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Role of subcutaneous closed vacuum drain in preventing surgical site infection in emergency 

surgery for perforative peritonitis: A randomized control study
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Abstract:
Objective:	The	aim	of	our	study	was	 to	evaluate	whether	 insertion	of	a	subcutaneous	closed	
suction vacuum drain at incisional surgical site reduces the incidence of surgical site infection 
(SSI)	 in	post	operative	cases	of	exploratory	 laparotomy	for	perforative	peritonitis.	Methods: 
An	 institutional	 based	 randomized	 control	 study	 was	 performed	 with	 two	 hundred	 patients	
each	included	in	the	study	(with	drain)	and	control	(without	drain)	group.	Both	groups	were	
statistically	similar	in	terms	of	various	variables	and	thus	comparable.	All	continuous	variables	
were	reported	as	mean	±	SD	and	compared	across	groups	using	unpaired	t-test.	All	categorical	
variables	were	reports	as	n	(%)	compared	across	groups	using	Chi-square	test	for	independence	
of attributes. Result: Use of a subcutaneous closed suction vacuum drain results in statistically 
significant	reduction	in	wound	infection	(58%	vs	16%;	p	<	0.001).		The	most	common	organism	
causing	SSI	was	found	to	be	Escherichia	Coli	accounting	for	62.5%		and	62.7%	of	cases	in	drain	
group	and	control	group	respectively,	followed	by	Klebsiella	(12.5%	vs	24.14%).	Conclusion: 
Use of a subcutaneous closed suction vacuum drain is effective in reducing SSI in contaminated 
surgery	like	that	for	perforative	peritonitis	and	also	leads	to	reduction	in	SSI	related	complications	
like	wound	disruption,	patient	discomfort,	bad	cosmesis,	prolonged	hospital	stay,	antibiotic	use	
and increased cost.
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Introduction:
Surgery for perforative	 peritonitis	 is	 associated	
with	 the	 highest	 rates	 of	 infective	 complications,	
especially	 surgical	 site	 infections	 (SSI).	 Despite	
all	 precautionary	 measures,	 SSI	 develops	 in	 most	
of	 such	 cases	 in	 view	 of	 the contamination of the 
operative	field	with	microorganisms	originating	from	

endogenous sources.
Objectives:
The	 aim	 of	 our	 study	was	 to	 evaluate	whether	 the	
insertion of a subcutaneous closed suction vacuum 
drain at incisional surgical site reduces the incidence 
of	 SSI	 in	 post	 operative	 cases	 of	 exploratory	
laparotomy	for	perforative	peritonitis.
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Material and methods:
An institutional based randomized control study 
was	 performed	 in	 the	 Department	 of	 Surgery,	
Medical	 College,	 Kolkata,	 India	 between	 January,	
2011-	 December,	 2013.	 Two	 hundred	 patients	
each	were	 included	 both	 in	 study	 (with	 drain)	 and	
control	 (without	 drain)	 group.	 Both	 groups	 were	
statistically similar in terms of various variables and 
thus	comparable	 (Table	1).	Various	parameters	 like	
age, sex, diabetes mellitus, ASA score, duration of 
symptoms,	 pre	 operative	 Hemoglobin	 level,	 serum	

albumin	 level,	 intraoperative	 variables	 like	 site	 of	
perforation,	 type	 of	 surgery,	 duration	 of	 surgery,	
intraoperative	hypotension	&	its	duration	and	nature	
and	output	of	drain	effluent	in	the	postoperative	period	
were	studied.	It	was	evaluated	whether	the	insertion	
of a subcutaneous closed suction vacuum drain at 
incisional surgical site reduces the incidence of SSI 
in	 post	 operative	 cases	 of	 exploratory	 laparotomy	
for	 perforative	 peritonitis.	BMI	was	 not	 taken	 as	 a	
parameter	as	the	correct	assessment	of	this	variable	
was	 difficult	 in	 patients	 of	 perforative	 peritonitis	
owing	to	third	space	loss.

Table 1: Distribution of various variables under study in both study and control group

Drain Control

Mean±SD or n Mean±SD or n P value Significance

Age (years) 39.04±18.69 36.12±16.62 0.411 Not	Significant

Sex 
Female 80 88

0.685 Not	Significant
Male 120 112

DM
No 176 172

0.766 Not	Significant
Yes 24 28

ASA score
<=2 156 148

0.640 Not	Significant
>2 44 52

Duration of 
symptoms 

<= 6 hrs. 24 24
1.00 Not	Significant

>6 hrs. 176 176

Pre operative Hb. (%) 11.49±1.91 11.14±	1.53 0.316 Not	Significant

Pre operative sr. 
albumin

<= 3.5 g/dl 104 96
0.689 Not	Significant

>3.5 g/dl 96 104

Site of 
perforation

Appendix 48 44

0.982 Not	Significant

Colon 20 24

Duodenum 8 8

Gastric 60 60

Ileal 52 52

Jejunal 12 12

Type of surgery

Appendectomy 48 44

0.931 Not	Significant

Primary repair 100 100

R e s e c t i o n 
Anastamosis 20 28

Stoma 32 28

Duration of 
surgery

<= 4 hr. 184 176
0.505 Not	Significant

>4hr. 16 24

Intraoperative 
hypotension

No 164 172
0.585 Not	Significant

Yes 36 28
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dressing	 and	 antibiotics	 depending	 on	 the	 culture	
and	 sensitivity	 report.	 This	 resulted	 in	 increased	
morbidity,	 hospital	 stay,	 cost	 and	 poor	 cosmesis	 in	
these	cases.	On	the	other	hand,	cases	with	drain	who	
developed	 SSI,	 were	 easily	 managed	 without	 the	
need	 of	 opening	 the	wound	  resulting in reduction 
in	 complications	 like	 wound	 disruption,	 patient	
discomfort,	bad	cosmesis	&	prolonged	hospital	stay.
Discussion:
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Statistical Methods Used: 
All	continuous	variables	were	reported	as	mean	±	SD	
and	compared	across	groups	using	unpaired	t	test.	All	
categorical	 variables	were	 reports	 as	 n(%)	 compared	
across	groups	using	Chi-square	test	for	independence	of	
attributes.	Alpha	level	of	5%	has	been	taken	and	hence	
any	p	value	<	0.05	has	been	taken	as	significant.	SPSS	
software	version	16	has	been	used	for	the	analysis.
Ethical approval: This	study	was	approved	by	ethics	
committee	of		Medical	College,	Kolkata,	India.
Results: 
The	average	duration	for	which	 the	drain	was	kept	
was	 2.92	 days	 (range:	 2-8days),	 SD	 being	 1.61.	
The	total	drain	output	for	all	subjects	was	9240	ml	
with	a	mean	of	46.2	ml	per	subject	and	SD	of	52.40,	
(range:5-237	ml).	Overall,	average	drain	output	per	
day	was	15.82	ml/day.	The	drain	output	was	purulent	
in	 6%	 of	 patients	 and	 serous	 in	 94%	 of	 patients.
The	 use	 of	 a	 subcutaneous	 closed	 suction	 vacuum	
drain	resulted	in	statistically	significant	reduction	in	
wound	infection	(	58%	vs.	16%)	with	a	p	value	of	<	
0.001.(Table	2	&	Figure	1)

Table 2: SSI in study and control group
 Group   

SSI Drain 
n (%)

No Drain 
n (%)

Total 
n (%) P Value Significance

No 168(84) 84(42) 252(63)
<0.001 Significant

Yes 32(16) 116(58) 148(37)
Total 200(100) 200(100) 400(100)

The	most	common	organism	causing	SSI	was	found	
to	 be	 Escherichia	 Coli	 accounting	 for	 62.5%	 	 and	
62.7%	 of	 cases	 in	 drain	 group	 and	 control	 group	
respectively,	 followed	 by	 Klebsiella	 (12.5%	 vs	
24.14%),	Staphylococcus	aureus(12.5%	vs	10.34%)	
and	 Candida(12.5%	 vs	 3.45%)	 (Figure	 2). Most 
of	 the	 SSIs	 in	 the	 control	 group	 (without	 drain)	
was	 managed	 by	 opening	 the	 wound	 up,	 regular	

SSIs	have	been	reported	to	be	one	of	the	most	common	
causes	of	nosocomial	infections,	accounting	for	20%	
to	 25%	 of	 all	 nosocomial	 infections	 worldwide1. 
They	 are	 responsible	 for	 the	 increased	 morbidity	

and mortality related to 
surgical	operations	as	well	as	
increased cost of treatment 
and	 continues	 to	 be	 a	 major	
problem	 2. Globally, surgical 
site infection rates have been 
reported	 to	 range	 from	 2.5%	
to	 41.9%	 3-9. In the United 
States,	 approximately	 2%	 to	

5%	 of	 the	 16	 million	 patients	 undergoing	 surgical	
procedures	each	year	have	postoperative	surgical	site	
infections 10.
Surgery	 for	 perforative	 peritonitis	 is	 associated	
with	 the	 highest	 rates	 of	 infective	 complications,	
especially	 surgical	 site	 infections,	 because	 there	
is	 contamination	 of	 the	 operative	 field	 with	
microorganisms originating from endogenous 
sources,	 thus	 increasing	 the	 chance	 of	 developing	
postoperative	 infective	 complications.	 These	
infections	 occur	 despite	 all	 kinds	 of	measures	 and	
may	 induce	 wound	 disruption,	 patient	 discomfort,	
prolong	hospital	stay,	lead	to	a	poor	scar	and	in	turn	
result	in	increased	expenditure	1, 11. 
Literature	reports	cite	the	incidence	of	SSI	following	
emergency	 surgeries	 for	 perforative	 peritonitis	
between	 20-40%	 10,	 12-14.	 There	 are	 no	 studies	 on	
usage of subcutaneous closed suction drain in 
emergency	 laparotomies	 for	 perforative	 peritonitis	
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in	 the	 literature.	 However,	 similar	 studies	 using	
subcutaneous closed suction drain have been done 
for colorectal surgeries, caesarean delivery and other 
elective abdominal surgeries13,	15-21. 
In a study conducted by Ahmet et. al 13 in colorectal 
surgeries,	 SSI	 rate	 was	 found	 to	 be	 13.6%.	 They	
found out that insertion of subcutaneous suction 
drains	provided	effective	drainage	of	 the	collection	
without	 the	need	of	open	drainage.	 	Allaire	et	al.	 15 
conducted	 a	 prospective	 randomized	 study	 on	 79	
women	undergoing	cesarean	delivery	and	found	that	
the use of closed suction drainage in the subcutaneous 
space	may	 reduce	 the	 incidence	 of	wound	 seroma,	
infection	and	gaping.	
In	a	cohort	study,	Chowdri	et	al.	16	reported	reduction	
in	 seroma	 formation	 in	 obese	 patients	 undergoing	
elective cholecystectomy after using subcutaneous 
drain	 (8.8%	 in	 study	 group	 vs.	 33.6%	 in	 control	
group).	 Gallup	 et	 al.	 17	 in	 their	 prospective	 study	
on	197	patients	concluded	that	use	of	subcutaneous	
drains	 plus	 prophylactic	 antibiotics	 may	 decrease	
wound	related	complication	rate	when	operating	on	
obese	gynecologic	patients	(20%	in	study	group	vs.	
31%	in	control	group).
Kaya et al. 18	in	a	randomised	clinical	trial	comprising	
of	 210	 patients	 undergoing	 elective	 abdominal	
surgeries	 evaluated	 whether	 subcutaneous	 closed-
suction drainage affects surgical site infection rate. 
The	 SSI	 rate	 was	 found	 to	 be	 comparable	 with	
overall	rate	of	7.7%.	SSI	rate	in	drain	and	non	drain	
group	was	found	to	be	5.7%	and	9.9%	respectively.	
Though	there	was	a	decrease	in	SSI	rate,	it	was	not	
statistically	significant	(p	=0.116).	
On the other hand, Hellumset.	 al.	 19 in their 
metaanalysis	 suggested	 that	 prophylactic	 use	 of	
subcutaneous	 drainage	 did	 not	 prevent	 significant	
wound	 complications	 after	 cesarean	 delivery.	 A	
randomized controlled trial by Baier at al 20	on	200	
patients	showed	that	subcutaneous	Redon	drains	do	
not reduce the incidence of surgical site infections 
after	 laparotomy.	 Al-Inany	 et	 al	 21 carried out a 
prospective	 controlled	 clinical	 trial	 on	 118	 obese	
pregnant	 females	 with	 a	 body	 mass	 index	 >32	
undergoing	 cesarean	 section	 which	 showed	 no	
significant	benefit	in	using	a	subcutaneous	drain	as	a	
prophylactic	measure	against	wound	breakdown.	
In	our	study,	it	was	found	that	the	incidence	of	SSI	in	
control	group	without	a	subcutaneous	suction	drain	
was	 58%	 where	 as	 it	 was	 16%	 in	 the	 group	 with	
such	drain.	Thus,	there	was	a	statistically	significant	

(p<0.001)	reduction	in	the	incidence	of	SSI	with	the	
usage of subcutaneous closed suction vacuum drain.
For most surgical site infections, the source of 
pathogens	 is	 the	 endogenous	 flora	 of	 the	 patient’s	
skin,	mucous	membranes,	or	hollow	viscera.	When	
the	gastrointestinal	tract	is	opened	during	an	operation	
and	 is	 the	 source	 of	 pathogens,	 gram-negative	
bacilli	 (e.g.,	 E.	 coli),	 gram-positive	 organisms	
(e.g., Enterococci), and sometimes anaerobes 
(e.g.,	Bacillus	 fragilis)	 are	 the	 typical	 SSI	 isolates.	
Exogenous	sources	of	SSI	pathogens	include	surgical	
personnel	(especially	members	of	the	surgical	team),	
the	operating	room	environment	(including	air),	and	
all tools, instruments, and materials brought to the 
sterile	 field	 during	 an	 operation	 Exogenous	 flora	
are	 primarily	 aerobes,	 especially	 gram-positive	
organisms. In the study of Sahu et. al. 22, most of 
the	 wound	 cultures	 showed	 monobacterial	 growth	
of	 which	 Escherichia	 coli	 (50%)	 followed	 by	
Staphylococcus	aureus	(20%).		Studies	by	Classenet	
al. 23 and Giacometti et al.	24	reported	monomicrobial	
and	polymicrobial	wound	infections,	respectively.	In	
our	study,	the	commonest	source	of	SSI	in	perforative	
peritonitis	 was	 endogenous	 organisms.	 The	 most	
common	 organism	 isolated	 was	 E.coli	 accounting	
for	 62.5%	 	 and	62.7%	of	 cases	 in	drain	group	 and	
control	 group	 respectively,	 followed	 by	 Klebsiella	
(12.5%	vs	24.14%),	Stapylococcus	aureus(12.5%	vs	
10.34%)	 and	 Candida(12.5%	 vs	 3.45%).	 In	 all	 the	
cases,	infection	was	monomicrobial.
There	 are	 reports	 in	 the	 literature	 suggesting	 that	
placement	of	drains	predisposes	the	area	to	infection	
and	 prolongs	 hospital	 stay	 27.	 This	 may	 be	 true	 in	
clean	 surgeries	 having	 relatively	 shorter	 periods	 of	
hospital	stay.	However,	it	was	not	found	to	be	true	for	
perforative	peritonitis	surgery	in	our	study.
Use	 of	 subcutaneous	 drains	 prevents	 formation	 of	
seroma and hematoma and, also, eliminates the 
dead-space	occurring	 in	obese	patients	having	 thick	
subcutaneous fat tissue 28,	29.	 It	has	been	shown	 that	
application	 of	 negative	 pressure	 imparts	 positive	
effects	on	the	healing	of	the	wound	and	formation	of	
granulation	tissue	resulting	in	faster	wound	healing	30.
Conclusion: 
Use of a subcutaneous closed suction vacuum drain 
results	in	statistically	significant	reduction	in	wound	
infection	(58%	vs	16%;p	<	0.001).	It	also	results	in	
reduction	 in	 SSI	 related	 complications	 like	 wound	
disruption,	patient	discomfort,	bad	cosmesis,	prolong	
hospital	stay,	antibiotic	use	and	increased	cost.



89

Kumar	S,	Chatterjee	S,	Gupta	S,	Satpathy,	Chatterjee	S,	Ray	U

89

References:
1. Martone WJ, Nicholas RL: Recognition, 

prevention,	 Surveillance	 and	 Management	 of	 SSI.
Clin Infect Dis	 2001,	 33:67-8.	 Publisher	 Full	 Text 
https://doi.org/10.1086/321859

2.		 Yalcin	 AN,	 BakirMiBakici	 Z,	 Dokmetas	 I,	 Sabir	 N:	
Postoperative	 wound	 infection.J Hosp Infect 1995,	
29:3059.	 PubMed	 Abstract|	 Publisher	 Full	 Text 
https://doi.org/10.1016/0195-6701(95)90278-3

3.		 Brown	S,	Kurtsikahvi	G,	Alonso	EJ,	Aha	L,	Bochoidez	T,	
Shushtakashiri	M,	Imnadre	P:Prevalence	and	predictors	
of	SSI	in	Tbilisi	Republic	of	Georgia.J Hosp Infect	2007,	
66:160-166.	 PubMed	 Abstract	 |	 Publisher	 Full	 Text 
https://doi.org/10.1016/j.jhin.2007.03.007

4.		 Berard	F,	Gordon	J:	Postoperative	wound	infections.	The	
influence	of	ultraviolet	infections	of	the	operating	room	
and of various other factors.Ann Surg	1964,	160:1-132.	
PubMed	Abstract	|	Publisher	Full	Text

5.		 Agarwal	 SL:	 Study	 of	 postoperative	 wound	 infection.
Indian J Surg	1972,	34:314-20.

6.		 Rao	 AS,	 Harsha	 M:	 Postoperative	 wound	 infection.J 
Indian Med Assoc	1975,	64:90-3.	PubMed	Abstract

7.		 Cruse	 Peter	 JE,	 Ford	 R:	 The	 epidemiology	 of	 wound	
infection.	A	10	year	prospective	Study	of	62,939	wounds.
SurgClin North Am	 1980,	60:27-40.	 PubMed	Abstract 
https://doi.org/10.1016/S0039-6109(16)42031-1

8.		 Tripathy	BS,	Roy	N:	Post	operative	wound	sepsis.Indian 
J Surg	1984,	47:285-8.

9.		 Olson	 MM,	 Lee	 JT:	 Continuous,	 10	 year	 wound	
infection surveillance. Result advantages and 
unanswered	 questions.Arch Surg	 1990,	 125:794-
803.	 PubMed	 Abstract	 |	 Publisher	 Full	 Text 
https://doi.org/10.1001/archsurg.1990.01410180120020

10.	 Prajakt	 V.	 Patil,	 Manmohan	 M.	 Kamat,	 Milan	 M.	
Hindalekar.	 Spectrum	 ofPerforative	 Peritonitis-	 A	
Prospective	 Study	 of	 150	 Cases.	 Bombay	 Hospital	
Journal,	Vol.	54,	No.	1,	2012

11.		 Brian	Mawalla,	Stephen	E	Mshana,	Phillipo	L	Chalya,	Can	
Imirzalioglu and William Mahalu. Predictors of surgical 
site	infections	among	patients	undergoing	major	surgery	
at	Bugando	Medical	Centre	 in	Northwestern	Tanzania.	
BMC Surgery	2011; 11:21	doi:10.1186/1471-2482-11-21 
https://doi.org/10.1186/1471-2482-11-21

12.	 Gupta	Sanjay,	Kaushik	Robin.	Peritonitis-	The	Eastern	
Experience	World.	J Emergency Surgery	2006;	1:1-13. 
https://doi.org/10.1186/1749-7922-1-1

13.	 Ahmet	Karamercan,	Hasan	Bostanc2,	B.	BulentMentes,	
SezaiLeventoglu,Erdal	 Y2lmaz,	 Mehmet	 Oguz	 and	
BülentAytaç,	 2008.	 Closed	 Drainage	 of	 the	 Incisional	
Surgical	 Site	 Infections	 Prevent	Wound	 Disruption	 in	
Colorectal Surgery, World Applied Sciences Journal 
2008	;4: (4): 554-557, 

14.	 Anvikar	AR,	Deshmukh	AB,	Karyakarte	RP,	Dample	AS,	
Patwardhan	NS,	Malik	AK,	et	al.:	A	one	year	prospective	
study	of	3,280	surgical	wounds.	Indian J Med Microbiol;	
1999;	17:	129-32.

15. Allaire AD, Fisch J, McMahon MJ, Subcutaneous drain 
vs.	suture	in	obese	women	undergoing	cesarean	delivery.	
A	prospective,	 randomized	 study,	American	 Journal	of	
Obstetric& Gynecology

16.	 Chowdri	 NA,	 Qadri	 SA,	 Parray	 FQ,	 Gagloo	 MA.	
Role	 of	 subcutaneous	 drains	 in	 obese	 patients	
undergoing elective cholecystectomy: a cohort 
study. Int J Surg.	 2007	 ;5(6):404-7.	Epub	2007	 Jun	 8. 
https://doi.org/10.1016/j.ijsu.2007.05.011

17.	 Gallup	DC,	Gallup	DG,	Nolan	TE,	Smith	RP,	Messing	
MF, Kline KL. Use of a subcutaneous closed drainage 
system	and	antibiotics	in	obese	gynecologic	patients.	Am 
J Obstet Gynecol	1996	;175(2):358-61;	discussion	362. 
https://doi.org/10.1016/S0002-9378(96)70146-1

18.	 Kaya	 E,	 Paksoy	 E,	 Ozturk	 E,	 Sigirli	 D,	 Bilgel	 H.	
Subcutaneous closed-suction drainage does not 
affect	 surgical	 site	 infection	 rate	 following	 elective	
abdominal	 operations:	 a	 prospective	 randomized	
clinical trial. ActaChir Belg.	 2010	 ;110(4):457-62. 
https://doi.org/10.1080/00015458.2010.11680655

19.	 Hellums	 EK,	 Lin	 MG,	 Ramsey	 PS.	 Prophylactic	
subcutaneous	 drainage	 for	 prevention	 of	 wound	
complications	 after	 cesarean	 delivery--a	 metaanalysis.	
Am J Obstet Gynecol.	 2007	 Sep;197(3):229-35. 
https://doi.org/10.1016/j.ajog.2007.05.023

20.	 Peter	K.	Baier,	Nadine	C.	Glück,	Ulrich	Baumgartner,	
Ulrich	 Adam,	 Andreas	 Fischer,	 Ulrich	 T.	 Hopt.	
Subcutaneous Redon drains do not reduce the incidence 
of	surgical	site	infections	after	laparotomy.	A	randomized	
controlled	 trial	on	200	patients.International	Journal	of	
Colorectal	Disease:	May	2010,	Volume	25,	Issue	5,	pp	
639-643

21.	Al-Inany	H,	Youssef	G,	AbdElMaguid	A,	Abdel	Hamid	M,	
Naguib A. Value of subcutaneous drainage system in obese 
females	undergoing	cesarean	section	using	pfannenstiel	
incision. GynecolObstet Invest	 2002;53(2):75. 
https://doi.org/10.1159/000052996

22.	S.K.	Sahu.,	J.S.	Shergill.,	P.K.	Sachan,	P.	Gupta.:	Superficial	
Incisional Surgical Site Infection In Elective Abdominal 
Surgeries	-	A	Prospective	Study..	The Internet Journal of 
Surgery	2011	Volume	26 Number 1. DOI: 10.5580/14a8 
https://doi.org/10.5580/14a8

23.	 Classen	 DC,	 Evans	 RS,	 Pestotnik	 SL,	 Horn	 SD,	
Menlore	 RL,	 Burke	 JP:	 The	 timing	 of	 prophylactic	
adminstration	 of	 antibiotics	 and	 the	 risk	 of	 surgical	
wound	 infection. N Engl J Med;	 1992;	 326:	 281-6. 
https://doi.org/10.1056/NEJM199201303260501

24.	 Giacometti	 A,	 Cirioni	 O,	 Schimizzi	 AM,	 Del	 Prete	
MS,	 Barchiesi	 F,	 Derrico	 MM,	 et	 al.:	 Epidemiology	



90

Role	of	subcutaneous	closed	vacuum	drain	in	preventing	surgical	site	infection	in	emergency	surgery	for	perforative	peritonitis:	A	randomized	control	study

90

and	 microbiology	 of	 surgical	 wound	 infections.	 J 
ClinMicrobiol;	2000:	38:	918-2225

25.	 Astagneau,	 P.,	 C.	 Rioux,	 F.	 Golliot	 and	 G.	 Brucker,	
2001.	 Morbidity	 and	 mortality	 associated	 with	
surgical	 site	 infections:	 results	 from	 the	 1997-1999	
INCISO surveillance. J. Hosp. Infect;	 48(4):	 267-274. 
https://doi.org/10.1053/jhin.2001.1003

26.	Kirkland,	K.B.,	J.P.	Briggs,	S.L.	Trivette,	W.E.	Wilkinson	
and	 D.J.	 Sexton,	 1999.	 The	 impact	 of	 surgical-
site	 infections	 in	 the	 1990s:	 Attributable	 mortality,	
excess	 length	 of	 hospitalization	 and	 extra	 costs.	
Infect.	 Control	 Hosp.	 Epidemiol	 20(11):	 725-	 730. 
https://doi.org/10.1086/501572

27.	Suslu,	N.,	S.	Vural,	M.	Oncel,	B.	Demirca,	F.C.	Gezen	
B.	 Tuzun,	 T. Erginel and G. Dalkilic,	 2006.	 Is	 the	
insertion	of	drains	after	uncomplicated	 thyroid	surgery	
always	 necessary	 Surg.	 Today,	 36(3):	 215-218. 

https://doi.org/10.1007/s00595-005-3129-x
28.	 Cardosi,	 R.J.,	 J.	 Drake,	 S.	 Holmes,	 S.J.	 Tebes	 M.S.	

Hoffman,	 J.V.	 Fiorica,	 W.S.	 Roberts	 and	 E.C.	 Jr.	
Grendys,	 2006.	 Subcutaneous	 management	 of	 vertical	
incisions	 with	 3	 or	 more	 centimeters	 of	 subcutaneous	
fat. Am. J. Obstet Gynecol  195(2):	 607-614 
https://doi.org/10.1016/j.ajog.2006.04.013

29.	 Shaffer,	 D.,	 P.N.	 Benotti,	 A.	 Jr.	 Bothe,	 R.L.	
Jenkins	 and	 G.L.	 Blackburn,	 1987.	 A	 prospective,	
randomized	 trial	 of	 abdominal	 wound	 drainage	 in	
gastric	 bypass	 surgery.	 Ann. Surg 206(2):	 134-137. 
https://doi.org/10.1097/00000658-198708000-00003

30.	Morykwas,	M.J.,	 J.	Simpson,	K.	Punger,	A.	Argenta	L.	
Kremers	and	J.	Argenta,	2006.	Vacuum-assisted	closure:	
state	 of	 basic	 research	 and	 physiologic	 foundation.	
PlastReconstr. Surg.117(7	 Suppl):	 121S-126S. 
https://doi.org/10.1097/01.prs.0000225450.12593.12


