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Human amniotic membrane effect on colorectal 
anastomosis in dogs undergoing radiotherapy with/

without diverting stoma: An experimental 
preliminary study 

INTRODUCTION 

Colorectal	anastomosis	 leakage	 is	still	one	of	

the	most	atrocious	complications	(2.4%	to	69%)	

of	 colorectal	 procedure,	which	 causes	mortality	

(overall	 rates	 7-12%)	 and	 severe	 morbidity	

(rates	 20-30	%)	 (1-3).	 Neoadjuvant	 radiotherapy	

has	 been	 applied	 in	 advanced	 rectal	 cancer	 to	

reach	 down	 staging	 and	 declining	 the	 rate	 of		

local	recurrence.	Preoperative	radiotherapy	may	

lead	 to	 deferred	 wound	 healing	 and	 following	

wound	complication	(4).	Generally,	changes	in	the	

+ibroblast,	 vasculature,	 and	 growth	 factors												

function	 after	 radiotherapy	 initiate	 atypical	

wound-healing	 (5).	 Over	 expression	 of	 factors	

such	 as	 Tissue	 Growth	 Factor	 beta	 (TGFβ),																

tumor	 necrosis	 factor-α	 (TNF-α),	 vascular																

endothelial	 growth	 factor	 (VEGF),																																
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ABSTRACT 

Background: : Radiotherapy is an important factor which results in increase of 

anastomosis leakage. Diver�ng loop ileostomy has been usually performed 

a�er colorectal anastomosis with history of neo-adjuvant radiotherapy to 

decrease the chance of leakage. Considering this effect, we assessed the 

feasibility and outcome of human amnio�c membrane in rectal anastomosis 

in dogs previously treated by high-dose radiotherapy. Materials and 

Methods: Twelve cross-breed male dogs with the age of 6-8 months and 

weigh�ng 10-15 kg were randomly divided into four groups. Groups 1 and 2 

received radiotherapy and 4 weeks later, single layer end to end anastomosis 

was performed for all the dogs; also, diver�ng loop ileostomy was placed in 

groups 1 and 3. Four weeks later, the anastomosis site was resected and sent 

for pathologic wound healing scoring. Data were analyzed by SPSS 16 

so�ware using Mann- Whitney test. Results: Two dogs (of group 1 and 2) 

died of peritoni�s due to anastomosis leakage during the 2nd post opera�on 

week. There was no sta�s�cally significant difference in wound healing 

between the case and control groups (P-Value: 0.01). Conclusion: HAM had a 

protec�ve role in colorectal anastomosis a�er neo-adjuvant radia�on in cases 

without loop diver�ng ileostomy. It can be concluded that HAM placement is 

a feasible technique instead of diver�ng loop ileostomy in cases with neo-

adjuvant radiotherapy and also in the benign colorectal diseases with high 

risk anastomoses.  
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pro-in+lammatory	 cytokines	 like	 interleukin-1	

and	interleukin-8	and	interferon-γ	(IFN-	γ),	after	

irradiation,	 leads	 to	 uncontrolled	 matrix																		

accumulation	and	+ibrosis	(6).		

Amniotic	membrane	(AM),	 the	 inner	 layer	of	

placenta,	 has	 important	 properties	 including		

antimicrobial,	 anti-in+lammatory,	 antiscarring,	

anti+ibrosis,	 and	 low	 immunogenicity																						

characteristics,	 and	 high	 potency	 of	 differentia-

tion.	 Considering	 these	 features,	 the	 AM	 has									

already	 been	 used	 as	 a	 biologic	 dressing	 to											

promote	 wound	 healing	 process	 (4).	 Human												

Amniotic	 Membrane	 (HAM)	 was	 +irstly	 applied	

in	 Johns	Hopkins	Hospital	 for	 treatment	of	 550	

patients	 who	 had	 skin	 injuries.	 Since	 then,	 the	

HAM	 has	 been	 considered	 as	 a	 good	 treatment	

for	 tissue	 reconstruction,	 abdominal	 adhesio-

lysis,	 neurolysis,	 tenolysis	 and	 injuries	 of	 the	

vagina	and	dura	matter	(7).		

Classic	 surgical	 approach	 to	 rectal	 cancer	 is	

neoadjuvant	 radiotherapy,	 segmental	 resection	

of	 the	 involved	 rectum	 with	 free	 margins,																		

colorectal	 anastomosis,	 and	 diverting	 loop																

ileostomy	except	in	Stage	I	(8).		

Considering	 the	 side	 effects,	 complications	

and	limitations	of	ileostomy	include	electrolytes	

imbalance,	paraostomal	hernia,	and	periostomal	

skin	 irritation,	 abnormal	 bowel	 habit																								

mechanism,	 and	 psychosocial	 problems	 related	

to	 ostoma	 (7,9,10).	 We	 can	 do	 colorectal	 surgery	

without	 using	 the	 diverting	 ileostomy	 and	 the	

rate	of	such	complication	will	be	reduced.	In	this	

study,	we	aimed	to	examine	the	effect	of	HAM	on	

prevention	 of	 colorectal	 anastomosis	 leakage	

after	 neoadjuvant	 radiotherapy	 in	 dogs;	 this		

procedure	 could	 guide	 us	 for	 use	 of	 HAM	 in													

humans.		
	

	

MATERIALS AND METHODS 

 

In	 this	 prospective	 animal	 study,	 12																				

cross-breed	 male	 dogs	 aged	 6-8	 months	 and	

weighing	 10-15kg	were	 selected	 from	 the	 dogs	

in	 the	animal	 laboratory	of	 Shiraz	University	of	

Medical	 Sciences.	 All	 procedures	 were																								

performed	 under	 aseptic	 conditions	 in																								

accordance	 with	 the	 standards	 of	 laboratory											

bio-safety	 guidelines.	 This	 study	 was	 approved	

by	 Research	 and	 Ethics	 committee	 of	 Shiraz														

University	of	Medical	Sciences.			

The	dogs	(N=12)	were	randomly	divided	into	

four	 groups	 (N=3).	 Group	 1	 and	 2	 received															

external	 beam	 X-ray	 irradiation:	 Pelvic																											

irradiation	 was	 performed	 at	 the	 radiation															

oncology	 department	 of	 Namazi	 hospital.																				

External	beam	X-ray	irradiation	was	carried	out	

by	 a	 6	 MV	 linear	 accelerator	 unit	 and	 under															

general	anesthesia	by	intravenous	Diazepam	(10	

mg)	 and	 Sodium	 Thiopental	 (0.5	 mg)	 after																				

endotracheal	 intubation.	Then	the	dogs	(groups	

1	and	2)	received	a	single	fraction	dose	of	10	Gy	

through	 two	 parallel-opposed	 portals																												

encompassing	 dog	 colorectum.	 The	 abdominal	

region	containing	approximately	a	15	cm	length	

of	 colorectum	 was	 exposed.	 We	 had	 ethical															

restrictions	 to	 include	 more	 than	 8	 dogs	 for														

external	 beam	 X-ray	 radiation.	 Groups	 3	 and	 4	

did	not	receive	pre-operation	radiotherapy.	

After	4	weeks,	 all	 the	dogs	had	anastomosis:		

animals	 were	 maintained	 on	 controlled																							

ventilation	 by	 halothane	 and	 100%	 oxygen.	

Ringer's	 lactate	 was	 administered	 throughout	

the	 operation	 at	 a	 rate	 of	 8	 mL/kg/h																									

intravenously.	Before	induction,	a	single	dose	of	

antibiotic	(Ceftriaxone,	1gr)	was	administered	IV	

to	 the	 dogs.	 Then	 mid	 rectum	 (15	 cm	 above										

dentate	 line)	 sharp	 360-degree	 perforation	 and	

single	 layer	 end	 to	 end	anastomosis	with	 vicryl	

3.0	 was	 performed.	 Animals	 did	 not	 receive											

mechanical	or	chemical	bowel	preparation.		

Diverting	 loop	 ileostomy	 was	 placed	 for	

groups	 1	 and	 3	 and	 matured	 with	 vicryl	 3.0.	

Then,	it	was	+ixed	to	the	skin	by	a	rod	in	the	right	

lower	 quadrant	 of	 the	 dogs’	 abdomen.	 After																

irrigation	and	hemostasis,	abdominal	cavity	was	

closed	anatomically	with	vicryl	3.0	and	the	skin	

was	 closed	 in	 subcuticular	 manner	 with	 vicryl		

3.0.	

In	 all	 dogs,	 a	 2	 cm	width	wrap	 of	 HAM	was	

applied	and	+ixed	around	the	site	of	anastomosis	

with	 vicryl	 3.0. Four	 weeks	 later,	 the																								

anastomosis	 site	 was	 resected	 and	 again																			

anastomosis	was	performed	and	 the	dogs	were	

alive.	 Specimens	 were	 +ixed	 in	 formaldehyde	

10%	 solution	 (formalin).	 Samples	 were	 blindly	

labeled	and	sent	to	the	department	of	pathology	

in	 Shiraz	 faculty	 of	 medicine	 for																																			
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histopathological	 assessment.	The	HAM	used	 in	

this	 study	 was	 provided	 by	 Shiraz	 Burn																					

Research	 center,	 preserved	 in	 glutaraldehyde,	

and	then	frozen	in	-20°C.	

After	 gross	 examination,	 histological																			

sampling,	 tissue	 processing,	 slide	 preparation	

and	H	and	E	staining	were	performed.	The	slides	

were	 blindly	 studied	 by	 a	 pathologist.	 Histo-

pathological	 +indings	 were	 discussed	 for	 each	

sample	 on	 the	 basis	 of	 our	 modi+ied	 scoring											

system.	 The	 scoring	 system	 was	 based	 on																	

previous	one	which	was	suggested	by	Abramov	

et	al.	 (11).	 The	 major	 modi+ied	 item	 used	 in	 this	

system	 was	 histological	 evidence	 of	 epitheliali-

zation,	collagenization	and	neovascularization. 	

	

Statistical	analysis	

SPSS	 for	 Windows	 version	 16	 statistical														

software	(SPSS,	Chicago,	IL)	was	usedto	perform	

the	 statistical	 analyses.	 Mann-Whitney	 U	 test	

was	 performed,	 due	 to	 small	 sample	 size,	 to	

compare	the	groups	and	the	normal	distribution	

of	 data	 was	 examined	 by	 Kolmogorov-Smirnov	

test	(P	=	0.03).	Two-tailed	P-value	less	than	0.05	

was	considered	statistically	signi+icant.	

RESULTS 

Two	 dogs	 (one	 of	 groups	 1	 and	 2)	 died	 of		

peritonitis	 due	 to	 anastomosis	 leakage	 during	

the	2nd	post	operation	week.	All	others	survived	

to	 the	 end	 of	 the	 study.	 After	 the	 second																		

laparotomy,	 in	 gross	 evaluation	of	 both	 groups,	

no	patch	disruption	occurred,	+istula,	evidence	of	

abscess	 formation,	 and	 pussy	 discharge	 or											

anastomosis	site	leakage	was	detected	in	the	site	

of	anastomosis.	

Histological	 assessing	 of	 Group	 1	 and	 2	

demonstrated	in	table	1.	

There	 was	 no	 statistically	 signi+icant																		

difference	 in	 wound	 healing	 between	 both	

groups	 (P>0.05),	 so	 wound	 healing	 	 process	 in	

ileostomy	 and	 non-ileostomy	 groups	 with														

neo-adjuvant	 radiotherapy	 had	 no	 statistically	

signi+icant	difference.	

Microscopic	 evaluation	 of	 the	 harvested			

samples	 was	 performed	 by	 a	 pathologist.																	

Modi+ied	 scoring	 system	 for	 surgical	 wound	

healing	 (11)	was	used	 to	determine	 the	 grade	of	

healing	in	each	sample.		

Hosseini et al. / HAM effect on colorectal anastomosis in dogs  
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 Figure 1. Mucosal ulcera�on with acute inflamma�on and granula�on �ssue forma�on. H&E staining; magnifica�on ×100.		

Figure 2. Mature fibrous �ssue between muscle fibers sugges�ve of complete healing. H&E staining; magnifica�on ×100.		
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Table 1. Healing score according to collageniza�on, epithelializa�on, inflamma�on, neovasculariza�on and necrosis of the 

samples. 

 

Groups 
Colorectal Anastomosis HAM Radiotherapy Ileostomy 

Group 1 + + + + 

Group 2 + + + - 

Group 3 + + - + 

Group 4 + + - - 

Table 2. Histopathologic findings according Abramov wound healing scoring system in groups. 

Groups 
1 (Mean±SD) 

(n=3) 

2 (Mean±SD) 

(n=3) 

P-value between 

groups 1,2 

3 (Mean±SD) 

(n=3) 

 (Mean±SD)4   

(n=3) 

P-value between 

group 3,4 

Epithelializa0on 0.66±0.57 1.00±0.00 0.31 1.00±0.00 1.00±0.00 >0.99 

Collageniza0on 1.33±0.57 2.66±0.57 0.06 2.33±0.57 2.00±0.00 0.31 

Inflamma0on 3.00±0.00 1.66±1.15 0.11 2.33±1.15 3.00±0.00 0.31 

Neovasculariza0on 1.00±0.00 1.33±0.57 0.31 1.66±0.57 2.33±1.15 0.36 

Necrosis 0.66±0.57 0.33±0.57 0.45 0.00±0.00 0.00±0.00 >0.99 

Granula0on 

Tissue 
1.00±0.00 2.33±1.15 0.11 2.00±0.00 1.66±0.57 0.31 

Healing	 was	 scored	 according	 to																													

collagenization,	 epithelialization,	 in+lammation,	

neovascularization	and	necrosis	of	 the	samples.	

Pathologic	 evaluation	 revealed	more	 signi+icant	

epithelialization	 and	 neovascularization	 in	

group	2	(table	2).	Overall,	the	healing	score	was	

higher	in	group	2	(P=0.31). 

 

 

DISCUSSION 

Anastomotic	 leakage	 is	 one	 of	 the	 most																		

important	complications	that	affecting	2-10%	of	

patients	 undergoing	 colorectal	 surgery	 (9).														

Anastomotic	dehiscence	could	be	considered	as	

a	chief	reason	of	extensive	mortality	(7%-10%)	

and	morbidity	(20%-30%)	and	unfortunate	long	

term	 result	 (12,13).	 Challenging	 wound	 healing	

caused	by	radiotherapy	 is	commonly	unnoticed	

during	 treatment	 of	 cancer.	 Chronic	 ulceration,	

infection,	pain,	psychological	suffering	and	poor	

quality	 of	 life	 are	 clinical	 sequelea	 of	 deprived	

wound	 healing	 in	 patients	 undergoing																									

radiotherapy	(14).	

	Bio-compatibility,	elasticity,	easy	availability	

and	 stability	 are	 some	 characteristics	 of	 HAM	

that	 cause	 growing	 propensity	 towards																				

application	 of	 HAM	 as	 a	 biologic	 dressing	 to			

support	 wound	 healing	 specially	 in	 burn																			

treatments	(15).	Our	result	can	be	discussed	from	

two	 different	 perspectives.	 Firstly,	 the	 fact	 that	

our	 +indings	 are	 generally	 in	 concordance	 and	

similar	 with	 the	 results	 of	 other	 studies	 which	

reported	 the	application	of	HAM.	 In	 this	regard,	

Barlas	et	al.	mentioned	the	effectiveness	of	HAM	

as	an	 intestinal	patch	 for	neomucosal	growth	in	

rabbits	(16).	Also,	Najibpour	et	al.’s	study	on	dogs	

indicated	 that	 applying	 HAM	 led	 to	 better																	

histological	 outcomes	 and	 wound	 healing	 in												

colonic	 anastomosis	 compared	 to	 simple																	

anastomosis	(17).	Roshanravan	et	al.	applied	HAM	

as	a	bio-prosthesis	to	repair	recto-vaginal	+istula	

in	dogs;	better	surgical	and	histological											out-

comes	were	obtained	(18).		

In	 a	 study	 on	 50	 wistar	 rats,	 it	 was	 proved	

that	 the	 HAM,	 while	 contributing	 to	 re-

establishment	of	duodenal	wall	structure,	 led	 to	

accelerated	 wound	 healing	 (19).	 HAM	 used	 as	 a	

temporary	seal	of	damaged	area	in	duodenal	and	

it	underwent	degenerative	changes	in	the	matrix	

and	in	the	epithelium	after	a	week	and	eliminat-

ed.	 In	 our	 results,	 HAM	eliminated	 and	 it	 could	
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not	be	distinguish	after	a	week	and	healing	 the	

lesions	occurred.	

	Similarly,	 Uludag	 et	 al.	 reported	 lower																

dehiscence	 rate,	 leakage,	 and	 better	 wound		

healing	 after	 application	 of	 HAM	 in	 colonic		

anastomosis	of	rat	(1).	He	introduced	HAM	patch	

in	 colon	 anastomosis	 in	 rats	 as	 treatment	 of													

dehiscence	 rate,	 anastomotic	 leakage,	 intra												

abdominal	abscesses,	 intestinal	obstruction	and	

adhesion	 formation.	 	 Also,	 Kuriu	 et	 al.’s	 study	

showed	 that	 the	 intraperitoneal	 adhesion	 was	

reduced	by	HAM	graft	in	rats	(20).		

Moreover,	 HAM	 has	 been	 used	 in																															

reconstruction	 of	 the	 oral	 cavity,	 renovation	 of	

conjunctival	 defects,	 and	 prevention	 of																					

postoperative	 adhesions	 (21,	 22).	 Duodenal																		

perforation	repaired	in	Ghahramani	et	al.’s	study	
(9)	by	HAM	with	better	histological	outcome.		

Secondly,	 the	 application	 of	 HAM	 after												

radiation	should	be	taken	into	consideration.	Up	

on	 our	 knowledge,	 there	 were	 few	 studies													

assessed	 the	 ef+icacy	 of	 HAM	 after	 radiation	 in	

comparison	 to	 some	 other	 methods	 (6).	 The														

precise	 mechanism	 of	 HAM	 to	 reduce																					

in+lammation	 and	 increase	 wound	 healing														

process	 has	 not	 been	 completely	 clear	 yet;	 it	

seems	 that	 HAM	 works	 by	 suppressing																	

in+lammatory	 cytokines,	 expressing	 anti-

in+lammatory	 proteins,	 tissue	 growth	 factor,	

multi-potent	 cells,	 and	 increasing	 angiogenesis	

and	+ibroblast	activity	(1,	23-25).		

Finally,	 the	 application	 of	 HAM	 patch	 in																	

repairing	 anastomosis	 leakage	 in	 dogs	 in	 our	

study	 clari+ied	 the	 advantages	 of	 HAM	 (as	 a																

biologically	 active	 treatment)	 in	 better	 surgical	

and	 histological	 outcomes	 comparing	 to	 simple	

repair.	
	

Limitations	

This	 trial	 was	 conducted	 on	 small	 size																

animals	according	to	ethics	committee	restricted	

the	 induction	 of	 neoadjuvant	 radiotherapy	 for	

more	 than	 8	 dogs.	 Because	 of	 the	 similarity													

between	 human	 being	 and	 dogs	 (regarding	 GI	

tract),	it	is	better	to	apply	this	method	in	human	

cases.  
 

CONCLUSION 

 

This	 experimental	 study	 was	 performed	 to	

determine	 the	 effect	 of	HAM	on	wound	healing	

in	animal	model	undergoing	neoadjuvant	radio-

therapy	with	and	without	protective	 loop	 ileos-

tomy.	 Findings	 showed	 no	 statistically	 signi+i-

cant	 difference	 between	groups	with	 and	with-

out	ileostomy	about	histologic	and	surgical	out-

come	 and	 leakage,	 so	 it	 is	 recommended	 that	

surgeons	could	use	HAM	in	patients	with	neoad-

juvant	 radiotherapy	without	 an	 ileostomy	crea-

tion.	

Considering	the	inevitable	negative	effects	of	

radiotherapy	on	wound	healing,	the	use	of	HAM	

as	a	biologic	dressing	might	be	a	 feasible	alter-

native	to	diverting	loop	ileostomy.		
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