the 
cauda equina and nerve roots was suctioned out, and a partial discectomy was performed. Following 
removal of a section of disc, the dorsal side of the cauda equina and nerve roots were gently abraded. 
Following injury, animals were randomized to either have the dural sealant applied to the discectomy 
and abrasion sites, or to receive no further treatment (control). All animals were terminated at 8 weeks 
post-operatively. In 16 animals (8 test and 8 control), the sites were macroscopically evaluated for 
adhesion formation and local tissue response and microscopic evaluation following histopathology. In 2 
animals (1 test and 1 control), the sites were removed en bloc and microscopically evaluated following 
histopathology. 

Animals were healthy over the course of the study, no significant neurological deficits were noted and 
no adverse reactions were macroscopically observed for any of the dural sealant treated or control sites. 
All animals had normal healing of the skin, fascia and parispinal muscles. No wound healing tissue 
response difference was noted between the test and control groups. There was no sign of neurotoxicity, 
neurological damage or mass effect in any of the animals evaluated. Despite the abrasion and 
discectomy at time of surgery, the peridural scar formation in all animals was minimal, thus there was 
no difference in adhesion formation between the two groups. However, the dural sealant treated group 
had greater nerve mobility. Also observed was a reduced amount of scar protrusion into the dural sac in 
the animals treated with the dural sealant. 

The results obtainedJFom this study suggest that the dural sealant performs as intended when used in 
the spine as no signzficant neurological deficits were noted, and that the hydrogel material is well 
tolerated. In addition, the sealant or space filling properties of the dural sealant may have helped 
maintain dural sac morphology. 
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2.2.2 Summary of Clinical Investigations 

2.2.2.1 European Pilot Trial 

A prospective, single center, non-randomized clinical investigation to evaluate the safety and 
performance of the dural sealant in patients scheduled for elective cranial or spinal surgery was 
performed between February 20 and September 23,2002 by J. Andre Grotenhuis, MD, PhD, at the 
Neurosurgery Center, Nijmegen, The Netherlands. A total of 47 patients were treated with the dural 
sealant: 45 (95.7%) cranial and 2 (4.3%) spinal intra-dural procedures. 

The primary endpoint of this study was a reduction in the incidence of intra-operative CSF leakage 
following dural sealant application defined as: 

Success = No CSF leakage from dural repair intra-operatively during Valsalva maneuver (20 cm 
H20) 

Failure = CSF leakage that results after Dural Sealant application(s) 

None of the 47 patients treated with the dural sealant demonstrated a CSF leak during the post 
application Valsalva maneuver, thus demonstrating a 100% success rate in holding a watertight seal. 

The primary safety endpoint was defined as procedure-related complications and adverse events. There 
were a total of 5 1 adverse events reported in 28 patients; there were 14 SAE's in 11 patients or an 
overall incidence of 29.8% SAE's in the study. None of the reported adverse events were related to the 
dural sealant. 

The clinical study demonstrated the safety andperformance of the dural sealant for its intended use as 
an adjunct to standard methods of dural repair, such as sutures, to provide watertight closure. 

2.2.2.2 U.S. Cranial Pivotal Trial 

A prospective, multi-center, non-randomized, single arm clinical investigation to evaluate the safety and 
effectiveness of the DuraSeal Dural Sealant System as an adjunct to sutured dural repair was conducted. 
The study involved 10 investigational sites within the United States and 1 site in Europe. A total of 11 1 
patients were treated with the DuraSeal Sealant. The primary endpoint for this study was the percent 
(%) success in the treatment of intraoperative CSF leakage following DuraSeal Sealant application 
defined as no CSF leakage from dural repair intra-operatively after up to two DuraSeal Sealant 
applications during Valsalva maneuver up to 20 cm H20 for 5 to 10 seconds. 

Of the 11 1 patients in this study, 67 patients (60.4%) experienced a spontaneous CSF leak intra- 
operatively (i.e., no need for Valsalva maneuver) prior to DuraSeal application, and 44 patients (39.6%) 
experienced a leak upon the Valsalva maneuver prior to DuraSeal application. One hundred five (105) 
patients (94.6%) were treated with one DuraSeal Sealant application, and 6 patients (5.4%) were treated 
with two applications. 

All 11 1 patients treated with the DuraSeal Sealant showed no leakage during the intra-operative 
assessment. 109 of 11 1 patients (98.2%) met the criteria for primary endpoint success; i.e., intra- 
operative sealing. Two patients were tested intra-operatively at a pressure of only 10 cm H20, and 
although no leak was seen, these patients could not technically be classified as successes. Safety was 
assessed based on evaluation of wound healing, the occurrence of post-operative CSF leaks, the nature 
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and severity of other adverse events, and adverse device-related adverse events diagnosed by physical 
examination, protocol-specified diagnostic laboratory tests, neurological assessments (including pain 
and modified Rankin Scale) and CT imaging assessment performed by independent radiologists for 
evaluation of extradural collections and adverse findings. 

The incidence of post-op CSF leaks in this study was 4.5%. Of these leaks, 1.8% were incisional and 
2.7% were pseudomeningoceles. There were 911 1 1 surgical wound infections (8.1 %) with 7.2% 
identified as deep wound infections. All deep wound infections were treated with surgical debridement. 
There was no concurrent control group used for comparison in the study. The clinical protocol specified 
only clean surgical cases and contained an intra-operative exclusion criterion for cases in which a clean 
case became a clean-contaminated case (e.g., sinus penetration. History of smoking and prolonged 
surgery were found to be independent predictors for infection. 

All wounds were well healed by the 3-month post-operative visit. There was no untoward effect on 
hepatic or renal function associated with product use and absorption. Additionally, there were no 
unexpected findings based on CT imaging assessment by independent neuroradiologists. 

Based on the data obtained in this clinical study, the dural sealant has been demonstrated to prevent 
intraoperative CSF leaks and reduces the incidence ofpost-operative CSF leaks when used as an 
adjunct to standard methods of dural repair, such as sutures, to provide watertight closure. Adverse 
events evidenced in the patients studied were consistent with that reported for patients undergoing 
cranial surgery. No device-related adverse events were reported during the course of the study. 

2.3 Description of Device 

2.3.1 Overview of the Spinal Sealant 

The Spinal Sealant consists of components for preparation of an absorbable poly (ethylene glycol) 
hydrogel sealant. The Spinal Sealant is provided in two configurations; a 2mL configuration, consisting 
of a 2 mL Polymer Kit and an air-assisted delivery system (i.e., single-use MicroMyst Applicator and 
reusable Air Pump), and a 5 mL configuration, consisting of a 5 mL Polymer Kit with the non air- 
assisted Dual Liquid Applicator. The 5 mL configuration of the Spinal Sealant is identical to the 
configuration of the DuraSeal Dural Sealant System, approved by FDA under PMA P040034. 

The Spinal Sealant is available in two configurations for the convenience of the surgeon. The two 
configurations provide the surgeon with flexibility in the selection of application devices for delivery of 
the hydrogel sealant. 

The hydrogel sealant is specifically intended for use as an adjunct to sutured dural repair during spinal 
surgery to provide watertight closure. The Polymer Kit includes a syringe containing the Clear 
Precursor Solution, a syringe containing Powder Diluent, and a Vial containing PEG Powder. The Clear 
Precursor Solution is a low molecular weight, water-soluble amine. The Powder Diluent, when injected 
into the vial, forms the Blue Precursor solution which is poly(ethy1ene glycol) based. When the Clear 
and Blue Precursor solutions are sprayed on dura, they rapidly polymerize to form a biocompatible 
absorbable hydrogel. The manufacturing components of the hydrogel are: water for injection, PEG ester, 
trilysine, sodium borate decahydrate, sodium phosphate, FD&C Blue #1 dye, and butylated 
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hydroxytoluene (BHT). The Spinal Sealant is fully synthetic and has no human or animal derived 
products. 

The 2 mL configuration of the Spinal Sealant includes the air-assisted MicroMyst Applicator. The 5 mL 
configuration includes the non air-assisted Dual Liquid Applicator. Both applicators allow a flexible, 
conformal, adherent coating effective for sealing dura to prevent CSF leakage primarily through the 
mechanism of mechanical interlocking of the hydrogel with the tissue surfaces. The mixing provided by 
the applicators also ensures a complete reaction of the precursors. 

The crosslinked solid hydrogel is more than 90% water at application. The net result is that an effective 
barrier is formed that is tissue compliant, tissue adherent, and lubricious. The material is absorbed in 
approximately 4 to 8 weeks, sufficient time to allow for healing. 

2.3.2 Description of Spinal Sealant 

The Spinal Sealant to be used in the clinical investigation is provided in two configurations: 

The 2 mL configuration consists of three, separately packaged, main components: 

2 mL Polymer Kit (terminally sterilized, single use). 

MicroMyst Applicator (terminally sterilized, single use) 

Air Pump (reusable) 

The Polymer Kit and MicroMyst Applicator are individually packaged and provided to the end user together 
in a shelf box. The Air Pump is provided separately. 

The 5 mL configuration consists of two main components, packaged in the same tray: 

5 mL Polymer Kit (terminally sterilized, single use) 

Dural Liquid Applicator (terminally sterilized, single use) 

The Spinal Sealant consists of the components listed in Table 1. 

Table 1 
Spinal Sealant Components 
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Plastic component that clips over both syringe plungers. 

Plastic component that delivers the two polymer precursors to the 
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~h~ top level schematic for the assembled Spinal Sealant is displayed in Figure 1- 
Figure 1 

Assembled Spinal Sealant 

2 mL Configuration 

5 mL Configuration 
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MicroMvst Applicator (used with 2 mL configuration) 

The MicroMyst Applicator is an approximately 16 cm long multi-lumen tube that provides separate 
channels for the flow of the clear precursor, the blue precursor and filtered air. This multi-lumen tube 
consists of a metal dual cannula, with an outer sheath of heat shrink over the metal cannula. 

The distal end of the MicroMyst Applicator contains a flexible spray tip for the mixing and atomization 
of the precursors, and is bendable to provide access to hidden or difficult to reach surfaces. The 
proximal end of the MicroMyst Applicator is designed to allow for the attachment of the syringes 
containing the hydrogel precursors. The rate of hydrogel application is controlled by the user via manual 
injection of the precursor solutions. 

Also attached to the proximal end of the sprayer is a poly (vinyl chloride) tubing with an integral 0.2 pm 
filter, the free end of this tubing connects to the Air Pump. The integral 0.2 pm filter is manufactured by 
Pall Corporation (Pall product number 60004700). 

Air Pump (used with 2 mL configuration) 

The Air Pump is an AC powered dry piston air compressor that provides a source of compressed air to 
atomize the dural sealant precursors. The Air Pump is connected to the MicroMyst Applicator. The Air 
Pump is designed for use with Confluent Surgical products, including the MicroMyst Applicator. 

Dual Liquid Applicator (used with 5 mL configuration) 

The Dual Liquid Applicator consists of the Y-connector and the spray tip. 

The Y-connector provides separate channels for the flow of the clear precursor and the blue precursor. 
The distal end of the Y-connector is connected to the spray tip which allows for mixing of the 
precursors. The proximal end of the Y-connector is designed to allow for the attachment of the syringes 
containing the hydrogel precursors. The rate of hydrogel application is controlled by the user via manual 
injection of the precursor solutions. 

2.4 Indication 

The indication for use that will be utilized in this study is stated below. 

The Spinal Sealant System is intended for use as an adjunct to sutured dural repair to obtain 
watertight closure during spinal surgery. 

2.5 Study Scope and Duration 

This is a prospective, multi-center, randomized controlled study designed to assess if the Spinal Sealant, 
when used as an adjunct to sutured dural repair, is more effective than standard of care methods for 
producing a watertight dural closure in patients undergoing an intentional durotomy during spinal 
surgery. It is estimated that up to 158 patients will be enrolled in order to obtain 150 completed patients. 
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The study will involve up to 25 investigational sites within the United States. Patients that meet all of 
the pre-operative and intra-operative eligibility criteria and that are randomized into the study will 
continue to be followed per the guidelines set forth in this clinical protocol that includes a discharge visit 
(within 7 days post-procedure, but prior to hospital discharge), a 30-day post-procedure visit, and 
concludes with a 90-day post-procedure visit. All randomized patients will be blinded until they 
complete the end of study visit at 90 days post-op, at which time study staff may inform the patient of 
their assigned treatment. The duration of this study is expected to be approximately 12 months. 

3 PROTOCOL 

3.1 Study Objectives 

To evaluate the safety and efficacy of the Spinal Sealant as an adjunct to sutured dural repair compared 
with standard of care methods (control) to obtain watertight dural closure in patients undergoing spinal 
surgery. 

3.1.1 Primary Endpoint 

The primary efficacy endpoint is the percent (%) success in obtaining a watertight closure following 
assigned treatment (Spinal Sealant or control) defined as: 

Success: A watertight closure of the dural repair intra-operatively after assigned treatment, 
confirmed by Valsalva maneuver at 20-25 cm H20 for 5-10 seconds. 

Failure: A non-watertight closure of the dural repair intra-operatively after assigned treatment, 
confirmed by Valsalva maneuver at 20-25 cm H20 for 5-10 seconds. 

Non-watertight closure is defined as: any overt flow, seepage, weeping, or sweating of CSF through the 
dura, regardless of volume. 

Spinal Sealant Treatment is defined as: treatment of the dural repair with up to two sealant applications. 

Control Treatment is defined as: up to two treatments of the dural incision with the chosen standard of 
care methods (i.e., devices that are designed to provide an intraoperative watertight closure) 

3.1.2 Safety Evaluations 

Summarv data will be presented on the following;: 
Presence or absence of CSF leaks within 90 days post-procedure as determined from clinical 
diagnosis by one of the following methods: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) within 90 
days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post-procedure 

Presence or absence of surgical site infection within 90 days post-procedure determined from 
clinical diagnosis based on the following CDC definitions: 

Superficial Surgical Site Infection: 
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Infection occurs within 30 days after the operation 

and 

infection involves only skin or subcutaneous tissue of the incision 

and at least one of the following: 

1. Purulent drainage, with or without laboratory confirmation, from the superficial incision. 
2. Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial 

incision. 
3. At least one of the following signs or symptoms of infection: pain or tenderness, localized 

swelling, redness, or heat and superficial incision is deliberately opened by surgeon, unless 
incision is culture-negative. 

4. Diagnosis of superficial incisional SSI by the surgeon or attending physician. 

Do not report the following conditions as SSI: 
1 .  Stitch abscess (minimal inflammation and discharge confined to the points of suture 

penetration). 
2. Infection of an episiotomy or newborn circumcision site. 
3. Infected burn wound. 
4. Incisional SSI that extends into the fascial and muscle layers (see deep incisional SSI). 

Deep Surgical Site Infection; 

Infection occurs within 30 days after the operation if no implant7 is left in place or within 1 year 
if implant is in place and the infection appears to be related to the operation 

and 

Infection involves deep soft tissues (e.g., fascial and muscle layers) of the incision 

and at least one of the following: 

1. Purulent drainage from the deep incision, but not from the orgadspace component of the 
surgical site. 
2. A deep incision spontaneously dehisces or is deliberately opened by a surgeon when the patient 

has at least one of the following signs or symptoms: fever (>38"), localized pain, or tenderness, 
unless the site is culture-negative. 

3. An abscess or other evidence of infection involving deep incision is found on direct 
examination, during reoperation, or by histopathologic or radiologic examination. 

4. Diagnosis of a deep SSI by a surgeon or attending physician. 

Notes: 
1. Report infection that involves both superficial and deep incision sites as deep incisional SSI. 

2. Report an organlspace SSI that drains through the incision as a deep incisional SSI. 

OrganISpace Surgical Site Infection: 

Infection occurs within 30 days after the operation if no implant? is left in place or within 1 year 
if implant is in place and the infection appears to be related to the operation 

and 

Infection involves any part of the anatomy (e.g., organs or spaces), other than the incision, which 
was opened or manipulated during an operation 
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and at least one of the following: 

1. Purulent drainage from a drain that is placed through a stab wound$ into the orgadspace. 
2. Organisms isolated from an aseptically obtained culture of fluid or tissue in the orgadspace. 
3. An abscess or other evidence of infection involving the orgadspace that is found on direct 

examination, during reoperation, or by histopathologic or radiologic examination. 
4. Diagnosis of an orgadspace SSI by a surgeon or attending physician. 

* Horan TC et a1.22 
t National Nosocomial Infection Surveillance definition: a nonhuman-derived implantable foreign body (e.g., 
prosthetic heart valve, nonhuman vascular graft, mechanical heart, or hip prosthesis) that 
is permanently placed in a patient during surgery. 
$ If the area around a stab wound becomes infected, it is not an SSI. It is considered a skin or soft tissue 
infection, depending on its depth. 

Adverse Events 
Laboratory Testing 
Neurological Assessments, including cranial nerve, neurological, motor, sensory, reflex, gait, and 
symptoms of nerve root compression 
Wound healing 

3.2 Selection of Investigators 

Neurosurgeons who are board certifiedlboard eligible will be considered for participation as 
investigators in this study. 

All investigators will be trained on the Spinal Sealant Instructions for Use prior to patient enrollment, 
including a detailed device review and hands-on practice sessions. 

3.3 Subject Selection , 

3.3.1 Patient Population 

Patients who are scheduled for an elective spinal procedure that requires a dural incision will be 
considered for study participation. Enrollment may include, but is not limited to the following surgical 
procedures: 

Intradural tumor removal (cervical, thoracic, lumbar) 
Chiari malformation procedures entailing a dural incision at or below the C1 level 
Intradural arteriovenous malformation (cervical, thoracic, lumbar) 
Release of tethered cord (lumbar) 
Syringomyelia surgical intervention (cervical, thoracic, lumbar) 

3.3.2 Pre-Operative Inclusion Criteria 

Patients must meet all of the following criteria to be eligible for the study participation: 

Patient is between 18 and 75 years of age 
Patient is scheduled for a spinal procedure that entails a dural incision 
Patient requires a procedure involving surgical wound classification Class Ifclean (per CDC criteria) 
Patient, or authorized representative, has been informed of the nature of the study, and has provided 
written informed consent, approved by the appropriate Institutional Review Board (IRB) of the 
respective clinical site 
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3.3.3 Pre-Operative Exclusion Criteria 

Patients who meet any of the following criteria are not eligible for study participation: 

Patient has active spinal and/or systemic infection 
Patient will require additional spine surgery within the study time period 
Patient has had a previous spinal surgery involving dural exposure and/or entry at the same level(s) 
as the study procedure 
Patient has pre-existing external lumbar CSF drain or internal CSF shunt 
Patient is participating in a clinical trial of another investigational device or drug 
Patient with creatinine > 2.0 mg/dL 
Patient with total bilirubin > 2.5 mg/dL 
Pregnant or breast-feeding females or females who wish to become pregnant during the length of 
study participation. 
Patient has been treated with chronic steroid therapy unless discontinued more than 6 weeks prior to 
surgery (standard perioperative steroids are permitted). For purposes of this protocol, chronic 
steroid therapy is defined as greater than 4 weeks. 
Patient has documented history of significant coagulopathy with a PTT > 35 sec, PT/ INR >1.2, 
receiving aspirin, or NSAIDS at the time of surgery. Note: Patients who are receiving 
cardiovascular prophylaxis are not excluded. 
Patient is receiving warfarin or heparin at the time of surgery (including analogs). 
Patient has a diagnosed and documented compromised immune system and/or autoimmune disease. 
Patient has had chemotherapy treatment within 6 months prior to, or planned during the study (until 
completion of last follow-up evaluation). 
Patient has had prior radiation treatment to the surgical site or has planned radiation therapy within 
30 days post procedure. 
Patient has a known malignancy or another condition with prognosis shorter than 6 months. 
Patients with documented history of uncontrolled diabetes. 
The investigator determines that the patient should not be included in the study for reason(s) not 
already specified. 

3.3.4 Intra-Operative Inclusion Criteria 

Patients must meet all of the following criteria to be eligible for randomization: 

Presence of non-watertight closure, either spontaneously or upon Valsalva maneuver to 20-25 cm 
H20 for 5- 10 seconds. 

3.3.5 Intra-Operative Exclusion Criteria 

Patients who meet any of the following criteria are not eligible for randomization: 

Incidental finding of any of the Pre-Operative Exclusion Criteria 
Patient requires use of a synthetic or non-autologous duraplasty material 
Patient has a gap of greater than 2mm remaining after primary dural closure 
Patient has undergone laminoplasty decompression. 
Patient has undergone a syringomyelia procedure where the shunt is not placed in the subarachnoid 
position. 
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Patient has undergone a Chiari Malformation procedure that does not entail a dural incision at or 
below the C1 level 
Investigator determines that participation in the study may jeopardize the safety or welfare of the 
patient. 

Any patient that signs an informed consent, and is later determined not to be eligible for study 
participation (either prior to surgery or intra-operatively) and not randomized will be considered a 
screening failure and withdrawn from the study without additional follow-up. 
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3.4 Study Procedures and Data Collection 

3.4.1 Study Schematics 
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Confluent Surgical, Inc. CONFIDENTIAL 

3.4.2 Randomization 

Prior to the initiation of the study, a treatment randomization scheme will be generated and provided to 
each investigational site. Treatment assignments will be placed into a sealed envelope, thus blinding the 
surgeon to treatment assignment prior to randomization. Once the dural closure is complete, and the 
patient has been confirmed to meet all intra-operative eligibility criteria, the randomization envelope 
will be opened disclosing the treatment assignment to either sealant or control (chosen standard of care 
method). 

Randomization will be blocked by study site. Randomization will be based on an approximately 2:1 
(sea1ant:control) ratio. 

3.4.3 Pre-Procedure Baseline Visit (within 30 days prior to the procedure) 

If the patient meets the pre-operative eligibility criteria, they will be approached to obtain written 
informed consent. The background of the proposed study, and the benefits and risks of the procedures 
and study will be explained to the patient. Patients who agree to study participation must sign an IRB- 
approved informed consent form prior to participating in any study activities. 

The following assessments will be performed within 30 days prior to the spinal procedure and the results 
recorded on the appropriate patient electronic case report forms: 

Demographic Information: date of birth, height, and weight. 
Medical History/Surgical History: medical and surgical history, nicotine use. 
Current Status: indication for surgery. 
Physical Exam: including sitting blood pressure, pulse, and temperature. 
Neurological Exams: cranial nerve, neurological, motor, sensory, reflex, gait, and symptoms of 
nerve root compression. 
Patient Questionnaires: SF-36 and Visual Analog Scale (VAS) 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, Platelet Count (excluding 
differentials)), Electrolytes (Na, K, C1, C02), Renal Function (BUN, Creatinine), Liver Function 
(alkaline phosphatase, albumin, Total Bilirubin, ALT, AST), and Glucose 
Pregnancy Test: Serum or urine pregnancy test for females of childbearing potential. 

3.4.4 Procedure 

The investigator will conduct the spinal procedure according to the appropriate standard procedures and 
practices at hislher institution. The sutured dural repair will be completed to the investigator's 
satisfaction. Autologous duraplasty materials (i.e., fascia, fat, pericranium, or muscle) may be used as 
necessary. The use of synthetic, non-autologous dural substitutes is not permitted. 

Upon satisfactory completion of the sutured dural repair, the patient will be evaluated to confirm 
eligibility. The dural repair will be evaluated for the presence or absence of a watertight closure with a 
baseline Valsalva maneuver at 20-25 cm H20 for 5-10 seconds. If there is a spontaneous expression of 
CSF, no Valsalva maneuver is required. The type (i.e., overt versus seepage of CSF around the suture 
points) and nature of the non-watertight closure (i.e., spontaneous versus upon Valsalva) will be 
recorded. If the patient meets all the intra-operative eligibility criteria, the patient will be randomized to 
either the Spinal Sealant arm or the control arm. Randomization will be based on an approximately 2: 1 
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(sea1ant:control) ratio. Patients that do not meet the intra-operative eligibility criteria will be withdrawn 
from the study without additional follow-up. 

If the patient is randomized to the Suinal Sealant arm: the sealant will be applied to the dural repair 
according to the Spinal Sealant System Instruction for Use. Following the sealant application, a post 
treatment Valsalva maneuver at 20-25 cm H20 for 5-10 seconds (if there is a spontaneous expression of 
CSF, no Valsalva maneuver is required) will be conducted. If watertight closure has been obtained, the 
use of the sealant is considered a success and no other devices designed to provide an intra-operative 
watertight closure may be applied. . 

If a non-watertight closure is still present after the first sealant application, the type (i.e., overt versus 
seepage of CSF around the suture points) and nature of the non-watertight closure (i.e., spontaneous 

. versus upon Valsalva) will be recorded. The investigator may then opt to treat the dural repair with a 
second sealant application, followed by a subsequent Valsalva maneuver at 20-25 cm HzO for 5-10 
seconds (if there is a spontaneous expression of CSF, no Valsalva maneuver is required). If the 
investigator feels that a second application of the sealant is not appropriate, and the dural closure 
remains non-watertight, the sealant treatment will be considered a failure and conventional management 
of the non-watertight closure will be considered, at the discretion of the investigator. Patients can 
receive up to two sealant applications for a total of three possible Valsalva maneuvers. If the 
investigator attempts a second sealant treatment, and the dural closure is not watertight, the sealant 
treatment will be considered a failure and conventional management of the non-watertight closure will 
be considered, at the discretion of the investigator. The investigator may at this time opt to add devices 
that are not designed to provide an intraoperative watertight closure. All procedural information will be 
recorded on the electronic case report forms. 

Warning: The Spinal Sealant should only be applied over the durotomy. Do not use the Spinal Sealant 
as a voidJiller in enclosed spaces in the spine (such as the lateral gutters and neural foramen), as post- 
operative hydrogel swelling may impinge on surrounding tissues. 

Note: No more than two applications of the Spinal Sealant are permitted. 

If  the patient is randomized to the control arm: the investigator may use his or her chosen standard of 
care method (i.e., devices that are designed to provide an intraoperative watertight closure). Following 
the standard of care attempt, a post treatment Valsalva maneuver at 20-25 cm H20 for 5-10 seconds (if 
there is a spontaneous expression of CSF, no Valsalva maneuver is required) will be conducted. If 
watertight closure has been obtained, the use of the standard of care method is considered a success and 
no other devices designed to provide an intra-operative watertight closure may be applied. 

If a non-watertight closure is still present after the standard of care attempt, the type (i.e., overt versus 
seepage of CSF around the suture points) and nature of the non-watertight closure (i.e., spontaneous 
versus upon Valsalva) will be recorded. The investigator may opt to treat the dural repair with a second 
attempt using the same standard of care method to obtain a watertight closure, followed by a subsequent 
Valsalva maneuver at 20-25 cm H20 for 5-10 seconds (if there is a spontaneous expression of CSF, no 
Valsalva maneuver is required). If the investigator feels that a second attempt at the control treatment is 
not appropriate, and the dural closure remains non-watertight, the standard of care treatment will be 
considered a failure and conventional management of the non-watertight closure will be considered, at 
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the discretion of the investigator. Patients can receive up to two standard of care attempts for a total of 
three possible Valsalva maneuvers. If the investigator makes a second attempt at the control treatment, 
and dural closure is not watertight after the second treatment with the standard of care method, the 
standard of care treatment will be considered a failure and conventional management of the non- 
watertight closure will be considered, at the discretion of the investigator. The investigator may at this 
time opt to add devices that are not designed to provide an intraoperative watertight closure. All 
procedural information will be recorded on the electronic case report forms. 

Note: Both attempts to obtain a watertight closure in the control group must be performed using the 
same standard of care method. 

Note: The Spinal Sealant may not be used for control patients. 

After the assigned treatment and assessments are completed, the remaining procedure (specifically, 
closure of muscular and soft tissue) will be completed per the institution's standard practices. Surgeons 
may opt to add additional devices as part of their standard closure that are not designed to provide an 
intra-operative watertight closure (e.g. Gelfoam) after all Valsalva maneuvers are completed. 

Note: The physicians in training (residents /fellows) and physician assistants may assist the 
investigator in any aspect of the neurosurgical procedure as per the standardprocedures andpractices 
at hidher institution with the following exceptions: the principal investigator andor co-investigators 
must determine the adequacy of the dural closure and the intra-operative eligibility criteria. In 
addition, only the principal investigator and/or co-investigators will be allowed to perform the dural 
closure, the assigned treatment and the post treatment assessment(s) for watertight closure. 

For all randomized patients, the following parameters will be noted on the electronic case report forms: 
ASA Score 
Duration of surgery 
Name of Investigator 
Type of procedure (e.g. tumor removal) 
Location and approach of spinal procedure (e.g. target levels) 
Linear extent of dural incision 
Any autologous duraplasty materials used 

* Randomization information (e.g. time of randomization and assigned group) 
Baseline and post treatment Valsalva maneuver pressures 
Evaluation of non-watertight closure: size and nature 

* Use of shuntsldrains 
Sealant application information (if applicable): device configuration used, lot numbers used, volume 
used, number of applications, time of application(s), and ease of use 
Standard of care ("control") information (if applicable): device(s) used, number of attempts, and 
ease of use. 
Any further adjunctive therapy required to obtain watertight closure 
Intra-operative adverse events (occurring after randomization) 
Prophylactic antibiotic and anti-inflammatory regimens 
Estimated Blood Loss 
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Following surgery, and through study completion, patients will be monitored for post-procedure CSF 
leakage. If the patient has CSF leakage, the management of the leak will be left to the discretion of the 
physician. Examples of CSF leakage management include bed rest, placement of subcutaneous drain, 
aspiration, over-sewing of the wound, lumbar puncture, continuous lumbar drainage, and re-exploration 
of the surgical site. All treatment(s) will be documented on the appropriate electronic case report forms. 

3.4.5 Discharge Visit (within 7 days Post-Procedure, but prior to discharge) 

The following procedures and assessments will be performed within 7 days post-procedure (prior to 
discharge): 

Physical Exam: including sitting blood pressure, pulse, and temperature. 
Neurological Exam: cranial nerve, neurological, motor, sensory, reflex, gait, and symptoms of 
nerve root compression 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, Platelet Count (excluding 
differentials)), Renal Function (BUN, Creatinine), Liver Function (alkaline phosphatase, Total 
Bilirubin, ALT, AST) 
CSF leak evaluation: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) within 90 
days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post-procedure 

Surgical Site Infection Evaluation: surgical wounds will be assessed for presence of surgical site 
infection per CDC criteria (refer to appendix B) 
Wound Healing Assessment: visual assessment of wound healing and swelling. 
Length of Hospital Stay 
Adverse Events: Adverse events will be recorded from the time of randomization until the end of 
study. 

3.4.6 30-Day Post-Procedure Visit (-7 days/+ 14 days) 

The following procedures and assessments will be performed 30 days post-procedure (-7 days/+ 14 
days) : 

Physical Exam: including sitting blood pressure, pulse, and temperature. 
Neurological Exams: cranial nerve, neurological, motor, sensory, reflex, gait, and symptoms of 
nerve root compression 
Patient Questionnaires: SF-36 and Visual Analog Scale (VAS) 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, Platelet Count (excluding 
differentials)), Electrolytes (Na, K, C1, COz), Renal Function (BUN, Creatinine), Liver Function 
(alkaline phosphatase, Total Bilirubin, ALT, AST), and Glucose 
CSF leak evaluation: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) within 90 
days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
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CSF leak confirmation by clinical evaluation within 90 days post-procedure 
Surgical Site Infection Evaluation: surgical wounds will be assessed for presence of surgical site 
infection per CDC criteria (refer to appendix B) 
Wound Healing Assessment: visual assessment of wound healing and swelling. 
Adverse Events: Adverse events will be recorded from the time of randomization until the end of 
study. 

3.4.7 90-Day Post-Procedure Visit (* 14 days) 1 End of Study 

The following procedures and assessments will be performed at 90 days post-procedure (+ 14 days): 
Physical Exam: including sitting blood pressure, pulse, and temperature. 
Neurological Exams: cranial nerve, neurological, motor, sensory, reflex, gait, and symptoms of 
nerve root compression 
Patient Questionnaires: SF-36 and Visual Analog Scale (VAS) 
Laboratory tests: Hematology (CBC, including WBC, RBC, Hct, Hgb, Platelet Count (excluding 
differentials)), Electrolytes (Na, K, C1, COz), Renal Function (BUN, Creatinine), Liver Function 
(alkaline phosphatase, Total Bilirubin, ALT, AST), and Glucose 
CSF leak evaluation: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) within 90 
days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post-procedure 

Surgical Site Infection Evaluation: surgical wounds will be assessed for presence of surgical site 
infection per CDC criteria (refer to appendix B) 
Wound Healing Assessment: visual assessment of wound healing and swelling. 
Adverse Events: Adverse events will be recorded from the time of randomization until the end of 
study. 

3.4.8 Patient Withdrawal 

A patient is considered enrolled in the study after randomization and must be followed whether or not 
the patient received the study assigned treatment. Patients who are determined to be ineligible prior to 
randomization (failure to meet the pre-operative or intra-operative eligibility criteria) will be considered 
intra-operative screening failures, and will not require additional study follow-up visits. The reason for 
the screening failure will be clearly delineated on the applicable eCRF. 

Every attempt will be made to contact patients that are non-compliant or lost to follow-up, and these 
attempts will be documented. 

4 STATISTICAL ANALYSIS 

4.1 General 

A detailed statistical plan will be developed prior to the final database lock. The statistical analysis of 
the data derived from this study will be performed using SAS" Version 8.0 or higher. 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 35 of 69 



All data collected in this study will be documented using summary tables and patient data listings. 
Summary tables will be presented for each of the treatment groups (Spinal Sealant and control). 
Continuous variables will be summarized using descriptive statistics, specifically the mean, median, 
standard deviation, standard error, minimum and maximum. Categorical variables will be summarized 
by frequencies and percentages. 

4.2 Patient Populations for Analysis 

Safety analysis will be performed on the safety population, which will include all patients who are 
treated (sealant or control). Efficacy analysis will be performed on the intent to treat (ITT) population, 
which will include all patients who are randomized. 

4.3 Baseline Characteristics 

Baseline demographics and clinical characteristics will be summarized for each of the treatment groups. 
Selected baseline characteristics will be compared between treatment groups to ensure that the groups 
are comparable. These characteristics will include age, gender, weight, height, smoking status, BMI, 
ASA category, and procedure type. 

Medical/surgical history and neurological procedure information will also be summarized for each 
treatment group. 

4.4 Efficacy 

4.4.1 Primary Efficacy Endpoint 

The primary efficacy endpoint is the percent (%) success in obtaining a watertight closure following 
treatment (Spinal Sealant or control) defined as: 

Success: A watertight closure of the dural repair intra-operatively after treatment, confirmed by 
Valsalva maneuver at 20-25 cm Hz0 for 5-10 seconds. 

Non-watertight closure is defined as: any overt flow, seepage, weeping, or sweating of CSF through the 
dura, regardless of volume. 

Spinal Sealant Treatment is defined as: treatment of the dural repair with up to two sealant applications. 

Control Treatment is defined as: up to two treatments of the dural incision with the chosen standard of 
care method (i.e., devices that are designed to provide an intraoperative watertight closure). 

The primary efficacy analysis will be performed using Fisher's exact test to test the difference in success 
rate between treatment groups. Additionally, a 95% CI on the success rate will be computed for each 
treatment group. 
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4.4.2 Hypotheses 

This is a superiority study. The success rate for the Spinal Sealant group and the control group will be 
compared. The null hypothesis for this study is that the success rate (Ps) for the Spinal Sealant group is 
not higher than the success rate (PC) for the control group (Ps I PC). The alternate hypothesis is that the 
success rate for the Spinal Sealant group is higher than the success rate for the control group (Ps > PC). 

4.4.3 Sample Size Determination 

This is a superiority study. It is assumed that the Spinal Sealant will be more effective than the control 
treatment to produce a watertight closure following primary dural repair. In order to determine the 
sample size of the study, the predicted primary endpoint success rates for the Spinal Sealant and control 
group have to be estimated. The following provides a basis and the assumptions for this estimation. 

Assumptions for Predicted Success Rate for the Spinal Sealant Group 

The hydrogel sealant evaluated in this trial, has been subject of a previous clinical evaluation; i.e., the 
DuraSeal Study (reference IDE #G030035). In the DuraSeal Study the product was used as an adjunct 
to sutured dural repair to produce a watertight closure following cranial surgery. The intra-operative 
success for watertight closure following DuraSeal application as evidenced by a leak-free repair upon 
challenge with Valsalva maneuver (up to 20 cm Hz0 for 5-10 seconds) was 98.2% [95% C.I.: 93.6, 
99.81. The spine has a higher CSF pressure than the cranium, and therefore, represents a more 
significant challenge to the sealant for achieving watertight closure. Therefore, the primary endpoint 
success rate for the Spinal Sealant has been estimated to be 85%, which is slightly lower than the lower 
bound of the observed success rate for the sealant when used in cranial neurosurgical procedures. 

Assumptions for Predicted Success Rate for the Control Group 

It was observed in the DuraSeal Study, that the incidence of watertight closure following the primary 
suture repair (prior to application of the DuraSeal sealant) upon Valsalva maneuver was 0% (i.e., all 
primary suture repairs leaked prior to application of the DuraSeal Sealant). 

Upon consultation with Confluent Surgical's Neurosurgical Advisory Board, an estimate of 50% has 
been established as the primary endpoint success rate for the control group. This estimate of primary 
endpoint success in the control group represents a conservative estimate and will assure that the sample 
size is sufficient to detect the superiority of the Spinal Sealant compared to standard techniques 
employed in the control group. 

The sample size was selected to meet the following two criteria: 
To provide at least 80% power to detect a difference in proportion of successes between 
treatment and control, assuming (I)  a two-tailed continuity corrected 2 test and a level of 
0.05, (2) a true proportion of successes for Spinal Sealant of 85%, and (3) a true proportion 
of successes for control of 50%. 
To provide at least 100 Spinal Sealant treated patients in order to be able to assess safety 
sufficiently. 
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The selected sample size of 100 Spinal Sealant treated patients and 50 control patients will satisfy both 
these criteria. With an assumed dropout rate of 5%, 158 patients will be treated (with either the Spinal 
Sealant or control) in order to obtain 150 completed patients. 

4.5 Safety Evaluations 

Safety will be assessed principally by the following: 
Presence or absence of CSF leaks within 90 days post-procedure as determined from clinical 
diagnosis by one of the following methods: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) 
within 90 days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post-procedure 

Presence or absence of surgical site infection within 90 days post-procedure as determined 
from clinical diagnosis based on the following CDC definitions: 

Superficial Suraical Site Infection: 

Infection occurs within 30 days after the operation 

and 

infection involves only skin or subcutaneous tissue of the incision 

and at least one of the following: 

1. Purulent drainage, with or without laboratory confirmation, from the superficial 
incision. 

2. Organisms isolated from an aseptically obtained culture of fluid or tissue from the 
superficial incision. 

3. At least one of the following signs or symptoms of infection: pain or tenderness, 
localized swelling, redness, or heat and superficial incision is deliberately opened by 
surgeon, unless incision is culture-negative. 

2. Diagnosis of superficial incisional SSI by the surgeon or attending physician. 

Do not report the following conditions as SSI: 
1 .  Stitch abscess (minimal inflammation and discharge confined to the points of suture 

penetration). 
2. Infection of an episiotomy or newborn circumcision site. 
3. Infected burn wound. 
4. Incisional SSI that extends into the fascial and muscle layers (see deep incisional SSI). 

Deep Surgical Site In fectioni 

Infection occurs within 30 days after the operation if no implant7 is left in place or within 
1 year if implant is in place and the infection appears to be related to the operation 

and 

Infection involves deep soft tissues (e.g., fascial and muscle layers) of the incision 

and at least one of the following: 

1. Purulent drainage from the deep incision, but not from the organlspace component of 
the surgical site. 
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2. A deep incision spontaneously dehisces or is deliberately opened by a surgeon when 
the patient has at least one of the following signs or symptoms: fever (>3S0), localized 
pain, or tenderness, unless the site is culture-negative. 

3. An abscess or other evidence of infection involving deep incision is found on direct 
examination, during reoperation, or by histopathologic or radiologic examination. 

4. Diagnosis of a deep SSI by a surgeon or attending physician. 

Notes: 
1. Report infection that involves both superficial and deep incision sites as deep 
incisional SSI. 
2. Report an orgadspace SSI that drains through the incision as a deep incisional SSI. 

OrpadSuace Surgical Site Infection: 

Infection occurs within 30 days after the operation if no implant? is left in place or within 
1 year if implant is in place and the infection appears to be related to the operation 

and 

Infection involves any part of the anatomy (e.g., organs or spaces), other than the 
incision, which was opened or manipulated during an operation 

and at least one of the following: 

1. Purulent drainage from a drain that is placed through a stab wound1 into the 
orgadspace. 
2. Organisms isolated from an aseptically obtained culture of fluid or tissue in the 
orgadspace. 
3. An abscess or other evidence of infection involving the orgadspace that is found on 

direct examination, during reoperation, or by histopathologic or radiologic 
examination. 

4. Diagnosis of an organlspace SSI by a surgeon or attending physician. 

* Horan TC et a1.22 
t National Nosocomial Infection Surveillance definition: a nonhuman-derived implantable foreign 
body (e.g., prosthetic heart valve, nonhuman vascular graft, mechanical heart, or hip prosthesis) 
that 
is permanently placed in a patient during surgery. 
$ If the area around a stab wound becomes infected, it is not an SSI. It is considered a skin or soft 
tissue infection, depending on its depth. 

Adverse Events 
Laboratory Testing 
Neurological Assessments, including cranial nerve, neurological, motor, sensory, reflex, gait, 
and symptoms of nerve root compression. 
Wound healing Assessment 

Summary data will be presented for the safety population on the presence or absence of endpoint CSF 
leaks within 3 months post-procedure. Fisher's exact test will be used to test the difference in presence 
of CSF leaks between the treatment groups. Time to first endpoint CSF leakage in days from the date of 
surgery will be summarized for each treatment group using the Kaplan-Meier method. The log-rank test 
will be used to test for a difference between the treatment groups. 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 39 of 69 



Incidence of adverse events will be summarized by severity and relationship to study treatment. All 
adverse events will be listed. Adverse events that are related to the treatment will also be summarized. 

Clinical laboratory data will be summarized for each treatment as: 1) actual values and change from 
baseline and 2) shift in status from baseline to post-baseline timepoints for each laboratory parameter 
collected. 

Data from neurological assessments and wound healing will be summarized for each treatment group. 

4.6 Other Analyses 

Data from the SF-36 and VAS questionnaires will be summarized for each treatment group. 
Additionally, all key safety and efficacy analyses will be stratified between kit configuration types. 
Variables to be assessed will include procedure type, CSF leak rate, surgical site infection rate, and 
neurological complications rate. 

5 RISK / BENEFIT ANALYSIS 

5.1 Risk / Benefit Analysis 

Cerebrospinal fluid leakage following intradural surgery is a common occurrence. Leakage may occur 
at the dural suture line and pose a risk of significant morbidity with the potential of meningitis and late 
development of pseudomeningocele. Meningitis is the most frequent and severe complication of a 
persistent CSF leak, and is associated with a high mortality rate (1-20%). Some other potential 
complications resulting from CSF leak post surgery include arachnoiditis, severe headache, neurological 
deficit, chronic dural cutaneous fistulae, low intracranial pressure, and subgaleal fluid collections. 

Prevention of CSF leakage by means of a "watertight" dural closure has been shown to significantly 
decrease the postoperative occurrence of both positional headaches and pseudomeningoceles 19,20,22 and 
is presumed to reduce incidence of other complications including hydrocephalus, pseudomeningocele 
formation, and meningitis. Thus, the need for a safe and effective dural sealant that can be used intra- 
operatively as an adjunct to sutured dural repair to obtain watertight closure during spinal surgery is 
warranted. 

5.2 Risks of Study Procedures and Investigational Material 

The potential risks associated with spine surgical procedures include complications from anesthesia, 
neurological deficit, peripheral nerve injury, cerebral spinal fluid leak, hydrocephalus, 
pseudomeningocele, meningitis, infection, wound dehiscence, post-operative hemorrhage, hematoma, 
deep vein thrombosis, and pulmonary embolism. 

The Spinal Sealant has undergone extensive in vitro and in vivo testing. These studies and the 
associated results are described in detail in the Investigator's Brochure. Accordingly, no toxic effects of 
treatment with the Spinal Sealant were identified. The potential risks and adverse events that could 
occur from the use of the Spinal Sealant include, but are not limited to, renal compromise, inflammatory 
reaction, neurological compromise, hydrocephalus, pseudomeningocele, meningitis (aseptic andlor 
bacterial), infection, allergic reaction, wound dehiscence, and delayed healing. As with any new device, 
there is always a risk of a previously unknown side effect developing from the use of the Spinal Sealant. 
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5.3 Benefits to the Patient 

When a true watertight seal is not attainable with the current standard dural closure techniques, there is a 
risk for post-operative CSF leakage. A potential benefit from studying the Spinal Sealant is the ability 
to obtain an intra-operative watertight dural closure. This may lead to a reduction in the incidence of 
postoperative fluid leaks and associated adverse effects, such as the necessity for re-operation, post- 
operative drainage via lumbar drain, and other complications. 

The ability of the dural sealant to reduce CSF leak following sutured dural closure while maintaining a 
favorable safety profile has been demonstrated in pre-clinical studies. In addition, the dural sealant has 
been evaluated in a Pilot Clinical trial in Europe (see Section 2.2.2.1) and a Pivotal Clinical trial in the 
United States (see Section 2.2.2.2). Between these two studies, none of the 158 patients treated with the 
dural sealant demonstrated an intra-operative CSF leak during the post application Valsalva maneuver. 
156 of 158 patients (98.7%) met the criteria for primary endpoint success i.e., intraoperative sealing. 
Two patients were tested intra-operatively at a pressure of only 10 cm H20, and although no leak was 
seen, these patients could not technically be classified as successes. 

5.4 Minimization of Risks 

This study will be monitored to ensure the identification, documentation and analysis of all adverse 
events, compliance with the protocol, the terms of the participating Institutional Review Boards (IRB) to 
protect the safety and rights of all patients, and federal and local regulations. 

A Clinical Events Committee will be utilized for ongoing safety monitoring of the study. 

6 ADVERSE EVENTS 

6.1 Definitions 

Adverse Event: Any unfavorable and unintended sign (including an abnormal laboratory finding), 
symptom, or disease temporally associated with the use of an investigational product, whether or not 
related to the investigational product. 

Serious Adverse Event: an adverse event that: 

a. Leads to death, 

b. Is life-threatening illness or injury, 

c. Requires inpatient hospitalization or prolongation of existing hospitalization, 

d. Results in persistent or significant disabilitylincapacity, 

e. Is a congenital anomalylbirth defect, or 

f. Requires an intervention to prevent permanent impairment of a bodily function or damage to a 
body structure. 

The investigator will report serious events to hislher IRB per the institution's requirements. 
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Unanticipated Adverse Device Effect: any serious adverse effect on health or safety, or any life- 
threatening problem or death caused by, or associated with, a device if that effect, problem or death was 
not previously identified in nature, severity or degree of incidence in the Investigational Plan, or any 
other unanticipated serious problem associated with a device that relates to the rights, safety, or welfare 
of subjects. 

Event Severity: 

Mild: Awareness of signs or symptoms, but easily tolerated; of minor irritant require medication or 
a medical evaluation; signs and symptoms are transient; resolved during procedure. 

Moderate: Discomfort/deficit severe enough to cause interference with usual activities; persists 
after procedure or requires treatment, but does not extend hospitalization or intensive care for the 
patient. 

Severe: Fatal or life-threatening, results in persistent or significant disability, requires intervention 
to prevent permanent impairmentldamage, or results in congenital anomaly, cancer, readmission, or 
prolongation of hospitalization. 

For purposes of this protocol, the following occurrences are considered to be expected 
observations following spinal procedures (primarily associated with anesthesia) and will be 
captured as adverse events, as long the event is not associated with significant sequelae, does not 
prolong hospitalization, and responds to standard medical therapy. 

Post-operative transient nausea determined to be procedure related occurring less than 4 days 
after the procedure (not related to CSF leak) 

Post-operative transient emesis determined to be procedure related occurring less than 3 days 
after the procedure (not related to CSF leak) 

Post-operative transient headache or pain responding to standard medications (not related to CSF 
leak) 

Post-operative constipation, determined to be procedure and/or medication related, responding to 
standard medications 

All responses to the above events that require treatment beyond the institution's standard 
procedures will be reported as adverse events. 

6.2 Recording and Reporting 

All adverse events observed during the course of this study, regardless of severity or relationship to 
investigational device, will be recorded on the appropriate electronic case report form(s). To the extent 
possible, the event to be recorded and reported is the event diagnosis as opposed to event symptoms. 
Details and symptomology associated with the event may be reported in the narrative section of the 
Adverse Event electronic case report form. 

Please refer to the following examples: 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 42 of 69 



Debilitating headaches unresponsive to standard medications associated with nausea and 
vomiting that is in the presence of a clinically diagnosed post-operative CSF leak will be 
reported as a CSF leak only 

Fever, chills, nausea and vomiting in the presence of a clinically diagnosed infection is to be 
reported as an infection only 

Blood loss or blood transfusion associated with an intra-operative vascular injury is to reported 
as a vascular injury only 

The investigator shall notify, via phone or fax, the Sponsor of all serious adverse events and 
unanticipated adverse device effects within 24 hours of the time the investigator learns of the event or 
effect. A written report detailing the event, signed by the investigator, shall be submitted to the Sponsor 
within 5 working days. 

The investigator shall notify the reviewing IRB of all serious adverse events occurring in the study 
according to the IRBYs requirements. The investigator shall notify the reviewing IRB of all 
unanticipated adverse device effects occurring in the study as soon as possible, but no later than 10 
working days after they first learn of the effect. 

The sponsor shall conduct an evaluation of all reported unanticipated adverse device effects and report 
the results of such an evaluation to the FDA and all reviewing IRBYs and all participating investigators 
within 10 working days after the sponsor first receives notice of the effect. 

Device failures or problems not associated with adverse events will be documented separately on the 
appropriate electronic case report form. 
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Table 2 
Investigator Reports 

Report 

Serious Adverse Event 

Unanticipated Adverse 
Device Effect 

Patient Death During 
Investigation 

Patient Withdrawal 

Withdrawal of IRE3 
Approval 

Annual Progress Repol 

Deviations from 
Investigational Plan* 
Informed Consent Not 
Obtained 

Final Study Report 

* Please refer to 21 

Submit To: DescriptiontTime Regulatory I ~onstraints I Reference 

Confluent Surgical, Inc 

I Within 10 working I 21 CFR 812.150(a)(l) 
davs 

Notify within 24 hours 
Written report within 5 
working: davs 

IRE3 

Confluent Surgical, Inc. 

Per IRE3 requirements 
Notify within 24 hours 
Written report within 5 
working days 

Confluent Surgical, Inc 

IRE3 I Per IRB reauirements I N/ A 

N/A 
21 CFR 8 12.150(a)(l) 

IRB 
Confluent Surgical, Inc. 

Confluent Surgical, Inc. I Within 5 working days I 21 CFR 812.150(a)(2) 

---- - 

Notify within 24 hours 
Written report within 5 

N/A 

working days 
Per IRE3 requirements 
Within 5 working days 

N/ A 
N/ A 

Confluent Surgical, Inc. 
T R  R 

L L W  I I 

Confluent Surgical, Inc. I Within 5 working days 1 21 CFR 812.150(a)(5) 

IIW 

Confluent Surgical, Inc. 
TD 12 

IRB I Per IRE! Reauirements I 2 1 CFR 8 12.150(a)(5) 

Submitted annually 
21 CFR 812.150(a)(3) 

Within 5 working days 

I study. 
FR 812.1 50(a)(4) for the conditions under which this notification applies. 

21 CFR 812.150(a)(4) 

Confluent Surgical, Inc. 
IRB 
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Table 3 
Sponsor Reports 
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Regulatory 
Reference 

21 CFR 812.150(b)(l) 

21 CFR 8 12.150(b)(2) 

2 1 CFR 8 12.150(b)(3) 

2 1 CFR 8 12.150(b)(4) 

2 1 CFR 8 12.1 50(b)(5) 

2 1 CFR 8 12.150(b)(6) 

21 CFR 8 12.150(b)(7) 

21 CFR 812.150(b)(8) 

DescriptionITime 
Constraints 

Within 10 working days of 
initial sponsor notification 
Within 5 working days of 
initial sponsor notification. 
Within 5 working days of 
initial sponsor notification 
Sponsor will submit a list of 
names and addresses of all 
participating investigators at 
6-month intervals (starting 
at 6 months after FDA 
approval) 
To be submitted at least on a 
yearly basis 
Within 30 working days 
after the request is made. 
Notification should include 
the reasons for any request 
that an investigator return, 
repair or otherwise dispose 
of any devices 
Within 30 working days of 
the completion or 
termination of the 
investigation. A final report 
will be submitted within 6 
months after completion or 
termination of the study. 
Within 5 working days. 
A copy of the investigator's 
report will be included. 

Report 

Unanticipated Adverse 
Device Effect 
Withdrawal of IRB 
Approval 
Withdrawal of FDA 
Approval 

Current Investigator List 

Progress Report 

Recall and Disposition 

Final Report 

Failure to Obtain Informed 
Consent 

Submit To: 

FDA, all IRBs, and all 
Investigators 
FDA, all IRBs, and all 
Investigators 
All IRBs and all 
Investigators 

FDA 

FDA, all IRBs, and all 
Investigators 

FDA, all IRBs and all 
Investigators 

FDA, all IRBs and all 
Investigators 

FDA 



6.3 Clinical Events Committee (CEC) 

The Sponsor will utilize an independent CEC comprised of three non-participating, board certified 
neurosurgeons to provide ongoing safety monitoring of the study. 

A mission statement and procedures for the CEC will be established. 

The CEC will be charged with the following responsibilities: 

1. Establish adverse event definitions; refine those definitions as necessary during the conduct of 
the study, 

2. Continuously review and adjudicate all adverse events as they occur over the course of the 
study, including serious adverse events and unanticipated adverse device effects and determine 
device-relatedness, 

3. Provide oversight for issues affecting general patient welfare, including recommendations on 
changes to the protocol or device. 

No formal stopping rules are proposed for this study. However, all written CEC recommendations 
pertaining to this study will be forwarded to the Sponsor. The Sponsor will provide FDA with a copy of 
any written recommendation from the CEC that either the device or investigational plan be modified. 

It is anticipated that the CEC will meet on a monthly basis or as needed depending on the rate of patient 
accrual. During the review of adverse events, the CEC will be blinded to the investigational site. 

7 GENERAL INFORMATION 

7.1 Termination of Study 

Confluent Surgical, Inc. reserves the right to discontinue the study at any stage, with suitable written 
notice to all investigators, all reviewing IRBs, and the FDA. Similarly, investigators may withdraw 
from the study at any time, subject to providing written notification to Confluent Surgical 30 days prior 
to their intent to withdraw. However, Confluent Surgical and investigators will be bound by their 
obligation to complete the follow up of patients already participating in the study. The patients must be 
followed according to the clinical protocol, and information obtained during patient follow-up shall be 
reported to Confluent Surgical on the appropriate electronic case report forms. 

Any unanticipated adverse device effects will be investigated immediately and if the sponsor determines 
that unreasonable risk to the patient is possible, the study will be terminated, and all regulating 
authorities and participating investigators will be notified. Termination shall occur not later than 5 
working days after the sponsor makes this determination and not later than 15 working days after the 
sponsor first received notice of the effect. 

A terminated investigation may not be resumed without IRE3 and FDA approval. 
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7.2 Monitoring Procedures 

The investigator and the investigating center will permit authorized clinical research personnel and 
clinical monitors from Confluent Surgical andlor designee(s) employed by Confluent Surgical to review 
completed electronic case report forms, IRB decisions, and investigator and clinical site records at 
regular intervals throughout the study. Additionally, patient charts and clinical records will be requested 
and reviewed so that protocol adherence and source documentation can be verified. In instances where 
data protection regulations prohibit the direct examination of hospital records by the study Sponsor or 
designee(s), the investigator will cooperate in a system of source data verification with the Sponsor. 

The monitor will conduct a pre-investigational visit to all investigative sites and will ensure that the 
study protocol is thoroughly understood by all investigators and appropriate supporting staff. If the 
monitor discovers that an investigator is not complying with the signed Investigator Agreement, the 
investigational plan, the requirements of 21 CFR Part 812 or other applicable FDA regulations, or any 
conditions of approval imposed by the reviewing IRE3 or by the FDA, the monitor will report to the 
Sponsor and take such steps necessary to promptly secure compliance. If compliance cannot be secured, 
device shipments to the investigator may be discontinued and the investigator's participation in the 
investigation terminated. The monitor shall also require such an investigator to dispose of or return the 
device, unless this action would jeopardize the rights, safety, or welfare of a subject. 

The patient will add all patient-reported data (SF-36 and Visual Analog Scale data) directly the 
appropriate questionnaire. These additions will be considered as source data. 

7.3 Study Contact Information 

7.4 Record Retention 

Jen Doyle, MS, CCRA 
Confluent Surgical, Inc. 
Manager, Clinical Affairs 
Phone: (781) 693-2370 
Fax: (781) 693-2363 

The investigator will maintain the records of the study including all correspondence, the study protocol 
with anylall amendments, all correspondence with and approval from the IRB, the clinical trial 
agreement, the investigator agreement, investigational device accountability records, individual patient 
records, and signed informed consent forms. Patient files and other source data must be kept for a period 
of not less than 2 years after the latter of the following two dates: the date on which this investigation is 
terminated or completed, or the date that the records are no longer required for purposes of supporting a 
pre-market application. All data and documents should be made available if requested by relevant 
authorities. 

Vladimir Scerbin 
Confluent Surgical, Inc. 
Director, Clinical Affairs 
Phone: (781) 693-2305 
Fax: (781) 693-2363 
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Appendix A: Sample Informed Consent Document 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 50 of 69 



SAMPLE INFORMED CONSENT DOCUMENT 

A Prospective, Multi-Center, Randomized Controlled Study to Compare 
the Spinal Sealant System as an Adjunct to Sutured Dural Repair to 

Standard of Care Methods during Spinal Surgery 

This consent form may contain words that you do not understand. Ask the study doctor or 
study staff to explain any words that you do not clearly understand. 

INTRODUCTION 
You are being asked to be in a research study. Your doctor has determined that you need an 
operation on your back and that you may fit the requirements for this study. 

You have the right to know what will take place and the possible side effects and benefits of this 
study. This form has important information to help you decide if you want to be a part of this 
study. Signing the last page of this form will mean that you agree to participate. Approximately 
158 people, at 25 different hospitals in the United States will participate in this study. 

BACKGROUND 

The lining that covers your brain and spinal cord is called the dura. The dura normally holds in a 
fluid called cerebrospinal fluid (CSF). The CSF provides a liquid cushion for the brain and spinal 
cord. In order to perform your operation, your doctor will make an opening in the dura. At the end 
of the operation, the dura must be closed in order to prevent the CSF from leaking out of the 
opening. Your doctor will close the opening in the dura with stitches. He might also use a piece of 
your muscle or fat, or other soft tissue taken from another place on your body to help close the 
hole. 

This study will investigate a new device, called the Spinal Sealant System, or "Spinal Sealant". 
The Spinal Sealant will be sprayed on top of the stitches to fix the opening in the dura. This 
study will look at whether or not use of the sealant is better than the standard methods used to 
seal the dura in order to stop CSF from leaking out. If you choose to participate in this study you 
may or may not receive the Spinal Sealant. You will have about a 67% (or 2 out of 3) chance of 
being placed in the group that receives the sealant, or about a 33% (or 1 out of 3) chance of being 
placed in the group that is treated using the standard methods for sealing the dura. Your doctor 
will not know what group you will be placed in until the time when helshe is fixing the dura. 

THE SPINAL SEALANT SYSTEM 

The Spinal Sealant is made of two plastic-type liquids. When mixed, they form a gel that is 
mostly made up of water. The gel looks and feels somewhat like a soft contact lens. After the 
doctor makes their best attempt to close the opening in the dura, the gel is then applied over the 
stitches. It acts as a thin, stretchy film intended to stop the CSF from leaking through the 
stitches, until the area has properly healed on its own. The gel is blue so the doctor can see 
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where it has been applied. Within one to two months, the gel is naturally broken down by the 
body and is removed through your urine. This gel is currently used in brain surgery and its use 
in spine surgery is being evaluated in this study. 

DESCRIPTION AND DURATION OF PARTICIPATION 

If you are eligible for this study, and you choose to participate, your doctor will review all of the 
procedures and visit requirements with you. You will be cared for as you normally would for 
this type of operation. The study doctor will see you before you go home from the hospital and 
again about 30 days and 90 days after your operation. The total time you will be in the study is 
about 90 days. The details of what will happen at each visit are described next. 

First Visit: 
The study doctor will see you within 30 days of your operation. At this visit, your doctor will 
make sure that you meet the requirements to be part of this study. Also, your doctor will: 

ask you questions about your medical history and any other operations you 
have had in the past 
perform a physical exam. 
ask you to fill-out two questionnaires about your health, daily activities and 
pain 

Also, a sample of blood (about 2 tablespoons) will be drawn for some other tests. If you are a 
woman that is able to become pregnant, a pregnancy test will be performed. 

Procedure: 
The doctor will perform the operation using the procedures helshe normally uses. At the end of 
the operation, your doctor will make the best attempt to fix the opening in the dura. If there is 
still some fluid leaking from the area, you will be assigned to be treated with either the Spinal 
Sealant or other standard methods used to seal the dura. There is a 67% chance that you will 
receive treatment with the Sealant. In order words, two out of every three participants will be 
treated with the sealant, and one out of every three participants will be treated with the standard 
of care. However, you will not know which one of the two treatments you receive. 

If you are selected to receive treatment with the Spinal Sealant, the sealant will be sprayed over 
the stitches. If you are assigned to the second group, the opening in your dura may be treated 
with your surgeon's choice of methods. 

If you do not meet other requirements of the study, you will not be able to participate and you 
will not have to come back for any visits. 

Discharne - Visit: 
Within 7 days after your operation, but before you leave the hospital, you will have a physical 
exam and your doctor will check for any CSF leaks. Also, a sample of blood (about 2 
tablespoons) will be drawn for some tests. 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 52 of 69 



30-Dav and 90-Dav Visits: 
It will be very important for you to come back to the hospital to see your doctor at your 
scheduled follow-up visits, even if you feel perfectly fine. You will be seen by the study doctor 
about 30 days and again about 90 days after your operation. At these visits, your doctor will: 

perform a physical exam and check to see how the wound is healing and if 
there is any CSF leaking 
take a blood sample (about 2 tablespoons) for tests, and 
ask you to fill-out two questionnaires about your health, daily activities and 
pain 

PREVIOUS STUDIES 

Two clinical studies have been performed to evaluate the sealant in people. In these studies, a 
total of 158 people were treated with the sealant. During these studies, the sealant was applied to 
the opening in the dura in their head. There were no CSF leaks seen immediately after the 
sealant was applied. 

RISKS AND' DISCOMFORTS 

Risks of Surnery 

All operations have risks. Your doctor will discuss these risks with you and you will sign a 
separate form giving your approval to have your spine operation. 

Risks of the Use of The Spinal Sealant 

Within one to two months after the Spinal Sealant is applied, the gel is broken down by the body 
and the broken down materials are removed through the kidneys and urine. You will have blood 
tests during the study to make sure that your kidneys and liver are functioning properly. 

With any new device, there is always chance of developing problems from the treatment. Not all 
risk or problems of using the sealant are known. Some possible problems that could occur from 
the use of the Spinal Sealant include: 

Infection around the opening your surgeon made to do your operation 
Pain, redness, or swelling around the opening your surgeon made to do your operation 
Failure to heal correctly 
Failure to stop a CSF leak. The CSF leak may cause headaches, nausea, vomiting or 
other problems. An additional procedure or operation may be required to fix the leak. 
Injury to the spinal cord or the nerves leaving or entering the spinal cord 
An allergic reaction 

For women who can have children: You may not participate in this study if you are pregnant or 
planning to become pregnant. You must use methods to avoid becoming pregnant during this 
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study because the affects of the sealant on an unborn baby are not known. If you become 
pregnant during this study you must contact the study doctor. 

BENEFITS 

Taking part in this study may or may not provide any help to you since the actual benefits with 
the Spinal Sealant are not known. A possible benefit of the Spinal Sealant is that it may help 
reduce the possibility of a CSF leak and to reduce the problems associated with a leak. This may 
include reducing the need for more operations. 

ALTERNATIVE PROCEDURES 

If you do not wish to be part of this study, your doctor will use the methods that helshe would 
normally use during your operation. You should discuss these options with your doctor. 

COMPENSATION 
You or your insurance company must pay for any bills for the operation. These include hospital, 
operative, laboratory and doctor fees. You will not have to pay any additional money if you 
decide to be part of this study. Confluent Surgical, the company sponsoring the study, will pay 
for any tests that you will have only because you are part of this study. 

You will receive $300.00 for your time and effort to return for the study follow-up visits. Your 
payment will be given to you after your final study visit. 

CONFIDENTIALITY 

If you decide to be part of this study, you have the right to know that others may know who you 
are. Health and study records that identify you and this consent form signed by you will be 
looked at by the sponsor and possibly by the Food and Drug Administration (FDA). The results 
of this research may be presented at meetings or in publications; however, your name will not be 
given in those presentations. 

The company performing the study (Confluent Surgical) and people that work for the company, 
may look at your entire medical and study records. Sometimes, they will need to take notes or 
make copies from your medical records. The FDA may also look at these records. 

INJURY RELATED TO THIS RESEARCH STUDY 

Treatment will be offered if you have an injury or problem as a result of being in this study. If 
you have any problems directly from the use of the Spinal Sealant, Confluent Surgical, Inc. will 
pay for the reasonable costs of medical treatment that is not covered by your health insurance or 
other provider. No other forms of payments are available. 

If you have any payment or medical questions or if you think you have had a study related 
injury, you may contact Doctor at 

QUESTIONS ABOUT THIS RESEARCH STUDY 

Spinal Sealant System 
DRS-05-00 1 
Revision C - June 5,2006 

Page 54 of 69 



If you have any questions about this study you should contact your doctor. If you have questions 
about your rights as a research subject, you should contact the IRE3 at the hospital where this 
study is being performed at 

VOLUNTARY PARTICIPATION/WITHDRAWAL 

You understand to take part in this study is voluntary. You may refuse to participate, and you 
are free to withdraw at any time. If you choose not to participate or you withdraw, your 
treatment at this hospital will not be affected in any way. However, if you withdraw form this 
study, you will be required to contact the study doctor right away. It will be up to you to contact 
your personal doctor for treatment if you withdraw. 

New information that may affect your decision to continue to take part in this study, will be 
discussed with you. Also, your surgeon may withdraw, or take you out of this study at any time, 
without your agreement. 

PARTICIPANT'S ACKNOWLEDEMENT: 

I have read, understand and been adequately informed about this research study. This includes: 

The purpose and nature of this research 
The procedures to be followed 
Potential risks and discomforts 
Benefits 
Alternative procedures or treatments 
The release of my medical records to the sponsor and their representatives, and the 
FDA. 
To call my doctor if any medical problems develop. 

If you decide not be to be involved with the study this will not affect your health care. If you 
decide to stop being involved in the study at any time this will not change your health care. 

You have had any opportunity to ask questions and review the answered questions. You have 
read and been given a copy of the consent form. You agree to take part in this research study by 
signing below. 
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.Participant's Name (please print) 

Signature of Participant 

Date of Signature 

Person Obtaining Consent (please print) 

Signature of Person Obtaining Consent 

Date of Signature 
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9.2 Appendix B: Adverse Event Definitions 
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NEUROLOGICAL 

Ataxia: Ataxia is the reduced ability to coordinate voluntary muscular movement 

Cerebellar hemorrhage: bleeding in the cerebellum 

CSF fistula: an abnormal conduit that permits the flow, or potential flow, or CSF from the central 
nervous system, to any other compartment 

Cerebrospinal Spinal Fluid (CSF) leak: within 90 days post-procedure as determined from clinical 
diagnosis by one of the following methods: 

CSF leak or pseudomeningocele related surgical intervention (i.e., breaking skin) within 90 
days post-procedure; or 
CSF leak confirmation by diagnostic testing within 90 days post-procedure; or 
CSF leak confirmation by clinical evaluation within 90 days post-procedure 

Cerebrovascular accident: a cerebrovascular accident includes all classifications of strokes. 
Symptoms of a cerebrovascular accident may include a sudden diminution or loss of consciousness, 
sensation, and voluntary motion caused by rupture or obstruction (as by a clot) of a blood vessel of 
the brain. 

Headache: persistent pain (dull or severe) in any part of the head, not responding to standard 
medications and not related to a CSF leak. 

Hematoma: A hematoma is an abnormal collection of blood outside the normal vascular space. A 
hematoma is considered a major event and shall be reported if any of the following occur; a blood 
transfusion is required, surgical evacuation is necessary, results in alteration in the neurologic exam, 
readmission or prolong hospitalization occurs or requires imaging studies for evaluation. 

Hvdroce~halus: an abnormal increase in the amount of cerebrospinal fluid within the cranial cavity, 
usually resulting from impaired absorption, or obstruction to CSF flow. Hydrocephalus may be 
accompanied by expansion of the cerebral ventricles, enlargement of the skull (especially the 
forehead), and atrophy of the brain. 

Motor deficit: A motor deficit is a decreased use of motor functions, which may occur secondary to 
muscles or nerve dysfunction. 

Myelopathv: A motor andlor sensory deterioration, which may include bowel and bladder 
dysfunction, resulting from spinal cord compression. 

Neuroloaic deterioration: The patient has a new neurologic deficit post-procedure. May be 
transient, long-term but improving, unchanging but worse or new from preoperative status. Often 
associated with radiculopathy, compression from clot, diffuse swelling at or near surgical site, cauda 
equinalspinal cord compression. 
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New or increased radiculitis: new or further inflammation of a nerve root. Traction 
plexitislplexopathy. May be mixed motor sensory, incomplete, or complete neural involvement. 

Numbness: reduced or complete loss of sensitivity to touch. May include hypalgesia or analgesia. 
Anesthesia includes total loss of all sensory modalities. 

Photophobia: intolerance and painful sensitivity to light. 

Sciatica: pain along the course of a sciatic nerve, especially in the back of the thigh caused by 
compression, inflammation, or reflex mechanisms. 

Seizures (aeneralized or partial): A seizure is a sudden attack, spasm, or convulsion. A seizure may 
be partial (contained within a localized part of the cerebral cortex) or generalized (an attack that 
affects the entire body in which the patient may become unconscious). 

Sensory deficit: A sensory deficit is a decrease in function of one or more of the senses. 

Stroke: new onset of brain (cerebral, brain stem, or cerebellar) dysfunction resulting from cerebral 
ischemia or hemorrhage, and persisting for longer than 24 hours. 

CARDIOVASCULAR 

Arrhythmia: Atrial or ventricular and may be either self limited, limited with treatment, or 
refractory. 

Hvpertension: Increase in blood pressure characterized by a >30mm Hg above baseline systolic or 
20 mm >Hg above baseline diastolic on 3 different occasions. andlor a systolic excess of 180 and 
diastolic excess of 120 on three different occasions. 

Hvpotension: A drop in blood pressure >15mrn Hg systolic and >I Omm Hg diastolic when 
sittinglstanding. 

Mvocardial Infarction: localized necrosis of the myocardium that typically results from a coronary 
obstruction or narrowing. New or exacerbation of dysrythmiaslaryhthmia aberrant myocardial 
electrical transmission. 

Atelectasis: Collapse of lung tissue by bronchial obstruction 

Adult respiratow distress syndrome: respiratory failure in adults that results from diffuse injury to 
the endothelium of the lung (as in sepsis, chest trauma, massive blood transfusion, aspiration of the 
gastric contents, or diffuse pneumonia). It is usually characterized by pulmonary edema with an 
abnormally high amount of protein in the edematous fluid, respiratory distress, and hypoxemia. 
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Pneumonia: a disease of the lungs characterized by inflammation and consolidation followed by 
resolution and caused by infection or irritants. 

GASTROINTESTINAL 

Gastrointestinal bleedina/ulcers: Gastrointestinal bleeding is a loss of blood from somewhere 
within the gastrointestinal tract, including the oral cavity, esophagus, stomach, small intestine, large 
intestine, and/or rectum. A gastrointestinal ulcer is a break (or erosion) in skin or mucous membrane 
with loss of surface tissue, disintegration and necrosis of epithelial tissue, and often pus. 

Ileus: Ileus is the mechanical, dynamic, or adynamic obstruction of the bowel. It may be 
accompanied by sever colicky pain, abdominal distention, vomiting, absence of stool, fever and 
dehydration. 

Liver Function Abnormalities: Any abnormality in the blood tests for liver function. 

Nausea: a stomach distress or queasiness with distaste for food and an urge to vomit determined to 
not related to the procedure and occurring greater than 4 days after the procedure (not related to CSF 
leak). 

Vomiting: to disgorge the stomach contents; determined to be not related to the procedure and 
occurring greater than 3 days after the procedure (not related to CSF leak). Vomiting is usually 
associated with nausea and abdominal distress. 

GENITOURINARY 

Renal Stones: Stones may be diagnosed incidentally, or by work-up related to GI or GU symptoms. 

Urinary tract infection (UTI): A UTI is characterized by microbial, usually bacterial infection of 
any part of the urinary system causing dysuria or increased urinary frequency, as evidenced by 
positive urine culture and requiring antibiotic administration. 

MUSCOSKELATAL 

Muscle sDasms: sudden, involuntary contraction of a muscle or muscle group; may include cramps 
or contractures. 

INTEGUMENT 

Skin rash: skin eruption. Skin can react or break out for many different reasons, ranging from 
allergic reactions to infections, including pressure sores. 
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