
\) N I VI""' -", 
,,. r I "'-Il 'cb'i? 

u \6
()'" The Investigation of the Effect of Nasal 

Packing Materials on the Healing of the Nasal 
Mucosa of Sheep after Full Thickness Injury. 

David McIntosh 

Department of Surgery, Queen Elizabeth 
Hospital 

Woodville,'South Australia 



TABLE OF CONTENTS 

SECTION I. 

I. Abstract. 

11. Statement of originality. 

Ill. Acknowledgements. 

SECTION II. BACKGROUND 

. . .  . . . .. . . . . . . . . . . . 
 �... . . .. . . .  . . 
 �. . .  . . . . . . . . . . . . ...
� . . .  . . . . . . . . . .. . . . . 
10I. Statement of aims 

II. Historical overview . . . ... .. . . . .. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  II 


ill. Nasal structure and function . . . .  . . .  . . .  . .  . . . .  . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . .  . .  . .. . . . . . . .  17 


IV. Pathology of nasal mucosa .22. . . . . . . . . . . . . . . . . .  . .  . . . . . . .  . . .  . . . . . . . . .  . . . . . . .. .. . . . . . . . . .. 


V. Wound healing 26. .. . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . 


VI. Adhesions. . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . .  . .
3 5 

VII. Hyaluronic acid .41. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  


VIII. Insulin-like Growth Factor-I and cytokines . .  . .43. . . . .  . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . .  

IX. Functional endoscopic sinus surgery and packing materials . . . . .. 51. . . . . . . .  . .... . .  


X. The sheep as an animal model for endoscopic sinus surgery 57. . . . . . . . . . .  . . . . . . . . .  


SECTION III. RESEARCH 

XL Screening for potential growth factors that stimulate respiratory epithelial 
growth. . . . .  . . . . . . . . .  . . . . . . . . . . . 
 �. . . . . . .  . . . . . . . . . . . 
 � . .  . . .  . . .  . . . . . . . . . . . . . . . . . .  .. .  . . . . . . . .  . 59 


a. Cell culture. 
b. Results. 
c. Selection of Insulin-like growth factor· I (IGF-I). 

XII. Assessment of the suitability of the use of human Insulin-like growth factor-I 
in sheep 66. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  


a. Human versus sheep IGF-1. 
b. Presence ofIGF-I receptors in sheep nasal mucosa. 
c. Primary culture. 

XIII. Development of a nasal pack containing Insulin-like growth factor-!.. ........ 71 


a. Incorporation of IGF-I into a dissolvable nasal pack. 
b. Demonstration of the release ofIGF-I from the pack. 



XV. Aim: To detennine the effect of nasal packing on the development of 
adhesions in sheep after endoscopic surgery . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ... . .  13 I 

a. Methods employed in attempting to develop an adhesion model. 

XVI. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149 

XVll. Conclusions . . . . . ..... . . . . . . . . . . . . . ... . .. . . . . . ... .  . . . . ... . . . . . . . . . .  . . . ..... . . . . . . . . . . .  153 

SECTION IV. BIBLIOGRAPHy .... 

APPENDICES 
a. Appendix to chapter II. 

b. Appendix to chapter 14. 

. ....................................... 154 

XIV. The assessment of the effect of nasal packing on the healing of the nasal 
mucosa of sheep after endoscopic surgery . . . . .... . .. . . . . . . . . . . ...  . . . . . . . . . . .... ...75 

a. Methods. 
1. Statistical Power Analysis. 
11. Surgical teclmiques. 

1. Middle turbinate removal. 
2. Wound creation. 
3. Specimen collection. 

111. Light microscopy assessment. 
I .  Specimen handling and processing. 
2. Re-epithelialisation. 
3. Epithelial height. 
4. Average cell size. 

IV. Tmmunostaining. 
1. Collagen I. 
2. Collagen III. 

v. Electron microscopy. 
I. Development of methods. 
2. Specimen handling and processing. 
3. Ciliary measurements. 
4. Transmission electron microscopy. 

b. Results. 
i. Merocel. 

Ii. MerogeI. 
Iii. Merogel and IGF-I. 

SECTION V 



Abstract 

Rhinosinusitis is a common condition that is chronic in up to 18% of the general 

population. If intensive medical treatment fails, then surgery may be required. 

Currently the accepted form of surgery is endoscopic sinus sw·gery. This technique 

involves opening the natural ostia of the sinuses to restore aeration and mucociliary 

drainage. 

The most frequent complication of this surgery is the development of postoperative 

adhesions. Their formation represents a failure of the healing process. To prevent 

the formation of adhesions, nasal packing is often used. To date the effect of nasal 

packing on the healing process has not been studied with rigorous scientific control. 

The sheep has been chosen as the most suitable animal model to investigate the 

healing process. The sheep is suitable in terms of size, histology, physiology, and 

pathology. The sheep's nasal cavity is also suitable for nasal e,idoscopy and 

surgery. Research conducted previously in the sheep model has demonstrated that 

unpacked full-thickness wounds take longer than three months to heal. The research 

in this thesis sought to determine if the use of different packing materials influenced 

healing. 

This thesis has compared the healing process that follows the use of three different 

nasal packing materials. These are a polyvinyl acetate based pack, a hyaluronic 

acid-based pack, and the hyaluronic acid-based pack with Insulin-like growth 
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factor-I incorporated into it Assessment was made using light microscopy, 

immunofluorescence, and electron microscopy, 

The results demonstrate that the use of a polyvinyl acetate sponge a dissolvablc 

hyaluronic acid based pack confers no significant to the healing process 

when compared to controls. However, the incorporation of insulin-like growth 

factor-I into the hyaluronic acid based pack resulted in a statistically significant 

(p<O,05) improvement in re-epithelialisation at day 28 (89% for Insulin-like growth 

factor-I versus 44% for controls). 

Attempts to assess the effect of this pack on the rate of adhesion fOnTIalion was 

unsuccessful due to the inability to produee a repllcable animal model of adhesion 

[onnation. 

It is concluded that the use of Insulin-like growth factor-I in the hyaluronic acid 

based packs confers an important benefit to the he<iling process after full-thickness 


