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ABSTRACT 

INTRODUCTION 

Haemostasis and adhesion prevention in surgery is of paramount importance to prevent 

complications. It is even more important in neurosurgical procedures where even minor 

complications can lead to devastating consequences. There is constant work in the 

direction of development of both haemostatic and anti-adhesion agents with recent 

research with the use of chitosan dextran gel and autologous muscle tissue showing 

promise. 

Normal wound healing following surgery may lead to adhesion formation with the 

development of adhesions correlating to the presence and amount of blood clot. This 

linking of bleeding and adhesion formation is key to adhesion prevention. The amount 

and site of adhesion formation will often influence the postoperative course of the 

patient. While there have been many substances developed in an attempt to prevent 

adhesions, this thesis will examine Chitosan dextran (CD) gel and muscle for their 

potential role in neurological surgery.  CD gel has previously been shown to be 

effective as a haemostat and as an anti- adhesion agent in endoscopic sinus surgery 

while autologous muscle has been shown to be effective with major vascular injury. 

This thesis will examine Chitosan Dextran gel in central nervous system and also try to 

explore the potential mechanisms of action of muscle tissue in bleeding control. 

METHODS 

The haemostatic and anti adhesion potential of Chitosan Dextran gel was studied with 

the help of sheep models. 
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A neurosurgical burr hole model was used to assess the safety and efficacy of Chitosan 

Dextran gel on the dura and brain tissue. Bleeding control was tested at the level of 

bone, dura and brain separately with both Chitosan Dextran gel and Gelfoam paste on 

separate burr holes. Baseline bleeding was measured at the time of injury using the 

Boezaart scale, and then every two minutes after the application of each agent until 

complete haemostasis or 10 minutes, whichever was earlier. Safety was assessed 

through MRI scans and histopathological analysis. 

To further assess the antiadhesion potential of Chitosan Dextran gel, a sheep model of 

spinal laminectomy was used. Gelfoam paste was again used as the control agent. 

Following the laminectomy procedure and exposure of dura, the test agent, i.e, Chitosan 

Dextran gel or Gelfoam or normal saline wash was applied on the dura and the wound 

was closed. Healing was allowed for three months. The efficacy of adhesion prevention 

was assessed by Peel test and MRI scans. Histopathology was performed to assess 

safety of the agent. 

In vitro studies were performed to evaluate the haemostatic action of muscle tissue. 

Muscle extracts were prepared by dissolving crushed snap-frozen muscle tissue in 

saline. Plain saline was used as control. Prothrombin time, activated partial 

thromboplastin time (APTT), thrombin time, and platelet aggregation studies were 

performed on both muscle extract and saline. Prothrombin time and APTT were 

repeated using factor VII–deficient plasma, factor X–deficient plasma, lupus plasma, 

and contact pathway inhibited plasma. 
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RESULTS 

1. The efficacy and safety profiles of Chitosan Dextran gel were comparable to

those of Gelfoam in the neurosurgical burr hole study. The logistic regression 

model suggested that Chitosan Dextran gel was more effective at stopping 

bleeding after two minutes, the clinical significance may be small and this 

should be tested in a model with greater volume of bleeding with more 

intervention numbers. 

2. With regards to antiadhesion efficacy of Chitosan Dextran gel in the sheep

model of laminectomy there was a significant reduction in adhesions when 

compared to the untreated (normal saline) group. However when compared to 

the Gelfoam treated group there was no significant difference. MRI did not 

show any difference in the overall epidural fibrosis among the three groups. 

3. In vitro muscle coagulation studies did not show any significant difference

between muscle and saline except in the APTT using factor X-deficient plasma. 

Higher concentrations of muscle extract showed an increase in platelet 

aggregation. 

CONCLUSION 

Chitosan Dextran gel is an effective safe haemostatic and anti-adhesive agent in the 

central nervous system. Further work is needed to extend its use in neurosurgical 

procedures in humans. 
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Platelet aggregation appears to play an important role in the haemostatic action of 

muscle tissue and further study of this mechanism may improve the development of 

new topical haemostatic agents.  
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Studies to be performed 

The following studies were performed: 

1. To assess the safety and efficacy of Chitosan Dextran gel as a haemostatic agent

on the dura and brain tissue in the sheep animal model 

2. To assess the anti adhesion potential of Chitosan Dextran gel in a post

laminectomy sheep animal model 

3. To study the possible haemostatic mechanisms of muscle tissue when used as a

haemostatic agent 
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CHAPTER 2 INTRODUCTION 
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Effective haemostasis is required to give a good surgical field for the surgeon to work 

safely and this in turn should result in a better outcome for the patient1. Surgical 

haemostasis affects different aspects of the health system from patient morbidity and 

mortality to overall cost reduction2. Significant intra-operative blood loss leads to blood 

transfusions that can have its own complications3,4. Greater blood loss can also lead to 

derangement in the coagulation mechanisms leading to Disseminated intravascular 

coagulation (DIC)5 with morbidity and even mortality.  

 

Haemostasis begins with preoperative assessment of the patient prior to the elective 

procedure. Medical conditions such as anemia and various bleeding disorders can 

increase the likelihood of intraoperative bleeding leading to blood transfusions in the 

perioperative period6-9. Medications like aspirin, antiplatelet drugs and warfarin also 

increase bleeding risk during surgery6,10. With the development of newer agents like 

direct thrombin inhibitors and factor Xa inhibitors, it has become more difficult to 

reverse the anticoagulant state11.  

 

The other important factor in intra-operative haemostasis is good anesthetic technique 

providing an optimal surgical field for the procedure. There are a variety of anesthetic 

agents available and their use depends on the type of surgery. With regards to 

neurosurgery, the effect of a drug on cerebral blood flow (CBF), cerebral metabolic rate 

(CMR), cerebral blood volume (CBV) and intracranial pressure (ICP) determine its 

use12,13.  Volatile agents like Sevofluorane are more commonly used since their effect on 

the neural homeostasis is minimal12,13. 
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Meticulous surgical technique is the single most important step to reduce overall blood 

loss14,15. Various methods like electro cautery, pressure application, suture ligation and 

tourniquet use, are available to arrest bleeding16. However these techniques are not 

without complications. Topical haemostatic agents can be used to control various types 

of bleeding including diffuse and individual bleeders and their ease of use has made 

these agents very popular17. However it is essential to understand the normal 

haemostatic mechanisms, the mechanism of action of the topical agent and directions to 

use them, to help in deciding the appropriate agent for a particular situation. Care 

should also be taken about the side effects of the various topical agents.  

 

Gelatin based, cellulose based and collagen based agents are very widely used, but these 

products can swell up and can cause pressure damage to nearby structures and hence 

should be used with caution in closed cavities17. Fibrin and thrombin based agents 

though extremely effective to control bleeding in a variety of surgeries but run the risk 

of allergic reactions and antibody formation15,18. Albumin derived haemostats, 

polysaccharide based haemostats and inorganic agents work independent of the 

coagulation mechanism17. Vasoconstrictors like adrenalin are used intraoperative to 

transiently control bleeding19 and anti-fibrinolytics are used as clot stabilizing agents20. 

Hence there are many different types of agents available commercially and their use is 

dictated by the surgical situation and surgeons understanding of the product.  

 

The central nervous system in human beings is very complex. It comprises both the 

brain and spinal cord which are continuous with each other. These neuroanatomical 

organs control the very essence of the human body and mind. The adult human brain is 

a bilaterally symmetrical semi-solid tissue inside the bony cranium of the head. It is 
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mainly divided into three parts: Cerebrum, Cerebellum and Brain stem21,22. The 

cerebrum is the largest part of the brain and consists of two symmetrical halves –the 

right and left cerebral hemispheres21,22. Each half of the cerebral hemisphere is further 

divided into 5 further lobes: frontal, parietal, temporal, occipital and insula. The 

cerebellum lies beneath the cerebral hemispheres and is connected below with the 

brainstem21,22. The brain is also covered by the protective meninges, dura, arachnoid and 

pia mater21,22. These different parts of the brain control all functions of the body and 

along with spinal cord help perform all motor activities and perceive various sensations. 

This ranges from speech, vision, hearing, autonomic functions, respiration, movement, 

emotional control, bowel and bladder functions, etc21,22. Hence damage to any part of 

the central nervous system can cause devastating consequences. Thus bleeding control 

during a surgical procedure in these organs is of utmost priority.  

 

Increased blood loss/ bleeding in any surgical procedure makes the operation more risky 

since difficult visualization of the structures can cause inadvertent damage to the 

surrounding tissue. Increased blood loss can also cause shock23, increases blood 

transfusion requirements, which have their own complications like TRALI (transfusion 

related acute lung injury)24, increases inpatient length of stay and thus contributes to 

increased costs to the healthcare system25. 

 

With any surgical procedure, there is associated scar tissue formation, which is a normal 

wound healing process. However, excessive healing is a complication seen following 

spinal and back surgeries, leading to peridural and epidural fibrosis26.  The extent of this 

fibrosis depends on the amount of intra-operative bleeding or poor haemostasis27. The 

theory of postoperative laminectomy membrane suggests, that increased bleeding leads 
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to a larger hematoma formation in the laminectomy site. This is subsequently replaced 

by fibrous tissue in the remodeling phase leading to peridural adhesions28.  

 

Postoperative epidural and peridural adhesions are a common cause for persistent pain 

and may lead to failed back surgery syndrome29. These adhesions also increase the risk 

for a repeat procedure at the same location30. One of the methods used to decrease 

peridural adhesions is by use of barrier agents, which prevent contact between the dura 

and surrounding muscles14. There are many agents available, and their use should be 

guided by the nature of surgery and knowledge of the product. 

 

The subject of this thesis is a newly developed chitosan-dextran gel which has shown in 

the nose and sinuses to be both haemostatic and decrease adhesion formation. Chitosan 

is a polysaccharide compound obtained from crustaceans31. Different forms of chitosan 

have been shown to be effective as a haemostatic agent32-34. It has been shown that 

chitosan achieves bleeding control independent of the haemostatic mechanisms of the 

body35. It decreases adhesions and also improves wound healing36,37.  

 

In our department we have also developed a significant interest in the use of autologous 

muscle patch as a haemostatic agent.  There are reports dating back to the early 1900s 

where it was used as a haemostatic agent in published case reports. It is now re-

emerging, with recent studies showing effective bleeding control in high -pressure 

carotid artery bleeding models.38  With a greater understanding of the mechanism 

behind this highly effective haemostatic agent, we may be able to further improve 

current haemostatic agents either by incorporating this mechanism into the CD gel or by 

utilizing the muscle patch action in a stand alone topical haemostat.  



	
   20	
  

 

In our studies we have used Chitosan Dextran gel to assess bleeding control in brain and 

also to study its anti-adhesion properties in spinal surgery. We have also sought to 

further understand the role of skeletal muscle tissue as a haemostatic agent.  

 

Thus, in the next few chapters we discuss normal haemostatic mechanisms in the body, 

different types of topical haemostatic agents available for bleeding control, normal 

wound healing, pathophysiology of epidural scarring and agents available to prevent 

scarring. We then present our studies to assess the haemostatic and anti-adhesion 

properties of Chitosan Dextran gel in an animal model and in-vitro studies performed to 

assess the haemostatic property of muscle tissue. 
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CHAPTER 3 NORMAL HAEMOSTASIS 
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It is of paramount importance that blood maintains its fluid state and a clot (haemostatic 

plug) is formed only when required. There are several haemostatic mechanisms that are 

in operation in vivo to help this happen and they play an essential role in stopping 

bleeding when there is a loss of integrity of the vessel wall. These mechanisms also 

ensure that the haemostatic plug remains confined to the area of vascular injury and 

when the injured site is healed, the plug is removed from the site. There is a constant 

balance that is maintained between the procoagulant and anticoagulant factors, as an 

imbalance will lead to either unwanted thrombosis or haemorrhage39. 

 

Important structures/ factors that play a role in maintaining the normal haemostatic 

mechanism includes blood vessel, platelets40-46, coagulation factors47, inhibitors of 

coagulation39,48-55, and the fibrinolytic system56-61. 

 

BLOOD VESSEL/ ENDOTHELIAL CELL 

The blood vessel wall is made up of the intima, media and adventitia. The intima is 

lined by a layer of endothelial cells that covers the sub endothelial connective tissue 62.  

Endothelial cells: Endothelial cells form a continuous internal lining along the blood 

vessel. They are generally non thrombogenic when the vessel integrity is intact63. These 

cells contain both pro-thrombotic and antithrombotic properties. The relative balance 

between the pro and the anti-thrombotic factors expressed by the endothelial cells at any 

point in time depends on the vascular integrity and the extent of local inflammation. 

This determines whether there will be active clot formation, or clot propagation or clot 

dissolution64. 

 



	
   23	
  

Important pro-thrombotic factors/ substances within the endothelial cells include von 

Willebrand factor (vWF), tissue factor (TF) and Plasminogen activator inhibitors 

(PAI)63,64. A damage to the vessel wall leads to the exposure of the sub endothelial 

connective tissue. The platelets come in direct contact with the sub endothelial 

connective tissue, activating  vWF and leading to active localised clot formation65. 

Tissue factor exposure to the blood stream is the major activator of the extrinsic 

pathway (discussed in detail below)66. PAIs inhibit the activation of plasminogen, thus 

inhibiting fibrinolysis (discussed in further detail below)63. 

 

On the other hand, the endothelial cells also express a number of factors that inhibit clot 

formation under normal circumstances. The intact endothelium prevents any interaction 

between the coagulation factors in the blood and the thrombogenic sub endothelial 

connective tissue63. Anti-thrombotic substances in the endothelial cell include 

prostacyclin, ADPase, Tissue Factor Pathway Inhibitor (TFPI), Tissue Plasmniogen 

Activator (t-PA)39,67. Prostacyclin (PGI2) and Nitric oxide (NO) and act by  vasodilating 

the blood vessel and inhibiting platelet binding to the endothelial surface53-55. ADPase 

degrades ADP which is a potent activator of platelet aggregation63. TFPI inhibits 

various factors in the coagulation cascade and t-PA degrades plasminogen to plasmin. 

Plasmin degrades fibrin and thus dissolves a clot63. 

 

Vasoconstriction is a phenomenon that happens locally at any site where there is a loss 

of vessel integrity due to an interplay between the various humoral and inflammatory 

factors63,67 (Figure 1)63,67. Vasoconstriction plays an important role in reducing the blood 

flow in the affected region which helps in the formation of a stable haemostatic plug 

and allows the coagulation factors to accumulate to reach a critical point to aid in the 
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process of coagulation. Vasoconstriction is seen in both, vessels that have a muscular 

coat and in the microcirculation, in vessels without a muscular wall67. Further, the 

endothelial cells by themselves produce substances that cause vasoconstriction such as 

angiotensin II (AT II) and thromboxane A2 (Tx A2)63. Figure 1 depicts the various steps 

in clot formation, namely, vasoconstriction, primary haemostatic plug, secondary 

haemostasis and finally regulation of extent of thrombosis. 
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Figure 1: Normal haemostasis: A: There is immediate local vasoconstriction at the 
site of vascular injury due to release of neuro-humoral factors. B: Platelets bind to the 
von Willebrand Factor on exposed extracellular matrix via the glycoprotein 1b receptor. 
This causes platelet activation and conformational changes that leads to platelet granule 
release (such as Thromboxane A2 and leading to additional platelet recruitment and 
aggregation (via gp IIb-IIIa receptor), thus forming the primary haemostatic plug. C: 
activation of the coagulation cascade results in the formation of fibrin and thus the 
secondary haemostatic plug. D: Counter-regulatory mechanisms act via tissue 
plasminogen activator (t-PA) and thrombomodulin ensuring that the haemostatic plug 
remains confined to the area of injury. 
(Taken from: Kumar, V., Abbas, A. & Aster, J. Robbins & Cotran Pathologic Basis of 
Disease. (Elsevier Health Sciences, 2014).) 
 
PLATELETS 

Platelets are an integral part of the haemostatic plug. Platelet granules and platelet 

membrane are the chief components of a platelet that play an important role in the 

formation of a haemostatic plug. Platelets first adhere, then activate by  changing their 

shape before aggregating to form a clot68. As shown in Figure 2, platelets adhere to 

vWF via the surface receptor Glycoprtein 1b (Gp1b)63. This leads to a conformational 
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change and platelet activation (associated with an increase in the surface glycoprotein 

IIb/IIIa receptors and release of platelet granules). There is a simultaneous release of a 

number of pro-thrombotic agents from the platelets and endothelial cells which leads to 

recruitment of more platelets to the area. Finally there is active platelet aggregation due 

to interaction between the GpIIb/IIIa receptors, leading to the formation of an active 

haemostatic plug63,68. Deficiency of various factors in the above process is responsible 

for different disorders such as Bernard-Soulier syndrome (deficiency of Gp1b receptor), 

Glanzmann thrombasthenia (deficiency of GpIIb-IIIa receptor) and Von Wiilebrand 

disease (deficiency of vWFactor) (as illustrated below in Figure 2)63,67.  

 

Figure 2: Platelet adhesion and aggregation. Platelet adhesion to the subendothelial 
connective tissue is via the interaction between the GpIb receptor on the platelet surface 
and the vWF on the sub endothelial surface. Platelet aggregation is via the fibrinogen 
that acts as a bridge between the GpIIb-IIIa receptors on the platelet surface. The figure 
also illustrates the different diseases that can be caused due to the deficiency of different 
factors in the above process. 
Taken from: Kumar, V., Abbas, A. & Aster, J. Robbins & Cotran Pathologic Basis of 
Disease. (Elsevier Health Sciences, 2014).) 
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COAGULATION CASCADE 

The coagulation cascade essentially refers to a series of enzymatic reactions that 

culminates with the formation of a fibrin clot. It has traditionally been divided into the 

extrinsic and intrinsic pathways, although there is increasing evidence that in vivo there 

is evidence of an interaction between the two pathways (Figure 3)67. Deficiency of 

certain clotting factors (such as Factor VIII, V, IX, VII) leads to several bleeding 

disorders, while other such as Factor II deficiency may be incompatible with life. 

Certain factor deficiency only leads to mild bleeding (such as factor XI deficiency) and 

Factor XII deficiency does not lead to any bleeding manifestation at all (and may 

actually cause increased thrombotic tendency)69.  

Figure 3: Coagulation cascade in the lab ad in vivo: Coagulation case is initiated in 
the lab with the addition of calcium, phospholiods and negatively charged materials 
such as glass beads or by using tissue factor. In vivo, tissue factor is the major initiator 
of coagulation, which is amplified by the feedback mechanism that are involved 
(showed by dotted lines). 
Red polypeptides indicates the inactive factors, dark green polypeptides indicates active 
factors and light green polypeptides are the cofactors. 
(Taken from: Kumar, V., Abbas, A. & Aster, J. Robbins & Cotran Pathologic Basis of 
Disease. (Elsevier Health Sciences, 2014).) 
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The most important step in the coagulation cascade is formation of thrombin. Exposure 

of tissue factor in the damaged area to circulating activated FVII is the initiation step in 

the coagulation cascade leading to thrombin generation which in turn leads to the 

activation of FIX in a feedback manner, leading to increased thrombin generation. 

Thrombin causes conversion of fibrinogen to fibrin which then polymerizes to form a 

stable clot63. Thrombin also plays a paramount role in the platelet activation process70. 

These effects are exercised only at the sites of damaged endothelial cell. When 

thrombin comes in contact with normal endothelium, it surprisingly behaves as an 

anticoagulant thus limiting the coagulation process to the area of damaged 

endothelium67.  

INHIBITORS OF COAGULATION 

Natural inhibitors of coagulation prevent propagation of the clot. Continuous blood flow 

through the area washes the activated coagulation factors constantly from any given 

site67 . A number of natural anticoagulants exist. Most important of these is Tissue 

factor pathway inhibitor (TFPI) that inhibits the factor VIIa-TF complex after forming a 

quaternary complex with Factor Xa71. Another important factor that plays a significant 

in this process is antithrombin that binds with thrombin to form thrombin-antithrombin 

complexes (TAT complexes) which are then removed from the circulation by liver. 

They also inactivate other activated clotting factors such as FXa, FIXa, FXIa, and 

FXIIa48,72. These help to reduce thrombin levels by about 60%. Further, when thrombin 

comes in contact with thrombomodulin that is present on the endothelial cells away 

from the site of vascular injury, it forms a thrombin-thrombomodulin complex that also 

has an anticoagulant effect as it leads to activation of Protein C and subsequently 

Protein S73. These eventually lead to inactivation of Factors V and VIII51. Antithombin 
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also plays a role in the inactivation of other coagulation factors such as factor X, IX, XI 

and XII67.  

 

FIBRINOLYTIC SYSTEM 

Fibrinolytic system is in operation to ensure that the clot does not extend beyond the 

confines of the area where there has been a compromise in the vascular integrity. 

Plasminogen binds with fibrin and tissue plasminogen activator. This complex causes 

conversion of the proenzyme plasminogen to plasmin that plays an important role in 

fibrin breakdown and prevents fibrin polymerization56,57. Excess clot degradation can be 

assessed by measurement of fibrin derived d-dimers, which is used clinically as a 

marker of thrombotic state. Most important activator of plasminogen is tissue 

plasminogen activator (t-PA) that is synthesized and stored within the endothelial cells 

and is most effective when it binds to fibrin and hence is used clinically as a 

thrombolytic agent in case of extensive acute thrombosis. Plasmin activity is controlled 

by counter regulatory agents such as alpha2 antiplasmin that inhibits plasmin74. 
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Figure 4: Fibrinolytic system: Tissue plasminogen activator activates plasminogen to 
plasmin, which forms a complex with alpha2-antiplasmin to form alpha2-antiplasmin-
plasmin complex that causes fibrinolysis leading to degradation of a clot. 
(Taken from: Kumar, V., Abbas, A. & Aster, J. Robbins & Cotran Pathologic Basis of 
Disease. (Elsevier Health Sciences, 2014).) 
 
COAGULATION SCREEN TESTS 

Coagulation tests to assess haemostasis include tests that check the integrity of the 

intrinsic and extrinsic coagulation pathways and platelet aggregation. Tests include 

Prothrombin time (PT), that assess the functionality of the various proteins in the 

extrinsic pathways, namely, factor VII, X, V, II and fibrinogen. In short, tissue factor, 

calcium and phospholipds are added to plasma and time to form a clot is measured and 

compared with the control75,76.  

 

Activated partial thromboplastin time (APTT) assesses the intrinsic pathway proteins, 

namely, Factor XII, XI, VIII, IX, X, II and fibrinogen. In this test, special factors to 

activate factor XII (such as ground glass, kaolin or silica) are added along with 

phospholipid and calcium and time to clot formation is measured and compared with the 

lab control77. 
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Thrombin time (TT) assesses the final step in the common pathway with the addition of 

thrombin to the plasma and assesses the conversion of fibrinogen to fibrin. This is not 

affected by deficiency of any of the clotting factors in the intrinsic and extrinsic 

pathway78. 

Finally, platelet aggregation studies measures the degree of platelet aggregation in 

platelet rich plasma in the presence of different platelet activating agents (such as ADP, 

calcium etc)79,80.  

To summarize, there is a very tight balance between the factors that increase and 

decrease clot formation. Abnormal bleeding can result from either decreased clot 

formation or from enhanced clot lysis, while on the other hand, excess clot formation 

and decreased clot lysis leads to unnecessary thrombosis. As described above, an initial 

platelet-based haemostatic plug is formed at the site of vascular injury. With the 

activation of coagulation cascade, a fibrin clot is formed at the site. Termination of clot 

formation is dependent upon factors such as anti-thrombin, TFPI and protein C & S and 

finally, t-PA and plasmin play a significant role in clot lysis. Thus a carful interplay 

between the above factors helps in maintaining the homeostasis in the blood. 
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CHAPTER 4 HAEMOSTATIC TECHNIQUES IN 
CENTRAL NERVOUS SYSTEM 
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PREOPERATIVE PATIENT PREPARATION 

Haemostatic abnormalities in a neurosurgical patient can be due to many reasons, either 

secondary to brain neoplasms81-83, traumatic head injury84,85, pre-existing blood 

abnormalities, use of anti-coagulant medications or complexity of the surgical 

procedure6. Pre-operative optimization of haemostatic parameters is important to 

prevent lethal complications.  

 

Nature of Brain Pathology 

Studies have shown variable expression of tissue plasminogen activator (tPA) in 

different neoplasms. tPA is a fibrinolytic agent and it has been shown that the 

concentration of tPA can be variable in patients with different brain pathologies, for 

example, there is an increased expression in meningioma compared to glioblastoma86. 

Another study showed that tPA content was three times higher in benign tumors 

compared to malignant tumors87. Also data suggests that there is an increased 

concentration of tissue factor pathway inhibitor (TFPI) in patients with glioblastoma88.  

Thus nature of the brain pathologies may have a direct effect on the haemostatic 

mechanism in the body and this has to be taken into account for perioperative 

management.  

 

Traumatic brain injury v/s other brain injuries 

Tissue factor is abundantly present in the normal brain parenchyma89-91. As discussed in 

our previous chapter, tissue factor in the main initiator of the extrinsic coagulation 

system. Release of this tissue factor from the injured neural tissue leads to activation of 

the clotting pathway and consumption coagulopathy and DIC92-95. Studies have also 

shown higher tissue factor expression in patients with severe head injury compared with 
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those with moderate head injury96. Hypothermia, shock, acidosis and anemia secondary 

to a trauma can also exacerbate this coagulopathy97-101. Aggressive management and 

meticulous monitoring of patient is essential to prevent secondary brain damage84,102-106. 

Treatment should be with cryoprecipitate, fresh frozen plasma, red cells and platelets 

based on the results of the coagulation parameters107.  Recombinant FVIIa (rFVIIa) can 

be used for life threatening neurosurgical bleeds in children and adults108,109. 

Medications 

It is well known that different blood thinning agents can affect haemostasis. It has been 

noted in a study, that nearly 47% of the patients with postoperative hematoma were on 

antiplatelet agents10. Thus information should be obtained from patients undergoing 

elective procedures regarding various medications they are on. Anti-platelet drugs 

should be stopped at least 7-10 days prior to the surgery. In cases of emergency 

procedures, platelet concentrates should be transfused peri-operatively as required.  

Non-steroidal anti-inflammatory drugs (NSAIDs) also cause reversible inhibition of 

platelet function. The duration of inhibition varies from 24 hours to 3 days for various 

agents110. Use of these medications should also be avoided in the perioperative period.  

Action of oral anticoagulant medications needs to be reversed prior to neurosurgical 

intervention. Use of Prothrombin complex concentrate has shown to be fast and 

effective in reversing the action of the anticoagulants111-116. Vitamin K should also be 

administered concurrently since the half-life of the Vitamin K is more than that of the 

Prothrombin concentrates117. For elective procedures, oral anticoagulants should be 

stopped prior to the procedure after consultation with the appropriate specialist. 

Bridging with low molecular weight heparin or unfractionated heparin should be 
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considered if anticoagulation is essential, and this should be withheld 12 hours prior to 

the surgery118.  

 

Pre-existing blood disorders: 

Patients with any known pre-exiting bleeding/ other blood disorders should have their 

coagulation parameters and platelet count checked, and normalized before an elective 

intervention. A standardized questionnaire has been suggested to be used to assess 

bleeding tendency in a preoperative elective patient7. Routine coagulation tests are a 

part of the preoperative work up but they do not exclude all haemostatic abnormalities 

and hence further tests should be done based on the history and specialist advice8,9.  

 

Fluid replacement pre surgery: 

Care should also be taken intraoperative with regards to volume replacement. 

Hydroxyethyl starch is commonly used in resuscitation in trauma patient and also to 

achieve hypertensive hypervolemic hemodilution therapy to manage cerebral 

vasospasm following SAH119,120. There are reports published showing association of this 

fluid with decrease in fibrin121, low platelet count122 and drop in von Willebrand factor 

and factor VIII123,124, all of which lead to increased bleeding tendency. Patients with 

excessive intraoperative blood loss are at a higher risk of postoperative hematomas125.  

 

Thus, to conclude, pre-operative evaluation and management of neurosurgical patients 

is quite delicate since the homeostasis between procoagulant and fibrinolytic 

mechanisms can be affected by multiple factors.  
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INTRAOPERATIVE HAEMOSTASIS 

Neuroanaesthesia 

Goals of neuroanesthesia are a stable induction and intraoperative course, providing an 

optimal surgical field and rapid recovery for neurologic assessment13. There are 

different intravenous and inhalational agents available but the effect of drug on cerebral 

blood flow (CBF), cerebral metabolic rate (CMR), cerebral blood volume (CBV) and 

intracranial pressure (ICP) determine its use12.   

Volatile agents remain more popular in neurosurgery, in particular sevoflurane13. 

Animal model studies have shown sevoflurane to have the least effect on CBF and ICP 

when compared to desflurane and isoflurane126. Also clinical studies have shown 

sevoflurane to cause least vasodilatation and minimal effect on autoregulation127-130.  

Propofol an intravenous agent reduces CBV and ICP and does not affect 

autoregulation131,132. It is also is a potent vasoconstrictor and reduces CBF by decreasing 

metabolism133,134. 

Carbon Dioxide (CO2) responsiveness is also important since hypercarbia increases 

CBV and ICP by vasodilatation, while hyperventilation causes the opposite. CO2 

reactivity is maintained by sevofluorane in both adults and children135-138. 

Steroids are routinely given in neurosurgery to decrease vasogenic cerebral edema13. 

But care should be taken with regards to high sugar levels caused by them, as it can be 

detrimental and lead to ischemia139.  Other agents available to reduce edema and ICP are 

mannitol140-143 and hypertonic saline144,145. 
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Apart from medications/ drugs, intraoperative positioning also plays a role to help get a 

suitable operative field. Studies have shown that a ten-degree and 40-degree head up 

position helps decrease ICP but cerebral perfusion pressure remains unchanged146-148. 

There is published literature, on the effect of sitting position in reducing CBV149,150. 

 

Surgical Haemostasis 

Bleeding control in surgery is of utmost importance. Effective haemostasis provides a 

good field for the surgeon to work in. It also minimizes blood loss thus preventing local 

and systemic complications for the patient.  

 

Conventional methods to obtain haemostasis involve mechanical pressure, suture 

ligature or application of tourniquet. However these involve identification of the bleeder 

under direct vision and hence adds to operative time151. Thermal methods such as 

electro cautery is also commonly used to control bleeding, but this has its side effects of 

causing heat damage to nearby structures and increases chances of infection152.  The 

above techniques are not effective for diffuse bleeding and in difficult to reach areas.  

With a rising preference for minimally invasive surgical procedures (endoscopic, 

robotic, laparoscopic) use of topical haemostats is increasing15. Topical agents provide 

ease of use for the surgeon in different situations and currently there is a lot of active 

research in this direction17. 

 

As described in literature, an ideal haemostat is an agent that fulfills five important 

performance criteria153, namely safety, efficacy, usability, cost and approvability. Till 

date this ideal agent has not been developed and there is continued research in this 

direction. 



	
   38	
  

In this chapter we shall discuss briefly various topical haemostatic agents, their 

advantages, disadvantages and mechanism of action.   

 

TOPICAL HAEMOSTATIC AGENTS 

Based on literature review, topical haemostats are classified into the following different 

types based on their structure15-17,19,154: 

1. Gelatin based haemostats 

2. Collagen based haemostats 

3. Cellulose based haemostats 

4. Albumin derived haemostats 

5. Polysaccharide based haemostats 

6. Inorganic agents 

7. Fibrin based agents 

8. Antifibrinolytics 

9. Vasoconstrictors 

10. Bone wax 

11. Polyethylene glycol polymers 

12. Cyanoacrylates 

13. Autologous human tissue- muscle patch 

14. Others 
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GELATIN BASED HAEMOSTATS 

These agents help to control bleeding predominantly by a mechanical action. When 

applied to a bleeding surface, the porous gelatin absorbs the blood and swells up. This 

aids in haemostasis by tamponade action at the hemorrhagic area16,155-157. They are 

available in the form of sponges, powders and paste, available commercially as 

Gelfoam or Surgifoam15.  

 

The advantages of gelatin-based agent are the simplicity of use and easy storage at room 

temperature. These agents once removed from the packs cannot be reused. They are also 

cost effective when compared to other topical haemostats158. 

 

Since the mode of action of haemostasis is increase in weight by virtue of the product 

swelling up, care must be exercised while using it in closed cavities159. Pressure effects 

on nearby structures such as nerves can lead to local injury, hence only a minimal 

amount of the agent should be used and any excess material should be removed160-163.  

Possible foreign body and allergic reaction to porcine and bovine gelatin should be kept 

in mind in patients who have known allergies164. Gelatin based products should not be 

used intravascular, because of the risk of embolization and are inappropriate to be used 

in conjunction with blood salvage equipment15,165.  

 

Gelatin can also be combined with thrombin to increase its efficacy. Thrombin acts by 

converting fibrinogen at the site of bleeding to fibrin and thus aids in clot formation166. 

Combination of gelatin with thrombin thus has dual advantage of mechanical pressure 

effect and chemical coagulation166. Thrombin available for use is currently available 
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from three main sources167, namely, bovine thrombin, human pooled plasma derived 

thrombin and recombinant thrombin.  

 

When used in combination with thrombin care should be taken in patients who have 

bovine allergies168. These can also lead to antibody stimulation in patients that can cause 

fatal coagulopathies168. Human pooled plasma thrombin has the risk of disease 

transmission and allergic reactions as well167. Care should also be taken while using 

blood salvage systems since thrombin can reverse the heparin anticoagulation effect165. 

 

There is published literature to support the safety and efficacy profile of the various 

gelatin-based products in neurosurgery and hence these are extensively used in different 

types of surgeries155,169-183.  

 

COLLAGEN BASED HAEMOSTATS 

These agents have been around for more than 40 years156,184-186. Derived from a bovine 

source, these agents aid in bleeding control by increasing platelet aggregation, 

degranulation and eventual clot formation187,188. They are available either in the form of 

sheet, foam or powder17. They are also available in combination with thrombin17. The 

collagen-based products are easy to use and store (room temperature)17. They are more 

expensive than the gelatin haemostats but are more efficacious as well. Similar to 

gelatin-based products, these agents also tend to swell and hence pose the risk of tissue 

compression189. There are also studies showing granulomatous reactions at the site of 

use, adhesion formation and allergic reactions190-198. These agents can pass through 

filters and hence should not be used with blood salvage systems199. When used in 

combination with thrombin these agents are more effective200-202, 203-206, but again 
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drawbacks and side effects of using thrombin (as mentioned above) should be kept in 

mind. Ultrafoam is a newer collagen product, which does not swell and is approved for 

use in all surgical specialties15. Commercially available products using collagen are- 

Avitene, D-stat, Instat, Integra, Vitagel. 

 

CELLULOSE BASED HAEMOSTATS 

Oxidized cellulose and oxidized regenerated cellulose are very commonly used in 

surgery for haemostatic purposes. In addition to their mechanical action they also aid in 

bleeding control by denaturing blood proteins, interaction with platelets and activation 

of the coagulation pathways207.  Cellulose also provides a low pH, which is responsible 

for its bacteriostatic action207,208. However the acidic pH inactivates thrombin and hence 

should not be used in combination155.  

 

Surgicel is the most commonly used product in this group and is available in the form of 

sheets15. It provides high tensile strength and large coverage and its ease of use and 

storage makes it a very attractive option15. Like other agents, oxidized cellulose can also 

can cause pressure damage by virtue of swelling and hence should be avoided in closed 

cavities209,210. Reports of Surgicel granulomas211,212, foreign body reactions213 and 

neurological complications214-216 are mentioned in literature. 

 

ALBUMIN DERIVED HAEMOSTATS 

These agents behave like tissue adhesives and aid in bleeding control. Most commonly 

used product in this group is BioGlue17. Components of BioGlue are albumin and 

gluteraldehyde, which are mixed just before use. Gluteraldehyde cross-links with 
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albumin and surface proteins in human tissue217,218 and this crosslinking is independent 

of the patients coagulation system. 

 

It is commonly used in neurosurgery to contain CSF leaks219, in vascular surgery for 

aortic dissection220 and anastomotic procedures217 and in cardiovascular surgeries221. The 

advantage of this product is the strong adhesive it forms for sealing purpose that is 

independent of the physiological clotting mechanism222. However it is not without its 

drawbacks. Risks of using this product include embolization223,224, strictures225, pseudo 

aneurysm formation226 and toxic effects of gluteraldehyde227. 

 

POLYSACCHARIDE BASED HAEMOSTATS 

These agents are the recent entry into the topical haemostatic group. There are two types 

available, namely, Microporous polysaccharide haemospheres and N-acetyl 

glucosamine glycosaminoglycans compounds. 

 

Microporous Polysaccharide Haemospheres 

Derived from plant starch they work by dehydrating blood and thus aids in clot 

formation228. Reports have presented their efficacy to control capillary, venous and 

arteriolar bleeding152,228-230. They are quick to use and easy to store. However they are 

not without complications. Like other mechanical agents they too swell significantly 

and hence should be avoided in closed spaces15. Also care should be used in diabetic 

patients since they are starch based and can increase the glucose load15.  
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N-Acetylglucosamine Glycosaminoglycans Compounds 

There are of two types, those that are purified from diatoms and microalgae, poly-N-

acetylglucosamine (p-GlcNAc) and those obtained from crustaceans, chitosan17. It is 

believed that the p-GlcNAc compounds aid in haemostasis by activation and 

aggregation of platelets, agglutination of RBC and release of vasoactive substances.  It 

therefore can act independently of the patient’s haemostatic mechanisms31,231-233.  They 

are available as Syvek Patch and RDH (rapid deployment haemostat). 

Chitosan derived agents are purified from crustaceans. It is a natural polymer with a 

good safety profile possessing haemostatic, anti-adhesion and wound healing, 

properties32,234-237. Exact mechanism by which Chitosan achieves haemostasis is unclear. 

Chitosan however is thought to work independent of the coagulation cascade and 

possibly due to the interaction between the positively charged chitosan and cell 

membrane of RBC36,238.  It has been shown previously that Chitosan is an effective 

haemostatic agent both, in a heparinized model and in a platelet dysfunction model33,35. 

There are many commercially available preparations of chitosan- based haemostats. 

In our research study we have used Chitosan Dextran gel, which has been patented and 

developed by our department with the University of Otago, NZ239. Chitosan Dextran gel 

is a combination of chitosan and dextran aldehyde and has been shown in various 

studies in the nose and sinuses to have significantly controlled bleeding, improved 

wound healing and reduced adhesion formation37,234,239,240. 



	
   44	
  

INORGANIC HAEMOSTATS 

These haemostats were developed in conjunction with the US military for application in 

large traumatic hemorrhages and are not available for commercial use241. They consist 

of zeolite granules that act by absorbing water from the bleeding site, thus leading to 

concentration of platelets and clotting factors at the site242. This process releases heat at 

the site when it comes in contact with blood, leading to coagulation of the local 

bleeders242-244. It is also believed to activate the coagulation pathway245.  However this 

exothermic reaction can at times raise the temperature too high causing tissue damage to 

the surrounding structures243,246,247. The efficacy of this product has been shown in a 

number of animal model studies243,246,248 and only one human study 249.  

 

FIBRIN BASED AGENTS 

All fibrin-based products contain a fibrinogen source, thrombin, factor XIII and/or 

antifibrinolytic agent. When all the components are mixed a polymerized fibrin clot is 

formed which seals the bleeding site. This product eliminates the need for fibrinogen 

from the patient for bleeding control250,251. Concentration of thrombin and fibrinogen 

vary in different available commercial preparations. Higher concentration of fibrinogen 

tends to form stronger clots, while higher thrombin concentration form clots more 

quickly251,252.  

 

These agents have adhesive properties in addition to haemostatic and can also be used 

as a carrier of other substances to the bleeding site253. They have been reported to reduce 

adhesions254 and improve wound healing253. As discussed previously the thrombin can 

be made available from three different sources18. Similarly, fibrinogen can also be 

obtained from either pooled human plasma or autologous plasma. Newer products are 
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thus available, which use autologous plasma for source of fibrinogen and/or thrombin. 

The side effects of using fibrin-based agents are similar to thrombin based agents, 

namely, risk of allergy255, disease transmission256, immunogenicity and antibody 

formation257 and should not be used with blood salvage systems secondary to risk of 

clotting15. However there are many studies available in literatures that have shown that 

these agents are effective and safe 258-264.  

 

ANTIFIBRINOLYTICS 

Tranexamic acid, aprotonin and Epsilon Amino Caproic Acid (EACA) are the known 

antifibrinolytic agents. Antifibrinolytics are incorporated in some fibrin sealants to help 

increase the stability of the clot formed. They work by inhibiting plasminogen and thus 

increase the stability of the clot265-268. They are available as both systemic and topical 

agents for use in the form of mouthwash, tablets and solutions. 

 

VASOCONSTRICTORS 

Most commonly used agent in this category is epinephrine, commonly used in 

dentistry269-271. Its mechanism of action is to decrease bleeding by acting on the vessel 

wall receptors and producing vasoconstriction and stimulate platelet aggregation271,272. It 

is easy to use but the disadvantage of this agent is that the action is transient270. 

 

BONE WAX 

Not very commonly used nowadays, it main use was to control bleeding from bony 

edges160. It causes mechanical obstruction of the bleeders and aided in haemostasis160. 

The disadvantage of this agent is that it inhibits bone healing and new bone 

formation273. 
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POLYETHYLENE GLYCOL POLYMERS 

Currently two products are available to be used as sealants in this category.  Coseal and 

Duraseal are two synthetic agents that form a hydrogel that seals the tissues15. Coseal is 

used mainly in vascular surgery and Duraseal is mainly used to seal CSF leaks, both are 

used as adjuncts following primary repair. The safety of Coseal in vascular procedure 

has been studied in a multicenter trial showing 86% efficacy274 and Duraseal showed 

100% efficacy in CSF leak closure intra-operatively275. These agents also tend to swell 

up when they come in contact with human tissue and hence should not be advocated 

while use in closed cavities and delicate structures153. Other side effects include allergic 

reaction to the agents and their components, delayed wound healing and inflammatory 

reactions153. 

CYANOACRYLATES 

These agents are for  topically use only and act primarily as adhesives. Most common 

use is for skin closure where the edges can be approximated without tension and used as 

an adjunct for tissue closure276-278. They are simple to use and store. They are not 

approved for internal use though there is literature available, showing their use in 

gastric and esophageal varices279. They tend to produce heat through exothermic 

reaction when they come in contact with tissue, which may produce discomfort for 

some patients280. Care should also be taken to prevent eye injury. 

MUSCLE PATCH 

Use of skeletal muscle to control bleeding in surgery has been documented in literature 

as early as the 1900s281,282. However their use gradually diminished with 
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advent of newer topical agents. Recently however, there has been publications showing 

the use of muscle patch as a haemostat for controlling high-pressure arterial bleeds in 

endoscopic skull base surgery38,283. Literature on muscle patch in haemostasis is limited 

and a review of all available publications in this area is listed in Table 1.  

 

Exact mechanism of action of muscle tissue as a haemostat is still unclear. Initially it 

was thought to be secondary to tissue factor activating the extrinsic pathway of 

coagulation284.   However, studies have shown there is no tissue factor in skeletal 

muscle285. 

 

The benfits of using muscle is that it eliminates the need for other synthetic or animal 

derived agents thus decreasing side effects, such as immunogenicity, allergy and foreign 

body reaction. It is easily available and thus may prove to be cost effective as well. 

Since muscle is soft and pliable it can be used in all types of surgical fields, thus making 

its use versatile.  
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Table 1: A summary of literature on the use of muscle in haemostasis 

 

Harvey Cushing  1911 Temporal muscle controlled venous bleeding from dura 

Victor Horshley 1914 Haemostasis by a piece of muscle on exposed brain in a 
laboratory experiment 

Edward Risley 1917 Compared haemostatic efficacy of fat, fascia and muscle to 
control bleeding in parenchymatous organs 

Lawen 1917 Use of muscle grafts for haemostasis in two heart wounds 

Ciminata 1924 Haemostasis in nephrotomy wounds 

Joseph 1931 Haemostasis in nephrotomy wounds 

Ockerblad 1934 Viable muscle grafts to control bleeding from kidney 
parenchyma 

Howard Clute 1935 Muscle grafts for haemostasis in general surgery 

Krakovskii et al 1974 Used canine models to demonstrate the haemostatic efficacy 
of muscle graft 

Zolotorevskii et al 1976 

James AG 1984 Muscle Thromboplastin in haemostasis 

Xu et al 1994 Control of presacral hemorrhage with electrocautery through a 
muscle fragment pressed on the bleeding vein 

Reece et al 1995 Muscle tamponade to control venous bleeding around grafts to 
deeply intramyocardial coronary arteries. 

Remzi et al 2002 Muscle tamponade to control presacral venous bleeding 

Harrison et al 2003 Muscle fragment welding for control of massive presacral 
bleeding during rectal mobilization 

Ayuste et al 2004 Rectus muscle fragment welding for presacral bleeding 

Fehm et al 2005 Haemostasis in common carotid artery with fibrin sealant 
attached muscle pads in a rat model. 

Weidenbecher et al 2005 Quadriceps muscle fascia graft for haemostasis in Internal 
Carotid artery injury during FESS. 

Valentine et al 2011 Use of Sternomastoid muscle patch for haemostasis in a sheep 
model of carotid artery injury. 

Padhye et al 2014 Efficacy of muscle patch on haemostasis, pseudoaneurysm 
formation and long term patency for different injury types in a 
sheep model of carotid bleeding 
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OTHERS 

Self-Assembling Nano-Peptides 

This is the latest in development of topical haemostats. These products have shown very 

promising results in the animal studies with bleeding control in less than 15 seconds286. 

They mainly consist of a four amino acid sequence that have opposite charges that self-

assemble when in contact with physiological fluids to form a barrier and seal the 

leaking area. The advantage of this system is its ability to work independent of the 

coagulation cascade and later breakdown into amino acids, which can be used for 

wound repair286,287. Human trials are still pending to study the efficacy of these agents. 

 

Thus to conclude, there are many different types of topical haemostats available in the 

market. Knowledge about these agents is essential so as to help use the best agent in a 

bleeding situation to get effective haemostasis with minimal complications. Table 2 

shows the common commercially available products in the above-mentioned categories. 

 

Table 2: Commercially available haemostats15,17,154 

Gelatin based products Gelfoam 

Surgifoam 

Floseal 

Surgiflo 

Porcine gelatin 

Porcine gelatin 

Bovine gelatin +pooled human 
thrombin 
Porcine (+/- thrombin) 
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Collagen based products Avitene 

Helistat and Helitene 
 
Instat, Instat MCH, 
Ultrafoam 
 
Vitagel 

 

D-stat 

Bovine collagen 

Bovine collagen 

Bovine collagen 

 
Bovine collagen+bovine thrombin+ 
autologous plasma 
 
 
Bovine collagen+bovine thrombin 
 

Cellouse based products Surgicel, Surgicel 
Fibrillar, Nu-knit 

Oxidized regenerated cellulose 

Albumin derived products Bioglue Bovine serum albumin and 10% 
glutaraldehyde 

Polysaccharide based 
products 

Syvek Patch 

Rapid deployment 
haemostat (RDH) 
 
HemCon 
 
CloSur PAD 
 
ChitoSeal PAD 
 
ChitoDex 
 
TraumaDex, Bleed-X, 
Hemaderm,Arista AH 

 
 

p-GlcNAc 

p-GlcNAc 

 
Chitosan 
 
Chitosan 
 
Chitosan 
 
Chitosan 
 
MPH 
 

Inorganic agents Quickclot Zeolite granules 

Fibrin based agents Tisseel 

 

 

Quixil 

 

Evicel 

 

TachoComb 

Human fibrinogen+human 

thrombin+ human Factor XIII+ 

bovine aprotonin 

Human fibrinogen+human 

thrombin+Tranaxemic acid 

Human fibrinogen+human 

thrombin 

Equine collagen+human 
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TachoComb H 

 

 

TachoSil 

 

Vitagel 

 

Artiss 

Vivostat 

Cryoseal 

 

fibrinogen+bovine thrombin+ 

bovine aprotonin 

Equine collagen+Human 

fibrinogen+human thrombin 

+bovine aprotonin 

Equine collagen+human 

fibrinogen+human thrombin 

Individual human plasma+bovine 

collagen+bovine thrombin 

Pooled Human Plasma 

Autologous 

Individual human plasma 

 

Polyethylene glycol 
polymers 

Coseal 

Duraseal 

Two PEGs 

PEG+Trilysine Amine 

Cyanoacrylates Dermabond 

Indermil 

Histacryl, Histoacryl 
blue 
 

Octyl Cyanoacrylate 

Butyl Cyanoacrylate 

Butyl Cyanoacrylate 

 

Thrombin  Thrombin-JMI 

Evithrom 

Recothrom 

Bovine thrombin 

Pooled human thrombin 

Recombinant thrombin 
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CHAPTER 5 WOUND HEALING 
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NORMAL WOUND HEALING 

Wounds affect millions of people worldwide and many are hospitalised for wound 

management every year288,289. Wound healing is a well-organized process that goes 

through a set of sequential phases leading to the restoration of the integrity of the tissue. 

It involves interaction between the cells of different systems (such as immune cells, 

cells of the coagulation system and fibroblasts)290-292.  

Healing of skin wounds happens by either primary or secondary intention. When injury 

only involves the epithelial layer, such as those cause by surgical incision, healing is by 

primary intention and the phases of wound healing includes inflammation, epithelial 

proliferation and connective tissue maturation. When the injury involves more extensive 

tissue loss, such as those associated with necrosis, large ulcerations, abscess, there are 

four phases of wound healing, namely coagulation/ inflammatory phase, granulation 

tissue phase, matrix remodelling and scar tissue formation phase291-293.  

Coagulation/ Inflammatory Phase 

After injury to an area/ break in the endothelial cell layer in the blood vessels, there is a 

sequence of events that takes place leading to the formation of a local haemostatic plug 

and activation of the coagulation cascade leading to clot formation293 (Figure 5A). 

Platelets are amongst the first group of cells that reach bleeding site, get activated when 

they bind to the subendothelial Von Willebrand Factor (vWF) and release a number of 

platelet granules. There is also a release of a number of growth factors and cytokines. 

Important factors include platelet-derived growth factor (PDGF), Tissue Growth Factors 

(TGF-A1 and TGF-A2). These factors along with the other cytokines that are released 

attract the neutrophils and macrophages to the site. These inflammatory/ immune cells 
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release enzymes and proteases that play an important role in clearing the area of 

bacteria and other foreign bodies291,294. Gradually over a period of time there is 

resolution of this inflammatory response. The exact mechanisms that lead to the 

resolution of the inflammatory phase are not completely understood, but release of a 

number of anti-inflammatory cytokines such as interleukin-1 and TGF and other 

bioactive lipids play an important role in this process 295,296. 

 

Proliferative/ Granulation Tissue Phase 

An active proliferative phase begins as inflammation settles down. Growth factors and 

cytokines produced by the inflammatory cells act in an autocrine and paracrine manner 

to maintain fibroblast proliferation. These factors also play an important role in the 

proliferation of the basal layer of the skin leading to re-epithelisation291,292. In order to 

meet the increased metabolic demands, nutritional requirement needs to increase 

proportionally. This process drives the significant increase in the vascular supply to the 

region leading to marked angiogenic response (Figure 5A and 5B) 293. 

Increased angiogenesis is a very important part of the proliferative phase. The process 

of angiogenesis starts immediately after the injury due to relative local hypoxia that 

occurs due to the disruption of blood vessels and vasoconstriction. A number of pro-

angiogenic factors are released locally ranging from platelet derived growth factor 

(PDGF) that is released immediately by the platelets when they reach the site to 

Vascular endothelial Growth Factor (VGEF) and Fibroblast Growth Factor 

(FGF)291,297,298. More recently an important component that has been identified that plays 

a very significant role in this process are the Endothelial Progenitor Cells (EPCs), that 

are usually present in the bone marrow299-301. Due to the mediated effect of the cytokines 

(VEGF, Nitric Oxide and various metalloproteinase), the progenitor cells migrate 
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towards the area of injury and differentiate into new endothelial cells, thus playing an 

important role in angiogenesis301. There is further emerging evidence that in diabetic 

patients who often suffer from chronic wounds, there is a defect in the endothelial 

progenitor cell mobilization resulting in poor wound healing as a result of poor re-

vascularization 300,302. 

 

Remodelling/ Maturation Phase: 

With increasing migration and proliferation of the epidermal cells as mentioned above, 

the integrity of the epidermal layer is reinstated. Proliferation of the fibroblasts ensues 

along with the synthesis of the extra cellular matrix leading to the formation of 

granulation tissue (Figure 5C). A provisional matrix is laid down that is composed of 

type III collagen, fibronectin, fibrin and hyaluronic acid291,293. This matrix is slowly 

replaced by type I collagen as the matrix matures. The tensile strength of the tissue 

increases with increasing type 1 collagen in the matrix291. The next phase in would 

healing is that of wound contraction that happens via a specialised type of fibroblast 

called myofibroblast that are differentiated fibroblasts that acquire smooth muscle actin 

fibres. There is associated continuous matrix reorganization303,304. This whole process is 

dynamic and goes through multiple cycles of matrix formation and degradation. 

Multiple matrix reorganization enzymes and matrix metalloproteinase play an important 

role in the remodelling process304. Final step in the wound healing process is apoptosis 

of the fibroblast, thus leaving behind a reasonably acellular scar tissue that is mainly 

composed of collagen and whose strength is similar to that of the surrounding tissue. 

Although multiple cytokines and growth factors have been implicated in this apoptosis 

process, exact mechanism remains unclear305,306. 
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Figure 5: Phases of wound healing: Coagulation phase (described in previous chapters), 

Inflammatory phase (A), Proliferative/ granulation tissue phase (B), remodelling phase 

(C). In the coagulation and inflammatory phase (A), blood cells, namely, neutrophils, 

macrophages and monocytes play an important role in releasing the growth factors, 

cytokines, laying of the provisional matrix and initiation of epidermal migration. In the 

granulation/ proliferation phase, which starts in about 72 hours, there is fibroblast and 

keratinocyte proliferation, extracellular matrix synthesis and angiogenesis. In the 

remodelling phase (C), (at about 1 week post injury), there is remodelling of the 
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extracellular matrix, apoptosis of the cellular elements and leading to the formation of 

an acellular matrix. 

(Taken from: Demidova-Rice, T.N., Hamblin, M.R. & Herman, I.M. Acute and 

impaired wound healing: pathophysiology and current methods for drug delivery, part 

1: normal and chronic wounds: biology, causes, and approaches to care. Advances in 

skin & wound care 25, 304 (2012).) 

 

FACTORS THAT AFFECT WOUND HEALING 

Several factors affect wound healing in the post-operative period and in general 

outpatient scenario. These can be classified as local and systemic factors and have been 

enlisted in Table 3. 

Table 3: Factors affecting wound healing: 

Local Factors Systemic Factors 

• Oxygenation 

• Infection 

• Foreign body 

• Venous sufficiency 

• Age and gender 

• Sex hormones 

• Stress 

• Ischemia 

• Diseases: diabetes, keloids, 

fibrosis, hereditary healing 

disorders, jaundice, uremia 

• Obesity 

• Medications: glucocorticoid 

steroids, non-steroidal anti-

inflammatory drugs, chemotherapy 
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• Alcoholism and smoking 

• Immunocompromised conditions: 

cancer, radiation therapy, AIDS 

• Nutrition 

Taken from : Guo S, DiPietro LA. Factors Affecting Wound Healing. J Dent Res 89(3) 

2010: 219-229307.  

 

LOCAL FACTORS 

Oxygenation  

Oxygen plays a very important role in nearly all the previously mentioned steps of 

wound healing308,309. It has been seen in many studies that chronic wounds are usually 

associated with low oxygen tension310. Due to disruption in the blood flow in the initial 

phase nearly all the wounds are hypoxic in the acute phase308,309. Hypoxia acts as a 

strong stimulant to cause the release of cytokines and growth factors that play a 

significant role in epithelial migration, cellular proliferation, epithelisation and 

angiogenesis309. While prolonged hypoxia impedes wound healing, acute hypoxia 

triggers wound healing.  Furthermore, release of various reactive oxygen species (such 

as peroxide and superoxide) plays an important role in the killing of microorganisms309. 

One of the therapeutic mechanisms to overcome hypoxia as a cause for poor wound 

healing is to provide hyperbaric oxygen therapy309. 

 

Infections  

The most important factor that significantly affects wound healing is infection. 

Microorganisms on the skin surface can easily get access to wound site when there is a 

loss of continuity of the skin surface. This can lead to contamination, colonization or 
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spreading invasive infection307,311. The acute inflammatory process plays a very 

important role in removing the microorganisms from the surface of the wound. When 

there is a significant microbial infection, the inflammatory process becomes prolonged 

and this affects the subsequent stages of wound healing. Acute inflammation is 

associated with an excess of proteases and matrix metalloproteases that tend to degrade 

the extracellular matrix that is formed and hence affects the wound healing leading to 

the wound becoming a chronic non-healing wound311,312. Also, when bacteria remain on 

the wound surface for a prolonged period of time they tend to form biofilms around 

themselves that makes them resistant to usual antibiotics. Organisms that are 

particularly notorious to form such biofilms are P. aeruginosa and Staphylococcus 

aureus311,313. Thus decontamination of any wound surface is of paramount importance as 

early as possible to enhance wound healing307. 

 

Venous Insufficiency 

Venous ulcers are a significant cause of ulcers in the lower limbs314. Faulty valves and 

failure of the venous pump in the lower limb often leads to misdirected flow of blood 

from the deep to the superficial venous system leading to venous congestion in the 

superficial veins leading to venous hypertension and affecting the draining of blood and 

supply of nutrients to tissue thus affecting the integrity of the skin surface leading to 

venous ulcers315. 

 

SYSTEMIC FACTORS 

Age 

Aging has a significant effect on wound healing. Blood supply to the skin and dermis 

decreases with age. Also there is a loss of collagen and a decrease in the ability to 
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produce collagen during the process of wound healing. These factors cumulatively 

affects wound healing in the elderly316,317. 

 

Peripheral Vascular Disease (PVD) 

PVD affects blood supply to the tissue beyond the site of obstruction. This can affect a 

single region or can affect multiple sites. Blood supply to provide oxygen and nutrients 

to any tissue is very important especially to an area that is healing. Limb ischemia is 

unable to keep up with the metabolic demand of any tissue and this will significantly 

affect the wound healing process318-320. 

 

Diabetes  

Diabetes causes vasculopathy, neuropathy and immunopathy320. Neuropathy predisposes 

diabetics to develop ulcers in the extremities321. These patients are at an increased risk 

of atherosclerosis and PVD which leads to increased non healing ulcers322,323. It is 

documented that there is decreased or impaired secretion of over a 100 cytokines and 

growth factors that play an important role in the process of granulation tissue formation, 

epithelisation, collagenisation and angiogenesis314.  

 

Stress  

Both animal and human models have demonstrated that stress significantly delays 

wound healing324,325. There is an increased release of glucocorticoids during periods of 

stress. Steroids have anti-inflammatory effect and inhibit wound healing326,327. 

Furthermore, there is evidence that there is a reduction in the levels of various pro 

inflammatory cytokines such as IL-1, IL-6 and TNF-beta327,328 during stressful periods. 
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Obesity  

Several factors affect wound healing in obesity. Most important causes includes 

decreased vascularity in adipose tissue, friction caused by skin-to-skin contact impedes 

wound healing, increased wound tension, increased tissue pressure and venous 

hypertension307. 

 

Chemotherapeutic Agents  

Most chemotherapeutic agents decrease cellular metabolism, cell division and have anti-

angiogenic effect, resulting in poor wound healing329,330. These agents also affect the 

immune system of the body, which makes the patient immunopathic, which causes 

cancer patients to often have chronic ulcers307. A new group of chemotherapeutic agents 

is the angiogenic inhibitors such as bevacizumab which has specific anti VEGF 

properties and thus directly inhibit angiogenesis331. It is generally advised that any 

patient undergoing a surgery should not be on any angiogenic inhibitor or chemotherapy 

prior to surgery307. 

 

Malnutrition  

Although there is insufficient data to suggest that nutritional supplementation improves 

wound healing332,333, there is data to say that poor nutritional status causes delayed 

wound healing. It is imperative to get the blood albumin levels in all patient who have 

chronic non healing ulcers334. 

 

Smoking 

Smoking is composed of exposure to nicotine and a mixture of several other 

hydrocarbons that together have a deleterious effect on wound healing335,336. This is 
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related to the vasoconstrictve effect of smoke leading relative local ischemia, decreased 

inflammatory response, poor collagen deposition and impaired bactericidal response, 

thus leading to poor wound healing337-339. 

 

WOUND HEALING IN CENTRAL NERVOUS SYSTEM 

There are certain differences in the structure of skin and central nervous tissue. First 

being the presence of blood brain barrier (BBB) that plays a significant role in 

regulating the concentration of various substances in the vessels and in the extra cellular 

spaces within the nervous tissue340. Secondly, the endothelial cells lining the blood 

vessels form specialised tight junctions in certain sites such as in the kidneys and in the 

blood brain barrier that very selectively regulate the flow of substances341. BBB also 

protects the neural tissue from any harmful effects of the immune system342. This is 

important because neurological tissue lacks the ability to proliferate and replace if there 

is a toxic insult343. Other cells that play an important role in the nervous system is the 

supportive connective tissue cells such as oligodendrocytes, astrocytes and microglia. 

The process of wound healing essentially involves the same steps, i.e haemostasis, 

inflammation (early and delayed inflammation) and repair (early and late repair).  

 

Haemostasis  

There is a break in the blood brain barrier whenever there is an injury at a particular 

site, leading to the exposure of the sub endothelial collagen344 and movement of 

platelets to the site of injury culminating with the formation of a platelet plug345. There 

is then release of factors that activates the coagulation cascade346. In essence, the 

haemostatic mechanism is not different from that which happens elsewhere in the body. 
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Inflammation 

Inflammation plays an important role in containing and neutralizing the extent of tissue 

injury that is cause by any insult347. Initial phase of the inflammation is caused by the 

neutrophils that reach the site as cytokines are released. These cytokines then act as 

chemoattractant that recruit more inflammatory cells to the site348-351. This phase of 

inflammation is also similar to that seen elsewhere in the body. 

 

Subsequent phase of inflammation is mediated by monocytes that move from the blood 

to the tissue and are activated to become macrophages347. They play an important role in 

the phagocytosis of the harmful agents and other debris at the site. They often continue 

to exist for a few months depending on the nature of the injury. Macrophages thus play 

a more important role in the resolution of the inflammatory process351-353.  

 

When the blood brain barrier gets restored during the initial phase of inflammation, 

differences start emerging in the healing process in CNS and non CNS tissue. There is 

decreased leucocyte infiltration and hence reduced damage from acute inflammation. 

The phagocytosis process is taken over by the resident cells of CNS that have 

macrophage like function, i.e the microglial cells343. These cells at the site of injury can 

also release pro-inflammatory cytokines that play an important role in phagocytosis354-

356. However, paradoxically, these cells can also secrete anti-inflammatory cytokines 

and thus protect the CNS cells from any undue damage by the inflammatory process357-

359.  

 

Astrocytes are the other group of cells in the CNS that get activated post any injury. 

They normally play an important role in providing the supportive connective tissue 
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structure in the CNS344. However, post injury, like the microglial cells, they also secrete 

both pro and anti-inflammatory cytokines and thus regulate inflammation and healing360. 

It is seen that in about three days post injury, activated astrocytes are present in the 

periphery and macrophages and microglial cells are present in the centre of the injury 

site361.  

Finally, activated lymphocytes are able to cross the blood brain barrier and enter the site 

of injury by direct extravasation through an endothelial cell leaving the surrounding 

tight junctions intact. This process takes place slowly as against the same taking place 

within minutes in peripheral blood362,363. T cells undergo apoptosis in the CNS as they 

find the milieu antagonistic and hence the number of lymphocytes in the region always 

remain low making CNS an immunologically privileged site364,365. The inflammatory 

phase resolves over a period of time by the release of different anti-inflammatory 

cytokines366, leading to the repair phase. 

Early Repair Phase 

The damaged tissue does not have significant tensile strength during the inflammatory 

phase. It is during the repair phase that excess of extracellular matrix gets deposited 

along with cellular proliferation and angiogenesis that helps the tissue get its strength 

back. 

CNS repair differs from the repair mechanism at other sites as there is no regeneration 

of neurons367. As soon as there is an injury there is activation of astrocytes in the region, 

that start migrating towards the lesion and form a boundary of activated astrocytes. This 

is referred to as a glial response368,369. The centre of this region consists of microglia and 
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macrophages that play an important role in cleaning up the area of any foreign objects 

and debris. There is total loss of neural elements within three days361,370. Smaller lesions 

are essentially filled up by reactive astrocytes, while the larger lesions, a central cavity 

is left behind, surrounded by a boundary of reactive astrocytes. Such a lesion can be 

easily identified by imaging studies361,371. There is functional loss corresponding to the 

area where the neurons have been lost as there is no regeneration361.  

 

If an injury involves penetration from the exterior involving the meninges, then the 

external part of the wound comes in contact with the meningeal fibroblasts, leading to 

fibroblast proliferation and deposition of an extracellular matrix with associated fibrosis 

(due to collagen deposition)370,372-374. Similar mechanism ensues with injuries of the 

spinal cord as well, when the meninges have been injured. This is described in greater 

detail in the subsequent chapter (chapter 6). 

 

In addition to astrocytes, the glial scar tissue has other cells such as endothelial cells and 

mesenchymal cells. Although the endothelial cells can attempt new blood vessel 

formation, mesenchymal cells deposit the basal lamina which inhibits the growth of 

neurons. Thus it appears that glial scar tissue may have a direct role in preventing 

neuronal regeneration360,375. Animal spinal model studies have been conducted to see the 

effect of removal of activated astrocytes in the areas of spinal injury. Although the glial 

scar formation is prevented, removal of the astrocytes resulted in the spread of the 

inflammatory cells to the surrounding region, resulting in areas around the injury 

getting directly infiltrated by the inflammatory cells thus leading to increased neuronal 

degeneration and increased loss of functionality360,369,374. Thus the glial scar helps in 

protecting the surrounding neural tissue from the effect of the inflammatory cells and 
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also prevents a disorganised proliferation of neurons which may result in abnormal 

neural signals360,376,377. 

 

Late Repair Phase/ Remodelling Phase 

Skin wound that heals by secondary intention undergoes reorganisation or remodelling. 

Collagen rich scars do not have a very specific organised cellular and matrix 

architecture, and although the tissue gets back a reasonable amount of tensile strength, it 

does not come back to the same strength of the surrounding uninjured tissue378,379. This 

is the phase where there are significant differences between CNS and non-CNS tissue, 

as there is virtually no regeneration or proliferation of the neurons in the affected 

region367. On the contrary, during the phase of remodelling, the scar tissue within the 

CNS becomes denser as the astrocytic process get more intertwined. Any cytokine 

activity remains confined to within the area of the glial tissue367. There is no 

reorganisation, which is the hallmark in skin wound (including wound contraction etc). 

When the process of removal of the necrotic neurons is complete within the affected 

region, there is apoptosis of the macrophages and microglial tissue, finally leaving 

behind an empty cyst-like cavity filled with CSF that is surrounded by a dense layer of 

astrocytes that separates this cavity from the surrounding normal neuronal tissue. 

Normal neurons can never grow back into the central cavity due to the persistence of 

inhibitory molecules within the scar and hence neural functionality is never 

regained367,370. 

 

In summary there is no significant difference in the initial phase of healing between skin 

and CNS tissue, i.e the sequence of events that happen at the cellular level in the 

haemostasis and inflammatory phases are quite similar. There are some differences in 
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the early repair phase, as neural tissue does not have any regenerative capacity in the 

central nervous system. Further the glial scar tissue forms a layer separating the normal 

neural tissue from the injured area. This also prevents any inflammation from spilling 

over from the injured area to the surrounding normal neural area. Finally, there is no 

reorganisation that takes place in the remodelling phase/ late repair phase in the CNS 

compared to skin where there are extensive reorganisation of structures that happens in 

this phase.  
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CHAPTER 6 EPIDURAL ADHESIONS: 
PATHOPHYSIOLOGY AND PREVENTION 
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PERIDURAL FIBROSIS- THE LAMINECTOMY MEMBRANE 

The laminectomy membrane is defined as the dense fibrous scar tissue that fills the 

laminectomy surgical site and connects the dura to the overlying muscle380. LaRocca 

and Macnab were the first to describe the laminectomy membrane28. In their study, 

multilevel lumbar laminectomies were carried out in dogs and the surgical site was 

histologically examined at different time points to observe the healing process. They 

observed that in the early post-operative period, laminectomy defect area was filled with 

a hematoma. Later on, fibroblastic activity was seen from the undersurface of the 

erector spinae muscle, which gradually extended into the hematoma. In the last stage 

fibrous scar tissue replaced the blood clot that covered the whole defect from the muscle 

to the surface of dura and reaching up to the nerve roots. This laminectomy membrane 

formation was consistent in all laminectomies performed and the amount of peridural 

fibrosis increased with the size of the surgical defect28.  

Subsequent studies by others have also reported fibrosis post laminectomy and the 

potential role of platelet-derived growth factor (PDGF) in this process. PDGF derived 

from the aggregating platelets in the local hematoma is believed to be responsible for 

the migration and proliferation of the myofibroblasts381-383. Other possible causes 

mentioned in literature with regards to epidural fibrosis are foreign body reaction to the 

surgical materials and defect in the fibrinolytic pathway28,384.  

However the most common mechanism described repeatedly in literature is the one first 

mentioned by LaRocca28. A schematic diagram of the process of peridural scar tissue 

formation is shown below: 
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Post -spinal surgery 

   

Formation of local hematoma at the surgical site 

 

Migration of fibroblasts from overlying muscles 

 

Peridural scar tissue and adhesion formation  

 

FAILED BACK SURGERY SYNDROME 

Failed back surgery syndrome is defined as constant pain in the lower limbs or lower 

back of patients who have undergone back surgery (laminectomy or discectomy)385. 

There are many causes for this syndrome, but peridural fibrosis is one of the important 

causes of chronic post -operative pain29,386 387-392. 

 

Scarring is the natural byproduct of wound healing, and hence peridural fibrosis and 

adhesions seen post laminectomy/spine surgery is no surprise26,393,394.  The mechanism of 

pain in this scenario has been explained395. In a normal human being movement of the 

back, neck and limbs leads to movement of the spinal cord, nerve roots and dura and 

this does not cause any pain. However, in an individual with peridural fibrosis, the dura 

and nerve roots are adhered to the scar tissue. Hence any motion of these structures 

causes more traction and tethering and results in pain. 
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It has also been reported that phospholipase A2 released secondary to the traction on the 

nerve roots and dura leads to chronic inflammation and pain396,397. Phospholipase A2 

production leads to activation of the arachidonic acid pathway that culminates with the 

production of leucotrienes and prostaglandins, thus increasing inflammation398. 

Prostaglandins and leucotrienes are responsible for the explicit pain399-404.  

Removal of this scar tissue to ameliorate the pain by a repeat surgery often has poor 

outcomes and the rate of complications are higher because of the difficulty to identify 

the anatomy amidst the fibrotic tissue30,405. Hence the best way to treat Failed Back 

Surgery Syndrome is to prevent it in the first place i.e to prevent peridural fibrosis. 

PREVENTION OF PERIDURAL FIBROSIS 

As described previously, peridural scar formation is secondary to post operative wound 

healing. The extent of fibrosis is believed to be associated with the extent of the 

operation and haemostatic efficacy27,395.  A 5-step method to decrease surgical adhesions 

has been suggested14. These include: (i) Control the initial inflammatory reaction (ii) 

preventing clotting of inflammatory exudates that have already formed (iii) removal of 

fibrin deposit (iv) barriers to mechanically separate dura and clot and (v) inhibition of 

fibroblastic reaction14.  Thus meticulous surgical technique and effective haemostasis 

are the first steps to aid in reducing peridural fibrosis. We have discussed in the 

previous chapter the various topical haemostats available in the market to help bleeding 

control in surgery. We now discuss below the various physical barriers available to 

reduce post-operative adhesions in surgery. 
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PHYSICAL BARRIERS 

An ideal agent in this category is described as being safe, biocompatible, 

hypoallergenic, easy to use and store, bio absorbable, retains its activity in the presence 

of physiological fluids and able to mechanically separate the raw surgical surfaces406.  

Hyskon 

It was developed as a 32% dextran solution and its mechanism of action in preventing 

abdominal adhesions was by hydro floatation, i.e the agent when applied to the surfaces 

“floats” the organs in the abdominal cavity and separates them.  It also has an 

anticoagulant effect and is easy to use407,408. Side effects of this agent includes pain, 

allergic reaction, edema and its high osmolarity can cause fluid and electrolyte 

imbalance409,410. With regards to the efficacy of the product, studies have shown 

inconsistent results and hence it is not commonly used411-413. 

Chitosan Dextran gel 

This is polysaccharide gel developed by our department, The Department of ENT, 

University of Adelaide in conjunction with the University of Otago, New Zealand239. Its 

safety and efficacy as a haemostatic and anti adhesive agent in endoscopic sinus surgery 

has been studied in animal models and clinical studies234,240.  Animal studies have also 

shown its anti adhesive efficacy in abdominal surgery37. In this research, we have used 

Chitosan Dextran gel to study its anti adhesion effect in a sheep model in post 

laminectomy spinal surgery. Its gel like consistency is easy to use and forms a 

mechanical barrier between the surfaces and prevents adhesions. 
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Oxiplex   

Its components consist of carboxymethylcelluose, polyethylene glycol and calcium 

chloride. This biocompatible barrier gel has been shown to decrease adhesions414-416 

417and is approved for use in spinal surgery418.  

 

Oxidized Regenerated Cellulose 

Another membrane barrier anti-adhesion agent, Interceed is clinically available for use. 

It has additional anti bacterial properties419. Its main drawback was reported that its 

efficacy reduced in the presence of blood420,421.  Multiple studies have shown its anti-

adhesion effects422-424.  

 

Hyaluronic Acid Based 

This has been used in different forms, namely, solution (Incert or Sepracoat), hydrogel 

(Intergel) or as sheets (Seprafilm).  Due to safety and efficacy concerns of 

Incert/Sepracoat it is currently not used in humans425,426. Seprafilm consists of a 

combination of hyaluronic acid and carboxymethylcellulose.  Animal model and clinical 

trials have shown very good results with regards to adhesion reduction427-430. With 

regards to safety, the results are mixed and side effects like abscess formation and 

peritonitis have been reported431-434. Intergel is hyalruronic acid crosslinked with ferric 

chloride to get a gel like consistency. Due to safety issues, it is no longer used435. 

 

Polyethylene Glycol   

FDA approved for human use, these agents are cleared through the kidney. Spraygel 

consists of two PEG solutions which forma a gel when it comes in contact with the 

tissue at the surgical site and thus acts as a mechanical separator. Animal model and 
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human trials have shown good antiadhesion results436-438. Poloxamer 407 is another 

PEG-based antiadhesion agent439, which too forms a gel at the surgical site440, however 

it has reported to be less effective in the presence of blood441.  

 

Polytetrafluroethylene  

Another barrier anti-adhesion agent that is flexible, easy to use and has a small pore size 

so prevents cell penetration442. Gore-Tex is the commercial product in this category442. 

The disadvantage of this product is the need for a second surgery to removed it since it 

non-absorbable443.  

 

ADCON-L  

ADCON-L gel was introduced to prevent epidural fibrosis in the late nineties. It is a 

barrier antiadhesion agent that also has properties to prevent migration of fibroblasts 

and was bio absorbable in 4-6weeks444,445. It was widely used initially, however post 

operative complications like CSF leaks and hypotension were reported and the product 

is no longer used for this purpose446-449. 

 

Other than the above mentioned commercial products, other experimental agents like 

recombinant tissue plasminogen activator450, liposome encapsulated 

hydroxycamptothecin451, amniotic membrane452, aceclofenac453, mitomycin C, 5-

fluorouracil, cyclosporine A454, tenoxicam455, urokinase383, methylene blue456, inhibition 

of pro-inflammatory cytokines with doxycycline457, use of retinoic acid458, calcium 

channel blockers459 have also shown to reduce adhesions and  peridural fibrosis in 

animal model studies. However till date no agent, which is completely safe and 

effective, has yet been developed for use to decrease epidural adhesion.  
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CHAPTER 7: THE EFFICACY AND SAFETY OF 
CHITOSAN DEXTRAN GEL IN A BURR HOLE 
NEUROSURGICAL SHEEP MODEL 
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ABSTRACT: 

Introduction: Post-operative peridural adhesions are known to increase the morbidity 

after neurosurgical procedures. Aim of this study is to assess the safety and efficacy of 

Chitosan-Dextran (CD) gel as an anti–adhesion agent in a spinal laminectomy sheep 

model. 

Methods: Eighteen sheep were used in the current study with 6 animals in each 

treatment arm (namely, CD gel, Gelfoam paste and normal saline control). Posterior 

lumbar laminectomy was performed in all animals and the dura was exposed and kept 

intact. CD gel or Gelfoam paste or normal saline was then applied over the exposed 

dura and the wound was closed in layers. Sheep were euthanized at the end of three 

months. MRI spine was performed immediately after euthanasia to assess epidural 

fibrosis. Extent of adhesion in the surgical spinal specimen was assessed by the Peel test 

and histopathological analysis was used to assess the safety of the agents. 

Results: Average scores for the Peel test for CD gel, Gelfoam and normal saline control 

groups were 1.16 (95% CI, 0.5 – 1.7), 1.5 (95% CI, 0.6 – 2.3) and 3 (95% CI, 2.1 – 3.8) 

respectively. There was significant reduction in adhesions between treatment and 

normal saline treated groups (p=0.0292) but there was no difference between Gelfoam 

and CD gel groups (p=0.56). Average scores on the MRI for CD gel, Gelfoam and 

normal saline groups were 1.4 (95% CI, 0.9 – 1.8), 1.5 (95% CI, 1.2 – 1.8) and 1.6 

(95% CI, 1.3 – 1.8) respectively. There was no difference in the overall epidural fibrosis 

in MRI scans among the three groups (p=0.2992). Histopathological analysis showed 

similar results in all the groups with none showing any adverse diagnosis.  



Conclusion: CD gel is an effective agent to reduce epidural adhesions with a good 

safety profile in neural tissue. 



INTRODUCTION: 

Lumbosacral surgery is a common treatment for spinal disorders1-3. Adhesions and scar 

tissue formation seen following surgery leads to a number of complications and spinal 

surgery is no exception. The incidence of postoperative pain following laminectomy has 

been reported to be between 5 and 30%4. Adhesions between the dura/nerve roots with 

the peridural fibrous tissue may manifest clinically in the post procedure period as a 

recurrent disabling radicular pain and weakness in lower limbs and is referred to as 

Failed Back Surgery syndrome5-9.  Epidural adhesions also increase the complication 

rate for repeat surgeries10,11.  

There have been a number of studies using different agents to prevent epidural 

adhesions. This includes use of modified surgical techniques12,13, anti-inflammatory 

agents14,15, biological16,17 and synthetic barriers18-22.  

Chitosan Dextran (CD) gel is a haemostatic polysaccharide gel obtained from 

crustaceans23. Anti adhesion efficacy of this gel has been reported in animal and human 

studies of Endoscopic Sinus Surgery24,25. The gel has also been used in animal models 

of abdominal peritoneal adhesions with some success26. 

The aim of this study was to investigate the effect of Chitosan Dextran gel on epidural 

adhesions and wound healing in a post laminectomy sheep model. 

MATERIALS AND METHODS: 

Eighteen sheep were (merino cross wethers) used in this study. Ethics approval was 

obtained from the IMVS and University of Adelaide Animal Ethics Committees.  



Test agents 

Chitosan Dextran gel (CD gel) (University of Otago, New Zealand) was the primary test 

agent in this study and was prepared immediately prior to use by mixing the chitosan 

and dextran. The second treatment agent was Gelfoam® which is commonly used in 

neurological surgery for haemostasis27.   Gelfoam® powder (Geli Putty, Gelita Medical 

BV Amsterdam) was mixed with a small volume of 0.9% normal saline until a paste 

like consistency was achieved. Normal saline (0.9%) flush was used as control.  

Surgical procedure 

Following acclimatization, sheep were fasted overnight prior to the administration of 

general anesthesia. General anesthesia was induced with Diazepam and Ketamine 

injection into the jugular vein. Following intubation, anesthesia was maintained with 

inhalational halothane.  

The laminectomy procedure (at levels L1-L3) was done in the sheep as described 

previously in literature19,22. Briefly, a T13 vertebra was identified using image 

intensifier. A 20 cm long vertical skin incision was made in the midline lower back 

below the T13 spinous process. The paraspinal muscles were dissected from the spinous 

process and laminae with the help of electro cautery and blunt dissection. The dorsal 

spine processes of L1-L3 were removed by drilling and use of rongeurs. Dorsal spinal 

laminectomies of 3 cm x 8mm were performed medial to the articular facet joint. Intact 

dura was exposed and CD gel or Gel Foam paste was applied over the laminectomy site. 

In control sheep the dura was flushed with 0.9% normal saline. The wound was then 

closed in layers and the sheep were extubated and returned to the pens for 12 weeks. 



Post-operative monitoring 

The general condition of the sheep was monitored post-operatively in terms of food 

intake, temperature, teeth grinding, ground pawing and bleeding at the local wound site. 

Neurological assessment was done by measuring the tone and power of the hind limbs. 

Bupivacaine with adrenalin 0.5% was administered locally at the surgical site in the 

immediate post-operative period for pain management. IM Clavulox was given before 

surgical intervention and on Day 1 and Day 2 post-operative. All animals received 

NSAIDS (Carbofen IM) pre operatively and post operatively for 2 days. 

MRI 

All animals underwent non-contrast MRI of the spine at the end of 12 weeks. The 

imaging was done immediately after euthanizing the sheep. Sagittal and transverse spin 

echo T1 and fast spin echo T2 were done from T13 to L4.  

Fibrosis was scored on MRI by assessing the hypo intense area in the epidural region on 

the axial scans. Each level was divided into 15 slices and a scoring system was devised 

to look for epidural fibrosis as follows- Grade I – no epidural abnormality, Grade II - 

<8/15 slices with abnormalities, Grade III - >8/15 slices with epidural abnormalities that 

was <1mm, Grade IV- > 8/15 with epidural abnormalities that was >1mm. The 

assessment was done by a neurosurgeon who was blinded to the treatment. 

Peel Test 

At the end of 12 weeks the sheep were euthanized and following MRI the surgical site 

spinal canal specimen was harvested en bloc. The cranial half of the specimen was used 

for Peel test. 



The muscles from the lateral and ventral aspects of the vertebra were removed. The 

bony vertebra, ventral to the spinal cord was removed with help of an electric saw and 

rongeurs. 

A blinded independent observer performed the test. The spinal cord was slowly pulled 

ventrally and adhesion to the posterior scar tissue was then evaluated by using a scoring 

system described previously in literature19 (0-No adhesions, 1- thin membranous 

threads easily detachable, 2- slight adhesion requiring only minimal blunt dissection, 3- 

moderate adhesions requiring some sharp dissection and 4- severe adhesions requiring 

extensive sharp dissection). 

Histopathology 

The caudal half of the spinal laminectomy specimen was sent for histopathological 

studies to assess the safety of CD gel in the spinal canal.  

The specimen was fixed en bloc in 10% formalin. Following which, each specimen was 

cut into two pieces transversely with the help of a band saw and put into a decalcifying 

solution. Prior to decalcification the cut specimens were x-rayed. After approximately a 

week of decalcification the specimens were again x-rayed to confirm complete 

decalcification and then embedded into paraffin wax. One transverse section from each 

tissue block (two sections per laminectomy specimen) was cut and stained with 

Hemotoxylin and Eosin stain and submitted to the pathologist for assessment. 

Inflammation in the scar tissue, the type of fibrosis, foreign body material and new bone 

formation was compared with the control agents. The pathologist was blinded to the 

treatment. 



STATISTICAL ANALYSIS: 

Kruskal-Wallis tests were used to test for the mean differences in scores between the 

three groups, with post-hoc pairwise t-tests with the Benjamini-Hochberg p-value 

correction.   

RESULTS:  

MRI: Average MRI scores for control, Gelfoam and CD gel groups were 1.6 (95% CI, 

1.3 - 1.8), 1.5 (95% CI, 1.2 - 1.8) and 1.4 (95% CI, 0.9 - 1.8) respectively. There was no 

significant difference in the overall epidural fibrosis seen between the controls, Gelfoam 

and CD gel groups (p=0.2992) as shown in Figure 1.  

Peel Test: There was significant difference (p=0.029) between the controls and the 

treatment groups (Gelfoam and CD Gel). The control group had an average score of 3 

(95% CI, 2.1 – 3.8) and Gelfoam and CD gel had adhesion scores of 1.5 (95% CI, 0.6 – 

2.3) and 1.16 (95% CI, 0.5 – 1.7), respectively. The scores of each group are depicted in 

Figure 2. Post-hoc tests showed that scores of both the Gelfoam and CD Gel were 

significantly lower than the control group. (p < 0.05) 

Histopathology: Dense hyaline fibrotic scar tissue was observed in all specimens with 

no inflammation. Although a foreign body giant cell reaction was seen in five sheep, 

this was secondary to the presence of foreign suture material in all. All specimens also 

revealed evidence of new bone formation. 



DISCUSSION: 

In this study we investigated the anti-adhesion efficacy and wound healing profile of 

CD gel and compared it to Gelfoam and normal saline. Our study revealed that CD gel 

performed much better than the saline group in reducing adhesions. However, there was 

no difference between CD gel and Gelfoam.  Overall, fibrosis in the epidural area 

assessed using MRI imaging was similar in all the three groups, however, the Peel test 

adhesion scores upon autopsy indicated a lower grade of adhesion formation for the 

Gelfoam and CD gel. 

The pathophysiology of epidural adhesion formation involves post-operative local 

hematoma at the surgical site being replaced with fibrous tissue by migration of 

fibroblasts from the paraspinal musculature28. This contact between the fibroblasts and 

dura is believed to lead to post laminectomy adhesions28. Holtz et al described a 5-phase 

method to prevent post- operative adhesions. This included reduction of initial 

inflammatory reaction and exudate release, inhibiting the coagulation of the exudate, 

promoting fibrinolysis, mechanical separation of the dura and fibrous tissue and to 

inhibit fibroblasts proliferation29.  

CD gel is an effective haemostatic agent and biocompatible with neural tissue27. Its 

haemostatic efficacy is believed to work independent of the clotting mechanism30. It is 

also known to improve wound healing and decrease adhesions24-26. Studies have shown 

that chitosan decreased surgical adhesions by inhibiting fibroblast adherence31 and  that 

chitosan inhibited fibroblast proliferation without affecting the growth of epithelial 

cells32. It also acts as a mechanical barrier when applied over the dura, till it dissolves25. 

The antiadhesion efficacy of Gelfoam reported in literature is controversial. While it has 



been reported by some that Gelfoam did not contribute to fibrosis and was effective28, 

others have reported it to have equivocal effect33 or increase adhesions34,35.  

Gelfoam is widely used in neurosurgery for bleeding control36, however it is not without 

complications. Cauda Equina syndrome, spinal stenosis, meningitis, and arachnoiditis 

are some reported in literature37 secondary to its pressure effect on the delicate neural 

structures. Other haemostatic agents like thrombin have been reported to increase 

adhesion formation38,39. Chandra et.al showed that Floseal (gelatin+thrombin) increased 

adhesion formation when used to control bleeding in endoscopic sinus surgery40.  In 

addition, these agents carry the risk of disease transmission and allergic reactions 

secondary to antibody formation41-43. 

The safety profile of various preparations of chitosan has been studied previously with 

no reported toxic effects30,44,45. In this study, healing in the epidural space histologically 

was similar in all three groups with no adverse effects seen in the CD gel group. Similar 

results were also seen with the use of CD gel in the brain27. It has also been described 

that purified chitin is non-allergenic46. 

CD gel is currently being used in humans in endoscopic sinus surgery to control 

bleeding and to reduce adhesions24. These properties, haemostasis and anti-adhesion 

efficacy make it a very viable option to extend its use into neurosurgery. 



CONCLUSION: 

CD	
   gel	
   was	
   similar	
   to	
   Gelfoam	
   in	
   anti-­‐adhesion	
   action	
   when	
   compared	
   to	
   no-­‐

treatment	
  control	
   in	
  a	
  sheep	
   laminectomy	
  model.	
  This	
  suggests	
   that	
  CD gel is an 

effective agent to reduce epidural adhesions with a good safety profile in neural tissue. 
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Figure 1- MRI scores of control (1.6), Gelfoam (1.5) and CD (1.4) gel treated sheep 
(p=0.2992). Vertical axis shows the MRI scores. 

Figure 2- Peel test score of control (3), Gelfoam (1.16) and CD gel (1.15) treated sheep. 
Vertical axis shows the Peel test scores. 

p=0.029	
  



102	
  

CHAPTER 9: ROLE OF CRUSHED SKELETAL MUSCLE 
EXTRACT IN HAEMOSTASIS  







ROLE OF CRUSHED SKELETAL MUSCLE EXTRACT IN HAEMOSTASIS 

Sukanya Rajiv* MS, Susan Rodgers** B Sc, M Appl Sci, Ahmed Bassiouni* MBBCh, 
Sarah Vreugde* MD, PhD, Peter-John Wormald* MD  

*Department of Surgery - Otorhinolaryngology, Head & Neck Surgery, University of
Adelaide, Adelaide, Australia 
** Department of Haematology, SA Pathology, Adelaide, Australia 

Short (Running) Title: Muscle in haemostasis 

Financial Disclosure Information:  
This study was supported by grants from The University of Adelaide, Faculty of Health 
Science, Adelaide South Australia and The Hospital Research Foundation, The Queen 
Elizabeth Hospital, Adelaide, South Australia. 

Conflict of Interest:  
Peter-John Wormald receives royalties from Medtronic ENT for instruments designed 
and is a consultant for Neilmed. These have no influence on this paper.  No other 
conflicts of interest. 

Word count: 2015 

Correspondence to:  
Prof. PJ Wormald 
Department of Otorhinolaryngology, Head & Neck Surgery, 
The Queen Elizabeth Hospital, 28 Woodville Road, 
Woodville South 5011 
SA, Australia 
Email: peterj.wormald@adelaide.edu.au 

Keywords: skeletal muscle, crushed, haemostasis, platelet aggregation, coagulation 



ABSTRACT: 

Introduction: Use of muscle grafts for haemostasis during surgery has re-emerged with 

recent animal model studies showing effective bleeding control with their use. 

However, the mechanism of action is unknown. The aim of this study is to evaluate the 

action of muscle extracts on the coagulation pathways and platelet aggregation. 

Methods: Muscle extracts were prepared by dissolving crushed snap-frozen muscle 

tissue (0.04mg-0.8mg) in 1ml saline. Saline was used as control. Prothrombin time, 

activated partial thromboplastin time (APTT), thrombin time and platelet aggregation 

studies were performed on both muscle extract and saline. Prothrombin time and APTT 

were repeated using Factor VII deficient plasma, Factor X deficient plasma, Lupus 

plasma and contact pathway inhibited plasma. Mean readings in the muscle group and 

control group were compared using non-parametric Mann-Whitney U test (Wilcoxon 

ranked sum test with continuity correction). 

Results: Amongst the various coagulation parameters, there was no significant 

difference between saline and muscle (p > 0.05), except in the APTT using factor X-

deficient plasma (mean APTT 133.89s and 185.10s for muscle and saline respectively; 

p < 0.0001). Higher concentrations of the muscle extract (>0.5mg/ml) increased platelet 

aggregation from 23.9% to 85.5% (p=0.0001). 

Conclusion: Platelet aggregation plays a role in the haemostatic efficacy of muscle 

grafts. Even though action on the coagulation pathway via APTT is statistically 

significant, clinical significance may be low. 



INTRODUCTION: 

Achievement and maintenance of bleeding control in all surgical procedures is of 

utmost importance. There are many haemostatic agents available today1-5; nevertheless, 

a review of literature shows that autologous human tissue (such as fat, fascia, dura, clots 

and muscle tissue) is commonly used to achieve bleeding control6,7. Particularly, the use 

of muscle auto grafts is re-emerging for the management of major hemorrhage, with 

multiple studies reporting its effectiveness in achieving haemostasis8-12. 

Earliest reports on the use of muscle grafts in haemostasis were by Cushing13 and 

Horsley7. They used muscle grafts to control bleeding from dura and brain tissue. 

Cushing concluded that a piece of muscle when held on the bleeding point by a smooth 

instrument adhered promptly and controlled bleeding better than gauze or cotton. 

Following these reports, Clute14 described effective use of both free and viable muscle 

grafts in haemostasis in various organs with no late complications. Comparing muscle 

with fat and fascia, it was seen that muscle had better haemostatic potential6. 

Muscle tissue has been successfully used to control carotid artery bleeding in both 

animal and human models10,11,15,16. It has been shown in a rat model15 and in patients 

undergoing Functional Endoscopic Sinus Surgery (FESS)10 that muscle tissue, if used in 

an appropriate manner, controls high-flow and high-pressure carotid artery bleeding 

effectively. Further, in a sheep model of endoscopic surgical carotid artery injury, 

Valentine et al11 showed that the topical muscle patch and the U-clip anastomotic device 

were most effective for controlling high-flow and high-pressure vascular injuries. 



We have thus hypothesized that muscle tissue may contain thrombogenic factor(s) that 

enhances coagulation. The aim of the study was to analyze the effect of crushed skeletal 

muscle on various coagulation parameters and platelet aggregation. We also briefly 

discuss potential mechanisms of action and advantages for its use in surgery. 

METHODS: 

Human muscle tissue was obtained from the viable region of the stump from patients 

who underwent below-knee lower limb amputation surgery at the Department of 

Vascular Surgery, Queen Elizabeth Hospital, Adelaide. The Human Ethics Committee 

approved the study protocol. Informed written consent was taken from all patients. 

Muscle specimens obtained were collected in PBS and immediately taken to the 

laboratory. 

Tissue was washed in PBS and muscle was dissected away from any loose areolar 

tissue/fat or fascia attached to it and then stored at -80°C to halt any proteinase activity 

until further use. Later, muscle tissue was cut into small pieces weighing 0.04mg 

(minimum amount required to do adequate protein analysis, estimated using protein 

quantification assay) and were snap-frozen in liquid nitrogen, and then crushed with a 

mortar and pestle to obtain a fine powder. This was dissolved in 1ml of normal saline. 

These samples were then centrifuged at 4°C for 20 minutes at 13000 rpm (16060g). 

After centrifugation, the supernatant (crushed muscle extract) was stored as 100μl 

aliquots at -80°C to be later used in various coagulation tests. 

The clotting tests were done using DIAGNOSTICA STAGO ST4 BIO in vitro analyzer 

(Diagnostica Stago, Asnières sur Seine, France) at the Haemostasis and Thrombosis 



Laboratory, SA Pathology, Adelaide, South Australia. Tests of coagulation were 

performed with 50 μl of plasma (prepared in house) added to either the muscle extract 

or saline (used here as negative control). Following coagulation tests were performed- 

(a) Prothrombin time (PT): 50μl plasma was mixed with equal volume of the test agent 

(crushed muscle extract or saline). This was incubated for 1 minute. Following 

incubation 100μl Neoplastin (Diagnostica Stago S.A.S) was added and time for clot 

(fibrin) formation was measured; (b) Activated Partial Thromboplastin Time (APTT): 

50μl plasma was mixed with 50μl test agent and 50 μl of Triniclot reagent (Diagnostica 

Stago S.A.S) and incubated for 5 minutes. After incubation 50 μl Calcium Chloride 

(Diagnostica Stago S.A.S) was added and time for clot formation was measured; (c) 

Thrombin time (TT): 50 μl plasma and 50 μl of the test agent was incubated for 1 

minute and then 50 μl of 1.5 NIH thrombin (Diagnostica Stago S.A.S) was added to the 

mixture. Time to clot formation was measured. PT and APTT were also repeated using 

Factor VII deficient plasma (Diagnostica Stago S.A.S), Factor X deficient plasma 

(Diagnostica Stago S.A.S), Lupus plasma (prepared in house) and contact pathway 

inhibited plasma (Tubes containing trisodium citrate and corn trypsin inhibitor SCAT-

27-4.5/5, Haematologic Technologies Inc, Essex Junction, VT, USA)-to find out if the 

crushed muscle extract helps in correcting the prolonged hemostatic parameters that is 

observed with these. At least four readings for each muscle or control sample were 

taken. 

Helena Aggram Platelet aggregometer (Helena Laboratories, Beaumont, Texas, USA) 

was used to study the effect of crushed muscle extracts on platelet aggregation at 37°C. 

.The test was performed within 2 hours of blood collection, as per standard protocol. 

Agents tested in the platelet aggregation assay were: Crushed muscle solutions using 



0.04mg/ml, 0.2mg/mL, 0.3mg/mL, 0.4mg/mL, 0.6mg/mL, 0.7mg/mL and 0.8mg/ml 

normal saline (prepared as described for coagulation tests), Adenosine diphosphate 

(ADP) 1x 10-3M stock solution (ADP Sodium salt, Sigma-Aldrich, NSW, Australia) as 

positive control agent and 0.9% Normal Saline as negative control. Blood was collected 

from a healthy volunteer, using a 19G butterfly needle, into one tenth volume 0.1M 

trisodium citrate anticoagulant (Greiner Bio-one, pH 6.5). The samples were centrifuged 

at 18°C for 10 minutes at 1000rpm (140g). Platelet Rich Plasma (PRP) obtained from 

the previous step was adjusted to a platelet count of 300 x 109/L with autologous 

platelet-poor plasma. The diluted PRP was then drawn up into a 20ml plastic syringe, 

excluding air from the syringe and then capped17. Platelet aggregation was measured 

using the platelet aggregometer using the test agents at the above-mentioned 

concentrations and ADP and saline as control agents. 

STATISTICAL ANALYSIS: 

The mean readings in the muscle group and the saline group were compared using non-

parametric Mann-Whitney U test (Wilcoxon ranked sum test with continuity correction) 

from the R computer language for statistics (R Foundation for Statistical Computing, 

Vienna, Austria). Statistical significance was taken at p<0.05. 

RESULTS: 

Coagulation Studies: No statistically significant difference between saline and muscle 

was seen, except in APTT using factor X-deficient plasma, which was significant (p < 

0.001). However, this result is thought to be of little clinical significance because the 

corrected APTT time was almost 3 times the normal value of humans18,19. 



Platelet aggregation studies: We found extensive aggregation (74-89%) with higher 

concentrations of muscle (0.6mg/mL, 0.7mg/mL, 0.8mg/mL). Lower concentrations of 

the muscle solution did not show significant platelet aggregation (5-44%). Results are 

shown in Table 1. 

DISCUSSION: 

In this study, we investigated the haemostatic potential of muscle tissue through various 

coagulation and platelet aggregation tests. The coagulation test results revealed no 

significant difference between the test agent (muscle) and control (saline) except in the 

APTT when using Factor X deficient plasma. This difference was thought not to be 

clinically significant.  There was increased platelet aggregation noted with increasing 

muscle concentrations. 

There have been several published reports on the efficacy of muscle as a topical 

haemostatic agent, but the exact mechanism of action remains elusive. Proposed 

hypotheses include pressure effect, release of muscle thromboplastin or tissue factor and 

action as a welding agent. 

Application of direct pressure to a bleeding surface is a mechanical method to aid in 

haemostasis20-22. Remzi et al23 reported two cases of use of muscle tamponade to control 

presacral hemorrhage. In both cases, two untied sutures were applied to the presacral 

tissues on either side of the bleeding point. Rectus abdominus muscle was harvested and 

the free muscle flap was then placed over that point and the ties were completed to 

provide a tamponade effect. There was no further bleeding, necrosis or abscess 

formation23. 



It was first hypothesized by James et al12 that muscle thromboplastin, or tissue factor,  

could play a role in the haemostatic efficacy of muscle tissue through activating the 

extrinsic coagulation pathway leading to clot formation. However, there are also 

contradictory reports24. Drake et al used epitope-defined monoclonal antibodies to 

human tissue factor for immunohistochemical localization of tissue factor in normal 

human tissues. Amongst the muscular tissue, tissue factor was expressed strongly in 

cardiac muscle, variable expression was noted in smooth muscle and was nearly 

undetectable in skeletal muscle24. However, nearly all published literature, have used 

skeletal muscle as the haemostatic agent. To date no research study has conclusively 

proved, that muscle thromboplastin or tissue factor is responsible for the haemostatic 

potential of muscle tissue and hence it still remains speculation. 

The third main hypothesis is the use of muscle as a welding agent. Xu and Lin25 had 

described the use of rectus abdominus muscle in this manner to control presacral 

hemorrhage. In this method a piece of rectus abdominus muscle was harvested and then 

held in place with a forceps to occlude the bleeding site. Electro cautery was then 

applied to the forceps, which then eventually welded the bleeding site. The muscle 

fragment served as an electrode for indirect coagulation. Its high water content heated to 

the boiling point and the bleeding vessel was indirectly coagulated. They demonstrated 

the technique in 11 patients with a successful outcome in all. Others have since used 

this technique with positive results 26,27.

PT evaluates the extrinsic and common coagulation pathway, while APTT evaluates the 

intrinsic and common pathways28,29. In our study, the mean APTT (using factor X 

deficient plasma) was 133.9 seconds with the muscle extract compared to 185 seconds 



with saline.   Even though this particular result was statistically significant, since 

normal APTT range in humans is 22-40 seconds18,19, its clinical significance can be 

considered to be negligible. 

The platelet aggregation studies however show increased platelet aggregation with 

increasing muscle concentration. Up to 89% platelet aggregation was noticed in our 

study with the muscle. One limitation of our study is that we did not use increasing 

concentration of muscle in the coagulation tests. Although a detailed analysis of the 

stability of proteins post freezing and crushing was not evaluated in this study, there is 

data to suggest that freezing does not have a significant effect on the activity of various 

coagulation factors30. 

In this study we found that platelet aggregation appears to be the major mechanism by 

which muscle patch causes haemostasis.  The normal bleeding control mechanism in 

our body involves three basic steps, namely, vascular wall constriction, platelet plug 

formation (adhesion and aggregation), and coagulation to form fibrin clot28. Studies 

have shown that skeletal muscle actin and myosin induce platelet aggregation and that 

these effects are possibly due to ADP associated with the contractile proteins31. Along 

similar lines, it has also been shown that filamentous actin (F-actin) has bound ADP and 

this helps to improve platelet aggregation by providing multiple interaction sites for 

platelets32.  The results of these studies also showed that bound ADP (to F-actin) is 

more powerful in platelet aggregation than free ADP.  It is possible that muscle grafts 

when applied to the bleeding site may provide a similar scaffold to aid with platelet 

activation. The major structural proteins in skeletal muscle are actin and myosin and the 



bound ADP in these may help in bleeding control by promotion of platelet plug 

formation. 

There are also many other advantages to the use of muscle grafts for the purpose of 

haemostasis. Muscle graft can be harvested from a nearby surgical area or from another 

site. Muscle being soft and pliable can conform into irregular bleeding sites and 

pressure can be applied effectively and uniformly over a large area. It can thus be used 

to control both pinpoint and diffuse bleeding. It is reabsorbed from the body and 

therefore does not pose any risk of infection or secondary complication unlike foreign 

agents. Also during our study we noticed that muscle tissue adheres well to blood 

vessels which was also previously reported7. 

CONCLUSION: 

Reports from published literature provide evidence for the effectiveness of muscle 

tissue in controlling bleeding during surgery. However, the exact mechanism of action 

still remains unclear. Our coagulation studies suggest that, although the muscle tissue 

may have a role in the mechanism of action via the coagulation pathway, the 

contribution of this particular mechanism on the overall clinical effect is low.  Platelet 

aggregation appears to play a significant role in the haemostatic effect of muscle tissue. 

This, in addition to the adhesive, aseptic and pliable properties of muscle, makes it a 

highly suitable agent for bleeding control. Further laboratory and in vivo work is still 

needed to delineate each of these proposed mechanisms of action. 
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Table 1: Results of Platelet Aggregation with Muscle 

Platelet Aggregation (%) 

Muscle 

Concentration 

(mg/ml) 

Muscle Sample1 
Muscle 

Sample 2 

0.04/0.08 <1 <1 

0.1 2.2 4.6 

0.2 5.1 4.7 

0.3 31.6 26.2 

0.4 44.4 31.4 

0.6 74.6 89.0 

0.7 84.9 89.1 

0.8 86.2 89.2 

0.9% Normal Saline 

(negative control) 
5.0 

ADP 1 x 10-3M 

(positive control) 
96.7 
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Abstract: 

Background: Proper intra operative positioning is essential to maintain blood flow and 

prevent venous congestion in the dependent areas of the body. This is particularly 

important in procedures that are prolonged to prevent post-operative ischemic 

complications.  

Case: We report a complication encountered by us while performing laminectomy 

procedures in a sheep model as a part of our research work. Following posterior spinal 

lumbar laminectomy procedure and application of different treatment agents over the 

intact dura in sheep, knuckling of one of the hind limbs was seen in the immediate post-

operative period. It was thought to be related to the test agent that was applied over the 

dura that was affecting the nerves as they were exiting the spinal canal. However similar 

complication was also seen with saline controls. Post mortem examination of the 

affected hind limbs of the animals revealed ischemic features compatible with pressure 

myopathy. The experiment was then carried out with the animals positioned on a 

beanbag to prevent pressure on the hind limbs. No knuckling was then seen in any of 

the subsequent animals. 

Key words: limb, position, compartment, syndrome, knuckling, sheep, pressure, 

myopathy 



INTRODUCTION: 

Optimal positioning of the animal during surgery is essential for a smooth post- 

operative recovery. Pressure myopathy and neuropathy are the main complications seen 

in large animals such as horses and cattle that have undergone a long procedure under 

general anesthesia1. These complications are related to the position of the animal during 

surgery and anesthesia. The clinical case presented here explains the similar problem in 

sheep – its clinical aspects and also management and prevention. 

CASE REPORT: 

In March 2013, dorsal spinal laminectomy procedures were performed on sheep as a 

part of a research study. The sheep was placed in a sternal recumbency position and 

posterior laminectomy at L1, L2 and L3 levels was carried out with exposure of the 

dura.  Control and test agents were subsequently applied to the exposed dura and spinal 

cord following which the skin and subcutaneous tissue was closed over the area. The 

overall operating time ranged between four and five hours. 

Immediately following the procedure it was noticed that five of the sheep showed 

knuckling of the fetlock of one of the hind limbs. The first sheep that showed evidence 

of knuckling in its right hind limb recovered well over a period of few weeks without 

any residual deficit. The fifth sheep also recovered well following splinting of the 

affected limb. Systemically the sheep did not show any signs of infection such as fever, 

tachycardia or tachypnoea and the wound site did not show any clinical picture of local 

inflammation or infection. 

Following a deterioration of their conditions, three of the five knuckling sheep were 

euthanized and spinal cord specimens were harvested.  In two animals, the necropsy 

included examination of the affected and unaffected hind limbs. 



1(a) 1(b) 

1(c) 

Figure 1(a), (b), (c): Knuckling of left hind limb fetlock seen post-operatively (white 
arrow). The sheep recovered completely from the complication after few weeks without 
any intervention. 

Post Mortem Findings: 

Necropsy findings of two of the sheep in which the hind limbs were examined revealed 

congestion, hemorrhage and swelling of the muscle groups of the affected side.  The 

unaffected limb was pristine. Grossly the spinal cord specimen looked unremarkable. 

The local skin incision and wound site did not reveal any pus or signs of infection. 



Figure 2: Congested muscle of affected limb Figure 3: Opposite unaffected limb 
showing normal looking muscle 

Figure 4: Haemorrhage within the muscle

DISCUSSION: 

Clinical and necropsy findings suggested ischemic necrosis or compartment syndrome 

as the most likely diagnosis. Pressure myopathy is usually seen in large animals 

following a long procedure with the animal in the recumbency position. This is more 

commonly seen in the down/ hind limbs due to the weight of the animal pressing the 

dependent limb against the hard surface of the operating table and this in turn leading to 

decreased circulation and tissue hypoxia. Swelling of the involved muscle groups leads 

to further increase in pressure under the tight fascia and hence decreased circulation and 

muscle degeneration. Furthermore, the induced hypotension during surgery adds on to 

the decreased circulation1. This pressure myopathy is manifested as knuckling in the 



animals. Review of the literature revealed that a similar complication had been 

previously experienced, also in a sheep model2. 

The four hour long surgery to perform with the sheep in the sternal recumbency position 

most likely has led to a compartment syndrome in the hind limbs of the sheep which is 

confirmed by the classic necropsy findings. Initially the surgery was thought to be the 

cause, however similar clinical signs would be expected in all sheep, which was not the 

case. Out of 13 sheep that underwent the initial surgical procedure only five developed 

post-operative knuckling.  It was also considered whether application of the test agent 

was leading to the knuckling complication. However, both test agent and control sheep 

(where no agent was applied to the dura) were seen to experience knuckling, suggesting 

application of the test agent was not be the cause.    

We then thought that possibly the position of the sheep during surgery under general 

anesthesia might have caused compression of the hind limb muscles. Owing to this, the 

consequence of fetlock knuckling was seen in the animal after the operation. 

Hence to prevent and solve this problem a trial was done to obtain the optimal position 

of the sheep during the surgery. The animal was placed on a soft beanbag so that the 

hind limbs hung down in their natural position and the pressure effect on the legs were 

eliminated and then the sheep was anaesthetized for five hours with no procedure 

performed.  The animal recovered well with no myopathy or neuropathy seen post- 

operatively. 



The research study was then continued using this beanbag padding under the animal 

during the posterior laminectomy procedure with proper positioning of the hind limbs. 

Nine more procedures were performed and all the animals recovered well with no signs 

of knuckling. Mean arterial blood pressure during the surgery was maintained above 70 

mm Hg, intravenous fluids were administered during the procedure and operating time 

was reduced by one hour. 

The animals, which showed paresis initially, were all treated with NSAIDS and 

splinting.  One sheep that was splinted immediately upon signs of knuckling recovered 

completely, but the other sheep in which splinting was delayed (by one week) still 

shows knuckling but with no further decline in the motor function. 

         Figure 5A: Beanbag 



Figure 5B- Sheep positioned on the Beanbag

Figure 6: Splinting of the sheep hind limb done immediately when knuckling was 
evident. The sheep recovered completely. 

CONLCUSION: 

Proper positioning of the animal during surgery is essential to avoid complications of 

pressure myopathy. It is clear from our case report that the beanbag padding and 

decrease in surgery time prevented the compartment syndrome. 
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SUMMARY AND CONCLUSION 

Bleeding and adhesion are two common problems that increase morbidity post 

neurosurgical procedures. There are many agents available in the market to overcome 

these problems. However, none are fully effective in achieving surgical hemostasis and 

minimizing post-operative adhesions with minimal or no side effects17,460. 

In our research work we have tested Chitosan Dextran gel for its safety, haemostatic 

efficacy and anti adhesion property in sheep models (burr-hole and spinal laminectomy 

models). We have also looked at the mechanisms of action of muscle tissue as a 

haemostatic agent by in-vitro studies. 

CHITOSAN IN HAEMOSTASIS 

Chitosan is a polysaccharide obtained from crustaceans36 and its haemostatic properties 

have been shown in numerous studies33,35,461. The bleeding control action of chitosan is 

believed to be independent of the clotting mechanism in the body. Experimental studies 

have shown that it causes agglutination of the red blood cells secondary to its cationic 

properties238.  

Only a single study has been published so far that has demonstrated the use of chitosan 

to control bleeding in brain tissue. They had used liquid chitosan in cat brain to 

effectively control diffuse bleeding with no cytotoxic effects236. Chitosan-Dextran gel is 

a chitosan variant that has been shown to be an effective haemostatic agent in 

endoscopic sinus surgeries and is presently used in human post sinus surgery240.  
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In our neurosurgical burr hole sheep study we showed that Chitosan-Dextran gel was 

safe without toxic effects on neurological tissue and that it effectively controlled 

bleeding in the animal brain tissue. It was as effective as Gelfoam, however Gelfoam 

has the disadvantage of pressure effects on delicate structures if not used with care. 

There have been previous reports of cauda equina syndrome, headaches and 

paraesthesias caused by Gelfoam160.  

Studies have also shown comparable haemostatic potential of chitosan with respect to 

fibrin and thrombin agents462,463. However fibrin and thrombin products have the risk of 

increasing adhesions by activation of the coagulation cascade, antibody formation, 

transmission of diseases and allergic reactions464-466. The safety of chitosan has been 

studied and it is shown to be non- toxic238. Though it is obtained from crustaceans its 

purified form is hypoallergenic34. 

CHITOSAN AS AN ANTI ADHESION AGENT 

Post-operative adhesion formation leads to many complications especially in the central 

nervous system following spinal surgery. Best treatment of post -operative adhesions is 

to prevent their formation in the first place14. Most effective way to prevent surgical 

adhesions in spinal surgeries is by the control of bleeding and the use of barrier agents 

that prevent contact between the dura and para-spinal muscles/ fibroblasts. 

Organization of the surgical site hematoma by migration of fibroblasts from the nearby 

paraspinal muscles leading to the formation of fibrous tissue forms the basis of the 

pathophysiology of epidural adhesions28.  
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Chitosan has been shown in vitro to inhibit fibroblast proliferation467-469.  It is believed 

that the attachment of chitosan to injured surface prevents cell adhesion molecules like 

fibronectin and vitronectin from attaching467. It is also reported that chitosan selectively 

inhibits fibroblasts but does not affect the growth of epithelial cells470. 

Animal model and human endoscopic sinus surgery studies have shown Chitosan-

Dextran gel to be effective in decreasing post-operative endonasal adhesions234,240. 

Animal studies have also shown the anti-adhesion efficacy of Chitosan Dextran gel in 

abdominal surgeries to reduce intraperitoneal adhesions37.  

In our work we studied the anti adhesion efficacy of Chitosan Dextran gel in a sheep 

model of spinal laminectomy. Chitosan Dextran gel significantly reduced adhesion 

formation compared to normal saline. However its efficacy in reducing adhesions was 

similar to Gelfoam. Reports of Gelfoam reducing epidural adhesions have been 

variable28,471-473. As mentioned previously Gelfoam is known to cause pressure effects on 

delicate neural structures and hence needs to be used very cautiously in closed 

cavities160.  

Thus, Chitosan Dextran gel has shown to be an effective haemostatic agent in the brain 

tissue and also decrease epidural adhesions following spinal laminectomy surgery. 

MUSCLE TISSUE AS A HAEMOSTATIC AGENT 

There has been a recent re-emergence of interest in the use of autologous human tissue 

for bleeding control. Muscle patch has been shown to be effective in high-pressure 

carotid artery bleeding in animal studies38,283. Muscle tissue gives the advantage of being 
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soft and pliable and hence ability to contour any bleeding area. It can be harvested from 

any site and since it is an autologous tissue, risks of infection and allergy are 

minimized. Good adhesion of muscle to blood vessel has been described previously281. 

All these properties make it a desirable agent for bleeding control. It has been 

mentioned in literature that tissue factor or thromboplastin in muscle tissue was 

responsible for haemostasis284. However studies have shown that there is very minimal 

expression of tissue factor in skeletal muscle tissue, which is the most common muscle 

that is used as a haemostatic agent285.  

We assessed the potential haemostatic factors in the skeletal muscle tissue in vitro and 

found that increased platelet aggregation appeared to be the most likely cause for the 

haemostatic properties of muscle tissue. 

CONCLUSION 

Work presented in our thesis provides a platform for furthering the use of Chitosan-

Dextran gel from endonasal sinus surgery into neurosurgery. Further trials are needed to 

evaluate the safety and efficacy of CD gel in humans. 

Role of platelet aggregation in the haemostatic efficacy of muscle patch has not been 

reported before. In fact there have been no previous studies exploring as to how muscle 

patch aids in bleeding control. This is the first study to evaluate the detailed haemostatic 

profile of muscle tissue. 



134	
  

BIBLIOGRAPHY 

1. Hu,	
  S.S.	
  &	
  Lieberman,	
  J.A.	
  Blood	
  Loss	
  Management	
  in	
  Major	
  Spine	
  Surgery.
in	
  Surgery	
  for	
  Low	
  Back	
  Pain	
  169-­‐173	
  (Springer,	
  2010).

2. Harmon,	
  D.E.	
  Cost/benefit	
  analysis	
  of	
  pharmacologic	
  hemostasis.	
  The
Annals	
  of	
  thoracic	
  surgery	
  61,	
  S21-­‐25;	
  discussion	
  S33-­‐24	
  (1996).

3. Popovsky,	
  M.A.	
  &	
  Davenport,	
  R.D.	
  Transfusion-­‐related	
  acute	
  lung	
  injury:
femme	
  fatale?	
  Transfusion	
  41,	
  312-­‐315	
  (2001).

4. Triulzi,	
  D.J.,	
  Vanek,	
  K.,	
  Ryan,	
  D.H.	
  &	
  Blumberg,	
  N.	
  A	
  clinical	
  and	
  immunologic
study	
  of	
  blood	
  transfusion	
  and	
  postoperative	
  bacterial	
  infection	
  in	
  spinal
surgery.	
  Transfusion	
  32,	
  517-­‐524	
  (1992).

5. Santoso,	
  J.T.,	
  Saunders,	
  B.A.	
  &	
  Grosshart,	
  K.	
  Massive	
  blood	
  loss	
  and
transfusion	
  in	
  obstetrics	
  and	
  gynecology.	
  Obstetrical	
  &	
  gynecological	
  survey
60,	
  827-­‐837	
  (2005).

6. Fujii,	
  Y.,	
  et	
  al.	
  Serial	
  changes	
  in	
  hemostasis	
  after	
  intracranial	
  surgery.
Neurosurgery	
  35,	
  26-­‐33	
  (1994).

7. Koscielny,	
  J.,	
  et	
  al.	
  A	
  practical	
  concept	
  for	
  preoperative	
  identification	
  of
patients	
  with	
  impaired	
  primary	
  hemostasis.	
  Clin	
  Appl	
  Thromb	
  Hemost	
  10,
195-­‐204	
  (2004).

8. Dzik,	
  W.H.	
  Predicting	
  hemorrhage	
  using	
  preoperative	
  coagulation	
  screening
assays.	
  Current	
  hematology	
  reports	
  3,	
  324-­‐330	
  (2004).

9. Munro,	
  J.,	
  Booth,	
  A.	
  &	
  Nicholl,	
  J.	
  Routine	
  preoperative	
  testing:	
  a	
  systematic
review	
  of	
  the	
  evidence.	
  Health	
  technology	
  assessment	
  1,	
  i-­‐iv;	
  1-­‐62	
  (1997).

10. Palmer,	
  J.D.,	
  Sparrow,	
  O.C.	
  &	
  Iannotti,	
  F.	
  Postoperative	
  hematoma:	
  a	
  5-­‐year
survey	
  and	
  identification	
  of	
  avoidable	
  risk	
  factors.	
  Neurosurgery	
  35,	
  1061-­‐
1064;	
  discussion	
  1064-­‐1065	
  (1994).

11. Wittkowsky,	
  A.K.	
  Novel	
  oral	
  anticoagulants	
  and	
  their	
  role	
  in	
  clinical
practice.	
  Pharmacotherapy	
  31,	
  1175-­‐1191	
  (2011).

12. Weglinski,	
  M.R.	
  &	
  Perkins,	
  W.J.	
  Inhalational	
  versus	
  total	
  intravenous
anesthesia	
  for	
  neurosurgery:	
  theory	
  guides,	
  outcome	
  decides.	
  Journal	
  of
neurosurgical	
  anesthesiology	
  6,	
  290-­‐293	
  (1994).

13. Dinsmore,	
  J.	
  Anaesthesia	
  for	
  elective	
  neurosurgery.	
  British	
  journal	
  of
anaesthesia	
  99,	
  68-­‐74	
  (2007).

14. Holtz,	
  G.	
  Prevention	
  of	
  postoperative	
  adhesions.	
  J	
  Reprod	
  Med	
  24,	
  141-­‐146
(1980).

15. Spotnitz,	
  W.D.	
  &	
  Burks,	
  S.	
  Hemostats,	
  sealants,	
  and	
  adhesives:	
  components
of	
  the	
  surgical	
  toolbox.	
  Transfusion	
  48,	
  1502-­‐1516	
  (2008).

16. Grant,	
  G.A.	
  Update	
  on	
  hemostasis:	
  neurosurgery.	
  Surgery	
  142,	
  S55-­‐S60
(2007).

17. Seyednejad,	
  H.,	
  Imani,	
  M.,	
  Jamieson,	
  T.	
  &	
  Seifalian,	
  A.M.	
  Topical	
  haemostatic
agents.	
  Br	
  J	
  Surg	
  95,	
  1197-­‐1225	
  (2008).

18. Cheng,	
  C.M.,	
  Meyer-­‐Massetti,	
  C.	
  &	
  Kayser,	
  S.R.	
  A	
  review	
  of	
  three	
  stand-­‐alone
topical	
  thrombins	
  for	
  surgical	
  hemostasis.	
  Clinical	
  therapeutics	
  31,	
  32-­‐41
(2009).

19. Belozerskaya,	
  G.G.,	
  et	
  al.	
  Local	
  hemostatics	
  (A	
  review).	
  Pharm	
  Chem	
  J	
  40,
353-­‐359	
  (2006).

20. Longstaff,	
  C.	
  Studies	
  on	
  the	
  mechanisms	
  of	
  action	
  of	
  aprotinin	
  and
tranexamic	
  acid	
  as	
  plasmin	
  inhibitors	
  and	
  antifibrinolytic	
  agents.	
  Blood



135	
  

coagulation	
  &	
  fibrinolysis	
  :	
  an	
  international	
  journal	
  in	
  haemostasis	
  and	
  
thrombosis	
  5,	
  537-­‐542	
  (1994).	
  

21. Carpenter,	
  M.B.,	
  Sutin,	
  J.,	
  Strong,	
  O.S.	
  &	
  Elwyn,	
  A.	
  Human	
  neuroanatomy,
(Williams	
  &	
  Wilkins	
  Baltimore,	
  1983).

22. Nowinski,	
  W.L.	
  Introduction	
  to	
  brain	
  anatomy.	
  in	
  Biomechanics	
  of	
  the	
  Brain
5-­‐40	
  (Springer,	
  2011).

23. Kumar,	
  A.	
  &	
  Parrillo,	
  J.E.	
  Shock:	
  classification,	
  pathophysiology,	
  and
approach	
  to	
  management.	
  JE	
  Parrillo,	
  &	
  RP	
  Dellinger,	
  Critical	
  Care	
  Medicine,
Principles	
  of	
  Diagnosis	
  and	
  Management,	
  371-­‐420	
  (2001).

24. Holness,	
  L.,	
  Knippen,	
  M.A.,	
  Simmons,	
  L.	
  &	
  Lachenbruch,	
  P.A.	
  Fatalities
caused	
  by	
  TRALI.	
  Transfusion	
  medicine	
  reviews	
  18,	
  184-­‐188	
  (2004).

25. Spotnitz,	
  W.D.	
  &	
  Burks,	
  S.	
  Hemostats,	
  sealants,	
  and	
  adhesives	
  III:	
  a	
  new
update	
  as	
  well	
  as	
  cost	
  and	
  regulatory	
  considerations	
  for	
  components	
  of	
  the
surgical	
  toolbox.	
  Transfusion	
  52,	
  2243-­‐2255	
  (2012).

26. Ozer,	
  A.F.,	
  et	
  al.	
  Preserving	
  the	
  ligamentum	
  flavum	
  in	
  lumbar	
  discectomy:	
  a
new	
  technique	
  that	
  prevents	
  scar	
  tissue	
  formation	
  in	
  the	
  first	
  6	
  months
postsurgery.	
  Neurosurgery	
  59,	
  ONS126-­‐133;	
  discussion	
  ONS126-­‐133
(2006).

27. Davis,	
  R.A.	
  A	
  long-­‐term	
  outcome	
  analysis	
  of	
  984	
  surgically	
  treated	
  herniated
lumbar	
  discs.	
  J	
  Neurosurg	
  80,	
  415-­‐421	
  (1994).

28. LaRocca,	
  H.	
  &	
  Macnab,	
  I.	
  The	
  laminectomy	
  membrane.	
  Studies	
  in	
  its
evolution,	
  characteristics,	
  effects	
  and	
  prophylaxis	
  in	
  dogs.	
  J	
  Bone	
  Joint	
  Surg
Br	
  56B,	
  545-­‐550	
  (1974).

29. Waguespack,	
  A.,	
  Schofferman,	
  J.,	
  Slosar,	
  P.	
  &	
  Reynolds,	
  J.	
  Etiology	
  of	
  long-­‐
term	
  failures	
  of	
  lumbar	
  spine	
  surgery.	
  Pain	
  Med	
  3,	
  18-­‐22	
  (2002).

30. Ozgen,	
  S.,	
  Naderi,	
  S.,	
  Ozek,	
  M.M.	
  &	
  Pamir,	
  M.N.	
  Findings	
  and	
  outcome	
  of
revision	
  lumbar	
  disc	
  surgery.	
  Journal	
  of	
  spinal	
  disorders	
  12,	
  287-­‐292
(1999).

31. Fischer,	
  T.H.,	
  Bode,	
  A.P.,	
  Demcheva,	
  M.	
  &	
  Vournakis,	
  J.N.	
  Hemostatic
properties	
  of	
  glucosamine-­‐based	
  materials.	
  J	
  Biomed	
  Mater	
  Res	
  A	
  80,	
  167-­‐
174	
  (2007).

32. Gustafson,	
  S.B.,	
  Fulkerson,	
  P.,	
  Bildfell,	
  R.,	
  Aguilera,	
  L.	
  &	
  Hazzard,	
  T.M.
Chitosan	
  dressing	
  provides	
  hemostasis	
  in	
  swine	
  femoral	
  arterial	
  injury
model.	
  Prehosp	
  Emerg	
  Care	
  11,	
  172-­‐178	
  (2007).

33. Klokkevold,	
  P.R.,	
  Fukayama,	
  H.,	
  Sung,	
  E.C.	
  &	
  Bertolami,	
  C.N.	
  The	
  effect	
  of
chitosan	
  (poly-­‐N-­‐acetyl	
  glucosamine)	
  on	
  lingual	
  hemostasis	
  in	
  heparinized
rabbits.	
  J	
  Oral	
  Maxillofac	
  Surg	
  57,	
  49-­‐52	
  (1999).

34. Muzzarelli,	
  R.A.	
  Chitins	
  and	
  chitosans	
  as	
  immunoadjuvants	
  and	
  non-­‐
allergenic	
  drug	
  carriers.	
  Mar.	
  drugs	
  8,	
  292-­‐312	
  (2010).

35. Klokkevold,	
  P.R.,	
  Subar,	
  P.,	
  Fukayama,	
  H.	
  &	
  Bertolami,	
  C.N.	
  Effect	
  of	
  chitosan
on	
  lingual	
  hemostasis	
  in	
  rabbits	
  with	
  platelet	
  dysfunction	
  induced	
  by
epoprostenol.	
  J	
  Oral	
  Maxillofac	
  Surg	
  50,	
  41-­‐45	
  (1992).

36. Muzzarelli,	
  R.	
  Chitin	
  and	
  Chitosan:	
  Unique	
  cationic	
  polysaccharides.
Encyclopedia	
  of	
  polymer	
  science	
  and	
  engineering.,	
  430	
  (1990).

37. Lauder,	
  C.I.W.,	
  Garcea,	
  G.,	
  Strickland,	
  A.	
  &	
  Maddern,	
  G.J.	
  Use	
  of	
  a	
  Modified
Chitosan–Dextran	
  Gel	
  to	
  Prevent	
  Peritoneal	
  Adhesions	
  in	
  a	
  Rat	
  Model.	
  J
Surg	
  Res	
  171,	
  877-­‐882	
  (2011).

38. Valentine,	
  R.,	
  et	
  al.	
  The	
  efficacy	
  of	
  hemostatic	
  techniques	
  in	
  the	
  sheep	
  model
of	
  carotid	
  artery	
  injury.	
  Int	
  Forum	
  Allergy	
  Rhinol	
  1,	
  118-­‐122	
  (2011).



136	
  

39. Lane,	
  D.A.,	
  Philippou,	
  H.	
  &	
  Huntington,	
  J.A.	
  Directing	
  thrombin.	
  Blood	
  106,
2605-­‐2612	
  (2005).

40. Watson,	
  S.P.	
  Collagen	
  receptor	
  signaling	
  in	
  platelets	
  and	
  megakaryocytes.
Thromb	
  Haemost	
  82,	
  365-­‐376	
  (1999).

41. Hollopeter,	
  G.,	
  et	
  al.	
  Identification	
  of	
  the	
  platelet	
  ADP	
  receptor	
  targeted	
  by
antithrombotic	
  drugs.	
  Nature	
  409,	
  202-­‐207	
  (2001).

42. Clemetson,	
  K.J.	
  Platelet	
  GPIb-­‐V-­‐IX	
  complex.	
  Thromb	
  Haemost	
  78,	
  266-­‐270
(1997).

43. Savage,	
  B.,	
  Saldivar,	
  E.	
  &	
  Ruggeri,	
  Z.M.	
  Initiation	
  of	
  platelet	
  adhesion	
  by
arrest	
  onto	
  fibrinogen	
  or	
  translocation	
  on	
  von	
  Willebrand	
  factor.	
  Cell	
  84,
289-­‐297	
  (1996).

44. Kroll,	
  M.H.	
  &	
  Schafer,	
  A.I.	
  Biochemical	
  mechanisms	
  of	
  platelet	
  activation.
Blood	
  74,	
  1181-­‐1195	
  (1989).

45. Gawaz,	
  M.,	
  et	
  al.	
  Activated	
  platelets	
  induce	
  monocyte	
  chemotactic	
  protein-­‐1
secretion	
  and	
  surface	
  expression	
  of	
  intercellular	
  adhesion	
  molecule-­‐1	
  on
endothelial	
  cells.	
  Circulation	
  98,	
  1164-­‐1171	
  (1998).

46. Kojima,	
  H.,	
  et	
  al.	
  Production	
  and	
  characterization	
  of	
  transformed	
  B-­‐
lymphocytes	
  expressing	
  the	
  membrane	
  defect	
  of	
  Scott	
  syndrome.	
  J	
  Clin
Invest	
  94,	
  2237-­‐2244	
  (1994).

47. Ferguson,	
  J.J.,	
  Waly,	
  H.M.	
  &	
  Wilson,	
  J.M.	
  Fundamentals	
  of	
  coagulation	
  and
glycoprotein	
  IIb/IIIa	
  receptor	
  inhibition.	
  European	
  heart	
  journal	
  19	
  Suppl
D,	
  D3-­‐9	
  (1998).

48. Perry,	
  D.J.	
  Antithrombin	
  and	
  its	
  inherited	
  deficiencies.	
  Blood	
  Rev	
  8,	
  37-­‐55
(1994).

49. Walker,	
  F.J.	
  Regulation	
  of	
  activated	
  protein	
  C	
  by	
  protein	
  S.	
  The	
  role	
  of
phospholipid	
  in	
  factor	
  Va	
  inactivation.	
  J	
  Biol	
  Chem	
  256,	
  11128-­‐11131
(1981).

50. Kalafatis,	
  M.,	
  Bertina,	
  R.M.,	
  Rand,	
  M.D.	
  &	
  Mann,	
  K.G.	
  Characterization	
  of	
  the
molecular	
  defect	
  in	
  factor	
  VR506Q.	
  J	
  Biol	
  Chem	
  270,	
  4053-­‐4057	
  (1995).

51. Fulcher,	
  C.A.,	
  Gardiner,	
  J.E.,	
  Griffin,	
  J.H.	
  &	
  Zimmerman,	
  T.S.	
  Proteolytic
inactivation	
  of	
  human	
  factor	
  VIII	
  procoagulant	
  protein	
  by	
  activated	
  human
protein	
  C	
  and	
  its	
  analogy	
  with	
  factor	
  V.	
  Blood	
  63,	
  486-­‐489	
  (1984).

52. O'Brien,	
  L.M.,	
  Mastri,	
  M.	
  &	
  Fay,	
  P.J.	
  Regulation	
  of	
  factor	
  VIIIa	
  by	
  human
activated	
  protein	
  C	
  and	
  protein	
  S:	
  inactivation	
  of	
  cofactor	
  in	
  the	
  intrinsic
factor	
  Xase.	
  Blood	
  95,	
  1714-­‐1720	
  (2000).

53. Topper,	
  J.N.,	
  Cai,	
  J.,	
  Falb,	
  D.	
  &	
  Gimbrone,	
  M.A.,	
  Jr.	
  Identification	
  of	
  vascular
endothelial	
  genes	
  differentially	
  responsive	
  to	
  fluid	
  mechanical	
  stimuli:
cyclooxygenase-­‐2,	
  manganese	
  superoxide	
  dismutase,	
  and	
  endothelial	
  cell
nitric	
  oxide	
  synthase	
  are	
  selectively	
  up-­‐regulated	
  by	
  steady	
  laminar	
  shear
stress.	
  Proc	
  Natl	
  Acad	
  Sci	
  U	
  S	
  A	
  93,	
  10417-­‐10422	
  (1996).

54. Grosser,	
  T.,	
  Fries,	
  S.	
  &	
  FitzGerald,	
  G.A.	
  Biological	
  basis	
  for	
  the	
  cardiovascular
consequences	
  of	
  COX-­‐2	
  inhibition:	
  therapeutic	
  challenges	
  and
opportunities.	
  J	
  Clin	
  Invest	
  116,	
  4-­‐15	
  (2006).

55. Moncada,	
  S.	
  &	
  Higgs,	
  A.	
  The	
  L-­‐arginine-­‐nitric	
  oxide	
  pathway.	
  N	
  Engl	
  J	
  Med
329,	
  2002-­‐2012	
  (1993).

56. Collen,	
  D.	
  On	
  the	
  regulation	
  and	
  control	
  of	
  fibrinolysis.	
  Edward	
  Kowalski
Memorial	
  Lecture.	
  Thromb	
  Haemost	
  43,	
  77-­‐89	
  (1980).



137	
  

57. Hoylaerts,	
  M.,	
  Rijken,	
  D.C.,	
  Lijnen,	
  H.R.	
  &	
  Collen,	
  D.	
  Kinetics	
  of	
  the	
  activation
of	
  plasminogen	
  by	
  human	
  tissue	
  plasminogen	
  activator.	
  Role	
  of	
  fibrin.	
  J	
  Biol
Chem	
  257,	
  2912-­‐2919	
  (1982).

58. van	
  Zonneveld,	
  A.J.,	
  Veerman,	
  H.	
  &	
  Pannekoek,	
  H.	
  Autonomous	
  functions	
  of
structural	
  domains	
  on	
  human	
  tissue-­‐type	
  plasminogen	
  activator.	
  Proc	
  Natl
Acad	
  Sci	
  U	
  S	
  A	
  83,	
  4670-­‐4674	
  (1986).

59. Sprengers,	
  E.D.	
  &	
  Kluft,	
  C.	
  Plasminogen	
  activator	
  inhibitors.	
  Blood	
  69,	
  381-­‐
387	
  (1987).

60. Van	
  Meijer,	
  M.	
  &	
  Pannekoek,	
  H.	
  Structure	
  of	
  plasminogen	
  activator	
  inhibitor
1	
  (PAI-­‐1)	
  and	
  its	
  function	
  in	
  fibrinolysis:	
  an	
  update.	
  Fibrinolysis	
  9,	
  263-­‐276
(1995).

61. Edelberg,	
  J.M.	
  &	
  Pizzo,	
  S.V.	
  Lipoprotein	
  (a)	
  promotes	
  plasmin	
  inhibition	
  by
alpha	
  2-­‐antiplasmin.	
  Biochem	
  J	
  286	
  (	
  Pt	
  1),	
  79-­‐84	
  (1992).

62. Chen,	
  J.	
  &	
  LÓPEZ,	
  J.A.	
  Interactions	
  of	
  platelets	
  with	
  subendothelium	
  and
endothelium.	
  Microcirculation	
  12,	
  235-­‐246	
  (2005).

63. Lasne,	
  D.,	
  Jude,	
  B.	
  &	
  Susen,	
  S.	
  From	
  normal	
  to	
  pathological	
  hemostasis.	
  Can	
  J
Anaesth	
  53,	
  S2-­‐11	
  (2006).

64. Gross,	
  P.L.	
  &	
  Aird,	
  W.C.	
  The	
  endothelium	
  and	
  thrombosis.	
  Semin	
  Thromb
Hemost	
  26,	
  463-­‐478	
  (2000).

65. Ruggeri,	
  Z.M.	
  Von	
  Willebrand	
  factor,	
  platelets	
  and	
  endothelial	
  cell
interactions.	
  J	
  Thromb	
  Haemost	
  1,	
  1335-­‐1342	
  (2003).

66. Mann,	
  K.G.	
  Thrombin	
  formation.	
  Chest	
  124,	
  4S-­‐10S	
  (2003).
67. Kumar,	
  V.,	
  Abbas,	
  A.	
  &	
  Aster,	
  J.	
  Robbins	
  &	
  Cotran	
  Pathologic	
  Basis	
  of	
  Disease.

,	
  (Elsevier	
  Health	
  Sciences	
  2014).	
  
68. Andrews,	
  R.K.	
  &	
  Berndt,	
  M.C.	
  Platelet	
  physiology	
  and	
  thrombosis.

Thrombosis	
  research	
  114,	
  447-­‐453	
  (2004).
69. Hoffbrand,	
  A.	
  Postgraduate	
  haematology,	
  (Wiley-­‐Blackwell,	
  2011).
70. Kahn,	
  M.L.,	
  et	
  al.	
  A	
  dual	
  thrombin	
  receptor	
  system	
  for	
  platelet	
  activation.

Nature	
  394,	
  690-­‐694	
  (1998).
71. Price,	
  G.C.,	
  Thompson,	
  S.A.	
  &	
  Kam,	
  P.C.	
  Tissue	
  factor	
  and	
  tissue	
  factor

pathway	
  inhibitor.	
  Anaesthesia	
  59,	
  483-­‐492	
  (2004).
72. Marcum,	
  J.A.,	
  McKenney,	
  J.B.	
  &	
  Rosenberg,	
  R.D.	
  Acceleration	
  of	
  thrombin-­‐

antithrombin	
  complex	
  formation	
  in	
  rat	
  hindquarters	
  via	
  heparinlike
molecules	
  bound	
  to	
  the	
  endothelium.	
  J	
  Clin	
  Invest	
  74,	
  341-­‐350	
  (1984).

73. Esmon,	
  C.T.,	
  Esmon,	
  N.L.	
  &	
  Harris,	
  K.W.	
  Complex	
  formation	
  between
thrombin	
  and	
  thrombomodulin	
  inhibits	
  both	
  thrombin-­‐catalyzed	
  fibrin
formation	
  and	
  factor	
  V	
  activation.	
  J	
  Biol	
  Chem	
  257,	
  7944-­‐7947	
  (1982).

74. Adam,	
  S.S.,	
  Key,	
  N.S.	
  &	
  Greenberg,	
  C.S.	
  D-­‐dimer	
  antigen:	
  current	
  concepts
and	
  future	
  prospects.	
  Blood	
  113,	
  2878-­‐2887	
  (2009).

75. Bates,	
  S.M.	
  &	
  Weitz,	
  J.I.	
  Coagulation	
  assays.	
  Circulation	
  112,	
  e53-­‐60	
  (2005).
76. Friedberg,	
  R.C.,	
  et	
  al.	
  The	
  origin	
  of	
  reference	
  intervals.	
  Arch	
  Pathol	
  Lab	
  Med

131,	
  348-­‐357	
  (2007).
77. Schmaier,	
  A.H.	
  Contact	
  activation:	
  a	
  revision.	
  Thromb	
  Haemost	
  78,	
  101-­‐107

(1997).
78. Jim,	
  R.T.	
  A	
  study	
  of	
  the	
  plasma	
  thrombin	
  time.	
  The	
  Journal	
  of	
  laboratory	
  and

clinical	
  medicine	
  50,	
  45-­‐60	
  (1957).
79. Cattaneo,	
  M.,	
  et	
  al.	
  Results	
  of	
  a	
  worldwide	
  survey	
  on	
  the	
  assessment	
  of

platelet	
  function	
  by	
  light	
  transmission	
  aggregometry:	
  a	
  report	
  from	
  the



138	
  

platelet	
  physiology	
  subcommittee	
  of	
  the	
  SSC	
  of	
  the	
  ISTH.	
  J	
  Thromb	
  Haemost	
  
7,	
  1029	
  (2009).	
  

80. Quiroga,	
  T.,	
  et	
  al.	
  Diagnosis	
  of	
  mild	
  platelet	
  function	
  disorders.	
  Reliability
and	
  usefulness	
  of	
  light	
  transmission	
  platelet	
  aggregation	
  and	
  serotonin
secretion	
  assays.	
  British	
  journal	
  of	
  haematology	
  147,	
  729-­‐736	
  (2009).

81. Goh,	
  K.Y.,	
  Tsoi,	
  W.C.,	
  Feng,	
  C.S.,	
  Wickham,	
  N.	
  &	
  Poon,	
  W.S.	
  Haemostatic
changes	
  during	
  surgery	
  for	
  primary	
  brain	
  tumours.	
  Journal	
  of	
  neurology,
neurosurgery,	
  and	
  psychiatry	
  63,	
  334-­‐338	
  (1997).

82. Singh,	
  V.P.,	
  Jain,	
  D.,	
  Mohan,	
  R.,	
  Bhatia,	
  R.	
  &	
  Bhargava,	
  M.	
  Haemostatic
abnormalities	
  in	
  brain	
  tumours.	
  Acta	
  Neurochir	
  (Wien)	
  102,	
  103-­‐107
(1990).

83. Thoron,	
  L.	
  &	
  Arbit,	
  E.	
  Hemostatic	
  changes	
  in	
  patients	
  with	
  brain	
  tumors.
Journal	
  of	
  neuro-­‐oncology	
  22,	
  87-­‐100	
  (1994).

84. Kaufman,	
  H.H.,	
  et	
  al.	
  Delayed	
  and	
  recurrent	
  intracranial	
  hematomas	
  related
to	
  disseminated	
  intravascular	
  clotting	
  and	
  fibrinolysis	
  in	
  head	
  injury.
Neurosurgery	
  7,	
  445-­‐449	
  (1980).

85. Olson,	
  J.D.,	
  et	
  al.	
  The	
  incidence	
  and	
  significance	
  of	
  hemostatic	
  abnormalities
in	
  patients	
  with	
  head	
  injuries.	
  Neurosurgery	
  24,	
  825-­‐832	
  (1989).

86. Goh,	
  K.Y.,	
  Poon,	
  W.S.,	
  Chan,	
  D.T.	
  &	
  Ip,	
  C.P.	
  Tissue	
  plasminogen	
  activator
expression	
  in	
  meningiomas	
  and	
  glioblastomas.	
  Clinical	
  neurology	
  and
neurosurgery	
  107,	
  296-­‐300	
  (2005).

87. Rao,	
  J.S.,	
  Rayford,	
  A.,	
  Morantz,	
  R.A.,	
  Festoff,	
  B.W.	
  &	
  Sawaya,	
  R.	
  Increased
levels	
  of	
  plasminogen	
  activator	
  inhibitor-­‐1	
  (PAI-­‐1)	
  in	
  human	
  brain	
  tumors.
Journal	
  of	
  neuro-­‐oncology	
  17,	
  215-­‐221	
  (1993).

88. Gerlach,	
  R.,	
  et	
  al.	
  Increased	
  levels	
  of	
  plasma	
  tissue	
  factor	
  pathway	
  inhibitor
in	
  patients	
  with	
  glioblastoma	
  and	
  intracerebral	
  metastases.	
  Neurological
research	
  25,	
  335-­‐338	
  (2003).

89. Astrup,	
  T.	
  Assay	
  and	
  content	
  of	
  tissue	
  thromboplastin	
  in	
  different	
  organs.
Thrombosis	
  et	
  diathesis	
  haemorrhagica	
  14,	
  401-­‐416	
  (1965).

90. Brozna,	
  J.P.	
  Cellular	
  regulation	
  of	
  tissue	
  factor.	
  Blood	
  coagulation	
  &
fibrinolysis	
  :	
  an	
  international	
  journal	
  in	
  haemostasis	
  and	
  thrombosis	
  1,	
  415-­‐
426	
  (1990).

91. Bjorklid,	
  E.,	
  Storm-­‐Mathisen,	
  J.,	
  Storm,	
  E.	
  &	
  Prydz,	
  H.	
  Localization	
  of	
  tissue
thromboplastin	
  in	
  the	
  human	
  brain.	
  Thromb	
  Haemost	
  37,	
  91-­‐97	
  (1977).

92. Part	
  2:	
  Prognosis	
  in	
  penetrating	
  brain	
  injury.	
  J	
  Trauma	
  51,	
  S44-­‐86	
  (2001).
93. Keimowitz,	
  R.M.	
  &	
  Annis,	
  B.L.	
  Disseminated	
  intravascular	
  coagulation

associated	
  with	
  massive	
  brain	
  injury.	
  J	
  Neurosurg	
  39,	
  178-­‐180	
  (1973).
94. Bonnemaison,	
  J.,	
  Thicoipe,	
  M.,	
  Dixmerias,	
  F.	
  &	
  Guerin,	
  V.	
  -­‐Coagulopathy

suggestive	
  of	
  a	
  primary	
  fibrinolysis	
  after	
  head	
  injuries	
  with	
  brain	
  death.
Annales	
  francaises	
  d'anesthesie	
  et	
  de	
  reanimation	
  17,	
  275-­‐277	
  (1998).

95. Churliaev	
  Iu,	
  A.,	
  Lychev,	
  V.G.,	
  Epifantseva,	
  N.N.	
  &	
  Afanas'ev,	
  A.G.	
  [Clinico-­‐
pathogenetic	
  variants	
  of	
  DIC	
  syndrome	
  in	
  patients	
  with	
  severe
craniocerebral	
  trauma].	
  Anesteziol	
  Reanimatol,	
  35-­‐37	
  (1999).

96. Pathak,	
  A.,	
  et	
  al.	
  Change	
  in	
  tissue	
  thromboplastin	
  content	
  of	
  brain	
  following
trauma.	
  Neurology	
  India	
  53,	
  178-­‐182	
  (2005).

97. DeLoughery,	
  T.G.	
  Coagulation	
  defects	
  in	
  trauma	
  patients:	
  etiology,
recognition,	
  and	
  therapy.	
  Critical	
  care	
  clinics	
  20,	
  13-­‐24	
  (2004).



139	
  

98. Dirkmann,	
  D.,	
  Hanke,	
  A.A.,	
  Gorlinger,	
  K.	
  &	
  Peters,	
  J.	
  Hypothermia	
  and
acidosis	
  synergistically	
  impair	
  coagulation	
  in	
  human	
  whole	
  blood.
Anesthesia	
  and	
  analgesia	
  106,	
  1627-­‐1632	
  (2008).

99. Lier,	
  H.,	
  Kampe,	
  S.	
  &	
  Schroder,	
  S.	
  [Prerequisites	
  of	
  a	
  functional	
  haemostasis.
What	
  must	
  be	
  considered	
  at	
  the	
  scene	
  of	
  an	
  accident,	
  in	
  the	
  emergency
room	
  and	
  during	
  an	
  operation?].	
  Der	
  Anaesthesist	
  56,	
  239-­‐251	
  (2007).

100.	
   Martini,	
  W.Z.,	
  Pusateri,	
  A.E.,	
  Uscilowicz,	
  J.M.,	
  Delgado,	
  A.V.	
  &	
  Holcomb,	
  J.B.	
  
Independent	
  contributions	
  of	
  hypothermia	
  and	
  acidosis	
  to	
  coagulopathy	
  in	
  
swine.	
  J	
  Trauma	
  58,	
  1002-­‐1009;	
  discussion	
  1009-­‐1010	
  (2005).	
  

101.	
   Spahn,	
  D.R.	
  &	
  Rossaint,	
  R.	
  Coagulopathy	
  and	
  blood	
  component	
  transfusion	
  
in	
  trauma.	
  British	
  journal	
  of	
  anaesthesia	
  95,	
  130-­‐139	
  (2005).	
  

102.	
   Carrick,	
  M.M.,	
  Tyroch,	
  A.H.,	
  Youens,	
  C.A.	
  &	
  Handley,	
  T.	
  Subsequent	
  
development	
  of	
  thrombocytopenia	
  and	
  coagulopathy	
  in	
  moderate	
  and	
  
severe	
  head	
  injury:	
  support	
  for	
  serial	
  laboratory	
  examination.	
  J	
  Trauma	
  58,	
  
725-­‐729;	
  discussion	
  729-­‐730	
  (2005).	
  

103.	
   Bullock,	
  R.,	
  Hanemann,	
  C.O.,	
  Murray,	
  L.	
  &	
  Teasdale,	
  G.M.	
  Recurrent	
  
hematomas	
  following	
  craniotomy	
  for	
  traumatic	
  intracranial	
  mass.	
  J	
  
Neurosurg	
  72,	
  9-­‐14	
  (1990).	
  

104.	
   Ninchoji,	
  T.,	
  et	
  al.	
  Traumatic	
  intracerebral	
  haematomas	
  of	
  delayed	
  onset.	
  
Acta	
  Neurochir	
  (Wien)	
  71,	
  69-­‐90	
  (1984).	
  

105.	
   Oertel,	
  M.,	
  et	
  al.	
  Progressive	
  hemorrhage	
  after	
  head	
  trauma:	
  predictors	
  and	
  
consequences	
  of	
  the	
  evolving	
  injury.	
  J	
  Neurosurg	
  96,	
  109-­‐116	
  (2002).	
  

106.	
   Yokota,	
  H.,	
  et	
  al.	
  Cerebral	
  endothelial	
  injury	
  in	
  severe	
  head	
  injury:	
  the	
  
significance	
  of	
  measurements	
  of	
  serum	
  thrombomodulin	
  and	
  the	
  von	
  
Willebrand	
  factor.	
  J	
  Neurotrauma	
  19,	
  1007-­‐1015	
  (2002).	
  

107.	
   Gorlinger,	
  K.	
  [Coagulation	
  management	
  during	
  liver	
  transplantation].	
  
Hamostaseologie	
  26,	
  S64-­‐76	
  (2006).	
  

108.	
   Hansen,	
  M.K.,	
  Jensen,	
  M.K.	
  &	
  Andersen,	
  C.	
  [Uncontrollable	
  bleeding	
  in	
  a	
  
patient	
  with	
  head	
  trauma	
  treated	
  with	
  blood	
  component	
  therapy	
  guided	
  by	
  
thromboelastography].	
  Ugeskrift	
  for	
  laeger	
  168,	
  3535-­‐3536	
  (2006).	
  

109.	
   Park,	
  P.,	
  Fewel,	
  M.E.,	
  Garton,	
  H.J.,	
  Thompson,	
  B.G.	
  &	
  Hoff,	
  J.T.	
  Recombinant	
  
activated	
  factor	
  VII	
  for	
  the	
  rapid	
  correction	
  of	
  coagulopathy	
  in	
  
nonhemophilic	
  neurosurgical	
  patients.	
  Neurosurgery	
  53,	
  34-­‐38;	
  discussion	
  
38-­‐39	
  (2003).	
  

110.	
   Cronberg,	
  S.,	
  Wallmark,	
  E.	
  &	
  Soderberg,	
  I.	
  Effect	
  on	
  platelet	
  aggregation	
  of	
  
oral	
  administration	
  of	
  10	
  non-­‐steroidal	
  analgesics	
  to	
  humans.	
  Scandinavian	
  
journal	
  of	
  haematology	
  33,	
  155-­‐159	
  (1984).	
  

111.	
   Baglin,	
  T.P.,	
  Keeling,	
  D.M.,	
  Watson,	
  H.G.	
  &	
  British	
  Committee	
  for	
  Standards	
  
in,	
  H.	
  Guidelines	
  on	
  oral	
  anticoagulation	
  (warfarin):	
  third	
  edition-­‐-­‐2005	
  
update.	
  British	
  journal	
  of	
  haematology	
  132,	
  277-­‐285	
  (2006).	
  

112.	
   Ostermann,	
  H.,	
  et	
  al.	
  Pharmacokinetics	
  of	
  Beriplex	
  P/N	
  prothrombin	
  
complex	
  concentrate	
  in	
  healthy	
  volunteers.	
  Thromb	
  Haemost	
  98,	
  790-­‐797	
  
(2007).	
  

113.	
   Preston,	
  F.E.,	
  Laidlaw,	
  S.T.,	
  Sampson,	
  B.	
  &	
  Kitchen,	
  S.	
  Rapid	
  reversal	
  of	
  oral	
  
anticoagulation	
  with	
  warfarin	
  by	
  a	
  prothrombin	
  complex	
  concentrate	
  
(Beriplex):	
  efficacy	
  and	
  safety	
  in	
  42	
  patients.	
  British	
  journal	
  of	
  haematology	
  
116,	
  619-­‐624	
  (2002).	
  

114.	
   Evans,	
  G.,	
  Luddington,	
  R.	
  &	
  Baglin,	
  T.	
  Beriplex	
  P/N	
  reverses	
  severe	
  
warfarin-­‐induced	
  overanticoagulation	
  immediately	
  and	
  completely	
  in	
  



140	
  

patients	
  presenting	
  with	
  major	
  bleeding.	
  British	
  journal	
  of	
  haematology	
  
115,	
  998-­‐1001	
  (2001).	
  

115.	
   Fredriksson,	
  K.,	
  Norrving,	
  B.	
  &	
  Stromblad,	
  L.G.	
  Emergency	
  reversal	
  of	
  
anticoagulation	
  after	
  intracerebral	
  hemorrhage.	
  Stroke	
  23,	
  972-­‐977	
  (1992).	
  

116.	
   Goldstein,	
  J.N.,	
  Rosand,	
  J.	
  &	
  Schwamm,	
  L.H.	
  Warfarin	
  reversal	
  in	
  
anticoagulant-­‐associated	
  intracerebral	
  hemorrhage.	
  Neurocritical	
  care	
  9,	
  
277-­‐283	
  (2008).	
  

117.	
   Vigue,	
  B.,	
  et	
  al.	
  Ultra-­‐rapid	
  management	
  of	
  oral	
  anticoagulant	
  therapy-­‐
related	
  surgical	
  intracranial	
  hemorrhage.	
  Intensive	
  care	
  medicine	
  33,	
  721-­‐
725	
  (2007).	
  

118.	
   Gerlach,	
  R.,	
  Krause,	
  M.,	
  Seifert,	
  V.	
  &	
  Goerlinger,	
  K.	
  Hemostatic	
  and	
  
hemorrhagic	
  problems	
  in	
  neurosurgical	
  patients.	
  Acta	
  Neurochir	
  (Wien)	
  
151,	
  873-­‐900;	
  discussion	
  900	
  (2009).	
  

119.	
   Raabe,	
  A.,	
  et	
  al.	
  Relative	
  importance	
  of	
  hypertension	
  compared	
  with	
  
hypervolemia	
  for	
  increasing	
  cerebral	
  oxygenation	
  in	
  patients	
  with	
  cerebral	
  
vasospasm	
  after	
  subarachnoid	
  hemorrhage.	
  J	
  Neurosurg	
  103,	
  974-­‐981	
  
(2005).	
  

120.	
   Rizoli,	
  S.B.	
  Crystalloids	
  and	
  colloids	
  in	
  trauma	
  resuscitation:	
  a	
  brief	
  
overview	
  of	
  the	
  current	
  debate.	
  J	
  Trauma	
  54,	
  S82-­‐88	
  (2003).	
  

121.	
   Treib,	
  J.,	
  et	
  al.	
  Decrease	
  of	
  fibronectin	
  following	
  repeated	
  infusion	
  of	
  highly	
  
substituted	
  hydroxyethyl	
  starch.	
  Infusionstherapie	
  und	
  Transfusionsmedizin	
  
23,	
  71-­‐75	
  (1996).	
  

122.	
   Treib,	
  J.,	
  et	
  al.	
  Influence	
  of	
  low	
  and	
  medium	
  molecular	
  weight	
  hydroxyethyl	
  
starch	
  on	
  platelets	
  during	
  a	
  long-­‐term	
  hemodilution	
  in	
  patients	
  with	
  
cerebrovascular	
  diseases.	
  Arzneimittel-­‐Forschung	
  46,	
  1064-­‐1066	
  (1996).	
  

123.	
   Treib,	
  J.,	
  Haass,	
  A.	
  &	
  Pindur,	
  G.	
  Coagulation	
  disorders	
  caused	
  by	
  
hydroxyethyl	
  starch.	
  Thromb	
  Haemost	
  78,	
  974-­‐983	
  (1997).	
  

124.	
   Treib,	
  J.,	
  et	
  al.	
  Increased	
  haemorrhagic	
  risk	
  after	
  repeated	
  infusion	
  of	
  highly	
  
substituted	
  medium	
  molecular	
  weight	
  hydroxyethyl	
  starch.	
  Arzneimittel-­‐
Forschung	
  47,	
  18-­‐22	
  (1997).	
  

125.	
   Zetterling,	
  M.	
  &	
  Ronne-­‐Engstrom,	
  E.	
  High	
  intraoperative	
  blood	
  loss	
  may	
  be	
  a	
  
risk	
  factor	
  for	
  postoperative	
  hematoma.	
  Journal	
  of	
  neurosurgical	
  
anesthesiology	
  16,	
  151-­‐155	
  (2004).	
  

126.	
   Holmstrom,	
  A.	
  &	
  Akeson,	
  J.	
  Desflurane	
  increases	
  intracranial	
  pressure	
  more	
  
and	
  sevoflurane	
  less	
  than	
  isoflurane	
  in	
  pigs	
  subjected	
  to	
  intracranial	
  
hypertension.	
  Journal	
  of	
  neurosurgical	
  anesthesiology	
  16,	
  136-­‐143	
  (2004).	
  

127.	
   Holmstrom,	
  A.,	
  Rosen,	
  I.	
  &	
  Akeson,	
  J.	
  Desflurane	
  results	
  in	
  higher	
  cerebral	
  
blood	
  flow	
  than	
  sevoflurane	
  or	
  isoflurane	
  at	
  hypocapnia	
  in	
  pigs.	
  Acta	
  
Anaesthesiol	
  Scand	
  48,	
  400-­‐404	
  (2004).	
  

128.	
   Holmstrom,	
  A.	
  &	
  Akeson,	
  J.	
  Sevoflurane	
  induces	
  less	
  cerebral	
  vasodilation	
  
than	
  isoflurane	
  at	
  the	
  same	
  A-­‐line	
  autoregressive	
  index	
  level.	
  Acta	
  
Anaesthesiol	
  Scand	
  49,	
  16-­‐22	
  (2005).	
  

129.	
   McCulloch,	
  T.J.,	
  Boesel,	
  T.W.	
  &	
  Lam,	
  A.M.	
  The	
  effect	
  of	
  hypocapnia	
  on	
  the	
  
autoregulation	
  of	
  cerebral	
  blood	
  flow	
  during	
  administration	
  of	
  isoflurane.	
  
Anesthesia	
  and	
  analgesia	
  100,	
  1463-­‐1467,	
  table	
  of	
  contents	
  (2005).	
  

130.	
   Rozet,	
  I.,	
  et	
  al.	
  Cerebral	
  autoregulation	
  and	
  CO2	
  reactivity	
  in	
  anterior	
  and	
  
posterior	
  cerebral	
  circulation	
  during	
  sevoflurane	
  anesthesia.	
  Anesthesia	
  and	
  
analgesia	
  102,	
  560-­‐564	
  (2006).	
  



141	
  

131.	
   Maksimow,	
  A.,	
  et	
  al.	
  Correlation	
  of	
  EEG	
  spectral	
  entropy	
  with	
  regional	
  
cerebral	
  blood	
  flow	
  during	
  sevoflurane	
  and	
  propofol	
  anaesthesia.	
  
Anaesthesia	
  60,	
  862-­‐869	
  (2005).	
  

132.	
   Strebel,	
  S.,	
  et	
  al.	
  Dynamic	
  and	
  static	
  cerebral	
  autoregulation	
  during	
  
isoflurane,	
  desflurane,	
  and	
  propofol	
  anesthesia.	
  Anesthesiology	
  83,	
  66-­‐76	
  
(1995).	
  

133.	
   Petersen,	
  K.D.,	
  et	
  al.	
  ICP	
  is	
  lower	
  during	
  propofol	
  anaesthesia	
  compared	
  to	
  
isoflurane	
  and	
  sevoflurane.	
  Acta	
  Neurochir	
  Suppl	
  81,	
  89-­‐91	
  (2002).	
  

134.	
   Bazin,	
  J.E.	
  [Effects	
  of	
  anesthetic	
  agents	
  on	
  intracranial	
  pressure].	
  Annales	
  
francaises	
  d'anesthesie	
  et	
  de	
  reanimation	
  16,	
  445-­‐452	
  (1997).	
  

135.	
   Nishiyama,	
  T.,	
  Matsukawa,	
  T.,	
  Yokoyama,	
  T.	
  &	
  Hanaoka,	
  K.	
  Cerebrovascular	
  
carbon	
  dioxide	
  reactivity	
  during	
  general	
  anesthesia:	
  a	
  comparison	
  between	
  
sevoflurane	
  and	
  isoflurane.	
  Anesthesia	
  and	
  analgesia	
  89,	
  1437-­‐1441	
  (1999).	
  

136.	
   Mielck,	
  F.,	
  Stephan,	
  H.,	
  Weyland,	
  A.	
  &	
  Sonntag,	
  H.	
  Effects	
  of	
  one	
  minimum	
  
alveolar	
  anesthetic	
  concentration	
  sevoflurane	
  on	
  cerebral	
  metabolism,	
  
blood	
  flow,	
  and	
  CO2	
  reactivity	
  in	
  cardiac	
  patients.	
  Anesthesia	
  and	
  analgesia	
  
89,	
  364-­‐369	
  (1999).	
  

137.	
   Leon,	
  J.E.	
  &	
  Bissonnette,	
  B.	
  Cerebrovascular	
  responses	
  to	
  carbon	
  dioxide	
  in	
  
children	
  anaesthetized	
  with	
  halothane	
  and	
  isoflurane.	
  Can	
  J	
  Anaesth	
  38,	
  
817-­‐825	
  (1991).	
  

138.	
   Rowney,	
  D.A.,	
  Fairgrieve,	
  R.	
  &	
  Bissonnette,	
  B.	
  Cerebrovascular	
  carbon	
  
dioxide	
  reactivity	
  in	
  children	
  anaesthetized	
  with	
  sevoflurane.	
  British	
  journal	
  
of	
  anaesthesia	
  88,	
  357-­‐361	
  (2002).	
  

139.	
   Pasternak,	
  J.J.,	
  McGregor,	
  D.G.	
  &	
  Lanier,	
  W.L.	
  Effect	
  of	
  single-­‐dose	
  
dexamethasone	
  on	
  blood	
  glucose	
  concentration	
  in	
  patients	
  undergoing	
  
craniotomy.	
  Journal	
  of	
  neurosurgical	
  anesthesiology	
  16,	
  122-­‐125	
  (2004).	
  

140.	
   Cruz,	
  J.,	
  Minoja,	
  G.	
  &	
  Okuchi,	
  K.	
  Improving	
  clinical	
  outcomes	
  from	
  acute	
  
subdural	
  hematomas	
  with	
  the	
  emergency	
  preoperative	
  administration	
  of	
  
high	
  doses	
  of	
  mannitol:	
  a	
  randomized	
  trial.	
  Neurosurgery	
  49,	
  864-­‐871	
  
(2001).	
  

141.	
   Cruz,	
  J.,	
  Minoja,	
  G.	
  &	
  Okuchi,	
  K.	
  Major	
  clinical	
  and	
  physiological	
  benefits	
  of	
  
early	
  high	
  doses	
  of	
  mannitol	
  for	
  intraparenchymal	
  temporal	
  lobe	
  
hemorrhages	
  with	
  abnormal	
  pupillary	
  widening:	
  a	
  randomized	
  trial.	
  
Neurosurgery	
  51,	
  628-­‐637;	
  discussion	
  637-­‐628	
  (2002).	
  

142.	
   Cruz,	
  J.,	
  Minoja,	
  G.,	
  Okuchi,	
  K.	
  &	
  Facco,	
  E.	
  Successful	
  use	
  of	
  the	
  new	
  high-­‐
dose	
  mannitol	
  treatment	
  in	
  patients	
  with	
  Glasgow	
  Coma	
  Scale	
  scores	
  of	
  3	
  
and	
  bilateral	
  abnormal	
  pupillary	
  widening:	
  a	
  randomized	
  trial.	
  J	
  Neurosurg	
  
100,	
  376-­‐383	
  (2004).	
  

143.	
   Wakai,	
  A.,	
  Roberts,	
  I.	
  &	
  Schierhout,	
  G.	
  Mannitol	
  for	
  acute	
  traumatic	
  brain	
  
injury.	
  The	
  Cochrane	
  database	
  of	
  systematic	
  reviews,	
  CD001049	
  (2005).	
  

144.	
   Vialet,	
  R.,	
  et	
  al.	
  Isovolume	
  hypertonic	
  solutes	
  (sodium	
  chloride	
  or	
  mannitol)	
  
in	
  the	
  treatment	
  of	
  refractory	
  posttraumatic	
  intracranial	
  hypertension:	
  2	
  
mL/kg	
  7.5%	
  saline	
  is	
  more	
  effective	
  than	
  2	
  mL/kg	
  20%	
  mannitol.	
  Crit	
  Care	
  
Med	
  31,	
  1683-­‐1687	
  (2003).	
  

145.	
   Mirski,	
  A.M.,	
  Denchev,	
  I.D.,	
  Schnitzer,	
  S.M.	
  &	
  Hanley,	
  F.D.	
  Comparison	
  
between	
  hypertonic	
  saline	
  and	
  mannitol	
  in	
  the	
  reduction	
  of	
  elevated	
  
intracranial	
  pressure	
  in	
  a	
  rodent	
  model	
  of	
  acute	
  cerebral	
  injury.	
  Journal	
  of	
  
neurosurgical	
  anesthesiology	
  12,	
  334-­‐344	
  (2000).	
  



142	
  

146.	
   Haure,	
  P.,	
  Cold,	
  G.E.,	
  Hansen,	
  T.M.	
  &	
  Larsen,	
  J.R.	
  The	
  ICP-­‐lowering	
  effect	
  of	
  
10	
  degrees	
  reverse	
  Trendelenburg	
  position	
  during	
  craniotomy	
  is	
  stable	
  
during	
  a	
  10-­‐minute	
  period.	
  Journal	
  of	
  neurosurgical	
  anesthesiology	
  15,	
  297-­‐
301	
  (2003).	
  

147.	
   Ng,	
  I.,	
  Lim,	
  J.	
  &	
  Wong,	
  H.B.	
  Effects	
  of	
  head	
  posture	
  on	
  cerebral	
  
hemodynamics:	
  its	
  influences	
  on	
  intracranial	
  pressure,	
  cerebral	
  perfusion	
  
pressure,	
  and	
  cerebral	
  oxygenation.	
  Neurosurgery	
  54,	
  593-­‐597;	
  discussion	
  
598	
  (2004).	
  

148.	
   Tankisi,	
  A.,	
  Rasmussen,	
  M.,	
  Juul,	
  N.	
  &	
  Cold,	
  G.E.	
  The	
  effects	
  of	
  10	
  degrees	
  
reverse	
  Trendelenburg	
  position	
  on	
  subdural	
  intracranial	
  pressure	
  and	
  
cerebral	
  perfusion	
  pressure	
  in	
  patients	
  subjected	
  to	
  craniotomy	
  for	
  
cerebral	
  aneurysm.	
  Journal	
  of	
  neurosurgical	
  anesthesiology	
  18,	
  11-­‐17	
  
(2006).	
  

149.	
   Leslie,	
  K.,	
  Hui,	
  R.	
  &	
  Kaye,	
  A.H.	
  Venous	
  air	
  embolism	
  and	
  the	
  sitting	
  position:	
  
a	
  case	
  series.	
  J	
  Clin	
  Neurosci	
  13,	
  419-­‐422	
  (2006).	
  

150.	
   Harrison,	
  E.A.,	
  Mackersie,	
  A.,	
  McEwan,	
  A.	
  &	
  Facer,	
  E.	
  The	
  sitting	
  position	
  for	
  
neurosurgery	
  in	
  children:	
  a	
  review	
  of	
  16	
  years'	
  experience.	
  British	
  journal	
  of	
  
anaesthesia	
  88,	
  12-­‐17	
  (2002).	
  

151.	
   Zwischenberger,	
  J.B.,	
  Brunston,	
  R.L.,	
  Jr.,	
  Swann,	
  J.R.	
  &	
  Conti,	
  V.R.	
  Comparison	
  
of	
  two	
  topical	
  collagen-­‐based	
  hemostatic	
  sponges	
  during	
  cardiothoracic	
  
procedures.	
  Journal	
  of	
  investigative	
  surgery	
  :	
  the	
  official	
  journal	
  of	
  the	
  
Academy	
  of	
  Surgical	
  Research	
  12,	
  101-­‐106	
  (1999).	
  

152.	
   Tan,	
  S.R.	
  &	
  Tope,	
  W.D.	
  Effectiveness	
  of	
  microporous	
  polysaccharide	
  
hemospheres	
  for	
  achieving	
  hemostasis	
  in	
  mohs	
  micrographic	
  surgery.	
  
Dermatologic	
  surgery	
  :	
  official	
  publication	
  for	
  American	
  Society	
  for	
  
Dermatologic	
  Surgery	
  [et	
  al.]	
  30,	
  908-­‐914	
  (2004).	
  

153.	
   Spotnitz,	
  W.	
  Tissue	
  Adhesives:	
  Science,	
  Products,	
  and	
  Clinical	
  Use.	
  in	
  
Musculoskeletal	
  Tissue	
  Regeneration	
  (ed.	
  Pietrzak,	
  W.)	
  531-­‐546	
  (Humana	
  
Press,	
  2008).	
  

154.	
   Spotnitz,	
  W.D.	
  &	
  Burks,	
  S.	
  State-­‐of-­‐the-­‐art	
  review:	
  Hemostats,	
  sealants,	
  and	
  
adhesives	
  II:	
  Update	
  as	
  well	
  as	
  how	
  and	
  when	
  to	
  use	
  the	
  components	
  of	
  the	
  
surgical	
  toolbox.	
  Clin	
  Appl	
  Thromb	
  Hemost	
  16,	
  497-­‐514	
  (2010).	
  

155.	
   Sabel,	
  M.	
  &	
  Stummer,	
  W.	
  The	
  use	
  of	
  local	
  agents:	
  Surgicel	
  and	
  Surgifoam.	
  
Eur	
  Spine	
  J	
  13	
  Suppl	
  1,	
  S97-­‐101	
  (2004).	
  

156.	
   Schonauer,	
  C.,	
  Tessitore,	
  E.,	
  Barbagallo,	
  G.,	
  Albanese,	
  V.	
  &	
  Moraci,	
  A.	
  The	
  use	
  
of	
  local	
  agents:	
  bone	
  wax,	
  gelatin,	
  collagen,	
  oxidized	
  cellulose.	
  Eur	
  Spine	
  J	
  13	
  
Suppl	
  1,	
  S89-­‐96	
  (2004).	
  

157.	
   Arand,	
  A.G.	
  &	
  Sawaya,	
  R.	
  Intraoperative	
  chemical	
  hemostasis	
  in	
  
neurosurgery.	
  Neurosurgery	
  18,	
  223-­‐233	
  (1986).	
  

158.	
   Tomizawa,	
  Y.	
  Clinical	
  benefits	
  and	
  risk	
  analysis	
  of	
  topical	
  hemostats:	
  a	
  
review.	
  J	
  Artif	
  Organs	
  8,	
  137-­‐142	
  (2005).	
  

159.	
   Achneck,	
  H.E.,	
  et	
  al.	
  A	
  comprehensive	
  review	
  of	
  topical	
  hemostatic	
  agents:	
  
efficacy	
  and	
  recommendations	
  for	
  use.	
  Ann	
  Surg	
  251,	
  217-­‐228	
  (2010).	
  

160.	
   Schonauer,	
  C.,	
  Tessitore,	
  E.,	
  Barbagallo,	
  G.,	
  Albanese,	
  V.	
  &	
  Moraci,	
  A.	
  The	
  use	
  
of	
  local	
  agents:	
  bone	
  wax,	
  gelatin,	
  collagen,	
  oxidized	
  cellulose.	
  European	
  
Spine	
  Journal	
  13	
  Suppl	
  1,	
  S89-­‐96	
  (2004).	
  

161.	
   Alander,	
  D.H.	
  &	
  Stauffer,	
  E.S.	
  Gelfoam-­‐induced	
  acute	
  quadriparesis	
  after	
  
cervical	
  decompression	
  and	
  fusion.	
  Spine	
  (Phila	
  Pa	
  1976)	
  20,	
  970-­‐971	
  
(1995).	
  



143	
  

162.	
   Friedman,	
  J.	
  &	
  Whitecloud,	
  T.S.,	
  3rd.	
  Lumbar	
  cauda	
  equina	
  syndrome	
  
associated	
  with	
  the	
  use	
  of	
  gelfoam:	
  case	
  report.	
  Spine	
  (Phila	
  Pa	
  1976)	
  26,	
  
E485-­‐487	
  (2001).	
  

163.	
   Guerin,	
  C.	
  &	
  Heffez,	
  D.S.	
  Inflammatory	
  intracranial	
  mass	
  lesion:	
  an	
  unusual	
  
complication	
  resulting	
  from	
  the	
  use	
  of	
  Gelfoam.	
  Neurosurgery	
  26,	
  856-­‐859	
  
(1990).	
  

164.	
   Purello‐d'ambrosio,	
  F.,	
  Gangemi,	
  S.,	
  La	
  Rosa,	
  G.,	
  Merendino,	
  R.	
  &	
  
Tomasello,	
  F.	
  Allergy	
  to	
  gelatin.	
  Allergy	
  55,	
  414-­‐415	
  (2000).	
  

165.	
   Vagianos,	
  C.	
  &	
  Hansen,	
  E.	
  Pro	
  and	
  Con	
  Discussion:	
  Retransfusion	
  of	
  
Unwashed	
  Blood.	
  Transfusion	
  Alternatives	
  in	
  Transfusion	
  Medicine	
  6,	
  41-­‐44	
  
(2004).	
  

166.	
   Oz,	
  M.C.,	
  Rondinone,	
  J.F.	
  &	
  Shargill,	
  N.S.	
  Floseal	
  Matrix.	
  J	
  Card	
  Surg	
  18,	
  486-­‐
493	
  (2003).	
  

167.	
   Lew,	
  W.K.	
  &	
  Weaver,	
  F.A.	
  Clinical	
  use	
  of	
  topical	
  thrombin	
  as	
  a	
  surgical	
  
hemostat.	
  Biologics	
  :	
  targets	
  &	
  therapy	
  2,	
  593-­‐599	
  (2008).	
  

168.	
   Streiff,	
  M.B.	
  &	
  Ness,	
  P.M.	
  Acquired	
  FV	
  inhibitors:	
  a	
  needless	
  iatrogenic	
  
complication	
  of	
  bovine	
  thrombin	
  exposure.	
  Transfusion	
  42,	
  18-­‐26	
  (2002).	
  

169.	
   Wilkinson,	
  H.A.,	
  Baker,	
  S.	
  &	
  Rosenfeld,	
  S.	
  Gelfoam	
  paste	
  in	
  experimental	
  
laminectomy	
  and	
  cranial	
  trephination:	
  hemostasis	
  and	
  bone	
  healing.	
  J	
  
Neurosurg	
  54,	
  664-­‐667	
  (1981).	
  

170.	
   Harris,	
  W.H.,	
  Crothers,	
  O.D.,	
  Moyen,	
  B.J.	
  &	
  Bourne,	
  R.B.	
  Topical	
  hemostatic	
  
agents	
  for	
  bone	
  bleeding	
  in	
  humans.	
  A	
  quantitative	
  comparison	
  of	
  gelatin	
  
paste,	
  gelatin	
  sponge	
  plus	
  bovine	
  thrombin,	
  and	
  microfibrillar	
  collagen.	
  J	
  
Bone	
  Joint	
  Surg	
  Am	
  60,	
  454-­‐456	
  (1978).	
  

171.	
   Cappabianca,	
  P.,	
  Esposito,	
  F.,	
  Esposito,	
  I.,	
  Cavallo,	
  L.M.	
  &	
  Leone,	
  C.A.	
  Use	
  of	
  a	
  
thrombin-­‐gelatin	
  haemostatic	
  matrix	
  in	
  endoscopic	
  endonasal	
  extended	
  
approaches:	
  technical	
  note.	
  Acta	
  Neurochir	
  (Wien)	
  151,	
  69-­‐77;	
  discussion	
  
77	
  (2009).	
  

172.	
   Renkens,	
  K.L.J.,	
  et	
  al.	
  A	
  Multicenter,	
  Prospective,	
  Randomized	
  Trial	
  
Evaluating	
  a	
  New	
  Hemostatic	
  Agent	
  for	
  Spinal	
  Surgery.	
  Spine	
  (Phila	
  Pa	
  
1976)	
  26,	
  1645-­‐1650	
  (2001).	
  

173.	
   Oz,	
  M.C.,	
  Rondinone,	
  J.F.	
  &	
  Shargill,	
  N.S.	
  FloSeal	
  Matrix:	
  new	
  generation	
  
topical	
  hemostatic	
  sealant.	
  J	
  Card	
  Surg	
  18,	
  486-­‐493	
  (2003).	
  

174.	
   Oz,	
  M.C.,	
  et	
  al.	
  Controlled	
  clinical	
  trial	
  of	
  a	
  novel	
  hemostatic	
  agent	
  in	
  cardiac	
  
surgery.	
  The	
  Fusion	
  Matrix	
  Study	
  Group.	
  The	
  Annals	
  of	
  thoracic	
  surgery	
  69,	
  
1376-­‐1382	
  (2000).	
  

175.	
   Weaver,	
  F.A.,	
  Hood,	
  D.B.,	
  Zatina,	
  M.,	
  Messina,	
  L.	
  &	
  Badduke,	
  B.	
  Gelatin-­‐
thrombin-­‐based	
  hemostatic	
  sealant	
  for	
  intraoperative	
  bleeding	
  in	
  vascular	
  
surgery.	
  Ann	
  Vasc	
  Surg	
  16,	
  286-­‐293	
  (2002).	
  

176.	
   Mathiasen,	
  R.A.	
  &	
  Cruz,	
  R.M.	
  Prospective,	
  randomized,	
  controlled	
  clinical	
  
trial	
  of	
  a	
  novel	
  matrix	
  hemostatic	
  sealant	
  in	
  patients	
  with	
  acute	
  anterior	
  
epistaxis.	
  Laryngoscope	
  115,	
  899-­‐902	
  (2005).	
  

177.	
   Jameson,	
  M.,	
  Gross,	
  C.W.	
  &	
  Kountakis,	
  S.E.	
  FloSeal	
  use	
  in	
  endoscopic	
  sinus	
  
surgery:	
  effect	
  on	
  postoperative	
  bleeding	
  and	
  synechiae	
  formation.	
  
American	
  journal	
  of	
  otolaryngology	
  27,	
  86-­‐90	
  (2006).	
  

178.	
   Baumann,	
  A.	
  &	
  Caversaccio,	
  M.	
  Hemostasis	
  in	
  endoscopic	
  sinus	
  surgery	
  
using	
  a	
  specific	
  gelatin-­‐thrombin	
  based	
  agent	
  (FloSeal).	
  Rhinology	
  41,	
  244-­‐
249	
  (2003).	
  



144	
  

179.	
   Chandra,	
  R.K.,	
  Conley,	
  D.B.,	
  Haines,	
  G.K.,	
  3rd	
  &	
  Kern,	
  R.C.	
  Long-­‐term	
  effects	
  
of	
  FloSeal	
  packing	
  after	
  endoscopic	
  sinus	
  surgery.	
  Am	
  J	
  Rhinol	
  19,	
  240-­‐243	
  
(2005).	
  

180.	
   Richter,	
  F.,	
  et	
  al.	
  Improvement	
  of	
  hemostasis	
  in	
  open	
  and	
  laparoscopically	
  
performed	
  partial	
  nephrectomy	
  using	
  a	
  gelatin	
  matrix-­‐thrombin	
  tissue	
  
sealant	
  (FloSeal).	
  Urology	
  61,	
  73-­‐77	
  (2003).	
  

181.	
   Bak,	
  J.B.,	
  Singh,	
  A.	
  &	
  Shekarriz,	
  B.	
  Use	
  of	
  gelatin	
  matrix	
  thrombin	
  tissue	
  
sealant	
  as	
  an	
  effective	
  hemostatic	
  agent	
  during	
  laparoscopic	
  partial	
  
nephrectomy.	
  The	
  Journal	
  of	
  urology	
  171,	
  780-­‐782	
  (2004).	
  

182.	
   Gill,	
  I.S.,	
  et	
  al.	
  Improved	
  hemostasis	
  during	
  laparoscopic	
  partial	
  
nephrectomy	
  using	
  gelatin	
  matrix	
  thrombin	
  sealant.	
  Urology	
  65,	
  463-­‐466	
  
(2005).	
  

183.	
   Klemcke,	
  H.G.	
  Evaluation	
  of	
  FloSeal	
  as	
  a	
  potential	
  intracavitary	
  hemostatic	
  
agent.	
  J	
  Trauma	
  60,	
  385-­‐389	
  (2006).	
  

184.	
   Battista,	
  O.A.,	
  Erdi,	
  N.Z.,	
  Ferraro,	
  C.F.	
  &	
  Karasinski,	
  F.J.	
  Colloidal	
  
macromolecular	
  phenomena.	
  Part	
  II.	
  Novel	
  microcrystals	
  of	
  polymers.	
  
Journal	
  of	
  Applied	
  Polymer	
  Science	
  11,	
  481-­‐498	
  (1967).	
  

185.	
   Hait,	
  M.R.	
  Microcrystalline	
  collagen.	
  A	
  new	
  hemostatic	
  agent.	
  Am	
  J	
  Surg	
  120,	
  
330	
  (1970).	
  

186.	
   Hait,	
  M.R.,	
  Battista,	
  O.A.,	
  Stark,	
  R.B.	
  &	
  McCord,	
  C.W.	
  Microcrystalline	
  collagen	
  
as	
  a	
  biologic	
  dressing,	
  vascular	
  prosthesis,	
  and	
  hemostatic	
  agent.	
  Surgical	
  
forum	
  20,	
  51-­‐53	
  (1969).	
  

187.	
   Abbott,	
  W.M.	
  &	
  Austen,	
  W.G.	
  The	
  effectiveness	
  and	
  mechanism	
  of	
  collagen-­‐
induced	
  topical	
  hemostasis.	
  Surgery	
  78,	
  723-­‐729	
  (1975).	
  

188.	
   Mason,	
  R.G.	
  &	
  Read,	
  M.S.	
  Some	
  effects	
  of	
  a	
  microcrystalline	
  collagen	
  
preparation	
  on	
  blood.	
  Haemostasis	
  3,	
  31-­‐45	
  (1974).	
  

189.	
   Doita,	
  M.,	
  Nishida,	
  K.	
  &	
  Kurosaka,	
  M.	
  Radiculopathy	
  due	
  to	
  microfibrillar	
  
collagen	
  hemostat	
  mimicking	
  recurrence	
  of	
  disc	
  herniation.	
  Skeletal	
  
radiology	
  35,	
  953-­‐955	
  (2006).	
  

190.	
   Kitamura,	
  K.,	
  et	
  al.	
  How	
  safe	
  are	
  the	
  xenogeneic	
  hemostats?-­‐-­‐Report	
  of	
  a	
  
case	
  of	
  severe	
  systemic	
  allergic	
  reaction.	
  Surgery	
  today	
  25,	
  433-­‐435	
  (1995).	
  

191.	
   O'Shaughnessy,	
  B.A.,	
  Schafernak,	
  K.T.,	
  DiPatri,	
  A.J.,	
  Jr.,	
  Goldman,	
  S.	
  &	
  Tomita,	
  
T.	
  A	
  granulomatous	
  reaction	
  to	
  Avitene	
  mimicking	
  recurrence	
  of	
  a	
  
medulloblastoma.	
  Case	
  report.	
  J	
  Neurosurg	
  104,	
  33-­‐36	
  (2006).	
  

192.	
   Nakajima,	
  M.,	
  Kamei,	
  T.,	
  Tomimatu,	
  K.	
  &	
  Manabe,	
  T.	
  An	
  intraperitoneal	
  
tumorous	
  mass	
  caused	
  by	
  granulomas	
  of	
  microfibrillar	
  collagen	
  hemostat	
  
(Avitene).	
  Arch	
  Pathol	
  Lab	
  Med	
  119,	
  1161-­‐1163	
  (1995).	
  

193.	
   Rothbard,	
  S.	
  &	
  Watson,	
  R.F.	
  Immunologic	
  relations	
  among	
  various	
  animal	
  
collagens.	
  The	
  Journal	
  of	
  experimental	
  medicine	
  122,	
  441-­‐454	
  (1965).	
  

194.	
   Rush,	
  D.S.	
  &	
  Bivins,	
  B.A.	
  The	
  Avitene	
  sandwich	
  method	
  for	
  handling	
  
hemostatic	
  agents.	
  Surg	
  Gynecol	
  Obstet	
  154,	
  729	
  (1982).	
  

195.	
   Rybock,	
  J.D.	
  &	
  Long,	
  D.M.	
  Use	
  of	
  microfibrillar	
  collagen	
  as	
  a	
  topical	
  
hemostatic	
  agent	
  in	
  brain	
  tissue.	
  J	
  Neurosurg	
  46,	
  501-­‐505	
  (1977).	
  

196.	
   Scher,	
  K.S.	
  &	
  Coil,	
  J.A.,	
  Jr.	
  Effects	
  of	
  oxidized	
  cellulose	
  and	
  microfibrillar	
  
collagen	
  on	
  infection.	
  Surgery	
  91,	
  301-­‐304	
  (1982).	
  

197.	
   Schittek,	
  A.,	
  Demetriou,	
  A.A.,	
  Seifter,	
  E.,	
  Stein,	
  J.M.	
  &	
  Levenson,	
  S.M.	
  
Microcrystalline	
  collagen	
  hemostat	
  (MCCH)	
  and	
  wound	
  healing.	
  Ann	
  Surg	
  
184,	
  697-­‐704	
  (1976).	
  



145	
  

198.	
   Schmitt,	
  F.O.,	
  et	
  al.	
  The	
  Antigenicity	
  of	
  Tropocollagen.	
  Proc	
  Natl	
  Acad	
  Sci	
  U	
  S	
  
A	
  51,	
  493-­‐497	
  (1964).	
  

199.	
   Robicsek,	
  F.	
  Microfibrillar	
  collagen	
  hemostat	
  in	
  cardiac	
  surgery.	
  J	
  Thorac	
  
Cardiovasc	
  Surg	
  127,	
  1228;	
  author	
  reply	
  1228	
  (2004).	
  

200.	
   Prior,	
  J.J.,	
  Wallace,	
  D.G.,	
  Harner,	
  A.	
  &	
  Powers,	
  N.	
  A	
  sprayable	
  hemostat	
  
containing	
  fibrillar	
  collagen,	
  bovine	
  thrombin,	
  and	
  autologous	
  plasma.	
  The	
  
Annals	
  of	
  thoracic	
  surgery	
  68,	
  479-­‐485	
  (1999).	
  

201.	
   Smith,	
  K.J.,	
  Skelton,	
  H.G.,	
  Barrett,	
  T.L.,	
  Welch,	
  M.	
  &	
  Beard,	
  J.	
  Histologic	
  and	
  
immunohistochemical	
  features	
  in	
  biopsy	
  sites	
  in	
  which	
  bovine	
  collagen	
  
matrix	
  was	
  used	
  for	
  hemostasis.	
  J	
  Am	
  Acad	
  Dermatol	
  34,	
  434-­‐438	
  (1996).	
  

202.	
   Prior,	
  J.J.,	
  Powers,	
  N.	
  &	
  DeLustro,	
  F.	
  Efficacy	
  of	
  a	
  novel	
  hemostatic	
  agent	
  in	
  
animal	
  models	
  of	
  impaired	
  hemostasis.	
  J	
  Biomed	
  Mater	
  Res	
  53,	
  252-­‐257	
  
(2000).	
  

203.	
   Turner,	
  A.S.,	
  et	
  al.	
  Evaluation	
  of	
  a	
  novel	
  hemostatic	
  device	
  in	
  an	
  ovine	
  
parenchymal	
  organ	
  bleeding	
  model	
  of	
  normal	
  and	
  impaired	
  hemostasis.	
  J	
  
Biomed	
  Mater	
  Res	
  63,	
  37-­‐47	
  (2002).	
  

204.	
   Chapman,	
  W.C.,	
  Clavien,	
  P.A.,	
  Fung,	
  J.,	
  Khanna,	
  A.	
  &	
  Bonham,	
  A.	
  Effective	
  
control	
  of	
  hepatic	
  bleeding	
  with	
  a	
  novel	
  collagen-­‐based	
  composite	
  
combined	
  with	
  autologous	
  plasma:	
  results	
  of	
  a	
  randomized	
  controlled	
  trial.	
  
Archives	
  of	
  surgery	
  135,	
  1200-­‐1204;	
  discussion	
  1205	
  (2000).	
  

205.	
   Milkes,	
  D.E.,	
  Friedland,	
  S.,	
  Lin,	
  O.S.,	
  Reid,	
  T.R.	
  &	
  Soetikno,	
  R.M.	
  A	
  novel	
  
method	
  to	
  control	
  severe	
  upper	
  GI	
  bleeding	
  from	
  metastatic	
  cancer	
  with	
  a	
  
hemostatic	
  sealant:	
  the	
  CoStasis	
  surgical	
  hemostat.	
  Gastrointest	
  Endosc	
  55,	
  
735-­‐740	
  (2002).	
  

206.	
   Hallak,	
  O.K.,	
  Cubeddu,	
  R.J.,	
  Griffith,	
  R.A.	
  &	
  Reyes,	
  B.J.	
  The	
  use	
  of	
  the	
  D-­‐STAT	
  
dry	
  bandage	
  for	
  the	
  control	
  of	
  vascular	
  access	
  site	
  bleeding:	
  a	
  multicenter	
  
experience	
  in	
  376	
  patients.	
  Cardiovasc	
  Intervent	
  Radiol	
  30,	
  593-­‐600	
  (2007).	
  

207.	
   Kanko,	
  M.,	
  Liman,	
  T.	
  &	
  Topcu,	
  S.	
  A	
  low-­‐cost	
  and	
  simple	
  method	
  to	
  stop	
  
intraoperative	
  leakage-­‐type	
  bleeding:	
  use	
  of	
  the	
  vancomycin-­‐oxidized	
  
regenerated	
  cellulose	
  (ORC)	
  sandwich.	
  Journal	
  of	
  investigative	
  surgery	
  :	
  the	
  
official	
  journal	
  of	
  the	
  Academy	
  of	
  Surgical	
  Research	
  19,	
  323-­‐327	
  (2006).	
  

208.	
   Spangler,	
  D.,	
  et	
  al.	
  In	
  vitro	
  antimicrobial	
  activity	
  of	
  oxidized	
  regenerated	
  
cellulose	
  against	
  antibiotic-­‐resistant	
  microorganisms.	
  Surg	
  Infect	
  (Larchmt)	
  
4,	
  255-­‐262	
  (2003).	
  

209.	
   Dogan,	
  S.,	
  Kocaeli,	
  H.	
  &	
  Doygun,	
  M.	
  Oxidised	
  regenerated	
  cellulose	
  as	
  a	
  cause	
  
of	
  paraplegia	
  after	
  thoracotomy:	
  case	
  report	
  and	
  review	
  of	
  the	
  literature.	
  
Spinal	
  Cord	
  43,	
  445-­‐447	
  (2005).	
  

210.	
   Arat,	
  Y.O.,	
  Dorotheo,	
  E.U.,	
  Tang,	
  R.A.,	
  Boniuk,	
  M.	
  &	
  Schiffman,	
  J.S.	
  
Compressive	
  optic	
  neuropathy	
  after	
  use	
  of	
  oxidized	
  regenerated	
  cellulose	
  in	
  
orbital	
  surgery:	
  review	
  of	
  complications,	
  prophylaxis,	
  and	
  treatment.	
  
Ophthalmology	
  113,	
  333-­‐337	
  (2006).	
  

211.	
   Gao,	
  H.W.,	
  Lin,	
  C.K.,	
  Yu,	
  C.P.,	
  Yu,	
  M.S.	
  &	
  Chen,	
  A.	
  Oxidized	
  cellulose	
  (Surgicel)	
  
granuloma	
  mimicking	
  a	
  primary	
  ovarian	
  tumor.	
  International	
  journal	
  of	
  
gynecological	
  pathology	
  :	
  official	
  journal	
  of	
  the	
  International	
  Society	
  of	
  
Gynecological	
  Pathologists	
  21,	
  422-­‐423	
  (2002).	
  

212.	
   Somani,	
  B.K.,	
  Kasthuri,	
  R.S.,	
  Shave,	
  R.M.	
  &	
  Emtage,	
  L.A.	
  Surgicel	
  granuloma	
  
mimicking	
  a	
  renal	
  tumour.	
  Surgery	
  139,	
  451	
  (2006).	
  

213.	
   Ibrahim,	
  M.F.,	
  Aps,	
  C.	
  &	
  Young,	
  C.P.	
  A	
  foreign	
  body	
  reaction	
  to	
  Surgicel	
  
mimicking	
  an	
  abscess	
  following	
  cardiac	
  surgery.	
  European	
  journal	
  of	
  cardio-­‐



146	
  

thoracic	
  surgery	
  :	
  official	
  journal	
  of	
  the	
  European	
  Association	
  for	
  Cardio-­‐
thoracic	
  Surgery	
  22,	
  489-­‐490;	
  author	
  reply	
  490	
  (2002).	
  

214.	
   Iwabuchi,	
  S.,	
  Koike,	
  K.,	
  Okabe,	
  T.,	
  Tago,	
  S.	
  &	
  Murakami,	
  T.	
  Iatrogenic	
  
paraplegia	
  caused	
  by	
  surgicel	
  used	
  for	
  hemostasis	
  during	
  a	
  thoracotomy:	
  
report	
  of	
  a	
  case.	
  Surgery	
  today	
  27,	
  969-­‐970	
  (1997).	
  

215.	
   Henry,	
  M.C.,	
  Tashjian,	
  D.B.,	
  Kasowski,	
  H.,	
  Duncan,	
  C.	
  &	
  Moss,	
  R.L.	
  
Postoperative	
  paraplegia	
  secondary	
  to	
  the	
  use	
  of	
  oxidized	
  cellulose	
  
(Surgicel).	
  J	
  Pediatr	
  Surg	
  40,	
  E9-­‐11	
  (2005).	
  

216.	
   Nagamatsu,	
  M.,	
  Podratz,	
  J.,	
  Windebank,	
  A.J.	
  &	
  Low,	
  P.A.	
  Acidity	
  is	
  involved	
  in	
  
the	
  development	
  of	
  neuropathy	
  caused	
  by	
  oxidized	
  cellulose.	
  J	
  Neurol	
  Sci	
  
146,	
  97-­‐102	
  (1997).	
  

217.	
   Coselli,	
  J.S.,	
  et	
  al.	
  Prospective	
  randomized	
  study	
  of	
  a	
  protein-­‐based	
  tissue	
  
adhesive	
  used	
  as	
  a	
  hemostatic	
  and	
  structural	
  adjunct	
  in	
  cardiac	
  and	
  
vascular	
  anastomotic	
  repair	
  procedures.	
  J	
  Am	
  Coll	
  Surg	
  197,	
  243-­‐252;	
  
discussion	
  252-­‐243	
  (2003).	
  

218.	
   Hidas,	
  G.,	
  et	
  al.	
  Sutureless	
  nephron-­‐sparing	
  surgery:	
  use	
  of	
  albumin	
  
glutaraldehyde	
  tissue	
  adhesive	
  (BioGlue).	
  Urology	
  67,	
  697-­‐700;	
  discussion	
  
700	
  (2006).	
  

219.	
   Kumar,	
  A.,	
  Maartens,	
  N.F.	
  &	
  Kaye,	
  A.H.	
  Evaluation	
  of	
  the	
  use	
  of	
  BioGlue	
  in	
  
neurosurgical	
  procedures.	
  J	
  Clin	
  Neurosci	
  10,	
  661-­‐664	
  (2003).	
  

220.	
   Chao,	
  H.H.	
  &	
  Torchiana,	
  D.F.	
  BioGlue:	
  albumin/glutaraldehyde	
  sealant	
  in	
  
cardiac	
  surgery.	
  J	
  Card	
  Surg	
  18,	
  500-­‐503	
  (2003).	
  

221.	
   Dunst,	
  K.M.,	
  Antretter,	
  H.	
  &	
  Bonatti,	
  J.	
  Control	
  of	
  suture	
  hole	
  bleeding	
  after	
  
aortic	
  valve	
  replacement	
  by	
  application	
  of	
  BioGlue	
  during	
  circulatory	
  arrest.	
  
International	
  heart	
  journal	
  46,	
  175-­‐179	
  (2005).	
  

222.	
   Passage,	
  J.,	
  Tam,	
  R.,	
  Windsor,	
  M.	
  &	
  O'Brien,	
  M.	
  Bioglue:	
  a	
  review	
  of	
  the	
  use	
  of	
  
this	
  new	
  surgical	
  adhesive	
  in	
  thoracic	
  surgery.	
  ANZ	
  journal	
  of	
  surgery	
  75,	
  
315-­‐318	
  (2005).	
  

223.	
   Bernabeu,	
  E.,	
  Castella,	
  M.,	
  Barriuso,	
  C.	
  &	
  Mulet,	
  J.	
  Acute	
  limb	
  ischemia	
  due	
  to	
  
embolization	
  of	
  biological	
  glue	
  after	
  repair	
  of	
  type	
  A	
  aortic	
  dissection.	
  
Interact	
  Cardiovasc	
  Thorac	
  Surg	
  4,	
  329-­‐331	
  (2005).	
  

224.	
   LeMaire,	
  S.A.,	
  et	
  al.	
  The	
  threat	
  of	
  adhesive	
  embolization:	
  BioGlue	
  leaks	
  
through	
  needle	
  holes	
  in	
  aortic	
  tissue	
  and	
  prosthetic	
  grafts.	
  The	
  Annals	
  of	
  
thoracic	
  surgery	
  80,	
  106-­‐110;	
  discussion	
  110-­‐101	
  (2005).	
  

225.	
   LeMaire,	
  S.A.,	
  et	
  al.	
  BioGlue	
  surgical	
  adhesive	
  impairs	
  aortic	
  growth	
  and	
  
causes	
  anastomotic	
  strictures.	
  The	
  Annals	
  of	
  thoracic	
  surgery	
  73,	
  1500-­‐
1505;	
  discussion	
  1506	
  (2002).	
  

226.	
   Ngaage,	
  D.L.,	
  Edwards,	
  W.D.,	
  Bell,	
  M.R.	
  &	
  Sundt,	
  T.M.	
  A	
  cautionary	
  note	
  
regarding	
  long-­‐term	
  sequelae	
  of	
  biologic	
  glue.	
  J	
  Thorac	
  Cardiovasc	
  Surg	
  129,	
  
937-­‐938	
  (2005).	
  

227.	
   Furst,	
  W.	
  &	
  Banerjee,	
  A.	
  Release	
  of	
  glutaraldehyde	
  from	
  an	
  albumin-­‐
glutaraldehyde	
  tissue	
  adhesive	
  causes	
  significant	
  in	
  vitro	
  and	
  in	
  vivo	
  
toxicity.	
  The	
  Annals	
  of	
  thoracic	
  surgery	
  79,	
  1522-­‐1528;	
  discussion	
  1529	
  
(2005).	
  

228.	
   Ersoy,	
  G.,	
  et	
  al.	
  Hemostatic	
  effects	
  of	
  microporous	
  polysaccharide	
  
hemosphere	
  in	
  a	
  rat	
  model	
  with	
  severe	
  femoral	
  artery	
  bleeding.	
  Adv	
  Ther	
  
24,	
  485-­‐492	
  (2007).	
  

229.	
   Murat,	
  F.J.,	
  Ereth,	
  M.H.,	
  Dong,	
  Y.,	
  Piedra,	
  M.P.	
  &	
  Gettman,	
  M.T.	
  Evaluation	
  of	
  
microporous	
  polysaccharide	
  hemospheres	
  as	
  a	
  novel	
  hemostatic	
  agent	
  in	
  



147	
  

open	
  partial	
  nephrectomy:	
  favorable	
  experimental	
  results	
  in	
  the	
  porcine	
  
model.	
  The	
  Journal	
  of	
  urology	
  172,	
  1119-­‐1122	
  (2004).	
  

230.	
   Bjorses,	
  K.	
  &	
  Holst,	
  J.	
  Various	
  local	
  hemostatic	
  agents	
  with	
  different	
  modes	
  
of	
  action;	
  an	
  in	
  vivo	
  comparative	
  randomized	
  vascular	
  surgical	
  
experimental	
  study.	
  European	
  journal	
  of	
  vascular	
  and	
  endovascular	
  surgery	
  :	
  
the	
  official	
  journal	
  of	
  the	
  European	
  Society	
  for	
  Vascular	
  Surgery	
  33,	
  363-­‐370	
  
(2007).	
  

231.	
   Favuzza,	
  J.	
  &	
  Hechtman,	
  H.B.	
  Hemostasis	
  in	
  the	
  absence	
  of	
  clotting	
  factors.	
  J	
  
Trauma	
  57,	
  S42-­‐44	
  (2004).	
  

232.	
   Thatte,	
  H.S.,	
  Zagarins,	
  S.E.,	
  Amiji,	
  M.	
  &	
  Khuri,	
  S.F.	
  Poly-­‐N-­‐acetyl	
  glucosamine-­‐
mediated	
  red	
  blood	
  cell	
  interactions.	
  J	
  Trauma	
  57,	
  S7-­‐12	
  (2004).	
  

233.	
   Valeri,	
  C.R.,	
  Srey,	
  R.,	
  Tilahun,	
  D.	
  &	
  Ragno,	
  G.	
  In	
  vitro	
  effects	
  of	
  poly-­‐N-­‐acetyl	
  
glucosamine	
  on	
  the	
  activation	
  of	
  platelets	
  in	
  platelet-­‐rich	
  plasma	
  with	
  and	
  
without	
  red	
  blood	
  cells.	
  J	
  Trauma	
  57,	
  S22-­‐25;	
  discussion	
  S25	
  (2004).	
  

234.	
   Athanasiadis,	
  T.,	
  et	
  al.	
  Effects	
  of	
  a	
  novel	
  chitosan	
  gel	
  on	
  mucosal	
  wound	
  
healing	
  following	
  endoscopic	
  sinus	
  surgery	
  in	
  a	
  sheep	
  model	
  of	
  chronic	
  
rhinosinusitis.	
  Laryngoscope	
  118,	
  1088-­‐1094	
  (2008).	
  

235.	
   Bochicchio,	
  G.,	
  et	
  al.	
  Use	
  of	
  a	
  modified	
  chitosan	
  dressing	
  in	
  a	
  hypothermic	
  
coagulopathic	
  grade	
  V	
  liver	
  injury	
  model.	
  Am	
  J	
  Surg	
  198,	
  617-­‐622	
  (2009).	
  

236.	
   Brandenberg,	
  G.,	
  Leibrock,	
  L.G.,	
  Shuman,	
  R.,	
  Malette,	
  W.G.	
  &	
  Quigley,	
  H.	
  
Chitosan:	
  a	
  new	
  topical	
  hemostatic	
  agent	
  for	
  diffuse	
  capillary	
  bleeding	
  in	
  
brain	
  tissue.	
  Neurosurgery	
  15,	
  9-­‐13	
  (1984).	
  

237.	
   Zhang,	
  Z.L.,	
  Xu,	
  S.W.	
  &	
  Zhou,	
  X.L.	
  Preventive	
  effects	
  of	
  chitosan	
  on	
  peritoneal	
  
adhesion	
  in	
  rats.	
  World	
  J	
  Gastroenterol	
  12,	
  4572-­‐4577	
  (2006).	
  

238.	
   Rao,	
  S.B.	
  &	
  Sharma,	
  C.P.	
  Use	
  of	
  chitosan	
  as	
  a	
  biomaterial:	
  studies	
  on	
  its	
  
safety	
  and	
  hemostatic	
  potential.	
  J	
  Biomed	
  Mater	
  Res	
  34,	
  21-­‐28	
  (1997).	
  

239.	
   Liu,	
  G.,	
  et	
  al.	
  Synthesis	
  and	
  Characterization	
  of	
  Chitosan/Dextran-­‐Based	
  
Hydrogels	
  for	
  Surgical	
  Use.	
  Macromol	
  Symp	
  279,	
  151-­‐157	
  (2009).	
  

240.	
   Valentine,	
  R.,	
  et	
  al.	
  The	
  efficacy	
  of	
  a	
  novel	
  chitosan	
  gel	
  on	
  hemostasis	
  and	
  
wound	
  healing	
  after	
  endoscopic	
  sinus	
  surgery.	
  Am	
  J	
  Rhinol	
  Allergy	
  24,	
  70-­‐75	
  
(2010).	
  

241.	
   Margulis,	
  V.,	
  et	
  al.	
  Application	
  of	
  novel	
  hemostatic	
  agent	
  during	
  
laparoscopic	
  partial	
  nephrectomy.	
  The	
  Journal	
  of	
  urology	
  174,	
  761-­‐764	
  
(2005).	
  

242.	
   Alam,	
  H.B.,	
  et	
  al.	
  Application	
  of	
  a	
  zeolite	
  hemostatic	
  agent	
  achieves	
  100%	
  
survival	
  in	
  a	
  lethal	
  model	
  of	
  complex	
  groin	
  injury	
  in	
  Swine.	
  J	
  Trauma	
  56,	
  
974-­‐983	
  (2004).	
  

243.	
   Pusateri,	
  A.E.,	
  et	
  al.	
  Application	
  of	
  a	
  granular	
  mineral-­‐based	
  hemostatic	
  
agent	
  (QuikClot)	
  to	
  reduce	
  blood	
  loss	
  after	
  grade	
  V	
  liver	
  injury	
  in	
  swine.	
  J	
  
Trauma	
  57,	
  555-­‐562;	
  discussion	
  562	
  (2004).	
  

244.	
   Robinson,	
  K.	
  Controlling	
  bleeding	
  in	
  the	
  field:	
  hemostatic	
  powders	
  and	
  
dressings	
  debut	
  in	
  the	
  prehospital	
  setting.	
  Journal	
  of	
  emergency	
  nursing:	
  JEN	
  
:	
  official	
  publication	
  of	
  the	
  Emergency	
  Department	
  Nurses	
  Association	
  30,	
  
160-­‐161	
  (2004).	
  

245.	
   Hunt,	
  K.	
  &	
  Crookston,	
  K.	
  Hemostatic	
  agent	
  QuikClot	
  (TM)	
  activates	
  
coagulation	
  directly	
  via	
  the	
  contact	
  pathway.	
  in	
  Transfusion,	
  Vol.	
  43	
  6A-­‐6A	
  
(AMER	
  ASSOC	
  BLOOD	
  BANKS	
  8101	
  GLENBROOK	
  RD,	
  BETHESDA,	
  MD	
  
20814-­‐2749	
  USA,	
  2003).	
  



148	
  

246.	
   Alam,	
  H.B.,	
  et	
  al.	
  Application	
  of	
  a	
  zeolite	
  hemostatic	
  agent	
  achieves	
  100%	
  
survival	
  in	
  a	
  lethal	
  model	
  of	
  complex	
  groin	
  injury	
  in	
  Swine.	
  J	
  Trauma	
  56,	
  
974-­‐983	
  (2004).	
  

247.	
   Wright,	
  J.K.,	
  et	
  al.	
  Thermal	
  injury	
  resulting	
  from	
  application	
  of	
  a	
  granular	
  
mineral	
  hemostatic	
  agent.	
  J	
  Trauma	
  57,	
  224-­‐230	
  (2004).	
  

248.	
   Ahuja,	
  N.,	
  et	
  al.	
  Testing	
  of	
  modified	
  zeolite	
  hemostatic	
  dressings	
  in	
  a	
  large	
  
animal	
  model	
  of	
  lethal	
  groin	
  injury.	
  J	
  Trauma	
  61,	
  1312-­‐1320	
  (2006).	
  

249.	
   Wright,	
  F.L.,	
  et	
  al.	
  Intracorporeal	
  use	
  of	
  the	
  hemostatic	
  agent	
  QuickClot	
  in	
  a	
  
coagulopathic	
  patient	
  with	
  combined	
  thoracoabdominal	
  penetrating	
  
trauma.	
  J	
  Trauma	
  56,	
  205-­‐208	
  (2004).	
  

250.	
   Albala,	
  D.M.	
  Fibrin	
  sealants	
  in	
  clinical	
  practice.	
  Cardiovascular	
  surgery	
  11	
  
Suppl	
  1,	
  5-­‐11	
  (2003).	
  

251.	
   Buchta,	
  C.,	
  Hedrich,	
  H.C.,	
  Macher,	
  M.,	
  Hocker,	
  P.	
  &	
  Redl,	
  H.	
  Biochemical	
  
characterization	
  of	
  autologous	
  fibrin	
  sealants	
  produced	
  by	
  CryoSeal	
  and	
  
Vivostat	
  in	
  comparison	
  to	
  the	
  homologous	
  fibrin	
  sealant	
  product	
  
Tissucol/Tisseel.	
  Biomaterials	
  26,	
  6233-­‐6241	
  (2005).	
  

252.	
   Busuttil,	
  R.W.	
  A	
  comparison	
  of	
  antifibrinolytic	
  agents	
  used	
  in	
  hemostatic	
  
fibrin	
  sealants.	
  J	
  Am	
  Coll	
  Surg	
  197,	
  1021-­‐1028	
  (2003).	
  

253.	
   Spotnitz,	
  W.D.	
  Commercial	
  fibrin	
  sealants	
  in	
  surgical	
  care.	
  The	
  American	
  
journal	
  of	
  surgery	
  182,	
  S8-­‐S14	
  (2001).	
  

254.	
   de	
  Virgilio,	
  C.,	
  et	
  al.	
  Fibrin	
  glue	
  reduces	
  the	
  severity	
  of	
  intra-­‐abdominal	
  
adhesions	
  in	
  a	
  rat	
  model.	
  The	
  American	
  journal	
  of	
  surgery	
  178,	
  577-­‐580	
  
(1999).	
  

255.	
   Schievink,	
  W.,	
  Georganos,	
  S.,	
  Maya,	
  M.,	
  Moser,	
  F.	
  &	
  Bladyka,	
  M.	
  Anaphylactic	
  
reactions	
  to	
  fibrin	
  sealant	
  injection	
  for	
  spontaneous	
  spinal	
  CSF	
  leaks.	
  
Neurology	
  70,	
  885-­‐887	
  (2008).	
  

256.	
   Hino,	
  M.,	
  et	
  al.	
  Transmission	
  of	
  symptomatic	
  parvovirus	
  B19	
  infection	
  by	
  
fibrin	
  sealant	
  used	
  during	
  surgery.	
  British	
  journal	
  of	
  haematology	
  108,	
  194-­‐
195	
  (2000).	
  

257.	
   Banninger,	
  H.,	
  et	
  al.	
  Fibrin	
  glue	
  in	
  surgery:	
  frequent	
  development	
  of	
  
inhibitors	
  of	
  bovine	
  thrombin	
  and	
  human	
  factor	
  V.	
  British	
  journal	
  of	
  
haematology	
  85,	
  528-­‐532	
  (1993).	
  

258.	
   Nervi,	
  C.,	
  et	
  al.	
  A	
  multicenter	
  clinical	
  trial	
  to	
  evaluate	
  the	
  topical	
  hemostatic	
  
efficacy	
  of	
  fibrin	
  sealant	
  in	
  burn	
  patients.	
  The	
  Journal	
  of	
  burn	
  care	
  &	
  
rehabilitation	
  22,	
  99-­‐103	
  (2001).	
  

259.	
   Vaiman,	
  M.,	
  Eviatar,	
  E.	
  &	
  Segal,	
  S.	
  Effectiveness	
  of	
  second-­‐generation	
  fibrin	
  
glue	
  in	
  endonasal	
  operations.	
  Otolaryngology-­‐-­‐head	
  and	
  neck	
  surgery	
  :	
  
official	
  journal	
  of	
  American	
  Academy	
  of	
  Otolaryngology-­‐Head	
  and	
  Neck	
  
Surgery	
  126,	
  388-­‐391	
  (2002).	
  

260.	
   Schwartz,	
  M.,	
  et	
  al.	
  Comparison	
  of	
  a	
  new	
  fibrin	
  sealant	
  with	
  standard	
  topical	
  
hemostatic	
  agents.	
  Archives	
  of	
  surgery	
  139,	
  1148-­‐1154	
  (2004).	
  

261.	
   Kassam,	
  A.,	
  et	
  al.	
  Use	
  of	
  Tisseel	
  fibrin	
  sealant	
  in	
  neurosurgical	
  procedures:	
  
incidence	
  of	
  cerebrospinal	
  fluid	
  leaks	
  and	
  cost-­‐benefit	
  analysis	
  in	
  a	
  
retrospective	
  study.	
  Neurosurgery	
  52,	
  1102-­‐1105;	
  discussion	
  1105	
  (2003).	
  

262.	
   Hanks,	
  J.B.,	
  Kjaergard,	
  H.K.	
  &	
  Hollingsbee,	
  D.A.	
  A	
  comparison	
  of	
  the	
  
haemostatic	
  effect	
  of	
  Vivostat	
  patient-­‐derived	
  fibrin	
  sealant	
  with	
  oxidised	
  
cellulose	
  (Surgicel)	
  in	
  multiple	
  surgical	
  procedures.	
  European	
  surgical	
  
research.	
  Europaische	
  chirurgische	
  Forschung.	
  Recherches	
  chirurgicales	
  
europeennes	
  35,	
  439-­‐444	
  (2003).	
  



149	
  

263.	
   Drake,	
  D.B.	
  &	
  Wong,	
  L.G.	
  Hemostatic	
  effect	
  of	
  Vivostat	
  patient-­‐derived	
  fibrin	
  
sealant	
  on	
  split-­‐thickness	
  skin	
  graft	
  donor	
  sites.	
  Annals	
  of	
  plastic	
  surgery	
  50,	
  
367-­‐372	
  (2003).	
  

264.	
   Schenk,	
  W.G.,	
  3rd,	
  et	
  al.	
  Fibrin	
  sealant	
  improves	
  hemostasis	
  in	
  peripheral	
  
vascular	
  surgery:	
  a	
  randomized	
  prospective	
  trial.	
  Ann	
  Surg	
  237,	
  871-­‐876;	
  
discussion	
  876	
  (2003).	
  

265.	
   Longstaff,	
  C.	
  Studies	
  on	
  the	
  mechanisms	
  of	
  action	
  of	
  aprotinin	
  and	
  
tranexamic	
  acid	
  as	
  plasmin	
  inhibitors	
  and	
  antifibrinolytic	
  agents.	
  Blood	
  
coagulation	
  &	
  fibrinolysis:	
  an	
  international	
  journal	
  in	
  haemostasis	
  and	
  
thrombosis	
  5,	
  537-­‐542	
  (1994).	
  

266.	
   Hoylaerts,	
  M.,	
  Lijnen,	
  H.R.	
  &	
  Collen,	
  D.	
  Studies	
  on	
  the	
  mechanism	
  of	
  the	
  
antifibrinolytic	
  action	
  of	
  tranexamic	
  acid.	
  Biochimica	
  et	
  Biophysica	
  Acta	
  
(BBA)-­‐General	
  Subjects	
  673,	
  75-­‐85	
  (1981).	
  

267.	
   Verstraete,	
  M.	
  Clinical	
  application	
  of	
  inhibitors	
  of	
  fibrinolysis.	
  Drugs	
  29,	
  
236-­‐261	
  (1985).	
  

268.	
   Sengupta,	
  R.P.,	
  So,	
  S.C.	
  &	
  Villarejo-­‐Ortega,	
  F.J.	
  Use	
  of	
  epsilon	
  aminocaproic	
  
acid	
  (EACA)	
  in	
  the	
  preoperative	
  management	
  of	
  ruptured	
  intracranial	
  
aneurysms.	
  J	
  Neurosurg	
  44,	
  479-­‐484	
  (1976).	
  

269.	
   Haas,	
  D.A.	
  An	
  update	
  on	
  local	
  anesthetics	
  in	
  dentistry.	
  Journal-­‐Canadian	
  
Dental	
  Association	
  68,	
  546-­‐552	
  (2002).	
  

270.	
   Belozerskaya,	
  G.,	
  et	
  al.	
  Local	
  hemostatics	
  (A	
  review).	
  Pharm	
  Chem	
  J	
  40,	
  353-­‐
359	
  (2006).	
  

271.	
   Bennett,	
  J.	
  &	
  Vilaire,	
  G.	
  Exposure	
  of	
  platelet	
  fibrinogen	
  receptors	
  by	
  ADP	
  
and	
  epinephrine.	
  Journal	
  of	
  Clinical	
  Investigation	
  64,	
  1393	
  (1979).	
  

272.	
   Larson,	
  P.O.	
  REVIEW:	
  Topical	
  Hemostatic	
  Agents	
  for	
  Dermatologic	
  Surgery.	
  
The	
  Journal	
  of	
  dermatologic	
  surgery	
  and	
  oncology	
  14,	
  623-­‐632	
  (1988).	
  

273.	
   Alberius,	
  P.,	
  Klinge,	
  B.	
  &	
  Sjogren,	
  S.	
  Effects	
  of	
  bone	
  wax	
  on	
  rabbit	
  cranial	
  
bone	
  lesions.	
  J	
  Craniomaxillofac	
  Surg	
  15,	
  63-­‐67	
  (1987).	
  

274.	
   Glickman,	
  M.,	
  Gheissari,	
  A.,	
  Money,	
  S.,	
  Martin,	
  J.	
  &	
  Ballard,	
  J.	
  CoSeal	
  
Multicenter	
  Vascular	
  Surgery	
  Study	
  Group:	
  A	
  polymeric	
  sealant	
  inhibits	
  
anastomotic	
  suture	
  hole	
  bleeding	
  more	
  rapidly	
  than	
  gelfoam/thrombin:	
  
results	
  of	
  a	
  randomized	
  controlled	
  trial.	
  Archives	
  of	
  surgery	
  137,	
  326-­‐331	
  
(2002).	
  

275.	
   Kim,	
  K.D.	
  &	
  Wright,	
  N.M.	
  Polyethylene	
  Glycol	
  Hydrogel	
  Spinal	
  Sealant	
  
(DuraSeal	
  Spinal	
  Sealant)	
  as	
  an	
  Adjunct	
  to	
  Sutured	
  Dural	
  Repair	
  in	
  the	
  
Spine:	
  Results	
  of	
  a	
  Prospective,	
  Multicenter,	
  Randomized	
  Controlled	
  Study.	
  
Spine	
  (Phila	
  Pa	
  1976)	
  36,	
  1906-­‐1912	
  
1910.1097/BRS.1900b1013e3181fdb1904db	
  (2011).	
  

276.	
   Quinn,	
  J.V.,	
  et	
  al.	
  A	
  randomized,	
  controlled	
  trial	
  comparing	
  a	
  tissue	
  adhesive	
  
with	
  suturing	
  in	
  the	
  repair	
  of	
  pediatric	
  facial	
  lacerations.	
  Annals	
  of	
  
emergency	
  medicine	
  22,	
  1130-­‐1135	
  (1993).	
  

277.	
   Sinha,	
  S.,	
  Naik,	
  M.,	
  Wright,	
  V.,	
  Timmons,	
  J.	
  &	
  Campbell,	
  A.C.	
  A	
  single	
  blind,	
  
prospective,	
  randomized	
  trial	
  comparing	
  n-­‐butyl	
  2-­‐cyanoacrylate	
  tissue	
  
adhesive	
  (Indermil)	
  and	
  sutures	
  for	
  skin	
  closure	
  in	
  hand	
  surgery.	
  Journal	
  of	
  
hand	
  surgery	
  26,	
  264-­‐265	
  (2001).	
  

278.	
   Simon,	
  H.K.,	
  et	
  al.	
  Long-­‐term	
  appearance	
  of	
  lacerations	
  repaired	
  using	
  a	
  
tissue	
  adhesive.	
  Pediatrics	
  99,	
  193-­‐195	
  (1997).	
  



150	
  

279.	
   Greenwald,	
  B.D.,	
  et	
  al.	
  N-­‐2-­‐butyl-­‐cyanoacrylate	
  for	
  bleeding	
  gastric	
  varices:	
  
a	
  United	
  States	
  pilot	
  study	
  and	
  cost	
  analysis.	
  The	
  American	
  journal	
  of	
  
gastroenterology	
  98,	
  1982-­‐1988	
  (2003).	
  

280.	
   Singer,	
  A.J.,	
  Quinn,	
  J.V.	
  &	
  Hollander,	
  J.E.	
  The	
  cyanoacrylate	
  topical	
  skin	
  
adhesives.	
  The	
  American	
  journal	
  of	
  emergency	
  medicine	
  26,	
  490-­‐496	
  (2008).	
  

281.	
   Horsley,	
  V.	
  Note	
  on	
  Haemostasis	
  by	
  Application	
  of	
  Living	
  Tissue.	
  Br	
  Med	
  J	
  2,	
  
8	
  (1914).	
  

282.	
   Cushing,	
  H.	
  I.	
  The	
  Control	
  of	
  Bleeding	
  in	
  Operations	
  for	
  Brain	
  Tumors:	
  With	
  
the	
  Description	
  of	
  Silver	
  "Clips"	
  for	
  the	
  Occlusion	
  of	
  Vessels	
  Inaccessible	
  to	
  
the	
  Ligature.	
  Ann	
  Surg	
  54,	
  1-­‐19	
  (1911).	
  

283.	
   Padhye,	
  V.,	
  et	
  al.	
  Early	
  and	
  late	
  complications	
  of	
  endoscopic	
  hemostatic	
  
techniques	
  following	
  different	
  carotid	
  artery	
  injury	
  characteristics.	
  Int	
  
Forum	
  Allergy	
  Rhinol	
  (2014).	
  

284.	
   James,	
  A.G.	
  &	
  Zollinger,	
  R.W.,	
  Sr.	
  An	
  autologous	
  hemostatic	
  agent.	
  Surg	
  
Gynecol	
  Obstet	
  159,	
  381-­‐382	
  (1984).	
  

285.	
   Drake,	
  T.A.,	
  Morrissey,	
  J.H.	
  &	
  Edgington,	
  T.S.	
  Selective	
  cellular	
  expression	
  of	
  
tissue	
  factor	
  in	
  human	
  tissues.	
  Implications	
  for	
  disorders	
  of	
  hemostasis	
  and	
  
thrombosis.	
  Am	
  J	
  Pathol	
  134,	
  1087-­‐1097	
  (1989).	
  

286.	
   Ellis-­‐Behnke,	
  R.	
  At	
  the	
  nanoscale:	
  nanohemostat,	
  a	
  new	
  class	
  of	
  hemostatic	
  
agent.	
  Wiley	
  Interdiscip	
  Rev	
  Nanomed	
  Nanobiotechnol	
  3,	
  70-­‐78	
  (2011).	
  

287.	
   Ye,	
  Z.,	
  et	
  al.	
  Temperature	
  and	
  pH	
  effects	
  on	
  biophysical	
  and	
  morphological	
  
properties	
  of	
  self-­‐assembling	
  peptide	
  RADA16-­‐I.	
  J	
  Pept	
  Sci	
  14,	
  152-­‐162	
  
(2008).	
  

288.	
   Hostetler,	
  S.G.,	
  Xiang,	
  H.,	
  Gupta,	
  S.,	
  Sen,	
  C.	
  &	
  Gordillo,	
  G.M.	
  Discharge	
  
patterns	
  of	
  injury-­‐related	
  hospitalizations	
  with	
  an	
  acute	
  wound	
  in	
  the	
  
United	
  States.	
  WOUNDS-­‐A	
  COMPENDIUM	
  OF	
  CLINICAL	
  RESEARCH	
  AND	
  
PRACTICE	
  18,	
  340-­‐351	
  (2006).	
  

289.	
   Singer,	
  A.J.	
  &	
  Dagum,	
  A.B.	
  Current	
  management	
  of	
  acute	
  cutaneous	
  wounds.	
  
N	
  Engl	
  J	
  Med	
  359,	
  1037-­‐1046	
  (2008).	
  

290.	
   Lipscomb,	
  G.	
  &	
  Ling,	
  F.	
  Wound	
  healing,	
  suture	
  material	
  and	
  surgical	
  
instrumentation.	
  Telinde's	
  Operative	
  Gynecology.	
  8th	
  ed,	
  vol1,	
  Philadelphia,	
  
Lippincott-­‐Raven,	
  263-­‐270	
  (1997).	
  

291.	
   Singer,	
  A.J.	
  &	
  Clark,	
  R.A.	
  Cutaneous	
  wound	
  healing.	
  N	
  Engl	
  J	
  Med	
  341,	
  738-­‐
746	
  (1999).	
  

292.	
   Falanga,	
  V.	
  Wound	
  healing	
  and	
  its	
  impairment	
  in	
  the	
  diabetic	
  foot.	
  Lancet	
  
366,	
  1736-­‐1743	
  (2005).	
  

293.	
   Demidova-­‐Rice,	
  T.N.,	
  Hamblin,	
  M.R.	
  &	
  Herman,	
  I.M.	
  Acute	
  and	
  impaired	
  
wound	
  healing:	
  pathophysiology	
  and	
  current	
  methods	
  for	
  drug	
  delivery,	
  
part	
  1:	
  normal	
  and	
  chronic	
  wounds:	
  biology,	
  causes,	
  and	
  approaches	
  to	
  
care.	
  Advances	
  in	
  skin	
  &	
  wound	
  care	
  25,	
  304	
  (2012).	
  

294.	
   Weyrich,	
  A.S.	
  &	
  Zimmerman,	
  G.A.	
  Platelets:	
  signaling	
  cells	
  in	
  the	
  immune	
  
continuum.	
  Trends	
  in	
  immunology	
  25,	
  489-­‐495	
  (2004).	
  

295.	
   Gilroy,	
  D.W.,	
  Lawrence,	
  T.,	
  Perretti,	
  M.	
  &	
  Rossi,	
  A.G.	
  Inflammatory	
  
resolution:	
  new	
  opportunities	
  for	
  drug	
  discovery.	
  Nature	
  reviews.	
  Drug	
  
discovery	
  3,	
  401-­‐416	
  (2004).	
  

296.	
   Eming,	
  S.A.,	
  Krieg,	
  T.	
  &	
  Davidson,	
  J.M.	
  Inflammation	
  in	
  wound	
  repair:	
  
molecular	
  and	
  cellular	
  mechanisms.	
  The	
  Journal	
  of	
  investigative	
  
dermatology	
  127,	
  514-­‐525	
  (2007).	
  



151	
  

297.	
   Humar,	
  R.,	
  Kiefer,	
  F.N.,	
  Berns,	
  H.,	
  Resink,	
  T.J.	
  &	
  Battegay,	
  E.J.	
  Hypoxia	
  
enhances	
  vascular	
  cell	
  proliferation	
  and	
  angiogenesis	
  in	
  vitro	
  via	
  rapamycin	
  
(mTOR)-­‐dependent	
  signaling.	
  FASEB	
  journal	
  :	
  official	
  publication	
  of	
  the	
  
Federation	
  of	
  American	
  Societies	
  for	
  Experimental	
  Biology	
  16,	
  771-­‐780	
  
(2002).	
  

298.	
   Folkman,	
  J.	
  &	
  Klagsbrun,	
  M.	
  Angiogenic	
  factors.	
  Science	
  235,	
  442-­‐447	
  
(1987).	
  

299.	
   Asahara,	
  T.,	
  et	
  al.	
  Isolation	
  of	
  putative	
  progenitor	
  endothelial	
  cells	
  for	
  
angiogenesis.	
  Science	
  275,	
  964-­‐967	
  (1997).	
  

300.	
   Liu,	
  Z.J.	
  &	
  Velazquez,	
  O.C.	
  Hyperoxia,	
  endothelial	
  progenitor	
  cell	
  
mobilization,	
  and	
  diabetic	
  wound	
  healing.	
  Antioxidants	
  &	
  redox	
  signaling	
  10,	
  
1869-­‐1882	
  (2008).	
  

301.	
   Leone,	
  A.M.,	
  et	
  al.	
  From	
  bone	
  marrow	
  to	
  the	
  arterial	
  wall:	
  the	
  ongoing	
  tale	
  of	
  
endothelial	
  progenitor	
  cells.	
  European	
  heart	
  journal	
  30,	
  890-­‐899	
  (2009).	
  

302.	
   Gallagher,	
  K.A.,	
  et	
  al.	
  Diabetic	
  impairments	
  in	
  NO-­‐mediated	
  endothelial	
  
progenitor	
  cell	
  mobilization	
  and	
  homing	
  are	
  reversed	
  by	
  hyperoxia	
  and	
  
SDF-­‐1	
  alpha.	
  J	
  Clin	
  Invest	
  117,	
  1249-­‐1259	
  (2007).	
  

303.	
   Hinz,	
  B.	
  Formation	
  and	
  function	
  of	
  the	
  myofibroblast	
  during	
  tissue	
  repair.	
  
The	
  Journal	
  of	
  investigative	
  dermatology	
  127,	
  526-­‐537	
  (2007).	
  

304.	
   Ehrlich,	
  H.P.,	
  Keefer,	
  K.A.,	
  Myers,	
  R.L.	
  &	
  Passaniti,	
  A.	
  Vanadate	
  and	
  the	
  
absence	
  of	
  myofibroblasts	
  in	
  wound	
  contraction.	
  Archives	
  of	
  surgery	
  134,	
  
494-­‐501	
  (1999).	
  

305.	
   Desmouliere,	
  A.,	
  Redard,	
  M.,	
  Darby,	
  I.	
  &	
  Gabbiani,	
  G.	
  Apoptosis	
  mediates	
  the	
  
decrease	
  in	
  cellularity	
  during	
  the	
  transition	
  between	
  granulation	
  tissue	
  and	
  
scar.	
  Am	
  J	
  Pathol	
  146,	
  56-­‐66	
  (1995).	
  

306.	
   Akasaka,	
  Y.,	
  Ono,	
  I.,	
  Yamashita,	
  T.,	
  Jimbow,	
  K.	
  &	
  Ishii,	
  T.	
  Basic	
  fibroblast	
  
growth	
  factor	
  promotes	
  apoptosis	
  and	
  suppresses	
  granulation	
  tissue	
  
formation	
  in	
  acute	
  incisional	
  wounds.	
  The	
  Journal	
  of	
  pathology	
  203,	
  710-­‐
720	
  (2004).	
  

307.	
   Guo,	
  S.	
  &	
  Dipietro,	
  L.A.	
  Factors	
  affecting	
  wound	
  healing.	
  J	
  Dent	
  Res	
  89,	
  219-­‐
229	
  (2010).	
  

308.	
   Bishop,	
  A.	
  Role	
  of	
  oxygen	
  in	
  wound	
  healing.	
  Journal	
  of	
  wound	
  care	
  17,	
  399-­‐
402	
  (2008).	
  

309.	
   Rodriguez,	
  P.G.,	
  Felix,	
  F.N.,	
  Woodley,	
  D.T.	
  &	
  Shim,	
  E.K.	
  The	
  role	
  of	
  oxygen	
  in	
  
wound	
  healing:	
  a	
  review	
  of	
  the	
  literature.	
  Dermatologic	
  surgery	
  :	
  official	
  
publication	
  for	
  American	
  Society	
  for	
  Dermatologic	
  Surgery	
  [et	
  al.]	
  34,	
  1159-­‐
1169	
  (2008).	
  

310.	
   Tandara,	
  A.A.	
  &	
  Mustoe,	
  T.A.	
  Oxygen	
  in	
  wound	
  healing-­‐-­‐more	
  than	
  a	
  
nutrient.	
  World	
  journal	
  of	
  surgery	
  28,	
  294-­‐300	
  (2004).	
  

311.	
   Edwards,	
  R.	
  &	
  Harding,	
  K.G.	
  Bacteria	
  and	
  wound	
  healing.	
  Current	
  opinion	
  in	
  
infectious	
  diseases	
  17,	
  91-­‐96	
  (2004).	
  

312.	
   Menke,	
  N.B.,	
  Ward,	
  K.R.,	
  Witten,	
  T.M.,	
  Bonchev,	
  D.G.	
  &	
  Diegelmann,	
  R.F.	
  
Impaired	
  wound	
  healing.	
  Clinics	
  in	
  dermatology	
  25,	
  19-­‐25	
  (2007).	
  

313.	
   Davis,	
  S.C.,	
  et	
  al.	
  Microscopic	
  and	
  physiologic	
  evidence	
  for	
  biofilm-­‐
associated	
  wound	
  colonization	
  in	
  vivo.	
  Wound	
  repair	
  and	
  regeneration	
  :	
  
official	
  publication	
  of	
  the	
  Wound	
  Healing	
  Society	
  [and]	
  the	
  European	
  Tissue	
  
Repair	
  Society	
  16,	
  23-­‐29	
  (2008).	
  

314.	
   Brem,	
  H.	
  &	
  Tomic-­‐Canic,	
  M.	
  Cellular	
  and	
  molecular	
  basis	
  of	
  wound	
  healing	
  
in	
  diabetes.	
  J	
  Clin	
  Invest	
  117,	
  1219-­‐1222	
  (2007).	
  



152	
  

315.	
   Deatrick,	
  K.B.,	
  Wakefield,	
  T.W.	
  &	
  Henke,	
  P.K.	
  Chronic	
  venous	
  insufficiency:	
  
current	
  management	
  of	
  varicose	
  vein	
  disease.	
  Am	
  Surg	
  76,	
  125-­‐132	
  (2010).	
  

316.	
   Reddy,	
  M.	
  Skin	
  and	
  wound	
  care:	
  important	
  considerations	
  in	
  the	
  older	
  
adult.	
  Adv	
  Skin	
  Wound	
  Care	
  21,	
  424-­‐436;	
  quiz	
  437-­‐428	
  (2008).	
  

317.	
   Fore,	
  J.	
  A	
  review	
  of	
  skin	
  and	
  the	
  effects	
  of	
  aging	
  on	
  skin	
  structure	
  and	
  
function.	
  Ostomy/wound	
  management	
  52,	
  24-­‐35;	
  quiz	
  36-­‐27	
  (2006).	
  

318.	
   McGee,	
  S.R.	
  &	
  Boyko,	
  E.J.	
  Physical	
  examination	
  and	
  chronic	
  lower-­‐extremity	
  
ischemia:	
  a	
  critical	
  review.	
  Arch	
  Intern	
  Med	
  158,	
  1357-­‐1364	
  (1998).	
  

319.	
   Khan,	
  N.A.,	
  Rahim,	
  S.A.,	
  Anand,	
  S.S.,	
  Simel,	
  D.L.	
  &	
  Panju,	
  A.	
  Does	
  the	
  clinical	
  
examination	
  predict	
  lower	
  extremity	
  peripheral	
  arterial	
  disease?	
  Jama	
  295,	
  
536-­‐546	
  (2006).	
  

320.	
   Mills,	
  J.L.,	
  Sr.,	
  et	
  al.	
  The	
  Society	
  for	
  Vascular	
  Surgery	
  Lower	
  Extremity	
  
Threatened	
  Limb	
  Classification	
  System:	
  risk	
  stratification	
  based	
  on	
  wound,	
  
ischemia,	
  and	
  foot	
  infection	
  (WIfI).	
  J	
  Vasc	
  Surg	
  59,	
  220-­‐234	
  e221-­‐222	
  
(2014).	
  

321.	
   Bowering,	
  C.K.	
  Diabetic	
  foot	
  ulcers.	
  Pathophysiology,	
  assessment,	
  and	
  
therapy.	
  Canadian	
  family	
  physician	
  Medecin	
  de	
  famille	
  canadien	
  47,	
  1007-­‐
1016	
  (2001).	
  

322.	
   Santilli,	
  J.D.	
  &	
  Santilli,	
  S.M.	
  Chronic	
  critical	
  limb	
  ischemia:	
  diagnosis,	
  
treatment	
  and	
  prognosis.	
  American	
  family	
  physician	
  59,	
  1899-­‐1908	
  (1999).	
  

323.	
   Singh,	
  N.,	
  Armstrong,	
  D.G.	
  &	
  Lipsky,	
  B.A.	
  Preventing	
  foot	
  ulcers	
  in	
  patients	
  
with	
  diabetes.	
  Jama	
  293,	
  217-­‐228	
  (2005).	
  

324.	
   Kiecolt-­‐Glaser,	
  J.K.,	
  Marucha,	
  P.T.,	
  Malarkey,	
  W.B.,	
  Mercado,	
  A.M.	
  &	
  Glaser,	
  R.	
  
Slowing	
  of	
  wound	
  healing	
  by	
  psychological	
  stress.	
  Lancet	
  346,	
  1194-­‐1196	
  
(1995).	
  

325.	
   Marucha,	
  P.T.,	
  Kiecolt-­‐Glaser,	
  J.K.	
  &	
  Favagehi,	
  M.	
  Mucosal	
  wound	
  healing	
  is	
  
impaired	
  by	
  examination	
  stress.	
  Psychosomatic	
  medicine	
  60,	
  362-­‐365	
  
(1998).	
  

326.	
   Sternberg,	
  E.M.	
  Neural	
  regulation	
  of	
  innate	
  immunity:	
  a	
  coordinated	
  
nonspecific	
  host	
  response	
  to	
  pathogens.	
  Nature	
  reviews.	
  Immunology	
  6,	
  
318-­‐328	
  (2006).	
  

327.	
   Godbout,	
  J.P.	
  &	
  Glaser,	
  R.	
  Stress-­‐induced	
  immune	
  dysregulation:	
  
implications	
  for	
  wound	
  healing,	
  infectious	
  disease	
  and	
  cancer.	
  Journal	
  of	
  
neuroimmune	
  pharmacology	
  :	
  the	
  official	
  journal	
  of	
  the	
  Society	
  on	
  
NeuroImmune	
  Pharmacology	
  1,	
  421-­‐427	
  (2006).	
  

328.	
   Boyapati,	
  L.	
  &	
  Wang,	
  H.L.	
  The	
  role	
  of	
  stress	
  in	
  periodontal	
  disease	
  and	
  
wound	
  healing.	
  Periodontology	
  2000	
  44,	
  195-­‐210	
  (2007).	
  

329.	
   Slatter,	
  D.H.	
  Textbook	
  of	
  small	
  animal	
  surgery,	
  (Elsevier	
  Health	
  Sciences,	
  
2003).	
  

330.	
   Franz,	
  M.G.,	
  Steed,	
  D.L.	
  &	
  Robson,	
  M.C.	
  Optimizing	
  healing	
  of	
  the	
  acute	
  
wound	
  by	
  minimizing	
  complications.	
  Current	
  problems	
  in	
  surgery	
  44,	
  691-­‐
763	
  (2007).	
  

331.	
   Lemmens,	
  L.,	
  Claes,	
  V.	
  &	
  Uzzell,	
  M.	
  Managing	
  patients	
  with	
  metastatic	
  
colorectal	
  cancer	
  on	
  bevacizumab.	
  British	
  journal	
  of	
  nursing	
  17,	
  944-­‐949	
  
(2008).	
  

332.	
   Wilkinson,	
  E.A.	
  Oral	
  zinc	
  for	
  arterial	
  and	
  venous	
  leg	
  ulcers.	
  The	
  Cochrane	
  
database	
  of	
  systematic	
  reviews	
  8,	
  CD001273	
  (2012).	
  



153	
  

333.	
   Raffoul,	
  W.,	
  Far,	
  M.S.,	
  Cayeux,	
  M.C.	
  &	
  Berger,	
  M.M.	
  Nutritional	
  status	
  and	
  
food	
  intake	
  in	
  nine	
  patients	
  with	
  chronic	
  low-­‐limb	
  ulcers	
  and	
  pressure	
  
ulcers:	
  importance	
  of	
  oral	
  supplements.	
  Nutrition	
  22,	
  82-­‐88	
  (2006).	
  

334.	
   Arnold,	
  M.	
  &	
  Barbul,	
  A.	
  Nutrition	
  and	
  wound	
  healing.	
  Plastic	
  and	
  
reconstructive	
  surgery	
  117,	
  42S-­‐58S	
  (2006).	
  

335.	
   Sorensen,	
  L.T.	
  Wound	
  healing	
  and	
  infection	
  in	
  surgery:	
  the	
  
pathophysiological	
  impact	
  of	
  smoking,	
  smoking	
  cessation,	
  and	
  nicotine	
  
replacement	
  therapy:	
  a	
  systematic	
  review.	
  Ann	
  Surg	
  255,	
  1069-­‐1079	
  
(2012).	
  

336.	
   Harris,	
  J.E.	
  Smoke	
  yields	
  of	
  tobacco-­‐specific	
  nitrosamines	
  in	
  relation	
  to	
  FTC	
  
tar	
  level	
  and	
  cigarette	
  manufacturer:	
  analysis	
  of	
  the	
  Massachusetts	
  
Benchmark	
  Study.	
  Public	
  health	
  reports	
  116,	
  336-­‐343	
  (2001).	
  

337.	
   Chan,	
  L.K.,	
  Withey,	
  S.	
  &	
  Butler,	
  P.E.	
  Smoking	
  and	
  wound	
  healing	
  problems	
  in	
  
reduction	
  mammaplasty:	
  is	
  the	
  introduction	
  of	
  urine	
  nicotine	
  testing	
  
justified?	
  Annals	
  of	
  plastic	
  surgery	
  56,	
  111-­‐115	
  (2006).	
  

338.	
   Ahn,	
  C.,	
  Mulligan,	
  P.	
  &	
  Salcido,	
  R.S.	
  Smoking-­‐the	
  bane	
  of	
  wound	
  healing:	
  
biomedical	
  interventions	
  and	
  social	
  influences.	
  Adv	
  Skin	
  Wound	
  Care	
  21,	
  
227-­‐236;	
  quiz	
  237-­‐228	
  (2008).	
  

339.	
   McMaster,	
  S.K.,	
  et	
  al.	
  Cigarette	
  smoke	
  inhibits	
  macrophage	
  sensing	
  of	
  Gram-­‐
negative	
  bacteria	
  and	
  lipopolysaccharide:	
  relative	
  roles	
  of	
  nicotine	
  and	
  
oxidant	
  stress.	
  British	
  journal	
  of	
  pharmacology	
  153,	
  536-­‐543	
  (2008).	
  

340.	
   Purves,	
  D.,	
  et	
  al.	
  The	
  Organization	
  of	
  the	
  Nervous	
  System.	
  (2001).	
  
341.	
   Rubin,	
  L.L.	
  &	
  Staddon,	
  J.M.	
  The	
  cell	
  biology	
  of	
  the	
  blood-­‐brain	
  barrier.	
  

Annual	
  review	
  of	
  neuroscience	
  22,	
  11-­‐28	
  (1999).	
  
342.	
   Schwartz,	
  M.	
  Macrophages	
  and	
  microglia	
  in	
  central	
  nervous	
  system	
  injury:	
  

are	
  they	
  helpful	
  or	
  harmful?	
  Journal	
  of	
  cerebral	
  blood	
  flow	
  and	
  metabolism	
  :	
  
official	
  journal	
  of	
  the	
  International	
  Society	
  of	
  Cerebral	
  Blood	
  Flow	
  and	
  
Metabolism	
  23,	
  385-­‐394	
  (2003).	
  

343.	
   Polikov,	
  V.S.,	
  Tresco,	
  P.A.	
  &	
  Reichert,	
  W.M.	
  Response	
  of	
  brain	
  tissue	
  to	
  
chronically	
  implanted	
  neural	
  electrodes.	
  J	
  Neurosci	
  Methods	
  148,	
  1-­‐18	
  
(2005).	
  

344.	
   Clark,	
  R.S.,	
  Schiding,	
  J.K.,	
  Kaczorowski,	
  S.L.,	
  Marion,	
  D.W.	
  &	
  Kochanek,	
  P.M.	
  
Neutrophil	
  accumulation	
  after	
  traumatic	
  brain	
  injury	
  in	
  rats:	
  comparison	
  of	
  
weight	
  drop	
  and	
  controlled	
  cortical	
  impact	
  models.	
  J	
  Neurotrauma	
  11,	
  499-­‐
506	
  (1994).	
  

345.	
   Ruggeri,	
  Z.M.	
  Platelets	
  in	
  atherothrombosis.	
  Nature	
  medicine	
  8,	
  1227-­‐1234	
  
(2002).	
  

346.	
   Standeven,	
  K.F.,	
  Ariens,	
  R.A.	
  &	
  Grant,	
  P.J.	
  The	
  molecular	
  physiology	
  and	
  
pathology	
  of	
  fibrin	
  structure/function.	
  Blood	
  Rev	
  19,	
  275-­‐288	
  (2005).	
  

347.	
   Anderson,	
  J.M.	
  Biological	
  responses	
  to	
  materials.	
  Annual	
  Review	
  of	
  Materials	
  
Research	
  31,	
  81-­‐110	
  (2001).	
  

348.	
   Yager,	
  D.R.	
  &	
  Nwomeh,	
  B.C.	
  The	
  proteolytic	
  environment	
  of	
  chronic	
  
wounds.	
  Wound	
  repair	
  and	
  regeneration	
  :	
  official	
  publication	
  of	
  the	
  Wound	
  
Healing	
  Society	
  [and]	
  the	
  European	
  Tissue	
  Repair	
  Society	
  7,	
  433-­‐441	
  (1999).	
  

349.	
   Diacovo,	
  T.G.,	
  Roth,	
  S.J.,	
  Buccola,	
  J.M.,	
  Bainton,	
  D.F.	
  &	
  Springer,	
  T.A.	
  
Neutrophil	
  rolling,	
  arrest,	
  and	
  transmigration	
  across	
  activated,	
  surface-­‐
adherent	
  platelets	
  via	
  sequential	
  action	
  of	
  P-­‐selectin	
  and	
  the	
  beta	
  2-­‐integrin	
  
CD11b/CD18.	
  Blood	
  88,	
  146-­‐157	
  (1996).	
  



154	
  

350.	
   Springer,	
  T.A.	
  Traffic	
  signals	
  for	
  lymphocyte	
  recirculation	
  and	
  leukocyte	
  
emigration:	
  the	
  multistep	
  paradigm.	
  Cell	
  76,	
  301-­‐314	
  (1994).	
  

351.	
   Martin,	
  P.	
  &	
  Leibovich,	
  S.J.	
  Inflammatory	
  cells	
  during	
  wound	
  repair:	
  the	
  
good,	
  the	
  bad	
  and	
  the	
  ugly.	
  Trends	
  in	
  cell	
  biology	
  15,	
  599-­‐607	
  (2005).	
  

352.	
   Simpson,	
  D.M.	
  &	
  Ross,	
  R.	
  The	
  neutrophilic	
  leukocyte	
  in	
  wound	
  repair	
  a	
  
study	
  with	
  antineutrophil	
  serum.	
  J	
  Clin	
  Invest	
  51,	
  2009-­‐2023	
  (1972).	
  

353.	
   Leibovich,	
  S.J.	
  &	
  Ross,	
  R.	
  The	
  role	
  of	
  the	
  macrophage	
  in	
  wound	
  repair.	
  A	
  
study	
  with	
  hydrocortisone	
  and	
  antimacrophage	
  serum.	
  Am	
  J	
  Pathol	
  78,	
  71-­‐
100	
  (1975).	
  

354.	
   Woodroofe,	
  M.N.,	
  et	
  al.	
  Detection	
  of	
  interleukin-­‐1	
  and	
  interleukin-­‐6	
  in	
  adult	
  
rat	
  brain,	
  following	
  mechanical	
  injury,	
  by	
  in	
  vivo	
  microdialysis:	
  evidence	
  of	
  
a	
  role	
  for	
  microglia	
  in	
  cytokine	
  production.	
  J	
  Neuroimmunol	
  33,	
  227-­‐236	
  
(1991).	
  

355.	
   Zielasek,	
  J.,	
  Muller,	
  B.	
  &	
  Hartung,	
  H.P.	
  Inhibition	
  of	
  cytokine-­‐inducible	
  nitric	
  
oxide	
  synthase	
  in	
  rat	
  microglia	
  and	
  murine	
  macrophages	
  by	
  methyl-­‐2,5-­‐
dihydroxycinnamate.	
  Neurochemistry	
  international	
  29,	
  83-­‐87	
  (1996).	
  

356.	
   Giulian,	
  D.	
  &	
  Baker,	
  T.J.	
  Characterization	
  of	
  ameboid	
  microglia	
  isolated	
  from	
  
developing	
  mammalian	
  brain.	
  The	
  Journal	
  of	
  neuroscience	
  :	
  the	
  official	
  
journal	
  of	
  the	
  Society	
  for	
  Neuroscience	
  6,	
  2163-­‐2178	
  (1986).	
  

357.	
   Polazzi,	
  E.,	
  Gianni,	
  T.	
  &	
  Contestabile,	
  A.	
  Microglial	
  cells	
  protect	
  cerebellar	
  
granule	
  neurons	
  from	
  apoptosis:	
  evidence	
  for	
  reciprocal	
  signaling.	
  Glia	
  36,	
  
271-­‐280	
  (2001).	
  

358.	
   Elkabes,	
  S.,	
  DiCicco-­‐Bloom,	
  E.M.	
  &	
  Black,	
  I.B.	
  Brain	
  microglia/macrophages	
  
express	
  neurotrophins	
  that	
  selectively	
  regulate	
  microglial	
  proliferation	
  and	
  
function.	
  The	
  Journal	
  of	
  neuroscience	
  :	
  the	
  official	
  journal	
  of	
  the	
  Society	
  for	
  
Neuroscience	
  16,	
  2508-­‐2521	
  (1996).	
  

359.	
   Nakajima,	
  K.,	
  et	
  al.	
  Neurotrophin	
  secretion	
  from	
  cultured	
  microglia.	
  Journal	
  
of	
  neuroscience	
  research	
  65,	
  322-­‐331	
  (2001).	
  

360.	
   Aschner,	
  M.	
  &	
  Costa,	
  L.G.	
  The	
  role	
  of	
  glia	
  in	
  neurotoxicity,	
  (CRC	
  Press,	
  2010).	
  
361.	
   Fitch,	
  M.T.,	
  Doller,	
  C.,	
  Combs,	
  C.K.,	
  Landreth,	
  G.E.	
  &	
  Silver,	
  J.	
  Cellular	
  and	
  

molecular	
  mechanisms	
  of	
  glial	
  scarring	
  and	
  progressive	
  cavitation:	
  in	
  vivo	
  
and	
  in	
  vitro	
  analysis	
  of	
  inflammation-­‐induced	
  secondary	
  injury	
  after	
  CNS	
  
trauma.	
  The	
  Journal	
  of	
  neuroscience	
  :	
  the	
  official	
  journal	
  of	
  the	
  Society	
  for	
  
Neuroscience	
  19,	
  8182-­‐8198	
  (1999).	
  

362.	
   Niklason,	
  L.E.,	
  et	
  al.	
  Morphologic	
  and	
  mechanical	
  characteristics	
  of	
  
engineered	
  bovine	
  arteries.	
  J	
  Vasc	
  Surg	
  33,	
  628-­‐638	
  (2001).	
  

363.	
   Butcher,	
  E.C.,	
  Williams,	
  M.,	
  Youngman,	
  K.,	
  Rott,	
  L.	
  &	
  Briskin,	
  M.	
  Lymphocyte	
  
trafficking	
  and	
  regional	
  immunity.	
  Advances	
  in	
  immunology	
  72,	
  209-­‐253	
  
(1999).	
  

364.	
   Hickey,	
  W.F.	
  Basic	
  principles	
  of	
  immunological	
  surveillance	
  of	
  the	
  normal	
  
central	
  nervous	
  system.	
  Glia	
  36,	
  118-­‐124	
  (2001).	
  

365.	
   Bauer,	
  J.,	
  et	
  al.	
  T-­‐cell	
  apoptosis	
  in	
  inflammatory	
  brain	
  lesions:	
  destruction	
  of	
  
T	
  cells	
  does	
  not	
  depend	
  on	
  antigen	
  recognition.	
  Am	
  J	
  Pathol	
  153,	
  715-­‐724	
  
(1998).	
  

366.	
   Henson,	
  P.M.	
  Dampening	
  inflammation.	
  Nature	
  immunology	
  6,	
  1179-­‐1181	
  
(2005).	
  

367.	
   Reichert,	
  W.M.	
  Indwelling	
  neural	
  implants:	
  strategies	
  for	
  contending	
  with	
  the	
  
in	
  vivo	
  environment,	
  (CRC	
  Press,	
  2010).	
  



155	
  

368.	
   Zhao,	
  B.Q.,	
  et	
  al.	
  Role	
  of	
  matrix	
  metalloproteinases	
  in	
  delayed	
  cortical	
  
responses	
  after	
  stroke.	
  Nature	
  medicine	
  12,	
  441-­‐445	
  (2006).	
  

369.	
   Silver,	
  J.	
  &	
  Miller,	
  J.H.	
  Regeneration	
  beyond	
  the	
  glial	
  scar.	
  Nature	
  reviews.	
  
Neuroscience	
  5,	
  146-­‐156	
  (2004).	
  

370.	
   Clark,	
  R.K.,	
  et	
  al.	
  Development	
  of	
  tissue	
  damage,	
  inflammation	
  and	
  
resolution	
  following	
  stroke:	
  an	
  immunohistochemical	
  and	
  quantitative	
  
planimetric	
  study.	
  Brain	
  Res	
  Bull	
  31,	
  565-­‐572	
  (1993).	
  

371.	
   Frosch,	
  M.P.,	
  et	
  al.	
  Robbins	
  and	
  Cotran	
  pathologic	
  basis	
  of	
  disease.	
  Robbins	
  
and	
  Cotran	
  Pathologic	
  Basis	
  of	
  Disease	
  (2005).	
  

372.	
   Fawcett,	
  J.W.	
  &	
  Asher,	
  R.A.	
  The	
  glial	
  scar	
  and	
  central	
  nervous	
  system	
  repair.	
  
Brain	
  Res	
  Bull	
  49,	
  377-­‐391	
  (1999).	
  

373.	
   Berry,	
  M.	
  &	
  Logan,	
  A.	
  CNS	
  injuries:	
  cellular	
  responses	
  and	
  pharmacological	
  
strategies,	
  (CRC	
  Press,	
  2010).	
  

374.	
   Faulkner,	
  J.R.,	
  et	
  al.	
  Reactive	
  astrocytes	
  protect	
  tissue	
  and	
  preserve	
  function	
  
after	
  spinal	
  cord	
  injury.	
  The	
  Journal	
  of	
  neuroscience	
  :	
  the	
  official	
  journal	
  of	
  
the	
  Society	
  for	
  Neuroscience	
  24,	
  2143-­‐2155	
  (2004).	
  

375.	
   Zurn,	
  A.D.	
  &	
  Bandtlow,	
  C.E.	
  Regeneration	
  failure	
  in	
  the	
  CNs:	
  cellular	
  and	
  
molecular	
  mechanisms.	
  Adv	
  Exp	
  Med	
  Biol	
  557,	
  54-­‐76	
  (2006).	
  

376.	
   Davies,	
  S.J.,	
  Goucher,	
  D.R.,	
  Doller,	
  C.	
  &	
  Silver,	
  J.	
  Robust	
  regeneration	
  of	
  adult	
  
sensory	
  axons	
  in	
  degenerating	
  white	
  matter	
  of	
  the	
  adult	
  rat	
  spinal	
  cord.	
  The	
  
Journal	
  of	
  neuroscience	
  :	
  the	
  official	
  journal	
  of	
  the	
  Society	
  for	
  Neuroscience	
  
19,	
  5810-­‐5822	
  (1999).	
  

377.	
   Davies,	
  S.J.,	
  Field,	
  P.M.	
  &	
  Raisman,	
  G.	
  Regeneration	
  of	
  cut	
  adult	
  axons	
  fails	
  
even	
  in	
  the	
  presence	
  of	
  continuous	
  aligned	
  glial	
  pathways.	
  Exp	
  Neurol	
  142,	
  
203-­‐216	
  (1996).	
  

378.	
   Ehrlich,	
  H.P.	
  &	
  Rajaratnam,	
  J.B.	
  Cell	
  locomotion	
  forces	
  versus	
  cell	
  
contraction	
  forces	
  for	
  collagen	
  lattice	
  contraction:	
  an	
  in	
  vitro	
  model	
  of	
  
wound	
  contraction.	
  Tissue	
  &	
  cell	
  22,	
  407-­‐417	
  (1990).	
  

379.	
   Tomasek,	
  J.J.,	
  Gabbiani,	
  G.,	
  Hinz,	
  B.,	
  Chaponnier,	
  C.	
  &	
  Brown,	
  R.A.	
  
Myofibroblasts	
  and	
  mechano-­‐regulation	
  of	
  connective	
  tissue	
  remodelling.	
  
Nature	
  reviews.	
  Molecular	
  cell	
  biology	
  3,	
  349-­‐363	
  (2002).	
  

380.	
   Barbera,	
  J.,	
  Gonzalez,	
  J.,	
  Esquerdo,	
  J.,	
  Broseta,	
  J.	
  &	
  Barcia-­‐Salorio,	
  J.L.	
  
Prophylaxis	
  of	
  the	
  laminectomy	
  membrane.	
  An	
  experimental	
  study	
  in	
  dogs.	
  
J	
  Neurosurg	
  49,	
  419-­‐424	
  (1978).	
  

381.	
   Tekkok,	
  I.H.,	
  Tekkok,	
  S.,	
  Ozcan,	
  O.E.,	
  Erbengi,	
  T.	
  &	
  Erbengi,	
  A.	
  Preventive	
  
effect	
  of	
  intracisternal	
  heparin	
  for	
  proliferative	
  angiopathy	
  after	
  
experimental	
  subarachnoid	
  haemorrhage	
  in	
  rats.	
  Acta	
  Neurochir	
  (Wien)	
  
127,	
  112-­‐117	
  (1994).	
  

382.	
   Morris,	
  G.M.,	
  Hopewell,	
  J.W.	
  &	
  Morris,	
  A.D.	
  The	
  influence	
  of	
  methotrexate	
  on	
  
radiation-­‐induced	
  damage	
  to	
  different	
  lengths	
  of	
  the	
  rat	
  spinal	
  cord.	
  The	
  
British	
  journal	
  of	
  radiology	
  65,	
  152-­‐156	
  (1992).	
  

383.	
   Ceviz,	
  A.,	
  Arslan,	
  A.,	
  Ak,	
  H.E.	
  &	
  Inaloz,	
  S.	
  The	
  effect	
  of	
  urokinase	
  in	
  
preventing	
  the	
  formation	
  of	
  epidural	
  fibrosis	
  and/or	
  leptomeningeal	
  
arachnoiditis.	
  Surgical	
  neurology	
  47,	
  124-­‐127	
  (1997).	
  

384.	
   Dolan,	
  R.A.	
  Spinal	
  adhesive	
  arachnoiditis.	
  Surgical	
  neurology	
  39,	
  479-­‐484	
  
(1993).	
  

385.	
   Burton,	
  C.V.,	
  Kirkaldy-­‐Willis,	
  W.H.,	
  Yong-­‐Hing,	
  K.	
  &	
  Heithoff,	
  K.B.	
  Causes	
  of	
  
failure	
  of	
  surgery	
  on	
  the	
  lumbar	
  spine.	
  Clin	
  Orthop	
  Relat	
  Res,	
  191-­‐199	
  
(1981).	
  



156	
  

386.	
   Slipman,	
  C.W.,	
  et	
  al.	
  Etiologies	
  of	
  failed	
  back	
  surgery	
  syndrome.	
  Pain	
  Med	
  3,	
  
200-­‐214;	
  discussion	
  214-­‐207	
  (2002).	
  

387.	
   Samy	
  Abdou,	
  M.	
  &	
  Hardy,	
  R.W.,	
  Jr.	
  Epidural	
  fibrosis	
  and	
  the	
  failed	
  back	
  
surgery	
  syndrome:	
  history	
  and	
  physical	
  findings.	
  Neurological	
  research	
  21	
  
Suppl	
  1,	
  S5-­‐8	
  (1999).	
  

388.	
   Annertz,	
  M.,	
  Jonsson,	
  B.,	
  Stromqvist,	
  B.	
  &	
  Holtas,	
  S.	
  No	
  relationship	
  between	
  
epidural	
  fibrosis	
  and	
  sciatica	
  in	
  the	
  lumbar	
  postdiscectomy	
  syndrome.	
  A	
  
study	
  with	
  contrast-­‐enhanced	
  magnetic	
  resonance	
  imaging	
  in	
  symptomatic	
  
and	
  asymptomatic	
  patients.	
  Spine	
  (Phila	
  Pa	
  1976)	
  20,	
  449-­‐453	
  (1995).	
  

389.	
   BenDebba,	
  M.,	
  Augustus	
  van	
  Alphen,	
  H.	
  &	
  Long,	
  D.M.	
  Association	
  between	
  
peridural	
  scar	
  and	
  activity-­‐related	
  pain	
  after	
  lumbar	
  discectomy.	
  
Neurological	
  research	
  21	
  Suppl	
  1,	
  S37-­‐42	
  (1999).	
  

390.	
   Fritsch,	
  E.W.,	
  Heisel,	
  J.	
  &	
  Rupp,	
  S.	
  The	
  failed	
  back	
  surgery	
  syndrome:	
  
reasons,	
  intraoperative	
  findings,	
  and	
  long-­‐term	
  results:	
  a	
  report	
  of	
  182	
  
operative	
  treatments.	
  Spine	
  (Phila	
  Pa	
  1976)	
  21,	
  626-­‐633	
  (1996).	
  

391.	
   Maroon,	
  J.C.,	
  Abla,	
  A.	
  &	
  Bost,	
  J.	
  Association	
  between	
  peridural	
  scar	
  and	
  
persistent	
  low	
  back	
  pain	
  after	
  lumbar	
  discectomy.	
  Neurological	
  research	
  21	
  
Suppl	
  1,	
  S43-­‐46	
  (1999).	
  

392.	
   Ross,	
  J.S.,	
  et	
  al.	
  Association	
  between	
  peridural	
  scar	
  and	
  recurrent	
  radicular	
  
pain	
  after	
  lumbar	
  discectomy:	
  magnetic	
  resonance	
  evaluation.	
  ADCON-­‐L	
  
European	
  Study	
  Group.	
  Neurosurgery	
  38,	
  855-­‐861;	
  discussion	
  861-­‐853	
  
(1996).	
  

393.	
   Finnegan,	
  W.J.,	
  Fenlin,	
  J.M.,	
  Marvel,	
  J.P.,	
  Nardini,	
  R.J.	
  &	
  Rothman,	
  R.H.	
  Results	
  
of	
  surgical	
  intervention	
  in	
  the	
  symptomatic	
  multiply-­‐operated	
  back	
  patient.	
  
Analysis	
  of	
  sixty-­‐seven	
  cases	
  followed	
  for	
  three	
  to	
  seven	
  years.	
  J	
  Bone	
  Joint	
  
Surg	
  Am	
  61,	
  1077-­‐1082	
  (1979).	
  

394.	
   Yong-­‐Hing,	
  K.,	
  Reilly,	
  J.,	
  de	
  Korompay,	
  V.	
  &	
  Kirkaldy-­‐Willis,	
  W.H.	
  Prevention	
  
of	
  nerve	
  root	
  adhesions	
  after	
  laminectomy.	
  Spine	
  (Phila	
  Pa	
  1976)	
  5,	
  59-­‐64	
  
(1980).	
  

395.	
   Benoist,	
  M.,	
  Ficat,	
  C.,	
  Baraf,	
  P.	
  &	
  Cauchoix,	
  J.	
  Postoperative	
  lumbar	
  epiduro-­‐
arachnoiditis.	
  Diagnostic	
  and	
  therapeutic	
  aspects.	
  Spine	
  (Phila	
  Pa	
  1976)	
  5,	
  
432-­‐436	
  (1980).	
  

396.	
   Saal,	
  J.S.,	
  et	
  al.	
  High	
  levels	
  of	
  inflammatory	
  phospholipase	
  A2	
  activity	
  in	
  
lumbar	
  disc	
  herniations.	
  Spine	
  (Phila	
  Pa	
  1976)	
  15,	
  674-­‐678	
  (1990).	
  

397.	
   Robertson,	
  J.T.,	
  et	
  al.	
  Prostaglandin	
  production	
  after	
  experimental	
  
discectomy.	
  Spine	
  (Phila	
  Pa	
  1976)	
  21,	
  1731-­‐1736	
  (1996).	
  

398.	
   Franson,	
  R.C.,	
  Saal,	
  J.S.	
  &	
  Saal,	
  J.A.	
  Human	
  disc	
  phospholipase	
  A2	
  is	
  
inflammatory.	
  Spine	
  (Phila	
  Pa	
  1976)	
  17,	
  S129-­‐132	
  (1992).	
  

399.	
   Birrell,	
  G.J.,	
  McQueen,	
  D.S.,	
  Iggo,	
  A.,	
  Coleman,	
  R.A.	
  &	
  Grubb,	
  B.D.	
  PGI2-­‐
induced	
  activation	
  and	
  sensitization	
  of	
  articular	
  mechanonociceptors.	
  
Neurosci	
  Lett	
  124,	
  5-­‐8	
  (1991).	
  

400.	
   Ferreira,	
  S.H.,	
  Nakamura,	
  M.	
  &	
  de	
  Abreu	
  Castro,	
  M.S.	
  The	
  hyperalgesic	
  
effects	
  of	
  prostacyclin	
  and	
  prostaglandin	
  E2.	
  Prostaglandins	
  16,	
  31-­‐37	
  
(1978).	
  

401.	
   Levine,	
  J.D.,	
  Lam,	
  D.,	
  Taiwo,	
  Y.O.,	
  Donatoni,	
  P.	
  &	
  Goetzl,	
  E.J.	
  Hyperalgesic	
  
properties	
  of	
  15-­‐lipoxygenase	
  products	
  of	
  arachidonic	
  acid.	
  Proc	
  Natl	
  Acad	
  
Sci	
  U	
  S	
  A	
  83,	
  5331-­‐5334	
  (1986).	
  



157	
  

402.	
   Levine,	
  J.D.,	
  Lau,	
  W.,	
  Kwiat,	
  G.	
  &	
  Goetzl,	
  E.J.	
  Leukotriene	
  B4	
  produces	
  
hyperalgesia	
  that	
  is	
  dependent	
  on	
  polymorphonuclear	
  leukocytes.	
  Science	
  
225,	
  743-­‐745	
  (1984).	
  

403.	
   Pateromichelakis,	
  S.	
  &	
  Rood,	
  J.P.	
  Prostaglandin	
  E2	
  increases	
  mechanically	
  
evoked	
  potentials	
  in	
  the	
  peripheral	
  nerve.	
  Experientia	
  37,	
  282-­‐284	
  (1981).	
  

404.	
   Rackham,	
  A.	
  &	
  Ford-­‐Hutchinson,	
  A.W.	
  Inflammation	
  and	
  pain	
  sensitivity:	
  
effects	
  of	
  leukotrienes	
  D4,	
  B4	
  and	
  prostaglandin	
  E1	
  in	
  the	
  rat	
  paw.	
  
Prostaglandins	
  25,	
  193-­‐203	
  (1983).	
  

405.	
   Brotchi,	
  J.,	
  Pirotte,	
  B.,	
  De	
  Witte,	
  O.	
  &	
  Levivier,	
  M.	
  Prevention	
  of	
  epidural	
  
fibrosis	
  in	
  a	
  prospective	
  series	
  of	
  100	
  primary	
  lumbo-­‐sacral	
  discectomy	
  
patients:	
  follow-­‐up	
  and	
  assessment	
  at	
  re-­‐operation.	
  Neurological	
  research	
  
21	
  Suppl	
  1,	
  S47-­‐50	
  (1999).	
  

406.	
   Saravelos,	
  H.G.	
  &	
  Li,	
  T.C.	
  Physical	
  barriers	
  in	
  adhesion	
  prevention.	
  J	
  Reprod	
  
Med	
  41,	
  42-­‐51	
  (1996).	
  

407.	
   Polishuk,	
  W.Z.	
  &	
  Bercovici,	
  B.	
  Intraperitoneal	
  low	
  molecular	
  dextran	
  in	
  
tubal	
  surgery.	
  The	
  Journal	
  of	
  obstetrics	
  and	
  gynaecology	
  of	
  the	
  British	
  
Commonwealth	
  78,	
  724-­‐727	
  (1971).	
  

408.	
   Verco,	
  S.J.,	
  et	
  al.	
  Development	
  of	
  a	
  novel	
  glucose	
  polymer	
  solution	
  
(icodextrin)	
  for	
  adhesion	
  prevention:	
  pre-­‐clinical	
  studies.	
  Human	
  
reproduction	
  15,	
  1764-­‐1772	
  (2000).	
  

409.	
   Krinsky,	
  A.H.,	
  Haseltine,	
  F.P.	
  &	
  DeCherney,	
  A.	
  Peritoneal	
  fluid	
  accumulation	
  
with	
  dextran	
  70	
  instilled	
  at	
  time	
  of	
  laparoscopy.	
  Fertil	
  Steril	
  41,	
  647-­‐649	
  
(1984).	
  

410.	
   Gauwerky,	
  J.F.,	
  Heinrich,	
  D.	
  &	
  Kubli,	
  F.	
  Complications	
  of	
  intraperitoneal	
  
dextran	
  application	
  for	
  prevention	
  of	
  adhesions.	
  Biological	
  research	
  in	
  
pregnancy	
  and	
  perinatology	
  7,	
  93-­‐97	
  (1986).	
  

411.	
   Fabri,	
  P.J.,	
  Ellison,	
  E.C.,	
  Anderson,	
  E.D.	
  &	
  Kudsk,	
  K.A.	
  High	
  molecular	
  weight	
  
dextran-­‐-­‐effect	
  on	
  adhesion	
  formation	
  and	
  peritonitis	
  in	
  rats.	
  Surgery	
  94,	
  
336-­‐341	
  (1983).	
  

412.	
   Vemer,	
  H.M.,	
  Boeckx,	
  W.	
  &	
  Brosens,	
  I.	
  Use	
  of	
  dextrans	
  for	
  the	
  prevention	
  of	
  
postoperative	
  peritubal	
  adhesions	
  in	
  rabbits.	
  British	
  journal	
  of	
  obstetrics	
  
and	
  gynaecology	
  89,	
  473-­‐475	
  (1982).	
  

413.	
   Jansen,	
  R.P.	
  Failure	
  of	
  intraperitoneal	
  adjuncts	
  to	
  improve	
  the	
  outcome	
  of	
  
pelvic	
  operations	
  in	
  young	
  women.	
  American	
  journal	
  of	
  obstetrics	
  and	
  
gynecology	
  153,	
  363-­‐371	
  (1985).	
  

414.	
   Rodgers,	
  K.E.,	
  et	
  al.	
  Effect	
  of	
  oxiplex*	
  films	
  (PEO/CMC)	
  on	
  adhesion	
  
formation	
  and	
  reformation	
  in	
  rabbit	
  models	
  and	
  on	
  peritoneal	
  infection	
  in	
  a	
  
rat	
  model.	
  Fertil	
  Steril	
  73,	
  831-­‐838	
  (2000).	
  

415.	
   Young,	
  P.,	
  et	
  al.	
  Reduction	
  of	
  postoperative	
  adhesions	
  after	
  laparoscopic	
  
gynecological	
  surgery	
  with	
  Oxiplex/AP	
  Gel:	
  a	
  pilot	
  study.	
  Fertil	
  Steril	
  84,	
  
1450-­‐1456	
  (2005).	
  

416.	
   diZerega,	
  G.S.,	
  Coad,	
  J.	
  &	
  Donnez,	
  J.	
  Clinical	
  evaluation	
  of	
  endometriosis	
  and	
  
differential	
  response	
  to	
  surgical	
  therapy	
  with	
  and	
  without	
  application	
  of	
  
Oxiplex/AP*	
  adhesion	
  barrier	
  gel.	
  Fertil	
  Steril	
  87,	
  485-­‐489	
  (2007).	
  

417.	
   Fransen,	
  P.	
  Safety	
  of	
  carboxymethylcellulose/polyethylene	
  oxide	
  for	
  the	
  
prevention	
  of	
  adhesions	
  in	
  lumbar	
  disc	
  herniation-­‐-­‐consecutive	
  case	
  series	
  
review.	
  Ann	
  Surg	
  Innov	
  Res	
  2,	
  2	
  (2008).	
  

418.	
   diZerega,	
  G.S.,	
  et	
  al.	
  A	
  modern	
  biomaterial	
  for	
  adhesion	
  prevention.	
  J	
  Biomed	
  
Mater	
  Res	
  B	
  Appl	
  Biomater	
  81,	
  239-­‐250	
  (2007).	
  



158	
  

419.	
   Dineen,	
  P.	
  Antibacterial	
  activity	
  of	
  oxidized	
  regenerated	
  cellulose.	
  Surg	
  
Gynecol	
  Obstet	
  142,	
  481-­‐486	
  (1976).	
  

420.	
   Larsson,	
  B.	
  Efficacy	
  of	
  Interceed	
  in	
  adhesion	
  prevention	
  in	
  gynecologic	
  
surgery:	
  a	
  review	
  of	
  13	
  clinical	
  studies.	
  J	
  Reprod	
  Med	
  41,	
  27-­‐34	
  (1996).	
  

421.	
   Wiseman,	
  D.M.,	
  Gottlick-­‐Iarkowski,	
  L.	
  &	
  Kamp,	
  L.	
  Effect	
  of	
  different	
  barriers	
  
of	
  oxidized	
  regenerated	
  cellulose	
  (ORC)	
  on	
  cecal	
  and	
  sidewall	
  adhesions	
  in	
  
the	
  presence	
  and	
  absence	
  of	
  bleeding.	
  Journal	
  of	
  investigative	
  surgery	
  :	
  the	
  
official	
  journal	
  of	
  the	
  Academy	
  of	
  Surgical	
  Research	
  12,	
  141-­‐146	
  (1999).	
  

422.	
   Mais,	
  V.,	
  et	
  al.	
  Prevention	
  of	
  de-­‐novo	
  adhesion	
  formation	
  after	
  laparoscopic	
  
myomectomy:	
  a	
  randomized	
  trial	
  to	
  evaluate	
  the	
  effectiveness	
  of	
  an	
  
oxidized	
  regenerated	
  cellulose	
  absorbable	
  barrier.	
  Human	
  reproduction	
  10,	
  
3133-­‐3135	
  (1995).	
  

423.	
   Mais,	
  V.,	
  et	
  al.	
  Reduction	
  of	
  adhesion	
  reformation	
  after	
  laparoscopic	
  
endometriosis	
  surgery:	
  a	
  randomized	
  trial	
  with	
  an	
  oxidized	
  regenerated	
  
cellulose	
  absorbable	
  barrier.	
  Obstetrics	
  and	
  gynecology	
  86,	
  512-­‐515	
  (1995).	
  

424.	
   Azziz,	
  R.	
  Microsurgery	
  alone	
  or	
  with	
  INTERCEED	
  Absorbable	
  Adhesion	
  
Barrier	
  for	
  pelvic	
  sidewall	
  adhesion	
  re-­‐formation.	
  The	
  INTERCEED	
  (TC7)	
  
Adhesion	
  Barrier	
  Study	
  Group	
  II.	
  Surg	
  Gynecol	
  Obstet	
  177,	
  135-­‐139	
  (1993).	
  

425.	
   Diamond,	
  M.P.	
  Reduction	
  of	
  de	
  novo	
  postsurgical	
  adhesions	
  by	
  
intraoperative	
  precoating	
  with	
  Sepracoat	
  (HAL-­‐C)	
  solution:	
  a	
  prospective,	
  
randomized,	
  blinded,	
  placebo-­‐controlled	
  multicenter	
  study.	
  The	
  Sepracoat	
  
Adhesion	
  Study	
  Group.	
  Fertil	
  Steril	
  69,	
  1067-­‐1074	
  (1998).	
  

426.	
   Reijnen,	
  M.M.,	
  Bleichrodt,	
  R.P.	
  &	
  van	
  Goor,	
  H.	
  Pathophysiology	
  of	
  intra-­‐
abdominal	
  adhesion	
  and	
  abscess	
  formation,	
  and	
  the	
  effect	
  of	
  hyaluronan.	
  Br	
  
J	
  Surg	
  90,	
  533-­‐541	
  (2003).	
  

427.	
   Burns,	
  J.W.,	
  Colt,	
  M.J.,	
  Burgees,	
  L.S.	
  &	
  Skinner,	
  K.C.	
  Preclinical	
  evaluation	
  of	
  
Seprafilm	
  bioresorbable	
  membrane.	
  The	
  European	
  journal	
  of	
  surgery.	
  
Supplement.	
  :	
  =	
  Acta	
  chirurgica.	
  Supplement,	
  40-­‐48	
  (1997).	
  

428.	
   Buckenmaier,	
  C.C.,	
  3rd,	
  Pusateri,	
  A.E.,	
  Harris,	
  R.A.	
  &	
  Hetz,	
  S.P.	
  Comparison	
  of	
  
antiadhesive	
  treatments	
  using	
  an	
  objective	
  rat	
  model.	
  Am	
  Surg	
  65,	
  274-­‐282	
  
(1999).	
  

429.	
   Diamond,	
  M.P.	
  Reduction	
  of	
  adhesions	
  after	
  uterine	
  myomectomy	
  by	
  
Seprafilm	
  membrane	
  (HAL-­‐F):	
  a	
  blinded,	
  prospective,	
  randomized,	
  
multicenter	
  clinical	
  study.	
  Seprafilm	
  Adhesion	
  Study	
  Group.	
  Fertil	
  Steril	
  66,	
  
904-­‐910	
  (1996).	
  

430.	
   Beck,	
  D.E.	
  The	
  role	
  of	
  Seprafilm	
  bioresorbable	
  membrane	
  in	
  adhesion	
  
prevention.	
  The	
  European	
  journal	
  of	
  surgery.	
  Supplement.	
  :	
  =	
  Acta	
  chirurgica.	
  
Supplement,	
  49-­‐55	
  (1997).	
  

431.	
   David,	
  M.,	
  Sarani,	
  B.,	
  Moid,	
  F.,	
  Tabbara,	
  S.	
  &	
  Orkin,	
  B.A.	
  Paradoxical	
  
inflammatory	
  reaction	
  to	
  Seprafilm:	
  case	
  report	
  and	
  review	
  of	
  the	
  
literature.	
  Southern	
  medical	
  journal	
  98,	
  1039-­‐1041	
  (2005).	
  

432.	
   Zeng,	
  Q.,	
  Yu,	
  Z.,	
  You,	
  J.	
  &	
  Zhang,	
  Q.	
  Efficacy	
  and	
  safety	
  of	
  Seprafilm	
  for	
  
preventing	
  postoperative	
  abdominal	
  adhesion:	
  systematic	
  review	
  and	
  
meta-­‐analysis.	
  World	
  journal	
  of	
  surgery	
  31,	
  2125-­‐2131;	
  discussion	
  2132	
  
(2007).	
  

433.	
   Uchida,	
  K.,	
  et	
  al.	
  Seprafilm	
  does	
  not	
  aggravate	
  intraperitoneal	
  septic	
  
conditions	
  or	
  evoke	
  systemic	
  inflammatory	
  response.	
  Surgery	
  today	
  35,	
  
1054-­‐1059	
  (2005).	
  



159	
  

434.	
   Beck,	
  D.E.,	
  et	
  al.	
  A	
  prospective,	
  randomized,	
  multicenter,	
  controlled	
  study	
  of	
  
the	
  safety	
  of	
  Seprafilm	
  adhesion	
  barrier	
  in	
  abdominopelvic	
  surgery	
  of	
  the	
  
intestine.	
  Dis	
  Colon	
  Rectum	
  46,	
  1310-­‐1319	
  (2003).	
  

435.	
   Tang,	
  C.L.,	
  et	
  al.	
  A	
  randomized	
  controlled	
  trial	
  of	
  0.5%	
  ferric	
  hyaluronate	
  gel	
  
(Intergel)	
  in	
  the	
  prevention	
  of	
  adhesions	
  following	
  abdominal	
  surgery.	
  Ann	
  
Surg	
  243,	
  449-­‐455	
  (2006).	
  

436.	
   Bennett,	
  S.L.,	
  Melanson,	
  D.A.,	
  Torchiana,	
  D.F.,	
  Wiseman,	
  D.M.	
  &	
  Sawhney,	
  
A.S.	
  Next-­‐generation	
  hydrogel	
  films	
  as	
  tissue	
  sealants	
  and	
  adhesion	
  
barriers.	
  J	
  Card	
  Surg	
  18,	
  494-­‐499	
  (2003).	
  

437.	
   Mettler,	
  L.,	
  Audebert,	
  A.,	
  Lehmann-­‐Willenbrock,	
  E.,	
  Schive-­‐Peterhansl,	
  K.	
  &	
  
Jacobs,	
  V.R.	
  A	
  randomized,	
  prospective,	
  controlled,	
  multicenter	
  clinical	
  trial	
  
of	
  a	
  sprayable,	
  site-­‐specific	
  adhesion	
  barrier	
  system	
  in	
  patients	
  undergoing	
  
myomectomy.	
  Fertil	
  Steril	
  82,	
  398-­‐404	
  (2004).	
  

438.	
   Johns,	
  D.A.,	
  Ferland,	
  R.	
  &	
  Dunn,	
  R.	
  Initial	
  feasibility	
  study	
  of	
  a	
  sprayable	
  
hydrogel	
  adhesion	
  barrier	
  system	
  in	
  patients	
  undergoing	
  laparoscopic	
  
ovarian	
  surgery.	
  The	
  Journal	
  of	
  the	
  American	
  Association	
  of	
  Gynecologic	
  
Laparoscopists	
  10,	
  334-­‐338	
  (2003).	
  

439.	
   Yu,	
  C.H.,	
  Lee,	
  J.H.,	
  Baek,	
  H.R.	
  &	
  Nam,	
  H.	
  The	
  effectiveness	
  of	
  poloxamer	
  407-­‐
based	
  new	
  anti-­‐adhesive	
  material	
  in	
  a	
  laminectomy	
  model	
  in	
  rats.	
  Eur	
  Spine	
  
J	
  21,	
  971-­‐979	
  (2012).	
  

440.	
   Steinleitner,	
  A.,	
  Lambert,	
  H.	
  &	
  Henderson,	
  S.	
  New	
  modalities	
  under	
  
development	
  for	
  adhesion	
  prevention:	
  immunomodulatory	
  agents	
  and	
  
poloxamer	
  barrier	
  materials.	
  Progress	
  in	
  clinical	
  and	
  biological	
  research	
  
381,	
  235-­‐251	
  (1993).	
  

441.	
   West,	
  J.L.	
  &	
  Hubbell,	
  J.A.	
  Comparison	
  of	
  covalently	
  and	
  physically	
  cross-­‐
linked	
  polyethylene	
  glycol-­‐based	
  hydrogels	
  for	
  the	
  prevention	
  of	
  
postoperative	
  adhesions	
  in	
  a	
  rat	
  model.	
  Biomaterials	
  16,	
  1153-­‐1156	
  (1995).	
  

442.	
   Boyers,	
  S.P.	
  &	
  Jansen,	
  D.	
  Gore-­‐Tex	
  surgical	
  membrane.	
  Progress	
  in	
  clinical	
  
and	
  biological	
  research	
  358,	
  93-­‐102	
  (1990).	
  

443.	
   McDonald,	
  M.N.,	
  et	
  al.	
  Adhesion	
  formation	
  and	
  prevention	
  after	
  peritoneal	
  
injury	
  and	
  repair	
  in	
  the	
  rabbit.	
  J	
  Reprod	
  Med	
  33,	
  436-­‐439	
  (1988).	
  

444.	
   Geisler,	
  F.H.	
  Prevention	
  of	
  peridural	
  fibrosis:	
  current	
  methodologies.	
  
Neurological	
  research	
  21	
  Suppl	
  1,	
  S9-­‐22	
  (1999).	
  

445.	
   Frederickson,	
  R.C.	
  ADCON-­‐L:	
  a	
  review	
  of	
  its	
  development,	
  mechanism	
  of	
  
action,	
  and	
  preclinical	
  data.	
  Eur	
  Spine	
  J	
  5	
  Suppl	
  1,	
  S7-­‐9	
  (1996).	
  

446.	
   Hieb,	
  L.D.	
  &	
  Stevens,	
  D.L.	
  Spontaneous	
  postoperative	
  cerebrospinal	
  fluid	
  
leaks	
  following	
  application	
  of	
  anti-­‐adhesion	
  barrier	
  gel:	
  case	
  report	
  and	
  
review	
  of	
  the	
  literature.	
  Spine	
  (Phila	
  Pa	
  1976)	
  26,	
  748-­‐751	
  (2001).	
  

447.	
   Le,	
  A.X.,	
  et	
  al.	
  Unrecognized	
  durotomy	
  after	
  lumbar	
  discectomy:	
  a	
  report	
  of	
  
four	
  cases	
  associated	
  with	
  the	
  use	
  of	
  ADCON-­‐L.	
  Spine	
  (Phila	
  Pa	
  1976)	
  26,	
  
115-­‐117;	
  discussion	
  118	
  (2001).	
  

448.	
   Kalogrianitis,	
  S.,	
  Barrett,	
  P.	
  &	
  Shackleford,	
  I.	
  ADCON-­‐L	
  and	
  hypotension	
  
during	
  lumbar	
  microdiscectomy.	
  British	
  journal	
  of	
  anaesthesia	
  87,	
  770-­‐771	
  
(2001).	
  

449.	
   Kuhn,	
  J.,	
  Hofmann,	
  B.,	
  Knitelius,	
  H.O.,	
  Coenen,	
  H.H.	
  &	
  Bewermeyer,	
  H.	
  
Bilateral	
  subdural	
  haematomata	
  and	
  lumbar	
  pseudomeningocele	
  due	
  to	
  a	
  
chronic	
  leakage	
  of	
  liquor	
  cerebrospinalis	
  after	
  a	
  lumbar	
  discectomy	
  with	
  
the	
  application	
  of	
  ADCON-­‐L	
  gel.	
  Journal	
  of	
  neurology,	
  neurosurgery,	
  and	
  
psychiatry	
  76,	
  1031-­‐1033	
  (2005).	
  



160	
  

450.	
   Kemaloglu,	
  S.,	
  et	
  al.	
  Prevention	
  of	
  spinal	
  epidural	
  fibrosis	
  by	
  recombinant	
  
tissue	
  plasminogen	
  activator	
  in	
  rats.	
  Spinal	
  Cord	
  41,	
  427-­‐431	
  (2003).	
  

451.	
   Yang,	
  J.,	
  Ni,	
  B.,	
  Liu,	
  J.,	
  Zhu,	
  L.	
  &	
  Zhou,	
  W.	
  Application	
  of	
  liposome-­‐
encapsulated	
  hydroxycamptothecin	
  in	
  the	
  prevention	
  of	
  epidural	
  scar	
  
formation	
  in	
  New	
  Zealand	
  white	
  rabbits.	
  Spine	
  J	
  11,	
  218-­‐223	
  (2011).	
  

452.	
   Choi,	
  H.J.,	
  Kim,	
  K.B.	
  &	
  Kwon,	
  Y.M.	
  Effect	
  of	
  amniotic	
  membrane	
  to	
  reduce	
  
postlaminectomy	
  epidural	
  adhesion	
  on	
  a	
  rat	
  model.	
  J	
  Korean	
  Neurosurg	
  Soc	
  
49,	
  323-­‐328	
  (2011).	
  

453.	
   Sandoval,	
  M.	
  &	
  Hernández-­‐Vaquero,	
  D.	
  Prevention	
  of	
  post-­‐laminectomy	
  
peridural	
  fibrosis	
  with	
  aceclofenac.	
  An	
  experimental	
  rabbit	
  study.	
  Revista	
  
española	
  de	
  cirugía	
  ortopédica	
  y	
  traumatología	
  (English	
  edition)	
  52,	
  99-­‐104	
  
(2008).	
  

454.	
   Yildiz,	
  K.H.,	
  Gezen,	
  F.,	
  Is,	
  M.,	
  Cukur,	
  S.	
  &	
  Dosoglu,	
  M.	
  Mitomycin	
  C,	
  5-­‐
fluorouracil,	
  and	
  cyclosporin	
  A	
  prevent	
  epidural	
  fibrosis	
  in	
  an	
  experimental	
  
laminectomy	
  model.	
  Eur	
  Spine	
  J	
  16,	
  1525-­‐1530	
  (2007).	
  

455.	
   Cemil,	
  B.,	
  et	
  al.	
  Evaluation	
  of	
  tenoxicam	
  on	
  prevention	
  of	
  arachnoiditis	
  in	
  rat	
  
laminectomy	
  model.	
  Eur	
  Spine	
  J	
  20,	
  1255-­‐1258	
  (2011).	
  

456.	
   Farrokhi,	
  M.R.,	
  Vasei,	
  M.,	
  Fareghbal,	
  S.	
  &	
  Farrokhi,	
  N.	
  The	
  effect	
  of	
  methylene	
  
blue	
  on	
  peridural	
  fibrosis	
  formation	
  after	
  laminectomy	
  in	
  rats:	
  an	
  
experimental	
  novel	
  study.	
  Spine	
  J	
  11,	
  147-­‐152	
  (2011).	
  

457.	
   Olmarker,	
  K.	
  Reduction	
  of	
  adhesion	
  formation	
  and	
  promotion	
  of	
  wound	
  
healing	
  after	
  laminectomy	
  by	
  pharmacological	
  inhibition	
  of	
  pro-­‐
inflammatory	
  cytokines:	
  an	
  experimental	
  study	
  in	
  the	
  rat.	
  Eur	
  Spine	
  J	
  19,	
  
2117-­‐2121	
  (2010).	
  

458.	
   Zhang,	
  C.,	
  et	
  al.	
  All-­‐trans	
  retinoic	
  acid	
  prevents	
  epidural	
  fibrosis	
  through	
  NF-­‐
κB	
  signaling	
  pathway	
  in	
  post-­‐laminectomy	
  rats.	
  Neuropharmacology	
  79,	
  
275-­‐281	
  (2014).	
  

459.	
   Wang,	
  Z.,	
  Wang,	
  Y.,	
  Xie,	
  P.,	
  Liu,	
  W.	
  &	
  Zhang,	
  S.	
  Calcium	
  channel	
  blockers	
  in	
  
reduction	
  of	
  epidural	
  fibrosis	
  and	
  dural	
  adhesions	
  in	
  laminectomy	
  rats.	
  
European	
  Journal	
  of	
  Orthopaedic	
  Surgery	
  &	
  Traumatology,	
  1-­‐6	
  (2013).	
  

460.	
   Zawaneh,	
  P.N.	
  &	
  Putnam,	
  D.	
  Materials	
  in	
  surgery:	
  a	
  review	
  of	
  biomaterials	
  in	
  
postsurgical	
  tissue	
  adhesion	
  and	
  seroma	
  prevention.	
  Tissue	
  Eng	
  Part	
  B	
  Rev	
  
14,	
  377-­‐391	
  (2008).	
  

461.	
   Klokkevold,	
  P.R.,	
  Lew,	
  D.S.,	
  Ellis,	
  D.G.	
  &	
  Bertolami,	
  C.N.	
  Effect	
  of	
  chitosan	
  on	
  
lingual	
  hemostasis	
  in	
  rabbits.	
  J	
  Oral	
  Maxillofac	
  Surg	
  49,	
  858-­‐863	
  (1991).	
  

462.	
   Chan,	
  M.W.,	
  et	
  al.	
  Comparison	
  of	
  poly-­‐N-­‐acetyl	
  glucosamine	
  (P-­‐GlcNAc)	
  with	
  
absorbable	
  collagen	
  (Actifoam),	
  and	
  fibrin	
  sealant	
  (Bolheal)	
  for	
  achieving	
  
hemostasis	
  in	
  a	
  swine	
  model	
  of	
  splenic	
  hemorrhage.	
  J	
  Trauma	
  48,	
  454-­‐457;	
  
discussion	
  457-­‐458	
  (2000).	
  

463.	
   Holcomb,	
  J.B.,	
  et	
  al.	
  Effect	
  of	
  dry	
  fibrin	
  sealant	
  dressings	
  versus	
  gauze	
  
packing	
  on	
  blood	
  loss	
  in	
  grade	
  V	
  liver	
  injuries	
  in	
  resuscitated	
  swine.	
  J	
  
Trauma	
  46,	
  49-­‐57	
  (1999).	
  

464.	
   Dorion,	
  R.P.,	
  et	
  al.	
  Risk	
  and	
  clinical	
  significance	
  of	
  developing	
  antibodies	
  
induced	
  by	
  topical	
  thrombin	
  preparations.	
  Arch	
  Pathol	
  Lab	
  Med	
  122,	
  887-­‐
894	
  (1998).	
  

465.	
   Green,	
  D.	
  Spontaneous	
  inhibitors	
  to	
  coagulation	
  factors.	
  Clin	
  Lab	
  Haematol	
  
22	
  Suppl	
  1,	
  21-­‐25;	
  discussion	
  30-­‐22	
  (2000).	
  



161	
  

466.	
   Ortel,	
  T.L.,	
  Mercer,	
  M.C.,	
  Thames,	
  E.H.,	
  Moore,	
  K.D.	
  &	
  Lawson,	
  J.H.	
  
Immunologic	
  impact	
  and	
  clinical	
  outcomes	
  after	
  surgical	
  exposure	
  to	
  
bovine	
  thrombin.	
  Ann	
  Surg	
  233,	
  88-­‐96	
  (2001).	
  

467.	
   Zhou,	
  J.,	
  Liwski,	
  R.S.,	
  Elson,	
  C.	
  &	
  Lee,	
  T.D.	
  Reduction	
  in	
  postsurgical	
  adhesion	
  
formation	
  after	
  cardiac	
  surgery	
  in	
  a	
  rabbit	
  model	
  using	
  N,O-­‐carboxymethyl	
  
chitosan	
  to	
  block	
  cell	
  adherence.	
  J	
  Thorac	
  Cardiovasc	
  Surg	
  135,	
  777-­‐783	
  
(2008).	
  

468.	
   Zhang,	
  M.,	
  Li,	
  X.H.,	
  Gong,	
  Y.D.,	
  Zhao,	
  N.M.	
  &	
  Zhang,	
  X.F.	
  Properties	
  and	
  
biocompatibility	
  of	
  chitosan	
  films	
  modified	
  by	
  blending	
  with	
  PEG.	
  
Biomaterials	
  23,	
  2641-­‐2648	
  (2002).	
  

469.	
   Xia,	
  C.S.,	
  Hong,	
  G.X.,	
  Dou,	
  R.R.	
  &	
  Yang,	
  X.Y.	
  Effects	
  of	
  chitosan	
  on	
  cell	
  
proliferation	
  and	
  collagen	
  production	
  of	
  tendon	
  sheath	
  fibroblasts,	
  epitenon	
  
tenocytes,	
  and	
  endotenon	
  tenocytes.	
  Chinese	
  journal	
  of	
  traumatology	
  =	
  
Zhonghua	
  chuang	
  shang	
  za	
  zhi	
  /	
  Chinese	
  Medical	
  Association	
  8,	
  369-­‐374	
  
(2005).	
  

470.	
   Risbud,	
  M.,	
  Hardikar,	
  A.	
  &	
  Bhonde,	
  R.	
  Growth	
  modulation	
  of	
  fibroblasts	
  by	
  
chitosan-­‐polyvinyl	
  pyrrolidone	
  hydrogel:	
  implications	
  for	
  wound	
  
management?	
  Journal	
  of	
  biosciences	
  25,	
  25-­‐31	
  (2000).	
  

471.	
   Pospiech,	
  J.,	
  Pajonk,	
  F.	
  &	
  Stolke,	
  D.	
  Epidural	
  scar	
  tissue	
  formation	
  after	
  
spinal	
  surgery:	
  an	
  experimental	
  study.	
  Eur	
  Spine	
  J	
  4,	
  213-­‐219	
  (1995).	
  

472.	
   Keller,	
  J.T.,	
  et	
  al.	
  The	
  fate	
  of	
  autogenous	
  grafts	
  to	
  the	
  spinal	
  dura.	
  An	
  
experimental	
  study.	
  J	
  Neurosurg	
  49,	
  412-­‐418	
  (1978).	
  

473.	
   Kiviluoto,	
  O.	
  Use	
  of	
  free	
  fat	
  transplants	
  to	
  prevent	
  epidural	
  scar	
  formation.	
  
An	
  experimental	
  study.	
  Acta	
  orthopaedica	
  Scandinavica.	
  Supplementum,	
  3-­‐
75	
  (1976).	
  


	TITLE: The effect of Chitosan dextran gel as a haemostatic and anti-adhesion agent in the central nervous system and evaluation of haemostatic mechanism of skeletal muscle tissue
	Table of Contents
	ABSTRACT
	DECLARATION
	PREFACE
	ACKNOWLEDGEMENTS

	CHAPTER 1 AIMS
	CHAPTER 2 INTRODUCTION
	CHAPTER 3 NORMAL HAEMOSTASIS
	CHAPTER 4 HAEMOSTATIC TECHNIQUES IN CENTRAL NERVOUS SYSTEM
	CHAPTER 5 WOUND HEALING
	CHAPTER 6 EPIDURAL ADHESIONS: PATHOPHYSIOLOGY AND PREVENTION
	CHAPTER 7: THE EFFICACY AND SAFETY OF CHITOSAN DEXTRAN GEL IN A BURR HOLE NEUROSURGICAL SHEEP MODEL
	Published Paper

	CHAPTER 8: CHITOSAN DEXTRAN GEL AS AN ANTI ADHESION AGENT IN A POSTLAMINECTOMY SPINAL SHEEP MODEL
	Manuscript

	CHAPTER 9: ROLE OF CRUSHED SKELETAL MUSCLE EXTRACT IN HAEMOSTASIS
	Manuscript

	CHAPTER 10: EFFECT OF LIMB POSITION DURING SURGERY ON POST -OPERATIVE RECOVERY
	Manuscript

	SUMMARY AND CONCLUSION
	BIBLIOGRAPHY



