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Abstract
Background: Although fibrin sealants (FSs) and fibrin glues (FGs) are predominantly 
utilized to strengthen repairs of cerebrospinal fluid (CSF) fistulas (deliberate/
traumatic) during spinal surgery, they are also increasingly utilized to achieve 
hemostasis. Here, we investigated whether adding Tisseel (Baxter International Inc., 
Westlake Village, CA, USA), utilized to address increased bleeding during multilevel 
lumbar laminectomies with non‑instrumented fusions, would reduce or equalize the 
time to drain removal and length of stay (LOS) without contributing to infections 
or prolonging time to fusion.
Methods: Prospectively, 39 patients underwent multilevel laminectomies and 1‑2 
level non‑instrumented (in situ) fusions to address stenosis/olisthesis; 22 who 
demonstrated increased intraoperative bleeding received Tisseel, while 17 without 
such bleeding did not.
Results: The 22 receiving versus 17 not receiving Tisseel, with similar clinical 
parameters, underwent comparable average multilevel laminectomies (4.36 
and 4.25) and 1‑2 level fusions (1.4 vs. 1.29 levels). As anticipated, 
for those receiving Tisseel, the average intraoperative estimated blood 
loss (EBL), total postoperative blood loss, and total perioperative transfusion 
requirements [red blood cells (RBC), fresh frozen plasma (FFP), platelets] 
were higher. However, Tisseel had the added benefit of equalizing the time 
to postoperative drain removal [e.g. 3.41 days (with) vs. 3.38 days (without)] 
and LOS [e.g. 5.86 days (with) vs. 5.82 days (without)] without increasing the 
infection rates (e.g. one superficial infection per group) or average times to 
fusion (e.g. 5.9 vs. 5.5 months).
Conclusions: Adding Tisseel for increased bleeding during multilevel 
laminectomies/in situ fusions contributed to hemostasis by equalizing the average 
times to drain removal/LOS compared to patients without increased bleeding and 
not requiring Tisseel.
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INTRODUCTION

Although fibrin sealants (FSs) and fibrin glues (FGs) 
are predominantly utilized to strengthen repairs of 
cerebrospinal fluid (CSF) fistulas (e.g. deliberate/
traumatic) occurring during spinal surgery, they are also 
increasingly applied to achieve hemostasis. Here, one FS, 
Tisseel (Baxter International Inc., Westlake Village, CA, 
USA), was utilized to control increased intraoperative 
bleeding encountered during 22 multilevel lumbar 
laminectomies with non‑instrumented fusions. Results 
were compared with those of 17 other patients undergoing 
comparable procedures in the same time period, who did 
not demonstrate increased bleeding and, therefore, did 
not receive/require Tisseel. We specifically asked whether 
Tisseel indirectly contributed to hemostasis as measured 
by reducing or equalizing the time to postoperative drain 
removal and length of stay (LOS). Additional questions 
raised included whether Tisseel increased the infection 
rate and/or time to/or rate of fusion.

MATERIALS AND METHODS

Prospectively, 39 patients with multilevel spinal stenosis 
[e.g. ossification of the yellow ligament (OYL), disc 
disease, synovial cysts, and instability (e.g. grade I‑II 
spondylolisthesis, spondylolisthesis/spondylolysis, or 
unilateral extended or full facetectomy for far lateral disc 
herniations) underwent multilevel laminectomies with 1‑2 
level non‑instrumented (in situ) postero‑lateral fusions 
utilizing lamina autograft and NanOss Bioactive (Pioneer 
Surgical, Marquette, MI, USA) [Tables 1 and 2].

Preoperatively, patients stopped anti‑platelet 
aggregants and anticoagulants
Patients were asked to stop baby Aspirin 81 mg at least 
2–3 weeks prior to surgery, along with other medications/
foods/vitamin and herbal supplements that are known 
anti‑platelet aggregants or anticoagulants. Preoperatively, 
patients had to have normal prothrombin time (PT), 
partial thromboplastin time (PTT), International 
Normalized Ratio (INR), and platelet aggregation 
screening studies.

Twenty‑two patients with increased intraoperative 
bleeding received Tisseel. These patients averaged 
65.8 years of age, and were followed over an average of 
13.9 months (range 7‑24 months) [Table 1]. Important 
medical comorbidities included: moderate/marked 
osteoporosis (21 patients), obesity (13 patients), 
hypertension (11 patients), anemia (8 patients), and 
cardiovascular disease (4 patients). Tisseel was applied in 
these 22 patients who exhibited increased intraoperative 
bleeding during multilevel laminectomies (average 4.36 
levels) and 1‑2 level non‑instrumented fusions (average 
1.4 levels) [Tables 1 and 2]. Lumbar pathology included: 
OYL (22 patients), disc disease (6 patients), and 

synovial cysts (3 patients) [Table 2]. Spinal instability 
was attributed to spondylolisthesis (18 patients), 
spondylolisthesis/spondylolysis (2 patients), and unilateral 
full facetectomy for far lateral discs (2 patients). Surgery 
required an average of 4.1 h [Table 2].

6 Patients exhibited puncate CSF fistulas attributed 
to prior epidural steroid injections
A subset of 6 patients also exhibited punctate CSF 
fistulas attributed to prior epidural steroid injections 
(ESI); 19 had undergone an average of 4.3 ESI, the 
last having been administered an average of 2.6 weeks 
prior to surgery [Tables 1 and 2]. All punctate CSF 

Table 1: Clinical data for patients undergoing multilevel 
laminectomies with non-instrumented fusions with or 
without Tisseel

Variable Patients not 
receiving 
Tisseel  

(22 patients)

Patients not 
receiving Tisseel 

(17 patients)

No tisseel 0 17
Tisseel used for hemostasis 22 0
Hemostasis alone 16 0
ESI punctate leaks 6 0
Average age (years) 65.82 65.29
Range (46‑78) (46‑82)
Mode 72 70
Median 66.5 70
Standard deviation 7.84 9.13
Sex

Males 7 5
Females 15 12

Average follow‑up (months) 13.9 14.4
Range (7‑24) (8‑22)
Median 12.5 14
Mode 23 8
Standard deviation 6.34 4.5

Punctate cerebrospinal fluid 
leaks due to ESI

6 0

Comorbidities
Anemia 8 3
Moderate/marked osteoporosis 21 12
Obesity body mass index>30 13 7
Diabetes 5 0
Hypertension 11 9
Coronary artery disease/stents 4 0
High cholesterol 7 7
Parkinsonism 1 0
Psoriasis 1 0
Multiple Sclerosis 1 0
Hypothyroid 2 0
Depression 2 (both major) 9
Cancer 0 3 (2 ovarian, 1 breast)

ESI: Epidural steroid injections
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fistulas were identified in the midline, and  were clearly 
the size of the Tuohy needle, tip; all were successfully 
treated with direct GORE‑TEX suture repair (e.g. 7‑0 
GORE‑TEX sutures; W. L. Gore and Associates, Newark, 
DE, USA) [Table 2].

17 Patients without increased intraoperative 
bleeding did not require Tisseel
Seventeen patients without increased intraoperative 
bleeding did not require Tisseel. They averaged 
65.29 years of age, and were followed over an 
average of 14.4 postoperative months (range 
8‑22 months). Significant medical comorbidities 
included: moderate/marked osteoporosis (12 patients), 
hypertension (9 patients), obesity (7 patients), and 
anemia (2 due to cancer/chemotherapy) [Table 1]. 
They underwent average 4.25 level laminectomies 
with average 1.29 level non‑instrumented fusions 
for pathology comparable to those patients receiving 
Tisseel [Tables 1 and 2]. Additionally, six patients had 
single disc herniations, two had two disc herniations, 
while three had accompanying synovial cysts. Spinal 
instability was variously attributed to: spondylolisthesis 
(11 patients), spondylolisthesis/lysis (1 patient), or the 
need for extended/full unilateral facetectomies for far 
lateral disc excision (5 patients). The average operative 
time was 4.0 h [Table 2].

Of interest, although 14 patients had received an average 
of 4.0 injections per patient an average of 5.2 weeks 
prior to surgery, none exhibited punctate CSF fistulas 
secondary to the ESI, [Tables 1 and 2].

Intraoperative application of  Tisseel utilizing the 
sandwich technique
The 3‑layer “sandwich technique” was utilized to apply 
Tisseel in 22 patients.[12] The first layer utilized 5 of the 
10 cc from the combined volume of the two syringes. 
It was evenly applied in an initial thin layer directly 
over the dura [e.g. after placing Avitene (microfibrillar 
collagen; C. R. Bard Inc., Warwick, RI, USA) under 
the laminar edges]. The second layer included 
the application of Duragen (Integra Life Sciences 
Corporation, Plainsboro Township, NJ, USA) (one strip 
for a 3‑cm wound, tw  o strips for a wound up to 6 cm). 
The third layer required application of the remaining 
5 cc of Tisseel.

Table 2: Surgical data for patients undergoing multilevel 
laminectomies with non-instrumented fusions with or 
without Tisseel

Variable Patients 
receiving Tisseel 

(22 patients)

Patients not 
receiving Tisseel 

(17 patients)

Levels of stenosis/laminectomy 
for stenosis

4.36 4.25

Median 4 4
Mode 5 5
Standard deviation 0.9 0.9

Specific levels
L1‑S1 8 1
L2‑S1 2 6
L3‑S1 8 6
L4‑S1 2 2
L1‑L3 1 0
L3‑L5 1 2

Disc herniations 6 10 (2 double L34/
L45 discs)

L45 discs in canal 4 6
L45 foraminal/far lateral discs 2 0
L34 discs in canal 0 2
L34 foraminal/far lateral discs 0 2

Unilateral L45 synovial cysts 3 3
Cyst L45 3 2
Cyst L5S1 0 1

Far lateral disc/facetectomy 2 0
Partial facetectomy/disc 0 5
Olisthy/spondylolysis L5S1 2 1

Degenerative spondylolisthesis 18 11
L23 1 0
L34 1 1
L345 3 2
L45 11 8
L45S1 1 0
L5S1 1 0

In situ fusions
Average levels 1.4 1.29

Single‑level fusions 14 12
L23 1 0
L34 1 4
L45 12 8

Two‑level fusions 8 5
L345 4 3
L45S1 4 2

Number of patients receiving ESI 19 14
Average number ESI 4.3 4
Average weeks preoperatively 2.6 5.2 weeks
ESI with punctate CSF leaks 6 0

Surgical time (hours)
Average 4.1 4.0
Range 3.5‑5.5 3.5‑6.0

Table 2: Contd...

Variable Patients 
receiving Tisseel 

(22 patients)

Patients not 
receiving Tisseel 

(17 patients)

Median 4 4
Mode 4 3.5
Standard deviation 0.56 0.75

ESI: Epidural steroid injections, CSF: Cerebrospinal fluid
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RESULTS

Comparable clinical and surgical data for both 
patient groups (receiving vs. not receiving Tisseel)
Several clinical (e.g. average age, sex ratio, follow‑up 
interval, duration of surgery, etc.) and surgical 
parameters (e.g. average extent of laminectomy/fusion) 
were similar for patients in both groups [Tables 1 and 2].

Greater estimated blood loss and total 
postoperative blood loss for those receiving 
versus not receiving Tisseel
The average estimated blood loss (EBL) and range of 
EBL were higher for those receiving Tisseel [e.g. average 
EBL 209.1 cc (range 100‑600 cc) (with Tisseel) vs. 157.7 cc 
(range 50‑300) (without Tisseel)] [Tables 3 and 4]. 
Additionally, the total postoperative volumes of drainage 
were higher for those receiving Tisseel (570.61 cc) versus 
those not receiving Tisseel (382.7 cc), as were the average 
amounts of drainage observed on postoperative days 1‑3 
[Table 4].

Greater transfusion requirements for those 
receiving versus not receiving Tisseel
Perioperative transfusion requirements were higher for 
patients receiving Tisseel for increased intraoperative 
bleeding versus for those without such bleeding and 
not receiving Tisseel. Those receiving Tisseel required 
15 Units (U) of packed red blood cells (RBC), 5 U of 
fresh frozen plasma (FFP), and 3 U of platelets vs. for 
those not receiving Tisseel who had lower transfusion 
requriementes (e.g. 5 U of RBC, 1 U of FFP, and 1 U of 
platelets) [Table 3].

Comparable morbidity for patients receiving 
versus not receiving Tisseel
The incidence of major perioperative morbidities 
[e.g. including deep venous thrombosis (DVT)/
pulmonary embolism (PE), postoperative hematomas/
seromas, and postoperative infections] were comparable 
for both groups. Although two patients receiving Tisseel  
had DVT/PE, one with a PE on the first postoperative 
night clearly had had a PE prior to admission. Notably, 
no patients from either group experienced postoperative 
hematomas or seromas. One patient from each group 
developed a superficial wound infection 1 month 
postoperatively; both were  successfully managed with 
10 days of antibiotic therapy. Notably, both patients 
had high body mass indexes (BMI: >35), and the one 
receiving Tisseel was also a diabetic. 

Comparable time to fusion for those receiving 
versus not receiving Tisseel
For patients undergoing multilevel laminectomy with 
non‑instrumented fusion with versus without Tisseel, 
the average times to fusion were nearly the same (5.9 vs. 
5.5 months, respectively), while one from each group 

developed an asymptomatic pseudarthrosis that did not 
require further surgery [Table 3].

Comparable times until drain removal with/
without Tisseel
The protocol was to remove drains when the drainage 
for the prior 12‑h shift was <30 cc. Despite a total 
higher average amount of drainage for patients 

Table 3: Estimated blood loss, transfusion requirements, 
complications, and time to fusion for patients undergoing 
multilevel laminectomies with non-instrumented fusions 
with or without Tisseel

Variable Patients 
receiving Tisseel 

(22 patients)

Patients not 
receiving Tisseel 

(17 patients)

Diagnosis preoperative 
anemia (after IV hydration 
prior to incision HCT* <32)

8 3

Estimated intraoperative 
blood loss

Average cc 209.1 157.7
Range cc 100‑600 50‑300
Median cc 150 150
Mode cc 100 200
Standard deviation 146.09 65.62

Postoperative transfusion 
packed red blood cells (RBC)

9 Patients 
(15 Units total)

4 Patients 
(5 Units total)

Transfused 1 RBC 3 Patients 3
Transfused 2 RBC 6 Patients 1

Fresh frozen plasma (FFP) 5 1
Transfused 1 U FFP 1 1
Transfused 2 U FFP 2 0

Transfused platelets (Plts) 3 1
Transfused 1 Unit platelets 3 1

Patients receiving multiple 
transfusions

3 1

2 RBC/2 FFP/1 Plts 1 0
2 RBC/1 FFP/1 Plts 1 0
2 RBC/0 FFP/0 Plts 1 0
1 RBC/1 FFP 0 1

DVT/PE 2 1
1st postoperative night** 1 0
2nd postoperative night 0 1
1 month later* 1 0

Postoperative hematomas 0 0
Superficial infection 1* 1*

Estimated time to fusion
Average (months) 5.9 5.5
Range (months) 4.5‑8.0 3.5‑6.0
Median (months) 6 6
Mode (months) 6 6
Standard deviation 0.71 0.89
Pseudarthrosis 1 1

*HCT: Hematocrit, **1st postoperative night: Patient had evidence of PE preoperatively
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receiving versus not receiving Tisseel, patients exhibited 
nearly identical average time (days) to postoperative 
drain removal [e.g. 3.41 days (with Tisseel) vs. 
3.38 days (without Tisseel)] [Table 4].

Comparable LOS with/without Tisseel
The average LOS for those receiving versus not 
receiving Tisseel were also comparable [5.86 days (with 
Tisseel) vs. 5.82 days (without Tisseel)]. The average 
LOS for both groups should be reduced by 0.5 days as 
approximately half of each group had been admitted one 
the day prior to surgery [Table 5]. Of added interest, 
almost all patients in both groups were out of bed on 
the day of surgery (OOB) rather than the more routine 
first postoperative day; the two exceptions were those 
requiring repair of ESI receiving Tisseel who were kept 
on bed rest for 24 h.

Preoperative anemia correlated with greater 
transfusion requirements in both groups
Preoperative anemia in either group, defined as a 
preoperative hematocrit (HCT) of 32 in the operating 
room following intravenous hydration (e.g. typically 
consisting of Normal Saline 500 cc) prior to making 
an incision, correlated with greater perioperative 
transfusion requirements [Table 6]. Six of eight anemic 
patients receiving Tisseel required 12 perioperative 
transfusions, consisting mostly of RBC (e.g. 9 RBC, 
2 U FFP, 1 U platelets). Alternatively, the 4 patients 
without anemia in the Tisseel group with increased 
intraoperative bleeding required 12 transfusions that 
included fewer RBC (e.g. 6 U RBC, 4 U FFP, 2 U platelets). 

Table 4: Assessment of postoperative drainage, volume/
time to drain removal, and postoperative hematocrit 
for patients undergoing multilevel laminectomies with 
non-instrumented fusions with/without Tisseel

Variable Patients 
receiving 
Tisseel 

(22 patients)

Patients not 
receiving 
Tisseel 

(17 patients)

Drain out
Average postoperative days 3.41 3.38
Range 2‑4 days 2‑5 days
Median 3.5 3
Mode 4.0 3
Standard deviation 0.67 0.72

Drains out postoperatively
Day 2 2 1
Day 3 9 10
Day 4 11 5
Day 5 0 1

Drainage postoperative day 1
Average cc 266.14 205.3
Range cc 100‑500 100‑300
Median cc 250 200
Mode cc 200 200
Standard deviation 91.4 64.43

Hematocrit postoperative day 1
Average 32.17 31.69
Range 26‑44 26.87‑37.5
Median 31.90 31.8
Mode 37 32
Standard deviation 4.70 2.78
Number of patients with HCT<30 9 5

Drainage postoperative day 2
Average cc 182.27 119.7
Range cc 30‑400 50‑230
Median cc 185 120
Mode cc 100 120
Standard deviation 94 54.4

HCT postoperative day 2
Average 32.05 31.45
Range 26.8‑35 27.9‑38
Median 32.5 31.2
Mode 34 31
Standard deviation 2.6 3.1

Drainage postoperative day 3
Average cc 122.2 57.7
Range cc 30‑400 10‑130
Median cc 80 40
Mode cc 60 75
Standard deviation 103.68 39.85

Total average drainage 
Postoperative days 1‑3 cc

570.61 382.7

ER: Emergency room

Table 5: Most patients out of bed on the day of surgery 
and comparable lengths of stay for patients undergoing 
multilevel laminectomies with non-instrumented fusions 
with/without Tisseel

Variable Patients 
receiving Tisseel 

(22 patients)

Patients not 
receiving Tisseel 

(17 patients)

Admission 1 day preoperatively 
through emergency room

12 8

Admission day of surgery 10 9
Out of bed (OOB)

Day of surgery 20 17
OOB postoperative day 1 2 0

Repair CSF fistula due to 
epidural steroid injection

2 0

Length of stay (days)
Average 5.86 5.82
Range 2‑8 3‑13
Median 6 5
Mode 5 6
Standard deviation 1.73 2.6

CSF: Cerebrospinal fluid, OOB: Out of bed
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Of the 17 patients not receiving Tisseel due to the 
lack of increased intraoperative bleeding, 3 with 
preoperative anemia required five perioperative 
transfusions, consisting mostly of  RBC (4 U RBC and 
1 U FFP), versus 2 of 14 non‑anemic patients who 
required few transfusions and fewer RBC units (1 U 
RBC and 1 U platelets). Of interest, one patient in the 
Tisseel group later tested positive for von Willebrand 
disease [Table 6].

DISCUSSION

Anticipated greater EBL, volume of postoperative 
drainage, and transfusion requirements for those 
receiving versus not receiving Tisseel
During multilevel laminectomies and non‑instrumented 
fusions, those exhibiting increased intraoperative 
bleeding received Tisseel to promote hemostasis while 
those without such increased bleeding did not. As 
anticipated, therefore, those receiving Tisseel exhibited 
greater EBL, postoperative drainage, and perioperative 
transfusion requirements (especially if they were anemic 
preoperatively) [Tables 1‑6].

Tisseel indirectly contributed to hemostasis 
allowing for comparable times to drain removal 
and LOS versus in those not requiring Tisseel
Tisseel indirectly contributed to postoperative hemostasis 
as both groups demonstrated nearly equivalent times 
to postoperative drain removal [3.41 (with Tisseel) vs. 
3.38 (without Tisseel) days] and LOS (e.g. 5.86 vs. 
5.82 days) [Tables 4 and 5].

Preoperative anemia correlated with greater 
perioperative transfusion requirements for 
patients receiving versus not receiving Tisseel
Preoperative anemia in either group correlated with greater 
perioperative transfusion requirements [Table 6]. Six of 
eight anemic versus four non‑anemic patients in the Tisseel 
group were transfused, and their transfusion requirements 
were greater when compared with those warranted for 
the three anemic and two non‑anemic patients in the 
non‑Tisseel group. Notably, the anemic patients required 
more RBC transfusions compared to other products.

A higher incidence of comorbid factors likely 
contributed to increased intraoperative bleeding 
in patients receiving Tisseel
Multiple comorbid factors likely contributed to increased 
intraoperative bleeding for those receiving Tisseel versus 
those not receiving Tisseel. These included: A higher 
incidence of moderate/severe osteoporosis (21 of 22 vs. 
12 of 17), more obesity [BMI >30: 13 patients with 
Tisseel (7 with >35 BMI) vs. 7 without Tisseel], anemia 
(8 vs. 3), and coronary artery disease (CAD)/stents (4 vs. 
0) [Table 1]. It is well understood that osteoporosis 
increases intraoperative back bleeding from both the 
laminectomy site and the decorticated transverse 
processes; however, when Tisseel is added, it decreases 
the back bleeding from the laminectomy edges as it is 
applied centrally in the spinal canal. The increased BMI 
certainly contributes to intraoperative back bleeding from 
all sites, including Batson’s plexus (e.g. Tisseel helps 
control this bleeding). Anemic patients exhibit increased 
blood flow dynamics that contribute to increased 
perioperative bleeding. Finally, those with CAD/stents, 
previously on anti‑platelet aggregants, may not regenerate 
adequate platelet function prior to surgery even when 
they are stopped for several preoperative weeks.

Clinical evidence that Tisseel promotes hemostasis
When used clinically, Tisseel successfully facilitatess 
cranial and spinal hemostasis and limits bone 
morphogenetic protein (BMP) diffusion (a benefit), 
but may inhibit spinal fusion.[1,8,9,13] In one study, 
Tisseel achieved hemostasis without complications in 
the cranial epidural space (n = 200 patients), anterior 
cavernous sinus (n = 46 patients), and vertebral venous 
plexus (n = 20 patients); however, in the superior petrosal 
sinus, it contributed to brain stem stroke.[8] In another 

Table 6: Preoperative anemia led to increased 
perioperative transfusion requirements in patients 
undergoing multilevel laminectomies with 
non-instrumented fusions with/without Tisseel

Variable Patients receiving 
Tisseel (22 total 
patients) 8 with 

preoperative 
anemia

Patients not 
receiving Tisseel 
(17 total patients)  

3 with preoperative 
anemia

Preoperative anemia requiring 
perioperative transfusions 
(anemia: HCT<32 with IV 
hydration prior to incision)

6 3

Preoperative anemia requiring 
perioperative transfusions

1 RBC 3 1
2 RBC 2 1
1 RBC/1 FFP 0 1
2 RBC/1 FFP/1 platelets 1 0

No preoperative anemia, but 
transfused perioperatively

4 2

1 Unit platelets 0 1
1 RBC 0 1
2 RBC/1 U platelets 1 0
2 RBC/2 FFP/1 U platelets 1 0
2 FFP 1 0
2 RBC 1 0

Preoperative anemia, but 
required no transfusions

2 0

Diagnosis of von Willebrand 1 0
RBC: Red blood cells (Units), FFP: Fresh frozen plasma, IV: Intravenous
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study, Tisseel reduced postoperative drainage and LOS 
without increasing the complication rate following 
spinal surgery.[1,9,13,14] In a third study, when utilized to 
perform three or more level anterior cervical fusions, 
Tisseel successfully reduced the average amount/duration 
of postoperative drainage and LOS (1.2 s vs. 2.1 days) 
without increasing the complication rate.[14] Specifically, 
patients undergoing anterior cervical diskectomy/
fusion (ACDF) with Tisseel (30 patients) versus without 
Tisseel (30 patients), respectively, demonstrated the 
following: average drainage (47 ml vs. 98 ml), average time 
of drainage/removal (≤20 ml per shift) [17 h (range 8-29 h) 
vs. 24 h (range 7‑43 h)], and average LOS [1.2 days (range 
1‑4 days) vs. 2.1 days (range 1‑5 days)].[14] In another 
study, an absorbable gelatin sponge applied for multilevel 
posterolateral lumbar fusions (PLF) or posterior lumbar 
interbody fusions (PLIF) also significantly reduced 
postoperative drainage (173 cc gelatin sponge vs. 392 cc 
control patients), transfusion requirements (34.15% vs. 
58.5%), and average LOS (12.58 vs. 14.46 days) without 
increasing short‑ or long‑term sequelae.[13]

Other clinical evidence showing that Tisseel 
increased fusion rates and reduced the incidence 
of infections when combined with antibiotics
Clinically, the addition of FS/FG contributed to the spinal 
fusion rate when combined with bone graft products, or 
reduced infection rates when combined with antibiotics. 
Fibrin glue, in this case consisting of a unique platelet‑rich 
gel plus autograft/allograft, accelerated bony deposition 
and tissue healing, while also increasing bone density 
3 months following 14‑instrumented PLF.[4] In a separate 
clinical series, utilization of an antibiotic‑impregnated 
fibrin sealant (AFS) applied to 196‑instrumented spinal 
fusions led to no deep surgical site infections (SSI)  
versus a 5.8% (11 patients) incidence of SSI occurring 
for 188 comparable procedures performed without AFS 
impregnated with antibiotics.[10]

Other pros and cons for FS/FG or Tisseel 
demonstrated in animal models
Several other pros and cons were demonstrated for FS/
FG tested in animal models.[2‑7,11] When Tisseel was 
applied prior to placing BMP in a rat fusion model, 
it markedly limited BMP/INFUSE diffusion into 
“unwanted” areas, but reduced or nearly completely 
eliminated fusions.[5] Tisseel similarly reduced, fusion 
rates in an ACDF feline (cat) model.[11] In a rat model 
mimicking instrumented spinal fusions, Cashman et al. 
demonstrated the utility of antibiotic‑impregnated 
Vitagel/FS to reduce infections and infection‑related 
mortality.[2]

FS/FG fails or succeeds in reducing epidural 
fibrosis
In two animal models, FS/FG either failed or succeeded 
in the reducton of postoperative epidural fibrosis. In 

a rat spinal surgery model, FG alone or mixed with 
steroids failed to reduce postoperative epidural fibrosis. 
Alternatively, in a sheep model, Adcon‑Gel (Tributyrin; 
Gliatech, Cleveland, OH, USA) effectively reduced 
posterior spinal epidural adhesions following 
laminectomies.[3,7]

Animal model demonstrating efficacy of FS 
Impregnated with Injectable Calcium Phosphate 
and rh‑BMP‑2 for vertebroplasty
Supplementing injectable calcium phosphate 
cement (ICPC) with FS impregnated with recombinant 
human bone morphogenetic protein‑2 (rh‑BMP‑2) proved 
to be an effective alternative to poly methylmethacrylate 
(PMMA) for performing vertebroplasties in New Zealand 
rabbits.[6]

Limitations
In this study, multiple variables may have contributed 
to the reduction in the time to drain removal and LOS 
for those receiving versus not receiving Tisseel. We were 
unable to differentiate the volume of postoperative 
drainage from the epidural compartment (should 
be reduced with Tisseel) versus drainage from the 
decorticated transverse processes (should be comparable 
in both groups) versus overall soft tissue of the wound. 
Among the patients receiving Tisseel for increased 
intraoperative bleeding , hematology diagnosed von 
Willebrand disease in one patient, but may have failed 
to pick up other factor deficiencies in the remainder. 
Additionally, there were only a small number of patients 
in both groups as the study only started after we elected 
to prospectively apply Tisseel (1) for hemostasis alone 
and (2) only in the most recent patients fused with 
lamina autograft and NanOss Bioactive. Future studies 
warrant more patients in both populations to achieve 
greater validity.

CONCLUSION

Twenty‑two patients received Tisseel for increased 
intraoperative bleeding encountered during multilevel 
laminectomies and non‑instrumented fusions performed 
for stenosis/instability. In comparision, 17 comparable 
patients without increased bleeding received no Tisseel. 
As anticipated, the former 22 patients receiving Tisseel 
exhibited increased postoperative EBL, total drainage, 
and higher transfusion requirements versus the 
17 patients not receiving Tisseel. We found, however, 
that the addition of Tisseel equalized the average time 
to postoperative drain removal (e.g. 3.4 days) and average 
LOS (5.8 days). for the two groups.
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