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Background: 

Emergency general surgery (EGS) patients undergoing urgent/emergent operations with 

gastrointestinal resection have high complications rates. Anastomotic failure (AF) has a 

mortality rate approaching 40% in some series, making it one of the most dreaded 

complications following colon resection1–4. AF also has adverse effects on length of stay and 

cost of hospitalization, can lead to a permanent stoma, may require unplanned re-operation or 

percutaneous drain placement, and is associated with increased rates of wound complications 

and diminished quality of life. Even when the anastomosis is salvaged, inflammatory changes 

may result in poor functional outcome, anastomotic stricture, and decreased long-term survival. 

The incidence of AF varies widely depending on the type of anastomosis, its distance from the 

anal verge, and the indication for bowel resection1. Fecal diversion by end or loop ileostomy or 

colostomy is a means of protecting an anastomosis or avoiding anastomosis entirely. 

Unfortunately, fecal diversion comes at the expense of complications including dehydration, 

peristomal dermatitis, prolapse, and parastomal hernia formation. These complications occur in 

up to 75% of patients depending on stoma type5–8, with nearly 20% of patients requiring hospital 

admission9, making this an increasingly important issue as financial penalties for hospital 

readmissions are increasingly common. Further complications may be amassed at stoma 

reversal, with morbidity reported in the range of 10-50%, with the highest rates in patients with 

end colostomy5,7,8,10. In the trauma population, most advocate that in the absence of the most 

severe and devastating wounds, primary anastomosis should be performed11,12, with the caveat 



that in a severely injured patient, AF can easily become a lethal event. Primary anastomosis in 

the EGS patient requiring colon resection has anecdotally fallen out of favor; however, 

significant morbidity exists with diverting ostomies and their reversal, which may be worse in this 

population given the potential for generalized peritonitis at time of operation, bowel wall edema, 

and, often numerous, medical comorbidities such as tobacco use, obesity, and steroid intake. 

 

A recently published prospective multicenter trial sponsored by the American 

Association for the Surgery of Trauma (AAST) illustrated that overall, urgent/emergent bowel 

resection and anastomosis in EGS patients had a failure rate of 12.5%, with nearly twice the 

rate for colo-colonic anastomoses (23%), and a 22% failure rate in patients managed with an 

open abdomen3. This study primarily involved small bowel resections and anastomoses (72%) 

and excluded patients with fecal diversion, thereby failing to evaluate the ideal management of 

the EGS patient requiring colon resection. Other groups have found similar, or lower, AF rates in 

predominately elective, oncologic colorectal surgery, with scarce prospective data in the EGS 

population1,5,13–17. The goal of this study is to evaluate outcomes in the EGS patient requiring 

urgent/emergent colon resection, with a specific focus on the comparison of patients undergoing 

anastomosis versus fecal diversion. Through a prospective multicenter assessment, we hope to 

gain a better understanding as to how best optimize outcomes in this complicated patient 

population. We hypothesize that primary anastomosis is associated with higher rates of 

perioperative morbidity/mortality and that fecal diversion improves overall mortality, decreases 

length of stay, and lowers rates of surgical complications requiring unplanned operative 

intervention. 
	
	
Specific	aims:	
Primary	Aim:	
Define	 the	 early	 postoperative	 morbidity	 and	 mortality	 of	 EGS	 patients	 undergoing	 colon	
resection	 in	the	urgent/emergent	setting,	with	a	specific	 focus	on	the	comparison	of	patients	
undergoing	colonic	anastomosis	versus	diversion.	
	
Secondary	Aims:	
1.	 Compare	 discharge	 needs	 for	 EGS	 patients	 undergoing	 colon	 resection	 with	 anastomosis	
versus	those	undergoing	resection	with	stoma	creation.	
	
2.	 Evaluate	 anastomotic	 and	 stoma	 complications	 in	 EGS	 patients	 managed	 with	 an	 open	
abdomen	and	staged	gastrointestinal	reconstruction.	
	
3.	 Evaluate	 and	 validate	 the	 new	AAST	 EGS	 organ-specific	 disease	 grading	 scale18	 in	 patients	
undergoing	colon	resection	for	EGS	specific	pathologies.	



	
4.	 Evaluate	 the	 rate	 of	 anastomotic	 failure	 in	 patients	 undergoing	 handsewn	 versus	 stapled	
colonic	anastomoses.	
	
This	study	is:	prospective	
	
Study	population:	
Inclusion	criteria:	All	patients	undergoing	urgent/emergent	colon	resection	(less	than	24	hours	
after	decision	to	operate)	by	an	acute	care	surgeon	will	be	enrolled.	
	
Exclusion	 criteria:	 Exclusion	 criteria	 include	 elective	 operations	 performed	 by	 acute	 care	
surgeons	 within	 24-hours	 of	 the	 decision	 to	 operate	 (e.g.,	 scheduled	 resection	 of	 non-
obstructed,	non-perforated	malignancy),	prisoners,	pregnancy,	wards	of	the	state,	patients	less	
than	 18-years	 of	 age,	 traumatic	 mechanisms	 of	 injury,	 and	 death	 within	 24-hours	 of	 index	
operation.	
	
Therapeutic	 interventions:	This	 is	a	prospective	observational	study.	The	decision	to	perform	
proximal	 diversion	 or	 anastomosis	 is	 solely	 the	 responsibility	 of	 the	 managing	 acute	 care	
surgeon.	 No	 guidelines	 or	 protocols	 will	 be	 suggested	 so	 as	 to	 avoid	 any	 influence	 on	
practitioner	decision-making.	
	
Consent	 procedures:	 As	 patients	 will	 be	 managed	 according	 to	 institutional	 patient	
management	protocols,	waiver	of	 informed	consent	 is	 requested.	Data	will	be	 recorded	on	a	
data	collection	sheet	and	transferred	to	a	secured	database	that	is	devoid	of	patient	identifiers.	
	
Primary	 outcomes:	 The	 primary	 outcome	 will	 be	 perioperative	 mortality	 and	 need	 for	
unplanned	 procedural	 intervention	 (intervention	 by	 a	 surgeon,	 radiologist,	 or	 interventional	
radiologist).	
	
Secondary	outcomes:	Secondary	outcomes	will	examine	indication	for	index	operation,	surgical	
site	 infections	 (superficial,	 deep-incisional,	 organ	 space),	 operative	 time,	 bowel	 obstruction,	
stoma	complications	(necrosis,	prolapse,	retraction),	 intensive	care	unit	and	hospital	 length	of	
stay,	 need	 for	 nutritional	 support	 or	 antimotility	 agents	 upon	 discharge,	 and	 discharge	
disposition.	
	
Data	 collection:	 Each	 institution	 will	 prospectively	 collect	 data	 points	 (demographics,	
management	 variables,	 outcomes)	 on	 a	 standardized	 form.	Patient	 follow-up	will	 be	 through	
discharge	from	the	hospital.	 Investigators	at	each	institution	will	enter	the	collected	data	into	
the	 Research	 Electronic	 Data	 Capture	 (REDCap)	 portal.	 REDCap	 is	 a	 data	 collection	 tool	 that	
relies	on	a	thorough	study-specific	data	dictionary	designed	by	the	PI	of	the	study.	REDCap	was	
developed	 specifically	 around	HIPAA-Security	 guidelines	 and	 is	 implemented	 and	maintained	
according	 to	 University	 of	 Maryland	 guidelines.	 Accordingly,	 REDCap	 servers	 are	 securely	
housed	 in	 an	 on-site	 limited	 access	 data	 center.	 All	 web-based	 information	 transmission	 is	



encrypted.	The	data	is	all	stored	on	a	private,	firewall-protected	network.	All	users	are	given	an	
individual	user	ID	and	password	and	their	access	is	restricted	on	a	role-specific	basis.	
	
Data	 analysis:	 Risk	 factors	 for	 anastomotic	 and	 stoma	 complications	 will	 be	 assessed	 using	
univariate	and	multivariable	analysis.	Continuous	variables	will	be	compared	using	Student’s	t-
test	 for	 normally	 distributed	 variables	 and	 Mann	 Whitney	 U-test	 for	 non-parametrically	
distributed	variables.	All	tests	will	be	two	tailed.	Time	to	events	will	be	reported	as	median	and	
interquartile	ranges	and	analyzed	using	Kaplan-Meier	survival	curves.	Chi-squared	and	Fisher’s	
exact	tests	will	be	used	to	compare	categorical	variables.	All	variables	with	a	P-value	<	0.2	on	
univariate	 analysis	will	 be	 entered	 into	 a	multivariable	 logistic	 regression	 analysis	 to	 identify	
independent	 risk	 factors	 for	anastomotic	 failure	and	development	of	 complications.	Data	will	
be	 reported	 as	 adjusted	 odds	 ratios	with	 95%	 confidence	 intervals.	 A	P-value	 <	 0.05	will	 be	
considered	 statistically	 significant.	 Overall	 morbidity	 will	 include	 both	 surgical	 and	 medical	
complications.	 The	overall	morbidity	will	 be	 reflective	of	 the	number	of	 patients	who	had	 at	
least	1	complication;	that	is,	patients	with	more	than	1	complication	will	only	be	counted	once.	
The	Principal	Investigator	at	the	University	of	Maryland	Medical	Center	will	procure	and	analyze	
the	data,	which	will	then	be	distributed	for	review	by	all	co-authors.	Statistical	analyses	will	be	
performed	in	conjunction	with	a	statistician	at	the	R	Adams	Cowley	Shock	Trauma	Center.	
	
Sample	size	&	power	estimates:	Given	the	lack	of	data	regarding	the	management	of	patients	
after	 colon	 resection,	 our	 sample	 size	 and	 power	 estimates	 are	 largely	 based	 on	 our	 clinical	
experience,	 the	previously	cited	AAST	trial3,	and	 literature	 from	trauma	and	elective	practice.	
We	have	performed	power	analyses	with	the	assumption	that	2-3	times	as	many	patients	will	
undergo	 fecal	 diversion	 as	 primary	 anastomosis	 with	 a	 difference	 in	mortality	 and	 need	 for	
unplanned	 procedural	 intervention	 of	 8-20%,	we	 anticipate	 needing	 up	 to	 100	 patients	with	
anastomosis	and	275	with	diversion	to	achieve	a	power	of	90%	and	an	alpha	value	of	0.05	with	
a	standard	deviation	in	each	group	of	20%.	
	
2:1	ratio	diversion	:	anastomosis	

Diversion	
(n)	

Anastomosis	
(n)	

Expected	
difference	

198	 99	 8%	
88	 44	 12%	
32	 16	 20%	

	

3:1	ratio	diversion	:	anastomosis	
Diversion	
(n)	

Anastomosis	
(n)	

Expected	
difference	

264	 88	 8%	
117	 39	 12%	
42	 14	 20%	

	
Potential	 limitations:	The	conclusions	that	can	be	drawn	from	this	study	will	be	limited	by	its	
design	as	a	prospective	study.	This	introduces	inherent	bias	in	choosing	operative	management.	
Additionally,	some	instances	of	AF	may	be	influenced	by	technical	failure,	which	will	impact	our	
results	and	is	difficult	to	measure	or	control	for.	
	
Risk/benefit	 analysis:	 This	 study	 involves	no	more	 than	minimal	 risk	 to	patients.	 There	 is	 no	
benefit	 for	 the	 subjects	 who	 have	 already	 undergone	 treatment.	 There	 is	 a	 potential	 future	
benefit	 if	 we	 can	 accurately	 define	 patients	 at	 “high	 risk”	 of	 complications	 from	 primary	



anastomosis	or	fecal	diversion.	If	patients	at	risk	for	complications	can	be	identified	in	advance,	
variations	 in	 surgical	 practice	 and	 close	 postoperative	 monitoring	 may	 reduce	 future	
morbidity/mortality.	 	



References:	
1.		 Brisinda	G,	Vanella	S,	Cadeddu	F,	et	al.	End-to-end	versus	end-to-side	stapled	

anastomoses	after	anterior	resection	for	rectal	cancer.	J	Surg	Oncol.	2009;99(1):75-79.	
doi:10.1002/jso.21182.	

2.		 Bruce	J,	Krukowski	ZH,	Al-Khairy	G,	Russell	EM,	Park	KGM.	Systematic	review	of	the	
definition	and	measurement	of	anastomotic	leak	after	gastrointestinal	surgery.	Br	J	Surg.	
2001;88(9):1157-1168.	doi:10.1046/j.0007-1323.2001.01829.x.	

3.		 Bruns	BR,	Morris	DS,	Zielinski	M,	et	al.	Stapled	versus	hand-sewn.	J	Trauma	Acute	Care	
Surg.	2017;82(3):435-443.	doi:10.1097/TA.0000000000001354.	

4.		 Choi	HK,	Law	WL,	Ho	JWC.	Leakage	after	resection	and	intraperitoneal	anastomosis	for	
colorectal	malignancy:	Analysis	of	risk	factors.	Dis	Colon	Rectum.	2006;49(11):1719-1725.	
doi:10.1007/s10350-006-0703-2.	

5.		 Giannakopoulos	GF,	Veenhof	AAFA,	van	der	Peet	DL,	Sietses	C,	Meijerink	WJHJ,	Cuesta	
MA.	Morbidity	and	complications	of	protective	loop	ileostomy.	Color	Dis.	2009;11(6):609-
612.	doi:10.1111/j.1463-1318.2008.01690.x.	

6.		 Park	JJ,	Pino	A	Del,	Orsay	CP,	et	al.	Stoma	Complications	The	Cook	County	Hospital	
Experience.	Dis	Colon	Rectum.	1999;42(12):1575-1580.	
https://link.springer.com/content/pdf/10.1007/BF02236210.pdf.	

7.		 Thalheimer	A,	Bueter	M,	Kortuem	M,	Thiede	A,	Meyer	D.	Morbidity	of	Temporary	Loop	
Ileostomy	in	Patients	With	Colorectal	Cancer.	Dis	Colon	Rectum.	2006;49:1011-1017.	
doi:10.1007/s10350-006-0541-2.	

8.		 Bruns	B,	Dubose	J,	Pasley	J,	et	al.	Loop	versus	end	colostomy	reversal-	Has	anything	
changed?	Eur	J	Trauma	Emerg	Surg.	2015;41:539-543.	doi:10.1007/s00068-014-0444-1.	

9.		 Messaris	E,	Sehgal	R,	Susan	D,	et	al.	Dehydration	is	the	most	common	indication	for	
readmission	after	diverting	ileostomy	creation.	Dis	Colon	Rectum2.	2012;55(2):175-180.	

10.		 Luglio	G,	Pendlimari	R,	Holubar	SD,	Cima	RR,	Nelson	H.	Loop	ileostomy	reversal	after	
colon	and	rectal	surgery-	A	single	institutional	5-year	experience	in	944	patients.	Arch	
Surg.	2011;146(10):1191-1196.	doi:10.1001/archsurg.2011.234.	

11.		 Welling	DR,	Duncan	JE.	Stomas	and	trauma.	Clin	Colon	Rectal	Surg.	2008;21(1):45-52.	
doi:10.1055/s-2008-1055321.	

12.		 Demetriades	D,	Murray	J	a,	Chan	L,	et	al.	Penetrating	colon	injuries	requiring	resection:	
diversion	or	primary	anastomosis?	An	AAST	prospective	multicenter	study.	J	Trauma.	
2001;50(5):765-775.	doi:10.1097/00005373-200105000-00001.	

13.		 Akiyoshi	T,	Ueno	M,	Fukunaga	Y,	et	al.	Incidence	of	and	risk	factors	for	anastomotic	
leakage	after	laparoscopic	anterior	resection	with	intracorporeal	rectal	transection	and	
double-stapling	technique	anastomosis	for	rectal	cancer.	Am	J	Surg.	2011;202(3):259-
264.	doi:10.1016/j.amjsurg.2010.11.014.	

14.		 Matthiessen	P,	Hallböök	O,	Andersson	M,	Rutegård	J,	Sjödahl	R.	Risk	factors	for	
anastomotic	leakage	after	anterior	resection	of	the	rectum.	Color	Dis.	2004;6(6):462-469.	
doi:10.1111/j.1463-1318.2004.00657.x.	

15.		 Vignali	A,	Fazio	VW,	Lavery	IC,	et	al.	Factors	associated	with	the	occurrence	of	leaks	in	
stapled	rectal	anastomoses:	A	revie	of	1014	patients.	J	Am	Coll	Surg.	1997;185(2):105-
113.	doi:10.1016/S1072-7515(97)00018-5.	

16.		 Chassin	JL,	Rifkind	KM,	Sussman	B,	et	al.	The	Stapled	Gastrointestinal	Tract	Anastomosis:	



Incidence	of	Postoperative	Complications	Compared	with	the	Sutured	Anastomosis.	Ann	
Surg.	1978;188(5):689-696.	
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1396764/%5Cnpapers3://publication/uu
id/BEBF6A96-2116-407A-9407-5585F6A4EB51.	

17.		 Kingham	TP,	Pachter	HL.	Colonic	Anastomotic	Leak:	Risk	Factors,	Diagnosis,	and	
Treatment.	J	Am	Coll	Surg.	2009;208(2):269-278.	doi:10.1016/j.jamcollsurg.2008.10.015.	

18.		 Shafi	S,	Aboutanos	M,	Brown	CV-R,	et	al.	Measuring	anatomic	severity	of	disease	in	
emergency	general	surgery.	J	Trauma	Acute	Care	Surg.	2014;76(3):884-887.	
doi:10.1097/TA.0b013e3182aafdba.	

	


