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

Thesis submitted in March 2015 for
The degree of Doctor of Philosophy
In the University of Adelaide

By

Sukanya Rajiv, M.B.B.S, M.S

The work described in this thesis was performed within
The Department of Surgery
Otolaryngology, Head and Neck Surgery,
The University of Adelaide

	
  

1	
  

Table of Contents
TITLE PAGE________________________________________

1

ABSTRACT________________________________________

5

INTRODUCTION____________________________________________
METHODS_________________________________________________
RESULTS__________________________________________________
CONCLUSION___________________________________________

5
5
7

7

DECLARATION________________________________________

9

PREFACE_____________________________________________ 10
ACKNOWLEDGEMENTS_______________________________

11

CHAPTER 1 AIMS_____________________________________

13

CHAPTER 2 INTRODUCTION_______________________________

15

CHAPTER 3 NORMAL HAEMOSTASIS______________________ 21
BLOOD VESSEL/ ENDOTHELIAL CELL___________________________
PLATELETS___________________________________________________
COAGULATION CASCADE______________________________________
INHIBITORS OF COAGULATION_________________________________
FIBRINOLYTIC SYSTEM________________________________________
COAGULATION SCREEN TESTS_________________________________

22
25
27
28
29
30

CHAPTER 4 HEMOSTATIC TECHNIQUES IN CENTRAL
NERVOUS SYSTEM___________________________________ 32
PREOPERATIVE PATIENT PREPARATION________________________ 33
Nature of Brain Pathology________________________________________ 33
Traumatic brain injury v/s other brain injuries________________________ 33
Medications___________________________________________________ 34
Pre-existing blood disorders______________________________________ 35
Fluid replacement pre surgery_____________________________________ 35
INTRAOPERATIVE HEMOSTASIS________________________________36
Neuroanesthesia________________________________________________36
Surgical Haemostasis____________________________________________37
TOPICAL HAEMOSTATIC AGENTS______________________________ 38
GELATIN BASED HAEMOSTATS________________________________ 39
	
  

2	
  

COLLAGEN BASED HAEMOSTATS______________________________40
CELLULOSE BASED HAEMOSTATS_____________________________ 41
ALBUMIN DERIVED HAEMOSTATS_____________________________ 41
POLYSACCHARIDE BASED HAEMOSTATS______________________ 42
Microporous Polysaccharide Haemospheres_________________________ 42
N-acetylglucosamine glycosaminoglycans compounds________________ 43
INORGANIC HAEMOSTATS__________________________________ 44
FIBRIN BASED AGENTS_______________________________________44
ANTIFIBRINOLYTICS_________________________________________ 45
VASOCONSTRICTORS_______________________________________ 45
BONE WAX_________________________________________________ 45
POLYETHYLENE GLYCOL POLYMERS_________________________ 46
CYANOACRYLATES________________________________________ 46
MUSCLE PATCH_____________________________________________ 46
Table 1: A summary of literature on the use of muscle in haemostasis____ 48
OTHERS____________________________________________________ 49
Self-Assembling Nano-Peptides__________________________________49
Table 2: Commercially available haemostats________________________49

CHAPTER 5 WOUND HEALING________________________52
NORMAL WOUND HEALING___________________________________53
Coagulation/ Inflammatory phase_________________________________53
Proliferative/ Granulation tissue phase___________________________ 54
Remodelling/ Maturation phase__________________________________ 55
FACTORS THAT AFFECT WOUND HEALING____________________57
LOCAL FACTORS___________________________________________ 58
Oxygenation_______________________________________________ 58
Infections__________________________________________________ 58
Venous insufficiency________________________________________ 58
SYSTEMIC FACTORS________________________________________ 59
Age______________________________________________________ 59
Peripheral vascular disease___________________________________ 60
Diabetes__________________________________________________ 60
Stress____________________________________________________ 60
Obesity____________________________________________________61
Chemotherapeutic Agents______________________________________61
Malnutrition________________________________________________ 61
Smoking________________________________________________
61
WOUND HEALING IN CENTRAL NERVOUS SYSTEM____________62
Haemostasis_______________________________________________ 62
Inflammation______________________________________________ 63
Early Repair Phase____________________________________________64
Late Repair Phase/ Remodelling Phase____________________________66

	
  

3	
  

CHAPTER 6 EPIDURAL ADHESIONSPATHOPHYSIOLOGY AND PREVENTION______________68
PERIDURAL FIBROSIS- THE LAMINECTOMY MEMBRANE_______69
FAILED BACK SURGERY SYNDROME_________________________70
PREVENTION OF PERIDURAL FIBROSIS_______________________71
PHYSICAL BARRIERS_______________________________________ 72
Hyskon___________________________________________________ 72
Chitosan Dextran Gel_________________________________________ 72
Oxiplex____________________________________________________ 73
Oxidized Regenerated Cellulose_________________________________73
Hyaluronic Acid Based________________________________________73
Polyethylene Glycol__________________________________________ 73
Polytetrafluroethylene_________________________________________74
ADCON-L__________________________________________________74

CHAPTER 7: THE EFFICACY AND SAFETY OF CHITOSAN
DEXTRAN GEL IN A BURR HOLE NEUROSURGICAL
SHEEP MODEL________________________________________75
CHAPTER 8: CHITOSAN DEXTRAN GEL AS AN ANTI
ADHESION AGENT IN A POSTLAMINECTOMY SPINAL
SHEEP MODEL________________________________________85
CHAPTER 9: ROLE OF CRUSHED SKELETAL MUSCLE
EXTRACT IN HAEMOSTASIS___________________________ 102
CHAPTER 10: EFFECT OF LIMB POSITION DURING SURGERY
ON POST -OPERATIVE RECOVERY________________________118
SUMMARY AND CONCLUSION___________________________130
CHITOSAN IN HAEMOSTASIS_____________________________________ 130
CHITOSAN AS AN ANTI ADHESION AGENT________________________ 131
MUSCLE TISSUE AS A HAEMOSTATIC AGENT_____________________ 132
CONCLUSION___________________________________________ 133

BIBLIOGRAPHY_________________________________________134

4	
  

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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