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Table 1 Characteristic of patients and surgical

procedures
No. of patients 104
Mean age (range) 684 (10-88)
Gender (male/female) 67/37
Surgical procedure
Upper digestive surgery 20
gastrectomy 12
liver resection 1
pancreas resection 1
pancreatico-duodenectomy 2
cholecystectomy 3
small bowel resection 1
Colorectal surgery 84
right (hemi) colectomy 23
transverse colectomy 8
left (hemi) colectomy 4
sigmoidectomy 13
anerior resection 23
Hartmann's/Miles” operation 10
others 3

Sz, SSI DHE X FIREDAHOE 3HIZL -
TH3IN, MEEEOFEIZEDL ST, i 30
HUMNICERROMER - $HE O ML F 72135882 1t
I JEREN RGeS HERFT R E L CRO SN A L
L7-.
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5) BEE NP2 1 48283 LIEIRAE A # TR D )
FFRTI (KItL), 6) ISR T IR
(ETF), D EEREEBROBE L —T(FL—7).
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TR IC 2 BERILRIZ H 4 Z e L T
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Table 2 Multivariate analysis for SSI
(n) SSI rate P-value Risk ratio 95%CI
Age = 68 51 17.6% 0425 1.60 0.5-5.08
> 63 53 26.4%
Gender male 54 25.9% 0.157 2.35 0.72-7.67
female 50 18.0%
Peritoneal irrigation =4L 76 14.5% 0.194 2.17 0.67-6.98
>4L 28 33.3%
Intraoperaive bacterial isolation (+) 51 35.3% 0.007 5.37 1.57-18.36
(=) 53 9.4%
Wound retractor (+) 35 14.3% 0.155 0.40 0.11-142
(=) 69 26.1%
Stoma construction (+) 13 61.5% 0.01 7.18 1.6-32.15
(=) 91 16.5%
CI : confidence interval
IR D 72 O 0 G AHE B DT IGITIE WFUE & 5 O & GHBRREIEA E TIE R h - 7225 SSI D5

FUE & L7z TR, wIihtd P<005 % dH -
THEED ) EHE L.
# 7

AWM 17 2T L4 BloBELZHFHAEL, 2D
I35 10 BIDSREFNE Ro /20BN SN2 &
YN _EERH AL S Tl 20 B & KBG T4 84 Bl D EF
104 BID 5 O R E 2 ) BET R LU
T HEDOWNRIZ Table 1 1R L7z,

1. SSI A

SSI i B L i M Cld A3 26, KiE
FCHRA LERBFAER P 27% (23/84) &
AEICELSEKRTY 22% (23/104) Tho7z. 3
H L7z SSTIZ 3 XTI RESR g R Ge CHERERE B &
O3 - ARG 3B b e hr o7z (BT S
SSI = fiE e 2 ke ).

A, VRN, MEEEANRRE, PAIEROR
W, 77— Y 25—, #LTALI
Mo 6 THH M T SSI BAFEERFTTLE, A
IHIF’Eh_ & A0 R T AR A RE 13 AT AT SST FE AR

B SERRNTIC L Y SSI FEAEOMAT kKT
“Ca?) -7z (Table 2).

F TS SSTAC J AT 528 2 KM T ISRz L

ZREMATICTRE L, Rk, ANLILM&ERR
(RR : 61, CI:126~2944) 3 X Ohirill g ks i
(RR : 527, CI:143~1943)7%4 7% SSI F&ED
MR CThotz., 9= K-V T2 5 —

HEAMEIR T A HIA 238D 7z (Table 3).

MBS & SST O B4R % At Fp R EUBA & &
WCHGET L CTA B &, MM IRES] R ICPIEK,
ETFTBLO L= ZNEFN41%, 41%,
39% L EFICSSIAFAEL, 209 LHBEADS
DM R AS SSI S84 12 B 2 Msr L 7= fa bR A1
TH-7 (RR:488) (Table 4).

2. AR

MR I 2R OR L (49%) 2R S
NHIEKE FL =128 5 IBENE o /2.
KGN B AR P A~ R AR
EE L (56% vs. 20%), BAMIK, KT, FlL—
T THEAENHED L (Table5).

SSI & firbs ket & o B AR SST F6 24k BE Tl
AR ERIE 78% (Zxt LIFFAERETIL 48% LA
AR o 7o AT EREURAR B TIEPAREK, T2
LT R L—7TOMRDOBIAA BT SST 8 4E#E
TRETH- 7. TO—HT, BT FLE
EIEREREA SR & O BRI SSI AR TH
WS A L NP AR R EIRD LN L Do
7o, B OME BRI iﬂ*ﬁfﬁﬁik b B
JEKRIZROTIEETH - 72 (Fig. 1).

if: KGN I3\ T &R T 250 vl v e

RT3 B 2 SRR THGT L7225 3
n%%ﬂi%*ﬁﬂﬂwﬁﬁlﬂ%t LTHETIE 22>
7= (Table 6).
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Table 3 Multivariate analysis for SSI in colorectal surgery
(n) SSI rate P-value Risk ratio 95%CI
Age < 68 37 24.3% 0.404 1.68 0.5-5.65
> 68 47 29.8%
Gender male 45 31.1% 0.187 2.35 0.66—-8.37
female 39 23.1%
Peritoneal irrigation =4L 59 18.6% 0.127 261 0.76—-894
>4L 25 48.0%
Intraoperaive bacterial isolation (+) 47 38.3% 0.012 5.27 1.43-19.43
(=) 37 135%
Wound retractor (+) 27 18.5% 0.202 041 011-1.6
(=) 57 31.6%
Stoma construction (+) 13 61.5% 0.024 6.1 1.26-29.44
(=) 71 21.1%
Mechanical Bowel preparation (+) 64 29.7% 0.367 193 046-8.11
(=) 20 20.0%
Oral antibiotic administration (+) 17 17.6% 0.628 0.68 0.14-324
(=) 67 29.9%
CI : confidence interval
Table 4 Multivariate analysis for SSI by intraoperative bacterial isolation
Pathogens isolation pvalue  Riskratio  95%CI
(+) (=)
Peritoneal irrigation fluid 20.0% (1/5) 222% (22/99) 0.085 0.07 0.003-1.44
(at laparotomy)
Peritoneal irrigation fluid ~ 41.2% (14/34) 12.9% (9/70) 0.023 488 1.25-19.1
(before closure)
Peritoneal suture 375% (6/16) 18.8% (16/85) 0413 2.14 0.35-13.3
Surgical gloves (before) 35.0% (7/20) 195% (16/82) 0517 059 0.12-2.96
Surgical gloves (after) 176% (3/17) 23.0% (20/87) 0.082 021 0.04-1.22
Subcutaneous tissue 414% (12/29) 14.9% (11/74) 0.277 2.23 053-94
Surgical drapes 39.4% (13/33) 145% (10/69) 0.314 221 047-104

CI : confidence interval

Table 5 Comparison of intraoperative bacterial isolation between upper diges-

tive and colorectal surgery

(n) Upper digestive

Colorectal

Total surgery (n) surgery (n) p-value
Peritoneal irrigation fluid 50% (5) 0.0% (0) 6.0% (5) 0.263
(at laparotomy)
Peritoneal irrigation fluid 33.0% (34) 5.0% (1) 39.3% (33) 0.018
(before closure)
Peritoneal suture 16.0% (16) 5.3% (1) 183% (15) 0.161
Surgical gloves (before) 20.0% (20) 10.0% (2) 200% (16) 0.298
Surgical gloves (after) 16.0% (17) 10.0% (2) 179% (15) 0.393
Subcutaneous tissue 28.0% (29) 5.0% (1) 333% (28) 0.011
Surgical drapes 32.0% (33) 10.0% (2) 37.3% (31) 0.019
Total 49.0% (51) 200% (4) 56.0% (47) 0.004

15(15)
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Fig. 1 Intraoperative bacterial isolation rate by the incidence of SSI
Bacterial isolability during operation was significantly high from samples at peritoneal irrigation fluid, subcutaneus tis-
sue, and surgical drapes in the SSI group.
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Table 6 Multivariate analysis for intraoperative bacterial isolation in colorectal surgery
Isolation rate P-value Risk ratio 95%CI
Age =68 48.9% 0.527 1.34 0.54-3.32
> 68 385%
Gender male 51.1% 0.154 051 0.19-1.29
female 35.9%
Peritoneal irrigation =4L 47.5% 0.218 197 0.67—-5.81
>4L 36.0%
Wound retractor (+) 45.6% 0921 0.95 0.36-2.54
(=) 40.7%
Stoma construction (+) 45.1% 0.944 0.95 0.25-36
(=) 38.5%
Mechanical (+) 40.0% 0.655 0.78 0.27-2.28
bowel preparation (-) 45.3%
Qral antibiotic administra- (+) 43.3% 0.805 0.87 028-2.7
tion (=) 47.1%
CI : confidence interval
3. B JA AR I EEF E S T WD BT,

W ERPUBAR B & OMii 4 O BIERIEABI 5 © D 55 Streptococcus J& (249%), BT T A6 - B
MERIFE # 7”9 (Table 7). KI5 Ty Tl &, Bk PEARHIFE (13.7%), Staphyolococcus J& (13.2% ) A%
RBED T T KGR E DS F 5 AR $ CIE WL s ntz. —F T, FIBM LT
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Table 7 Organisms isolated intraperatively and those from SSI

Isolated organisms (detection rate)

Isolated Pathogens

SSI wound (32)

Upper digestive* (9) Colorectal* (197)

Gram-positive cocci
Streptococcus Sp.
Staphyolococcus sp.

Aerobes

Enterococcus sp.
Anaerobes
Gram-positive rods
Aerobes
Corynebacterium sp.
Bacillus species
Anaerobes
Gram-negative cocci
Aerobes Moraxalla sp.
Gram-negative rods
Aerobes Escherichia coli
Enterobacter sp.
Serratia sp.
Krebsiella pneumoninae
Pseudomonas aeruginosa
Anaerobes
Candida albicans

(=

[ )

(=]

S 0O O Ul O

( 6.3%)
(12.5%)
(21.9%)
( 0.0%)

( 0.0%)
(31%)
( 0.0%)
(31%)

( 0.0%)

( 0.0%)
(15.0%)
( 0.0%)
( 0.0%)
(125%)
(25.0%)
( 0.0%)

4 (44.4%) 49 (24.9%)
3 (33.3%) 26 (132%)
0 ( 00%) 16 ( 81%)
0 ( 0.0%) 7 ( 36%)
0 ( 0.0%) 14 ( 7.1%)
0 ( 0.0%) 4 ( 20%)
0 ( 0.0%) 1 ( 05%)
0 ( 0.0%) 27 (13.7%)
0 ( 0.0%) 1 ( 05%)
0 ( 0.0%) 14 ( 7.1%)
2 (222%) 5 ( 25%)
0 ( 0.0%) 2 ( 1.0%)
0 ( 0.0%) 1 (05%)
0 ( 0.0%) 2 ( 1.0%)
0 ( 0.0%) 27 (137%)
0 ( 0.0%) 1 ( 05%)

* P < 0.01 between upper digestive vs. colorectal in organisms isolated intraperatively by student t-test

T & Streptococcus J&, Staphyolococcus /&, En-
terobacter JEAIMN O K2 HDOTHB Y K
FAfE B LRI A RICHEL Tw iz
(P<0.01).

Witk D IEGLAN D> & OSBRI RN 7 T 2 8
AR W ORE 0 25% % 4 B 12 Enterococcus J&
21.9%, Enterobacter J& 15% & B NHI B o kA3
FRIZEO LN,

SST F& A= 1 o At v 45l TR AL R SR AR R LS X
Staphyolococcus J& DM AMEE T H % LAt
WE BRI E RO O N h o7 (Table
8).

4. HEER L

GRS 2> © O 5B TR & A7 iR AR & D3
Gk kR L 7.

SSI Z&4E 23 B, J&Geal A 5 OM B2 HT 1] 7E
THo2 200005 L otz TDHH, ¥EHR
A 5 ORME M 6 FEBIH 4 B (66.7%) (2 EHLAIFR
EAHMBEOBEANAL LT D 12 61+ 6 5]
(50%) & & BREDEEAMEIFRD LN (Table
9).

x =

it geE i, M E & LRyt mic &
BT (IR T, BRFITA L ERG AT SRS
THER, BRERT GEERET) €L EEE 2
5 BEMOP#HRE (BEHRF) ONT v AL
THE SN, WA, Tl - R TFH R Tl 85
oL, FRMERORE LR &I X 2908 F o
HEISIERIEC F g 213 CORsE, i, B
KB LUORERER EORERLBERE, AIHE
AT LBEOFMPEEML T 5. 72, 1L5 -
TS 7 & DOBUREIRIE L O Tl b R D 563%
LLEBITWZ, ZOXHIBNLYARY, arTU
XA AFKZAFOREHIH L THREOKE VT
MAATOND LR, WREGOMAH b B4
Ko TETWA., ZDd, %L Olii% Ttk
BYDFRKTEHD 720 & F &F 57— & i ik
ANFTb i, SSIFEXEM L OB WHITX S -
I, BMI Rt EERO—2 L LTTT
Wy APHBOENTETVHEYW O L
L, SSTITERIRECRAET 22 23R L, 3/
WOFIE - WIEASA R TH D, 2o ki, A
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Table 8 Intraoperative bacterial isolation rate by incidence of SSI

Isolated organisms
(detection rate)

Intraoperative isolated Pathogens P-value
SSI (86) no-SSI (120)
Gram-positive coccus
Aerobes streptococcus sp. 18 (20.9%) 35 (29.2%) 0.18
staphyolococcus sp. 5 ( 58%) 24 (20.0%) 0.004
enterococcus sp. 8 (19.3%) 8 ( 6.7%) 0.49
Anaerobes 5 ( 5.8%) 2 ( 17%) 0.11
Gram-positive bacillus
Aerobes 8 (19.3%) 6 ( 5.0%) 0.23
corynebacterium sp. 2 ( 23%) 2 ( 17%) 0.74
bacillus species 1 (1.2%) 0 ( 0.0%) 0.24
Anaerobes 11 (12.8%) 16 (13.3%) 091
Gram-negative coccus
Aerobes moraxalla sp. 0 ( 0.0%) 1 ( 0.8%) 04
Gram-negative bacillus
Aerobes Escherichia coli 6 (7.0%) 8 (1 6.7%) 093
Enterobacter sp. 5 ( 5.8%) 2 ( 17%) 0.11
Serratia sp. 2 ( 2.3%) 0 ( 0.0%) 0.09
Krebsiella pneumoninae 0 ( 0.0%) 1 (08%) 04
pseudomonas aeruginosa 1 (1.2%) 1 (08%) 0.81
Anaerobes 13 (15.1%) 14 (11.7%) 047
Candida albicans 1 (1.2%) 0 ( 0.0%) 0.24

Table 9 Identicalness of organisms between bac-
teria isolated intraoperatively and those isolated

from SSI
entieal fsqiated  dentical rate

Irrigation fluid 1/1 100.0%
(laparotomy)

Irrigation fluid 4/14 28.6%
(closure)

Suture 4/6 66.7%
Gloves (before) 1/7 14.7%
Gloves (after) 1/3 33.3%
Subcutaneous 6/12 50.0%
Drapes 5/13 38.5%

TN % & 3 ATl v B 23037 L 72 SST
BAOERETTH Y, T 740 oMo =R
SST IEFAFETHI 50% 12k LIS A#ETIEHI 80%
ICDIIRLFENS DEMNIT SN

4 01& SSI & A i B D 3 X T HYE BE 3R g J& e
(Superficial Incisional SSI) 72 - 72 72 9 #& R/ L2 Al
WEG T 2 MET & oz LA L, @FEITH
IS UL 1 D 3 S X B IR PN BRAE B K A &
OB EE U CTHGES L7235 13 A4 & N7z 2515

e, MR E SSI b L ARG L o BfRx
WMET L7 iE Tl o 720, Lzd - T, 5N
DAt DAL FI T & SST D BIFR % M L 72
CLRFEFIHFBNTHEL LV E. ZORNT
BRI BV B R o B 25 4% o> SSI F84k
DERREHMATTHY, T2 SSUHEBF O T
BILOFNL =720 OREL MM OHEZIIM
o BREAID SR U 7225 & & A 22 TR K
PETBIO RV =7 & R#IE M USRI ICA]
HATHY S AR ERERE SN0 &
WS, Z2O—TT, KHWRHETEDLISOHH
Mot #0% SSIFAE/E/FE T AV T b Kl T
SST ZEAHE Tl AR & D MM 2 MR T
LTz, ZOHEDP LM FLEIRITH R
SSIEDIV A7 2 TIFALEZONT. $72, 8
JVE PR B D L Ay R TR A R U3 A 2 R
BOHDEWEINASA S (Table 6), SSI D3¢A:
TIIFICLBIF THEICRD LN T2 (Ta-
ble3). ZHIUIMAFHYOBEIZIG U THiE 28k
BEEEZ TV EZ D, DF DINEFH
B3 2 B A (L AR VS IR IE N PR AN L
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WG G TIEBRE DD 7% < 7 HHEE A A
bhitEzbhi:.

MIHER T, 2% b SSI oFKEH I3 T o TAlf 2
¥y 7, FMERERLETHME L &0 0 0 HkH
k&b, BEREELECHILENEED S OM
WORW 2 EOWNREHRDOEH DB G-HK E »
EEZ N5, FEBRIZES M OMT TREEIER ) 5
GHES NZHIE O 80% VL7 T A BEMEAEHE,
WEKW, 7 RYHRRRPZy7unsy—son
DWW 5 MR R EARTHO b Twi.
— 5T, BIEBRRAATERD bR 72 AL
T T AR T O KA N R R C 5
D, F72SSIIERAERTHEILT NTEREEOR
HBRPEERL DV EL S HELS D IS A
WREGEICHG LT aIREREKVwEEZ LR
72, L72255 T, SSI 38412 A3 2 Ay b bt T Al
FIEGPAIRE L D D IENMRE S FARE T2 5.

JEGRI & A A © ORI T AR 0 & I RIS
B SNPEENFEKRLEEZ LN 2F 04
[m, JFEMEICPIREEE LT CMZ # HlvwTWwiz7z
B CMZ TR WIERZ D A SN 5 KIGH 7 Lidht
SRR BITT 5 2 & T L, — Tl
AR D L IZR SN VHITERE (B 5
2 B4R 1 8, Enterococcus J&, Enterobacter
BRI 72 &) 3%, SSIFA TG Lzb @
EHERI SN F e AR, HTBIUFN
v—f#%®ﬁ$%ﬁkﬁ%%#%@ﬁﬁﬁﬁt

EWRE o7 L, SSIFEAERE L AIK
%@i@%ulofﬁ¢#%7f~@%éﬂfw
722 EAER &7z & 512, SSI OE N A IE
KoM SINTBYREESR, BTEAIEFN
L— 7% 5O & R T - 72330 St
PO G S NI BREKRPEIER, FL— 7R P48
75 L THESRALOIERIZD % A5 - 72T et AR
[ Y (Al

F 72, SO TR AN EEEIEDS
NP olelNT—YF ) V27 5 —fHOIEH
BOGHBEOBS 3 SSI A ERSE 5N
WRePEAURIE S 7z, EBIZ, IBNBRERE & IRk
WEER Tl PR IL R O 2 IZBD b h o
7278, EERRE ORI EED A S ERERD
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EABHEN TV LD EEZ LN LaL, #HY)
7 IR IO PUR P 512 & o TARFHR R OPUH 3
DG EIALEL OHESALNDY. FEHIC
CHiE % R 5 2 & TRIGIRPTE I T
oL E N WIS L CTHEA~RY PV RIS
SNZHREVED D 525, MR K33 % HeH]
BRI S HHENMRICRERBL 24T
EETLEIMBICRLE, BENRERLDY
W RS TV R,

ZO—FT, SRIOBE 2 O v B L AR
BT 5 SSI g8 & IESsE#EO M T & 2 24l
AR OEW DS b ol TOZ L
13, SSIZEAENIIMEHG RO 7213 T% <, T
WKHERDICE > THE SN TV A I EFEEREE
WO ORIET DKL TIZO R HHT (Fily
WA, Bz &) DERO—DOTH DI LHVRE
ENZTO UL, MEREREMEERII LD L
TLFEMAY v 7 OFHRYE (FELH, FL—
TR E) X o THESICHBEATETSH ), FH
R ICIE W AR 72 & OB E R AT 3 5 R
safaft, YIEE - WA S ORIZINOFE L Tl
FHEO TR CTHPNMBEOEEN~OJRE - FT %
FHiTAHZEIMEETHL E DR, XYMUKL
72 PR E O RGN O U ETH B &
EzZ b,

BB, RmXOEFIZE 107 bl H AR R
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Where does the Surgical Site Infection (SSI) Originate From?
—Influence of Surgical Field Contamination to the SSI (wound) —

Katsunori Nishikawa, Yuujirou Tanaka, Akira Matsumoto, Takenori Hayashi,
Susumu Kawano, Hideyuki Suzuki, Nobuyoshi Hanyuu and Shuuichi Iwabuchi
Division of Surgery, Machida Municipal Hospital

Background : The prevalence of surgical site infection (SSI) makes it important role to prevent postoperative
infection, but intraoperative bacterial contamination (IBC), a major cause of SSI, has not been well studied.
We studied the relationship between IBC and SSI. Methods : Subjects were 104 patients undergoing elective
digestive tract surgery—20 with upper digestive surgery and 84 with colorectal surgery-between September
2004 and January 2006. Seven samples—1) irrigation fluid after laparotomy, 2) irrigation fluid before ab-
dominal closure (CLOS), 3) swab being of gloved fingers before peritoneal lavage, 4) cutting sutures ligated
for peritoneal closure (SUT), 5) swab being of gloved fingers after peritoneal suture, 6) subcutaneous swab
being of the surgical wound (SUBCUT), and 7) swab being of surgical drapes around the surgical wound-
were obtained intraoperatively and examined for bacterial identification. SSI, in this study, was defined as an
occurrence of infection within 30 days after surgery at the site during the operation without postoperative an-
astomotic leakage. Results : Overall SSI was 0% (0/20) in upper digestive surgery and 27% (23/84) in colorec-
tal surgery. The risk of SSI was 7.78 in stoma construction and 5.02 in intraoperative bacterial detection (IBD)
(p<0.05). IBD was 56% in colorectal surgery and mechanical preparation and oral antibiotic administration
did not reduce IBD. In the SSI group, bacteria were detected in 61% of CLOS and 52% of SUBCUT sites, com-
pared to 25% of CLOS and 21% of SUBCUT in the non-SSI group. Of the 7 IBD samples, bacterial detection
from CLOS was the only individual risk factor for SSI (4.88). Microorganisms from SUT and SUBCUT were
identical to those from SSI wounds. Conclusion : Intraoperative contamination is considered as an important
factor in SSI. Bacterial contamination of remaining irrigation fluid and the subcutaneous surgical wound
seems to be highly correlated, and SSI does not develop without bacteria. Thorough IBC control must thus be
considered top priority in SSI prevention.
Key words : surgical site infection (SSI) ,intraoperative bacterial contamination (IBC) , colorectal surgery
(Jpn J Gastroenterol Surg 41 : 12—21, 2008]
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