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Abstract

Background
Postoperative	ileus	characterized	by	delayed	gastrointestinal	
(GI)	 transit	 and	 is	 a	major	determinant	of	 recovery	 after	
colorectal	surgery.	Both	laparoscopic	surgery	and	fast	track	
multimodal	perioperative	 care	have	been	 reported	 to	 im-
prove	clinical	recovery,	i.e.	earlier	occurrence	of	flatus	and	
defecation	and	tolerance	of	food.	However,	objective	mea-
sures	supporting	faster	GI	recovery	are	lacking.	The	aim	of	
this	 study	 was	 to	 objectively	 assess,	 using	 a	 scintigraphic	
technique,	 which	 perioperative	 strategy,	 laparoscopic	 or	
open	 surgery	 combined	 with	 fast	 track	 or	 standard	 care,	
leads	to	a	faster	recovery	of	the	gut	after	colonic	surgery.	
Methods
Patients	requiring	elective	colonic	surgery	were	enrolled	in	
the	Academic	Medical	Center	as	part	of	the	LAFA	(LApa-
roscopy	in	combination	with	FAst	track	multimodal	man-
agement	 is	 the	best	perioperative	 strategy	 in	patients	un-
dergoing	colonic	surgery)	multicenter	trial.	Colonic	transit	
and	gastric	 emptying	were	 scintigraphically	assessed	 from	
day	1	to	3.	Colonic	transit	at	day	2	and	3	was	represented	
as	 geometrical	 center	 (GC)	 of	 activity	 (segment	 0=small	
intestine,	1=proximal	colon,	2=distal	colon,	3=toilet).	Sec-
ondary	endpoints	were	time	to	toleration	of	solid	food	and/
or	bowel	movement,	and	time	until	(ready	for)	discharge.	
Results
In	total	93	patients	participated.	The	median	colonic	tran-
sit	at	day	3	of	patients	undergoing	laparoscopic/fast	track	
care	(GC:	2.6	(2.0-2.9))	was	significantly	faster,	compared	
to	 laparoscopic/standard	 (GC:	 2.2	 (1.6-2.5),	 P=0.044),	
open/fast	 track	 (GC:	2.0	 (1.6-2.4),	P=0.010),	 and	open/
standard	group	(GC:	1.3	(1.0-1.5,	P<0.001).	Multivariate	
regression	analysis	 showed	 that	both	 laparoscopic	 surgery	
and	fast	track	care	were	significant	independent	predictive	
factors	of	improved	colonic	transit,	resulted	in	significantly	
shorter	time	until	toleration	of	solid	food	and	bowel	move-
ment	and	faster	clinical	recovery.
Conclusions
These	data	demonstrate	that	colonic	transit	recovers	fastest	
after	laparoscopic	surgery	embedded	in	the	fast	track	pro-
gram,	providing	objective	data	that	this	combination	leads	
to	faster	recovery	of	GI	motility	and	concomitant	enhanced	
clinical	recovery.
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Introduction
Each	patient	undergoing	an	abdominal	surgical	procedure	will	develop	a	transient	episode	of	
impaired	gastrointestinal	(GI)	motility	or	postoperative	ileus	(POI).	Importantly,	POI	is	the	
single	most	important	determinant	of	hospital	stay	after	abdominal	surgery	and	consequently	
significantly	contributes	to	postoperative	morbidity	and	hospitalization	costs.1;2	Laparoscopic	
surgery	and	the	implementation	of	an	enhanced	recovery	after	surgery	(ERAS)	program,	also	
referred	to	as	‘fast-track’	(FT)	perioperative	care	are	the	two	most	important	recent	advances	
in	modern	surgical	care.	Both	have	been	reported	to	be	safe	and	effective	and	to	result	in	a	
shorter	hospital	stay	with	earlier	recovery	of	GI	function3-6	and	less	morbidity	compared	to	
open	colorectal	surgery	and	standard	care.7-10	

	 FT	programs	in	colonic	surgery	were	introduced	to	reduce	surgical	stress	response,	organ	
dysfunction	and	morbidity,	thereby	promoting	a	faster	recovery	after	surgery.11;12	This	mul-
timodal	perioperative	care	strategy	constitutes	a	multidisciplinary	approach	involving	dieti-
cians,	nurses,	surgeons	and	anaesthesiologists.	It	mostly	focuses	on	fluid	restriction,	optimized	
analgesia,	early	oral	nutrition	and	early	mobilization.6;13;14	Similarly,	faster	postoperative	clini-
cal	recovery	has	been	reported	following	laparoscopic	procedures	most	likely	due	to	decreased	
tissue	 trauma	 compared	 to	open	procedures.15	 It	 should	be	 emphasized	 though	 that	most	
studies	assessing	POI	have	used	rough	clinical	parameters	such	as	return	of	bowel	sounds	and	
time	to	first	flatus	or	defecation	as	primary	outcomes.	These	parameters	are	not	only	difficult	
to	assess	accurately,	but	it	is	also	questionable	to	what	extent	they	reflect	restoration	of	GI	mo-
tility.	For	example,	the	occurrence	of	first	flatus	may	rather	reflect	emptying	of	rectal	gas	rath-
er	than	recovery	of	colonic	transit.	To	date,	only	two	clinical	studies	comparing	laparoscopic	
and	open	colectomies	objectively	measured	postoperative	GI	motility	and	at	best	showed	only	
a	modest	increase	in	the	recovery	of	GI	motility.16;17	With	regard	to	the	comparison	between	
the	current	standard	approach	and	the	FT	care	concept,	there	are	no	clinical	controlled	tri-
als	 providing	 objective	 measures	 on	 postoperative	 bowel	 recovery.	 Therefore,	 the	 question	
whether	laparoscopic	surgery	and/or	FT	care	lead	to	a	faster	recovery	of	GI	motility	measured	
by	postoperative	GI	transit	remains	unanswered.10;18	Hence,	our	aim	was	to	objectively	assess	
using	 a	 scintigraphic	 technique	which	perioperative	 strategy,	 laparoscopic	or	open	 surgery	
combined	with	FT	or	standard	care,	leads	to	a	faster	recovery	of	the	gut	after	colonic	surgery.	
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Methods
Patients	enrolled	in	the	Academic	Medical	Center	Amsterdam	as	part	of	the	LAFA	(LApa-
roscopy	in	combination	with	FAst	track	multimodal	management	is	the	best	perioperative	
strategy	in	patients	undergoing	colonic	surgery)	multicenter	trial	were	eligible	for	this	study.19	
Patients	between	40	and	80	years	of	age,	with	an	American	Society	of	Anesthesiologists	Physi-
cal	Health	status	(ASA-PS)	status	<	IV,	were	invited	to	participate	if	they	were	to	undergo	
elective	segmental	colectomy	for	histologically	confirmed	adenocarcinoma	or	adenoma	with-
out	evidence	of	metastatic	disease.	Exclusion	criteria	were	prior	midline	laparotomy,	unavail-
ability	of	a	laparoscopic	surgeon,	emergency	surgery,	or	a	planned	stoma.	
	 The	study	was	registered	under	NTR1884	and	was	conducted	in	accordance	with	the	prin-
ciples	of	the	Declaration	of	Helsinki	and	according	to	the	CONSORT	statement.	The	pro-
tocol	was	approved	by	the	independent	medical	ethics	review	board	of	the	Academic	Medical	
Center	Amsterdam,	the	Netherlands.
Study design
A	2	x	2	balanced	factorial	block	design	was	used	to	randomize	patients	to	laparoscopic	or	open	
colectomy,	and	to	the	FT	program	or	standard	care.	This	resulted	in	four	treatment	groups:	
(I)	laparoscopic	colectomy	with	FT	care	(Lap/FT),	(II)	laparoscopic	colectomy	with	standard	
care	(Lap/Standard),	(III)	open	colectomy	with	FT	care	(Open/FT),	and	(IV)	open	colectomy	
with	 standard	 care	 (Open/Standard).	All	 procedures	were	performed	by	one	of	 three	 staff	
surgeons	with	a	fellow	and/or	a	resident.	Patients	and	nursing	staff	were	routinely	informed	
about	the	perioperative	care	program,	i.e.	FT	care	or	standard	care,	but	were	blinded	to	the	
type	of	surgical	intervention,	i.e.	laparoscopic	or	open	surgery	by	covering	the	abdomen	with	
a	large	dressing.
	 In	order	to	avoid	cross-over	treatment	of	FT	and	standard	care	by	the	nursing	staff,	pa-
tients	were	admitted	either	to	a	ward	providing	FT	care	or	a	ward	providing	standard	care,	
depending	on	randomization.	Nursing	and	medical	staff	working	on	the	FT	care	ward	were	
already	familiar	with	FT	care	prior	to	this	study.	The	principles	of	the	standard	care	and	FT	
multimodal	management	are	described	in	detail	elsewhere.19	

	 Twenty-four	hours	after	surgery,	patients	underwent	a	solid	gastric	emptying	test	(99mTc	
labelled	pancake,	115	Kcal)	directly	followed	by	the	ingestion	of	60	ml	of	 indium-111	la-
belled	water	to	assess	colonic	transit	on	postoperative	day	2	and	3	(see	section	Gastrointesti-
nal	transit	studies	for	details).	During	hospital	admission,	patients	were	visited	at	least	once	
daily	by	a	trial	nurse	and/or	a	research	physician	for	clinical	evaluation	(i.e.,	diet,	first	bowel	
movement,	nausea	and	vomiting).	Clinical	symptoms	of	upper	and	lower	GI	motility	were	
evaluated	via	self-designed	questionnaires.	Patients	were	assisted	to	fill	in	this	self-assessment	
sheet	daily	at	the	time	of	the	scintigraphical	scan	until	discharge.	Until	discharge,	nursing	staff	
reported	daily	on	the	patient’s	progress,	i.e.	intake,	passage	of	stool,	and	predefined	discharge	
criteria	were	checked.
Outcomes 
The	primary	outcome	of	efficacy	was	postoperative	GI	transit	on	postoperative	day	1	to	3.	GI	
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transit	endpoints	were:	(I)	colonic	transit	on	day	3,	depicted	as	geometrical	center	of	intra-
colonic	mass	48	hours	postprandially	of	111In-DTPA	labeled	water;	(II)	gastric	retention	at	
24	hours	after	surgery,	formulated	as	the	percentage	of	99mTc	labelled	pancake	present	in	the	
stomach	two	hours	after	ingestion.
	 The	secondary	endpoints	of	this	study	were:	(I)	time	until	first	bowel	movement	in	hours	
after	 surgery;	 (II)	 time	 until	 first	 tolerance	 of	 solid	 food	 in	 hours	 after	 surgery;	 (III)	 the	
composite	outcome	of	time	to	tolerate	solid	food	and	bowel	movement;	(IV)	postoperative	
hospital	stay,	 i.e.	days	until	discharge;	(V)	time	until	ready	for	hospital	discharge	 in	hours	
after	 surgery.	 Patients	 were	 daily	 questioned	 about	 the	 occurrence	 and	 severity	 of	 nausea,	
vomiting,	and	abdominal	bloating.		All	patients	were	discharged	if	they	complied	with	the	fol-
lowing	predefined	discharge	criteria:	(1)	adequate	pain	control	with	paracetamol	and/or	non-
steroidal	anti-inflammatory	drugs	(2)	ability	to	tolerate	solid	food	(3)	absence	of	nausea	(4)	
passage	of	first	flatus	and/or	first	stool	(5)	mobilization	as	preoperative,	and	(6)	acceptance	of	
discharge	by	the	patient.	Time	until	ready	for	discharge	was	defined	as	the	time	when	patients	
were	able	to	tolerate	solid	food	without	reversal	to	enteral	fluids,	were	without	complications,	
and	pain	was	adequately	controlled	with	oral	analgetics.
Gastrointestinal transit studies
On	postoperative	day	1,	patients	underwent	a	solid	gastric	emptying	test.	Two	hours	after	
ingestion	of	a	99mTc	labelled	pancake	(115	Kcal),	a	5-min	acquisition	was	performed	in	a	128	
matrix	with	the	patient	in	a	supine	position	using	a	single	head	gamma	camera	(Siemens	Or-
biter,	or	Diacam,	Siemens,	Hoff	man	Estates,	IL)	fitted	with	a	medium	energy	collimator.	The	
relative	gastric	content	of	the	pancake	2	hours	after	ingestion	was	calculated	as	previously	de-
scribed.20	Briefly,	to	depict	the	percentage	of	activity	present	in	the	stomach	compared	with	
the	total	activity	in	the	abdominal	region	of	interest,	the	counts	in	the	stomach	were	divided	
by	the	counts	in	the	complete	abdominal	region,	corrected	for	background.
	 Directly	after	completion	of	the	gastric	emptying	test	patients	were	asked	to	drink	60	ml	
of	tap	water	labeled	with	4	MBq	111In-DTPA	(DiethyleneTriaminePentaAcetate,	Covidien,	
Petten,	The	Netherlands).	A	cobalt	marker	was	placed	on	the	iliac	crest	for	anatomical	refer-
ence	and	a	baseline	scan	was	performed	to	determine	total	amount	of	indium	activity	present	
in	the	abdomen	5	minutes	after	ingestion.	To	determine	colonic	transit,	two	5-min	acquisi-
tions	were	performed	24	and	48	h	after	ingestion	of	the	radiolabelled	water	using	the	same	
single	head	gamma	camera.	
	 To	enable	calculation	of	colonic	transit,	the	gut	was	subdivided	into	three	segments	(i.e.,	0	
=	small	intestine;	1	=	proximal	colon;		2	=	distal	colon;	3	=	stool).	The	center	of	mass	model21	
was	applied	expressing	colonic	transit	at	24	and	48	hours	postprandial	as	geometrical	center	
(GC)	of	activity.	The	primary	variable	of	interest	in	overall	colonic	transit	was	the	GC	at	48	
hours.	The	GC	is	the	weighted	average	of	counts	in	the	different	colonic	regions:	proximal	
colon,	distal	colon	and	stool.	Quantification	of	the	counts	in	each	region	was	performed	using	
a	Hermes	Gold	software	program	(Hermes	Medical	Solutions,	Stockholm,	Sweden).	At	any	
time,	the	portion	of	colonic	counts	in	each	colonic	region	(corrected	for	background	activ-
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ity	and	isotope	decay)	was	multiplied	by	the	corresponding	weighting	factors	as	follows:	GC	
=(%	proximal	colon	x	1	+	%	distal	colon	x	2	+	%	stool	x	3)/100.	Thus,	a	high	GC	implies	
faster	colonic	transit.	A	GC	of	0	implies	that	none	of	the	isotope	has	reached	the	colon,	and	a	
GC	of	3	implies	that	all	isotope	is	in	the	stool.	The	amount	of	111In-DTPA	tracer	defecated	
before	day	4	was	computed	by	subtraction	of	decay	corrected	abdominal	counts	on	day	3	
from	 total	 abdominal	 counts	on	day	1.	 Interpretation	 and	 calculation	of	 gastric	 retention	
and	colonic	transit	was	performed	blinded	by	two	researchers	independent	from	each	other	
(research	physician	S.v.B.	&	staff	physician	of	the	Nuclear	Medicine	Department	R.J.B.)	on	
a	Hermes	workstation.
Sample size calculation and statistical analysis
Since	resumption	of	colonic	motility	occurs	on	postoperative	days	3	through	5	and	typically	
is	the	rate-limiting	factor	for	the	resolution	of	ileus	(reviewed	in22),	the	colonic	transit	on	day	
3	was	used	as	 the	primary	efficacy	parameter.	Sample	 size	calculation	was	based	on	earlier	
studies	on	GI	transit	after	abdominal	surgery16,20	and	indicated	that	18	patients	per	group	
were	required	to	identify	a	>15%	significant	(P<0.05)	difference	in	colonic	transit	on	day	3	
between	the	different	treatment	modalities,	providing	80%	power.	
	 Per	protocol	analysis	was	applied	on	all	data	as	this	study	was	designed	and	powered	to	
detect	 a	 difference	 in	 postoperative	 GI	 transit	 between	 patients	 who	 actually	 received	 the	
treatment	of	interest	and	had	no	major	surgical	complications	of	the	intestinal	tract.	
	 Data	were	presented	as	means	±	standard	deviations	or	as	medians	and	interquartile	ranges	
according	 to	 data	 type.	 For	 dichotomous	 outcomes,	 treatment	 groups	 were	 compared	 by	
means	of	the	Chi-square	test	or	Fisher’s	Exact	test.	The	Kruskal-Wallis	test	and	Mann-Whit-
ney	U	tests	were	used	for	continuous,	not	normally	distributed	outcomes.	For	continuous	
normally	distributed	data,	 the	ANOVA	test	was	used.	Multiple	 linear	 regression	was	used	
to	analyze	the	effect	of	 laparoscopy,	FT	care	and	the	combination	of	both	on	the	primary	
and	secondary	endpoints.	As	the	measurements	of	gastric	emptying	and	clinical	parameters	
(except	time	until	defecation)	were	skewed,	linear	regression	analysis	of	these	endpoints	was	
carried	out	after	logarithmic	transformation	of	the	dependent	variable.	Statistical	analysis	was	
performed	using	SPSS	for	Windows	version	17	(SPSS	Inc.	Chicago,	III.,	USA).	A	two-sided	
P-value	<	0.05	was	considered	to	be	statistically	significant.

Results 
Patients 
Between	October	2005	and	August	2009	a	total	of	93	patients	were	randomly	assigned	to	one	
of	the	four	treatment	groups.	Fifteen	patients	(n=1	Lap/FT;	n=3	Lap/Standard;	n=6	Open/
FT;	n=5	Open/Standard)	were	withdrawn	for	various	reasons:		two	had	resection	of	the	small	
intestine,	one	a	delirium,	one	abdominal	dehiscence,	four	had	metastasis	at	time	of	admission,	
five	had	a	protocol	violation	and	two	withdrew	informed	consent.	GI	transit	was	assessed	in	
78	patients.	Seven	of	these	developed	a	paralytic	POI	requiring	surgical	intervention	within	
the	first	five	days:	three	Lap/	FT	patients	(two	internal	herniation	&	one	adhesion);	one	Lap/
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Standard	 patient	 (anastomotic	 leakage);	 one	 Open/FT	 patient	 (anastomotic	 leakage);	 two	
Open/Standard	patients	(intraperitoneal	bleeding	&	adhesion).	Therefore,	data	from	71	pa-
tients	without	major	surgical	complications	were	available	for	per	protocol	analysis.
	 In	one	patient	laparoscopy	had	to	be	converted	to	open	colectomy	because	of	the	extent	
of	tumour	invasion.	Baseline	characteristics	and	surgical	aspects	did	not	differ	significantly	
between	the	four	treatment	groups,	except	duration	of	surgery	(P<0.001,	Table	1).

Gastrointestinal transit
Colonic transit
The	median	calculated	GC	of	activity	at	day	2	are	shown	in	Figure	1a.	Colonic	transit	at	day	
2	was	significantly	faster	in	the	Lap/FT	patients	(2.2	(1.8-2.6))	compared	to	the	Lap/Standard	
(1.3	 (1.2-2.0),	P=0.005),	Open/FT	(1.5	 (1.2-1.9),	P=0.002),	and	Open/Standard	patients	
(1.1	(1.0-1.4),	P<0.001).	These	data	indicate	that	most	of	the	radiolabelled	material	was	still	
located	in	the	proximal	part	of	the	colon	at	day	2	in	the	latter	three	groups,	while	in	the	Lap/
FT	group	it	had	already	moved	to	the	distal	part	of	the	colon.	

 

Table 1 Baseline characteristics and surgical aspects of the included patients per group 

 Laparoscopy 

& 

Fast Track 

(n = 18) 

Laparoscopy 

& 

Standard care 

(n = 17) 

Open 

& 

Fast Track 

(n = 18) 

Open 

& 

Standard care 

(n = 18) 

P 

Age – yr* 65±9.4 66±10.2 64±10.1 66±6.9 0.920
≠
 

Male sex – % 50 53 61 61 0.872
∂
 

BMI – kg/m
2
* 26.5±4.4 24.0±3.9 24.6±3.5 25.0 ±3.6 0.246

≠
 

ASA – % 

- Grade I or II 

89 88 89 89  

0.436
∂
 

Co-morbidity – % 72 53 56 50 0.331
∂
 

Type of colectomy – % 

- Right-sided 

- Left-sided 

- Sigmoid  

 

28 

6 

67 

 

55 

14 

32 

 

28 

17 

56 

 

39 

22 

39 

 

0.345
∂
 

Duration of surgery 

  Median [IQR] 

 

191 

176 -205 

 

179 

157 - 202 

 

146 

122 -180 

 

139 

122 -165 

 

<0.001
±
 

*Values are mean ± standard deviation / BMI = Body Mass Index / ASA = American Society of Anesthesiologists / IQR = 

inter-quartile range / 
≠
ANOVA test / 

∂
Chi-square test / 

±
Kruskal-Wallis test  

Chapter	8

131



On	postoperative	day	3,	most	of	the	Indium	was	still	present	in	the	proximal	colon	in	the	
Open/Standard	group,	but	had	moved	into	the	distal	colon	in	the	other	three	groups.	The	
median	GC	for	patients	in	the	Lap/FT	(2.6	(2.0-2.9))	was	significantly	higher,	compared	to	
the	Lap/Standard	(2.2	(1.6-2.5),	P=0.044),	Open/FT	(2.0	(1.6-2.4),	P=0.010),	and	those	in	
the	Open/Standard	group	(1.3	(1.0-1.5),	P<0.001).	

	 Colonic	 transit	on	day	3	was	 significantly	 influenced	by	both	 laparoscopy	(B=0.64;	CI:	
0.36-0.92,	P<0.001;	i.e.	laparoscopic	surgery	would	lead	to	an	increase	in	the	GC	of	0.64)	
and	FT	care	(B=0.53;	CI:	0.24-0.81,	P<0.001;	i.e.	leading	to	an	increase	in	the	GC	of	0.53	
compared	 to	patients	 receiving	 standard	 care).	The	 combination	of	 both	did	not	 add	 any	
benefit.		
	 Colonic	transit	is	considered	to	mainly	determine	clinical	recovery.22.	The	latter	(i.e.	time	
until	ready	for	discharge)	correlated	significantly	with	colonic	GC	on	day	3	(r=	-0.56,	P<0.001;	
Spearman’s	rank	correlation).	As	depicted	in	Figure	1b,	the	median	percentage	of	111In-DTPA	
tracer	defecated	48	hours	after	intake	was	70%	(36-49)	in	the	Lap/FT	treated	group	com-

Figure 1 Postoperative gastrointestinal transit 

Scintigraphical evaluation of gastrointestinal transit of an In-111 labelled non-caloric 

liquid test-meal and gastric emptying of a 
99m

Tc labelled pancake 24 hrs after surgery.  

Lines represent inter-quartile-ranges in corresponding treatment groups. Mann-

Whitney U test. *P <0.05, **P<0.001 

 

Figure 1A Gastric retention determined 2 hr postprandial, depicted as median percentage in stomach 

compared to total abdominal region corrected for background 
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Figure 1B Colonic transit, depicted as median geometrical center of colonic contents on day 2 and day 

3 
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pared	to	37%	(0-58),	26%	(0-57)	and	0%	(0-0)		in	the	Lap/Standard,	Open/FT	and	Open/
Standard	treated	groups	respectively,	showing	a	significant	difference	of	the	Lap/FT	treated	
patients	with	the	Open/FT	group	(P=0.043)	and	the	Open/Standard	group	(P=0.001).	

Figure 1C Amount of 
111

In-DTPA tracer defecated before day 4, depicted as median percentage of In-

111 defecated on day 3  
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Figure 1 Postoperative gastrointestinal transit 

Scintigraphical evaluation of gastrointestinal transit of an In-111 labelled non-caloric 

liquid test-meal and gastric emptying of a 
99m

Tc labelled pancake 24 hrs after surgery.  

Lines represent inter-quartile-ranges in corresponding treatment groups. Mann-

Whitney U test. *P <0.05, **P<0.001 

 

Figure 1A Gastric retention determined 2 hr postprandial, depicted as median percentage in stomach 

compared to total abdominal region corrected for background 
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Gastric retention day 1
The	residual	gastric	content	two	hours	after	ingestion	of	the	pancake	varied	from	almost	com-
plete	emptying	to	gastric	stasis	with	more	than	99%	of	the	radiolabelled	pancake	still	present	
in	the	stomach.	The	median	gastric	retention	did	not	differ	between	groups	(P=0.61)	(Figure	
1c).	Gastric	retention	was	70%	(IQR:	36-94),	81%	(34-95),	58%	(26-71),	58%	(31-	100)	
in	patients	treated	with	Lap/FT,	Lap/Standard,	Open/FT	and	Open/Standard	respectively.	
Clinical evaluation
Symptoms of upper and lower GI motility and time until (ready for) discharge
Visual-analogue	scores	for	nausea	and	bloating	were	comparable	in	the	four	groups	at	day	1	
(P=0.735	and	P=0.359,	respectively).	Median	time	until	first	defecation	and	tolerance	of	solid	
food,	length	of	hospital	stay,	and	ready	for	discharge	were	significantly	shorter	for	patients	
who	underwent	Lap/FT	treatment	compared	to	the	other	groups	(Figure	2).	In	a	second	anal-
ysis	patients	with	a	major	surgical	complication	(n=7)	were	included	and	similar	differences	
between	 groups	 were	 found.	 Linear	 regression	 analysis	 showed	 that	 laparoscopic	 resection	
and	FT	care	both	independently	resulted	in	a	significantly	shorter	time	until	first	defecation,	
tolerance	of	solid	food,	first	defecation	&	tolerance	of	solid	food,	length	of	stay	and	time	until	
ready	for	discharge.	
	 There	was	no	significant	difference	between	the	groups	in	readmission	rate	(P=0.850)	and	
overall	morbidity	(P=0.217)	until	30	days	after	surgery.	
	 Overall	compliance	of	surgical,	anesthesiological	and	nursing	care	personnel	with	the	mul-
timodal	perioperative	rehabilitation	pathway	was	very	good.	Intra-operative	fluid	loading	was	
similar	 (P=0.092)	 and	 restricted	 in	 all	 four	 treatment	groups	with	a	median	of	2.0	 (IQR:	
1.3-3.0)	liter.	

Figure 2 Clinical (secondary) endpoints 

Lines represent inter-quartile-ranges in corresponding treatment groups. Per protocol 

analysis. Mann-Whitney U test. *P<0.05, **P<0.001  

 

Figure 2a Hrs until first defecation 
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Figure 2b Hrs until first tolerance solid food 

 
Figure 2c Hrs until first defecation & tolerance solid food 

 Figure 2d Days until discharge 
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Discussion
The	results	of	this	study	provide	objective	data	indicating	that	laparoscopic	surgery	and	FT	
care	improve	recovery	of	GI	transit	associated	with	faster	clinical	recovery	compared	to	open	
colectomy	and	standard	care.	In	a	multivariate	analysis,	 the	present	study	shows	that	both	
are	significant	predictors	of	improved	colonic	transit,	and	reduced	time	to	tolerance	of	solid	
food	and	bowel	movement.	These	data	suggest	that	laparoscopic	resection	embedded	in	a	FT	
program	leads	to	the	most	optimal	recovery	of	GI	transit.	
	 In	our	study	clinical	hallmarks	were	not	the	primary	outcome	measures	for	POI	as	these	
are	non-specific.	Parameters	 such	as	nausea,	vomiting	and	 tolerance	of	 solid	 food	strongly	
depend	on	patient	reporting,	whereas	first	passage	of	stool	or	flatus	may	simply	reflect	rectal	
emptying	and	therefore	not	necessarily	inform	on	recovery	of	effective	GI	contractile	activity.	
For	this	reason	nuclear	scintigraphy	was	used	to	assess	postoperative	GI	motility	in	a	detailed	
and	objective	manner.	
	 In	the	present	study	gastric	retention	on	day	1	did	not	differ	significantly	between	groups.	
A	possible	explanation	for	the	discrepancy	between	gastric	emptying	and	the	time	until	ready	
for	discharge	could	be	a	difference	in	the	dosage	of	opioids	or	anti-emetics	between	the	groups	
before	day	1.	However,	there	was	no	difference	in	analgesia	or	dosage	of	anti-emetics	in	this	
period.	Therefore,	it	is	more	likely	that	the	time	frame	in	which	the	beneficial	effect	of	laparos-
copy	and	FT	care	on	GI	motility	can	be	detected	starts	after	day	1.	This	indicates	that	gastric	
emptying,	in	contrast	to	colonic	transit,	is	not	a	good	parameter	to	predict	clinical	recovery.
	 The	study	of	Basse	et	al,	is	the	only	study	that	evaluated	recovery	of	GI	transit	after	open	
and	 laparoscopic	 colectomy.16	 They	 used	 scintigraphy	 in	 patients	 who	 underwent	 elective	

Figure 2e Days until ready for discharge 
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laparoscopic	or	open	colonic	resection	within	a	FT	program,	but	did	not	address	the	question	
what	the	individual	contribution	of	laparoscopic	surgery	and/or	FT	was	on	GI	transit.	Their	
results	demonstrated	no	 significant	difference	 in	 the	 amount	of	 111In-tracer	defecated,	but	
showed	a	significantly	higher	colonic	transit	48	hours	after	surgery	in	the	laparoscopic	group.	
Based	on	these	results	Basse	et	al.	concluded	that	there	was	no	significant	difference	between	
an	open	and	laparoscopic	approach.	However	it	is	likely	that	the	sample	size	was	too	small	to	
find	a	difference	in	amount	of	111In-tracer	defecated	within	the	first	48	hours	after	surgery.	
As	 the	amount	of	 111In-tracer	defecated	 is	not	only	dependent	on	colonic	 transit,	but	also	
whether	or	not	rectal	emptying	of	rectal	111In-tracer	has	occurred	and	therefore	may	be	less	
precise	in	reflecting	recovery	of	GI	transit.	Secondly,	determining	the	amount	of	111In-tracer	
defecated	within	only	the	first	48	hours	postoperatively	might	be	too	short	since	colonic	mo-
tility	is	impaired	between	48-72	hours	after	surgery.22	We	found	a	significantly	higher	colonic	
transit	and	amount	of	111In-tracer	defecated	before	day	4	after	laparoscopic	surgery	compared	
to	open	colonic	resection	with	FT	rehabilitation.	In	addition,	our	finding	that	there	was	a	
clear	difference	in	the	amount	of	111In-tracer	defecated	between	patients	in	the	FT	care	and	
standard	care	groups	confirms	the	beneficial	effect	of	FT	care	on	GI	transit.	These	scintigraph-
ical	data	were	consistent	with	the	results	on	the	clinical	outcome	measures	and	of	previous	
randomized	clinical	trials,	confirming	in	an	objective	manner	that	laparoscopic	surgery	and	
FT	care	fasten	postoperative	bowel	motility.
	 The	pathophysiological	mechanisms	involved	in	POI	are	still	not	completely	understood,	
but	recent	studies	have	shown	the	importance	of	inflammation	of	the	intestinal	muscularis	
resulting	from	surgical	handling.23;24	The	faster	clinical	recovery	observed	after	laparoscopic	
surgery	 compared	 with	 open	 surgery	 could	 be	 explained	 by	 decreased	 tissue	 trauma	 with	
concomitant	decreased	mast	cell	activation	leading	to	attenuated	intestinal	inflammation	and	
thus	a	quicker	GI	recovery.15;24	The	beneficial	effect	of	the	FT	program	may	not	only	be	ex-
plained	by	the	set	of	FT	elements	actually	applied	but	also	by	the	discriminating	aspect	of	the	
FT	program	that	the	perioperative	care	is	protocolized.	For	example,	the	protocol	precluded	
the	discussion	of	if	and	when	the	patient	could	mobilize	after	surgery,	or	the	time	of	removal	
of	the	epidural.	Thus,	the	fact	that	the	rehabilitation	process	is	always	implemented	in	the	
same	way	can	be	an	important	explanation	for	the	success	of	the	FT	program.	Further	study	
is	required	to	distinguish	which	of	the	FT	elements	have	the	greatest	impact	upon	POI.	
	 Limitations	 of	 this	 study	 were	 the	 omission	 of	 baseline	 GI	 transit	 measurements.	 This	
design	would	have	allowed	comparison	before	and	after	surgery	in	each	individual	patient,	
possibly	reducing	the	variability	and	increasing	the	power	of	the	study.	However	such	a	design	
was	not	possible	as	this	would	place	too	high	a	burden	on	patients	and	logistics.	Second,	with	
regard	to	the	(secondary)	clinical	endpoints	total	blinding	for	the	type	of	surgery	was	difficult	
to	achieve	by	an	opaque	abdominal	dressing	as	the	majority	of	the	patients	could	not	resist	
looking	under	the	abdominal	dressing.	Wound	inspection	was	not	a	limiting	factor	as	this	was	
not	carried	out	until	the	day	of	discharge,	but	obviously	only	in	those	patients	without	wound	
complaints	or	complications.		
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In	conclusion,	these	data	demonstrate	that	colonic	transit	recovers	fastest	after	laparoscopic	
surgery	embedded	in	the	fast	track	program,	providing	objective	data	that	this	combination	
leads	to	faster	recovery	of	GI	motility	and	concomitant	enhanced	clinical	recovery.

Acknowledgment
The	authors	 thank	F.J.	Slors	†,	M.	van	Berge	Henegouwen,	D.J.	Gouma,	 and	GI	 surgery	
fellows,	and	the	nursing	staff	for	their	support	and	enthusiasm	in	realizing	this	study	in	the	
department	of	Surgery.	The	department	of	anesthesiology	for	guarding	a	standardized	peri-
operative	care	and	postoperative	analgesia	protocol.	We	thank	B.	Braak,	J.	Wind,	A.	lei,	K.	
Bolhuis,	O.	Ayubi,	S.	El	Temna	for	the	assistance,	and	N.	van	Geloven	for	the	advice	during	
the	statistical	analysis.	We	acknowledge	J.W.	de	Jong,	M.	Spaeth	and	the	Nuclear	Medicine	
technicians	and	staff	for	the	preparation	of	the	scintigraphically	labelled	test	meals.	Further	
we	are	grateful	for	the	governmental	subvention	(NWO	VICI).

Chapter	8

138



References
1)	 Augestad	KM,	Delaney	CP.	Postoperative	ileus:	impact	of	pharmacological	treatment,	laparoscopic	surgery	
and	enhanced	recovery	pathways.	World	J	Gastroenterol	2010;	16(17):2067-2074.
2)	 Cali	RL,	Meade	PG,	Swanson	MS,	Freeman	C.	Effect	of	Morphine	and	incision	length	on	bowel	function	
after	colectomy.	Dis	Colon	Rectum	2000;	43(2):163-168.
3)	 Delaney	CP,	Marcello	PW,	Sonoda	T,	Wise	P,	Bauer	J,	Techner	L.	Gastrointestinal	recovery	after	laparoscopic	
colectomy:	results	of	a	prospective,	observational,	multicenter	study.	Surg	Endosc	2010;	24(3):653-661.
4)	 Story	SK,	Chamberlain	RS.	A	comprehensive	review	of	evidence-based	strategies	to	prevent	and	treat	postop-
erative	ileus.	Dig	Surg	2009;	26(4):265-275.
5)	 Veldkamp	R,	Kuhry	E,	Hop	WC,	Jeekel	J,	Kazemier	G,	Bonjer	HJ	et	al.	Laparoscopic	surgery	versus	open	
surgery	for	colon	cancer:	short-term	outcomes	of	a	randomised	trial.	Lancet	Oncol	2005;	6(7):477-484.
6)	 Wind	J,	Polle	SW,	Fung	Kon	Jin	PH,	Dejong	CH,	von	Meyenfeldt	MF,	Ubbink	DT	et	al.	Systematic	review	
of	enhanced	recovery	programmes	in	colonic	surgery.	Br	J	Surg	2006;	93(7):800-809.
7)	 Nelson	H,	Sargent	DJ,	Wieand	S,	Fleshman	J,	Anvari	M,	Stryker	SJ	et	al.	A	comparison	of	laparoscopically	
assisted	and	open	colectomy	for	colon	cancer.	N	Engl	J	Med	2004;	350(20):2050-2059.
8)	 Gouvas	N,	Tan	E,	Windsor	A,	Xynos	E,	Tekkis	PP.	Fast-track	vs	standard	care	in	colorectal	surgery:	a	meta-
analysis	update.	Int	J	Colorectal	Dis	2009;	24(10):1119-1131.
9)	 Guillou	PJ,	Quirke	P,	Thorpe	H,	Walker	J,	Jayne	DG,	Smith	AM	et	al.	Short-term	endpoints	of	conventional	
versus	laparoscopic-assisted	surgery	in	patients	with	colorectal	cancer	(MRC	CLASICC	trial):	multicentre,	ran-
domised	controlled	trial.	Lancet	2005;	365(9472):1718-1726.
10)	 Muller	S,	Zalunardo	MP,	Hubner	M,	Clavien	PA,	Demartines	N.	A	fast-track	program	reduces	complica-
tions	and	length	of	hospital	stay	after	open	colonic	surgery.	Gastroenterology	2009;	136(3):842-847.
11)	 Kehlet	H.	Fast-track	colorectal	surgery.	Lancet	2008;	371(9615):791-793.
12)	 Basse	L,	Thorbol	JE,	Lossl	K,	Kehlet	H.	Colonic	surgery	with	accelerated	rehabilitation	or	conventional	care.	
Dis	Colon	Rectum	2004;	47(3):271-277.
13)	 Kehlet	H,	Wilmore	DW.	Multimodal	strategies	to	improve	surgical	outcome.	Am	J	Surg	2002;	183(6):630-
641.
14)	 Fearon	KC,	Ljungqvist	O,	Von	MM,	Revhaug	A,	Dejong	CH,	Lassen	K	et	al.	Enhanced	recovery	after	sur-
gery:	a	consensus	review	of	clinical	care	for	patients	undergoing	colonic	resection.	Clin	Nutr	2005;	24(3):466-477.
15)	 Bauer	AJ,	Boeckxstaens	GE.	Mechanisms	of	postoperative	ileus.	Neurogastroenterol	Motil	2004;	16	Suppl	
2:54-60.
16)	 Basse	L,	Madsen	JL,	Billesbolle	P,	Bardram	L,	Kehlet	H.	Gastrointestinal	transit	after	laparoscopic	versus	
open	colonic	resection.	Surg	Endosc	2003;	17(12):1919-1922.
17)	 Hotokezaka	M,	Dix	J,	Mentis	EP,	Minasi	JS,	Schirmer	BD.	Gastrointestinal	recovery	following	laparoscopic	
vs	open	colon	surgery.	Surg	Endosc	1996;	10(5):485-489.
18)	 Slim	K,	Fingerhut	A.	Laparoscopy	or	fast-track	surgery,	or	both?	Surg	Endosc	2009;	23(3):465-466.
19)	 Wind	J,	Hofland	J,	Preckel	B,	Hollmann	MW,	Bossuyt	PM,	Gouma	DJ	et	al.	Perioperative	strategy	in	co-
lonic	surgery;	LAparoscopy	and/or	FAst	track	multimodal	management	versus	standard	care	(LAFA	trial).	BMC	
Surg	2006;	6:16.
20)	 The	FO,	Buist	MR,	Lei	A,	Bennink	RJ,	Hofland	J,	van	den	Wijngaard	RM	et	al.	The	role	of	mast	cell	stabi-
lization	in	treatment	of	postoperative	ileus:	a	pilot	study.	Am	J	Gastroenterol	2009;	104(9):2257-2266.
21)	 Kamm	MA.	The	small	intestine	and	colon:	scintigraphic	quantitation	of	motility	in	health	and	disease.	Eur	
J	Nucl	Med	1992;	19(10):902-912.
22)	 Kumar	D,	Wingate	D,	Benson	MJ,	Wingate	DL.	Ileus	and	mechanical	obstruction.	IN:	Kumar	D,	Wingate	
D,	eds.	An	illustrated	guide	to	gastrointestinal	motility,	547-566.	1993.		London:	Churchill	Livingston.	
23)	 Kalff	JC,	Turler	A,	Schwarz	NT,	Schraut	WH,	Lee	KK,	Tweardy	DJ	et	al.	Intra-abdominal	activation	of	a	lo-
cal	inflammatory	response	within	the	human	muscularis	externa	during	laparotomy.	Ann	Surg	2003;	237(3):301-
315.
24)	 The	FO,	Bennink	RJ,	Ankum	WM,	Buist	MR,	Busch	OR,	Gouma	DJ	et	al.	Intestinal	handling-induced	

Chapter	8

139



mast	cell	activation	and	inflammation	in	human	postoperative	ileus.	Gut	2008;	57(1):33-40.
25)	 Dindo	D,	Demartines	N,	Clavien	PA.	Classification	of	surgical	complications:	a	new	proposal	with	evalua-
tion	in	a	cohort	of	6336	patients	and	results	of	a	survey.	Ann	Surg	2004;	240(2):205-213.
26)	 Foley	KM.	The	treatment	of	cancer	pain.	N	Engl	J	Med	1985;	313(2):84-95.

Chapter	8

140


