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Abstract

Purpose. To assess the risk factors of surgical site infec-
tion (SSI) in gastrointestinal surgery.

Methods. Surgical site infection surveillance was con-
ducted in 27 hospitals.

Results. The incidence of SSIin the 941 patients studied
was 15.5%. The factors associated with SSI were body
mass index (BMI), comorbidity, emergency procedures,
wound classification, blood loss, the suture material
used for intra-abdominal ligation, the method of subcu-
taneous incision, the frequency of glove changes, and
the absence of subcutaneous sutures. In lower alimen-
tary tract procedurcs, additional factors influencing the
incidence of SSI were sex, smoking status, operating
time, the suture material used for abdominal wound
closure and seromuscular sutures, and the combined
resection procedures. According to a multiple logistic
regression analysis, the independent risk factors for 881
were as follows: the type of operation, blood loss, wound
classification, emergency procedures, the frequency of
glove changes, the use of subcutaneous sutures, com-
bined resection procedures, and the material used for
seromuscular suturing,

Conclusion. Strict asepsis and minimal blood loss were
associated with a lower incidence of 881 following
gastrointestinal surgery. The usc of absorbable suture
material may be involved in reducing the risk of SSL

Key words SSI
Surveillance

Gastrointestinal  surgery
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Introduction

Surgical site infection (8581) accounts for about 15% of
all nosocomial infections and occurs in 10%-30% of all
patients undergoing gastrointestinal surgery.'” Sur-
geons cither tend o ignore or are unaware of these data
because of the minor impact these infections have on
postoperative recovery, especially incisional SS1s. Nev-
ertheless, a considerable number of patients suffer from
the unexpected and painful complications of an SSL
Thus, surgeons should be made aware of the high inci-
dence and costs of managing SSIs.'”

In 1970, the Centers for Disease Control and Pre-
vention (CDC) in US sct up the National Nosocomial
Infection Surveillance (NNIS) system and established
the guidelines for the prevention of SS1.* The CDC also
reported that surveillance plays an important role in
decreasing the incidence of SSI. In 1998, almost 30 years
after the NNIS system was established, the Japanesc
Nosocomial Infection Surveillance (INIS) sysiem was
started.” Most Japanesc surgeons now recognize the
importance of preventing SS1. We founded the SS1study
group in Kyushu University to decrease the rate of SSIs
and to investigate the factors influencing it. This report
presents our preliminary results of SSI surveillance of
gastrointestinal surgery in the Department of Surgery
and Science, Graduate School of Medical Sciences,
Kyushu University, and its 26 affiliated hospitals in the
Kyushu, Shikoku, and Chugoku districts. We focused on
the operative procedures, including the materials used
in abdominal closure, seromuscular suturing, and intra-
abdominal ligation.

Methods

Between October 1, 2004 and January 31, 2005, we
collected and analyzed data prospectively from patients
who underwent operations for gastrointestinal disease
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in the Department of Surgery and Science, Graduate
School of Medical Sciences, Kyushu University, and
its 26 affiliated hospitals. The subjects of this study
consisted of patients who underwent operations in the
intra-abdominal alimentary tract, such as procedures
for gastroduodenal, small intestinal, and colorectal dis-
cases, and appendicitis. Patients who underwent esopha-
geal, anal, pancreatic, and biliary tract operations were
not included in this surveillance. Records of both elec-
tive and emergency procedures were collected pre-
operatively, intraoperatively, and during 1 month of
postoperative follow-up. No recommendations were
made prior 1o or during this study to decrease the inci-
dence of SSI. There was no protocol for the administer-
ing of antibiotics, including preoperative preparations
for colorectal operations.

The preoperative data, including body weight, height,
smoking habits, and the method of hair removal, were
collected from responses to a questionnaire given to the
patients. The American Society of Anesthesiologists
(ASA) scorc was calculated by the anesthesiology team
when requested by the attending physician. The diagno-
sis and classification of SS1. namely, superficial incisional,
deep incisional, or organ/space SSI, and the surgical
wound classification, namely, Class I (clean), Class 11
(clean-contaminated), Class IT1 (contaminated), or Class
TV (dirty-infected), were based on the CDC definitions.
Patients with delayed primary suturcs were cxcluded
from the superficial SSI assessment. All data were col-
lected by the attending physician or the SSI staff, namely,
surgeons who were responsible for data accumulation
and SSI evaluation. The data files were sent to the sec-
retary ol the 581 study group at the Department of
Surgery, Fukuoka Dental College, Fukuoka, Japan.

Univaniate statistical analyses were conducted using
chi-square tests and unpaired, one-tailed r tests. Yates
correction was done if there was a number lower than
10 in the chi-square test. Multivariate regression analy-
sis was conducted for gastrectomy, colectomy, rectal
resection or amputation, and appendectomy, using a
BMDP package program (The BMDP PLR program;
BMDP Statstical Software, Los Angeles, CA, USA) for
an IBM (IBM, Armonk, NY, USA) 3090 mainframe
computer, employing Cox’s proportional hazard model®
to determine the independent factors for SSI. Stoma
operations (including Hartmann's operation), bypass
procedures, perforation closure, adhesiolysis, wedge
resection, and other miscellancous procedures were
excluded from the analysis. The covanates studied are
listed in Tables 4 and 5.

405
Results

Patient Characleristics

We analyzed 941 patients. Table 1 summarizes the
patient characteristics and incidences of SSI. The age
distribution was 11-98 years, and 63.7% of the patients
were men. The SSI-positive group had a significantly
higher mean body mass index (BMI) than the SSI-
negative group (P = 0.046). Patients with comorbidity
had a higher incidence of SSI than those without comor-
bidity (P=0.045). Within the comorbidity group, patients
with chronic lung discasc such as asthma had a higher
incidence of SSI than those without comorbidity (P =
0.003). According to the questionnaire, 28.6% of the
patients were smokers, consistent with the current
smoking rate in Japan. The group who either quit
smaoking for less than a month before their operation or
were still smoking at the time of their operation had a
relatively higher SS1 rate (18.4%) than the non-smokers
or the patients who had quit smoking for more than a
month (14.9%). Hair on the skin over the operative site
was either not removed (35.5%) or was removed using
clippers or a depilatory agent (52.8%) in majority of
patients. Only 29 (3%) patients had the preoperalive
area shaved, and because of this low percentage, there
was no significant difference in SS81 rates between shaved
patients and those who were not shaved. Regarding the
timing of hair removal, 334 (35.5%) patients were pre-
pared on the day prior to surgery, contrary to the current
CDC guidelines.”

Incidence of 851 According 1o the Type of Operation

The incidence of SSI following upper alimentary tract
operations, which consisted of partial and total gastrec-
tomy, including total resection of the gastric remnant,
was 8% (26/326). Conversely, the incidence of SSI
following lower alimentary tract operalions, which
consisted of small-intestinal and colorectal surgery,
appendectomy, and stoma operations including Hart-
mann’s operation, was as high as 20%-30% (Table 2).

Operartive Variables and S5/

The relationships between operative variables and SSI
are summarized in Table 3. The incidence of SSI was
significantly associated with such factors as eleclive or
emergency surgery, wound classification, blood loss, the
suture material used for intra-abdominal ligation, the
method of subcutaneous incision, the frequency of glove
changes, and the presence of subcutaneous sutures
(Table 3). The incidence of SSI was lower following the
procedures in which absorbable sutures were used than
the procedures in which non-absorbable sutures were
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Table 1. Paticnt characleristics and surgical site infection

A. Watanabe et al.: 881 Afer Gastrointestinal Surgery

Characteristics No. of patients SSI(+) (%) SSI(=) P
Age 941 64 £17 644+ 17 NS
Sex
Male 599 103 (17.2) 496 NS
Female 342 43 (12.6) 299
BMI 923 225+37 21835 0.046
ASA score
1and2 775 113 (14.6) 662 NS
>3 164 33 (20.1) 131
Comorbidity
Absent 542 73 (13.5) 469 0.045
Present 388 71 (18.3) 37
Diabetes mellitus 113 16 (14.2) 97 NS"
Cardiovascular disease 112 21 (18.8) 91 N§"
Lung discase 13 6 (46.2) 7 0.003"
Renal failure 18 4 (22.2) 14 NS"
Albumin < 3g/dl 50 9 (18) 41 NS§®
Hemoglobin < 10g/dl 79 14 (17.7) 65 NS
Others’ 117 22 (18.8) s NS°
Smoking
None/cessation 2 a month 747 111 (14.9) f36 NS
Cessation < a month/smoking 185 34184) 151
Hair removal
None 334 47 (14.1) 287 NS
Depilatory agent/clipper 497 76 (15.3) 421
Razor shaving 29 3(10.3) 26
Values are expressed as mean £ 5D
S§51, surgical site infection; BMI, body mass index; ASA, American Society of Anesthesiologists; NS, non-significant
" Others include liver cirrhosis or chronic hepalitis, steroid usage, infection, and other diseases
"Versus comorbidity absent cases
Table 2. Type of operation and surgical site infection
Type of 881
Operation Superficial incisional®  Deep incisional Organ/space  Total  SST (%)
Gastrectomy: proximal and distal 5 (220) 2(222) 8(222) 15 (222) 6.8
Gastrectomy: total and gastric remnant 5 (104) 0 (104) 6 (104) 11(104) 10.6
Resection: small intestine 4(33) 1(35) 2(35) 7 (35) 20
Resection: colon 35 (235) 6 (238) 9 (238) 50 (238) 21
Resection: rectum 6 (96) 1(98) 6 (98) 13 (98) 13.3
Rectal amputation and total pelvic exenteration 5 (30) 2 (30) 2 (30) 9 (30) 30
Stoma and Hartmann’s operation 9(36) 1) (38) 1 (38) 10 (38) 263
Bypass 4(19) 0 (20) 1(20) s (20) 25
Closure of perforation 0017) 2 (20) 2 (20) 4 (20) 20
Appendectomy 8(92) 2 (99) 6 (99) 16 (99) 16.2
Adhesiolysis 0(12) 2(12) 0(12) 2(12) 16.7
Wedge resection 0(12) 0(13) 0(13) 0(13) 0
Others 3(12) 1(12) 0 (12) 4(12) 333

Numbers in parentheses indicate the number of operations
SS1, surgical site infection
“Delayed primary suture cases were excluded

used for abdominal wound closure and seromuscular
suturing, although the difference was not significant.
Regarding the drainage type, open drainage was associ-
ated with an 18.1% incidence of SSI, which was higher
than that associated with other types of drainage. The

association of patient characteristics and operative vari-
ables with the incidence of SSI was assessed separately
in relation to upper and lower alimentary tract opera-
tions because of the differences in the SSI rates (Tables
4, 5). In upper alimentary tract surgery, significant
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Table 3. Operative variables and surgical site infection
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Operative variable No. of patients

Emergency
Elective 732
Emergency 207
Wound classification
Classes T and IT §12
Classes 111 and TV 129
Laparoscopic or assisted surgery
No %36
Yes 106
Blood loss 941
Operation time 932

Abdominal wound closure
Intermitlent or continuous

Intermittent 609

Continuous 330
Suture material

Absorbable 808

Non-absorbable 131

Intra-abdominal suture material
Seromuscular suture

Absorbable 260

Non-absorbable 570

None 91

Ligation

Absorbable 154

Non-absorbable 739

None i3
Subcutaneous incision

By surgical knife 120

By electric cautery 821
Drainage

No drain 134

Closed (suction) 132

Closed (non-suction) 244

Open 431
Frequency of glove changes

None 255

One or more 685
Subcutaneous suture

No 741

Yes 199

SSI (+) (%) SSI (=) P
94 (12.8) 638 <0.001
51 (24.6) 156
96 (11.8) 716 <0.001
50 (38.7) 79

133 (15.9) 703 NS
13 (12.3) 93
234 + 317 415 + 594 <0.001
198 = 109 185 + 88§ NS
93 (15.3) 516 NS
53 (16.1) 277
119 (14.7) 689 NS
27 (20.6) 104
31 (11.9) 229 NS
92 (16.1) 478
19 (20.9) 72
16 (10.4) 138 0.047°
124 (16.8) 615
2 (6.1) 31
8(6.7) 12 0.006
138 (16.8) 683
18 (13.4) 116 NS
21 (15.9) 11
29 (11.9) 215
78 (18.1) 353
24 (9.4) 231 0.002
122 (17.8) 563
129 (17.4) 612 0.002
17 (8.5) 182

Values are expressed as mean £ 5D
SSI, surgical site infection
"Absorbable versus non-absorbable

relationships were observed between the incidence of
881 and blood loss as well as combined resections. The
incidence of SS1 was lower when absorbable sutures had
been used for abdominal wound closure, seromuscular
sutures, and intra-abdominal ligations, than when non-
absorbable sutures had been used, although the differ-
ences were not significant.

In the lower alimentary tract operations, significant
relationships were observed between the incidence of
SSI and sex, BMI, smoking status, emergency proce-
dures, wound classification, blood loss, operating time,
abdominal wound suture material, seromuscular suture

materials, ligation suture material, combined rescction
operations, frequency of changing gloves, and the pres-
ence of subcutaneous sutures. A higher incidence of 881
was seen in patients who underwent a functional end-
to-end anastomosis than in those who underwent an
ordinary hand-sewn anastomosis, although the differ-
ence was not significant.

The protocol for antibiotic prophylaxis was not fixed,
but we investigated it in this surveillance of 8SI. Cefazo-
lin was given to 68.3% of the patients who underwent
upper alimentary tract operations, and the duration
of administering was not longer than 3 days in 88.1%.



408

A. Watanabe et al.: S§I After Gastrointestinal Surgery

Table 4. Characieristics of the patients who underwent upper versus those who underwent lower abdominal operations and

their effect on surgical site infection

Upper (n = 312)

Lower (n=401)

No. of

No. of
Characteristics patients SSI(+) SSI (=) P patients SSI (+) SS8I (=) P
Ape A 698+ 12 658+ 11 NS 397 66.5+13.2 695+ 12 NS
Sex
Male 206 19 (9.2) 187 NS 240 56(233) 184 0.026
Female 106 5(4.7) 101 161 23 (14.3) 138
BMI 308 222436 222+36 NS 393 229+33 220+33 0.025
ASA
land2 272 18 (6.6) 254 NS 331 65 (19.6) 266 NS
=3 40 6 (15) 34 70 14 (20) 56
Comorbidity
Absent 176 10 (57) 166 NS 222 44 (19.8) 178 NS
Present 129 14 (10.9) 115 173 33 (19.1) 140
Diabetes mellitus 43 3(7.0) 40 NS" 47 9(19.1) 38 N§"
Cardiovascular disease 32 3(94) 29 N§" 52 13 (25.0) 39 N§"
Lung discase 5 3 (60.0) 2 NS 3 1(333) 2 NS
Renal failure 3 0(0) 3 N§” 9 1(11.1) 8 NS"
Albumin <3 g/dl 1 2(182) 9 N§" 20 4(20.0) 16 NS"
Hemoglobin <10 g/dl 13 2(154) 1 NS” 50 9 (18.0) 41 NSP
Others® 24 3(125) 21 NS” 49 7(14.3) 42 NS”
Smoking status
Nonefcessation 2 a month 243 17(7) 226 NS 330 57(17.2) 273 0.018
Cessation < a month/smoking 68 7 (10.3) 61 67 21 (31.3) 46
Hair removal
None 13 11 (8.4) 120 NS 110 17 (15.4) 93 NS
Depilatory agent/clipper 150 10 (6.7) 140 247 50 (20.2) 197
Razor shaving 9 1(11.1) 8 14 2(14.2) 12

Values dre expressed as mean £ 8D
SS1, surgical site infection; NS, non-significant

*Others include liver cirrhosis or chranic hepatitis, steroid usage, infection, and other diseases

"Versus comorbidity absent cases

Celmetazole and Nomoxel sodium were given 1o 44.1%
and 28.7% of the patients who underwent lower alimen-
tary tract operations, respectively, and the duration of
administering was not longer than 3 days in 77.1%.
There was no significant difference in the incidence
of SSI according to the type of antibiotics or their
duration,

Multivariate Analysis

Gastric surgery, colorectal surgery, and appendectomy
(excluding minor operations such as wedge resection,
stoma operation, and bypass operations) were analyzed
by a multivariate analysis in relation to SSI (Table 6);
48 (6.1%) of the 791 patients were excluded from the
analysis because of incomplete data. The type of opera-
tion, blood loss, wound classification, emergency pro-
cedures, frequency of changing gloves, subcutaneous
sutures, combined resection procedures, and the type of
seromuscular suture material were identified by multi-
variale analysis as independent factors influencing the
incidence of SSI.

Discussion

The CDC classilied postoperative infections as either
SSI or remote infection, SSI was further cateporized
into superficial, deep incisional, and organ/space infec-
tion.! These definitions are useful for infection identifi-
cation and data comparison among hospitals. The CDC
guidelines also provided much evidence for specific
perioperalive management strategies, which have been
adopted by surgeons throughout the world. There is
considerable cvidence that SSI surveillance itsell
decreases the rate of infection (category IB)."™ There-
fore, we established our SSI study group and started to
perform surveillance to decrease the rate of SSI. We
invesligated operative procedures such as laparoscopy,
methods of closing the abdomen, suture materials,
methods of subcutancous incision, drainage methods,
frequency of glove changing, presence of subcutaneous
sutures, and anastomotic techniques, in addition to the
usual factors included in SSI surveillance.

Our surveillance revealed that the overall incidence
of 81, including post-emergency procedures, was 15.5%

_Io_
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Table 5. Operative vanables of upper versus lower abdominal operations and their effect on surgical site infection
Upper (n=312) Lower (n=401)
No. of No. of
Operative variable patients SSI(+) SSI (=) P patients SSI (+) SSI1(-) P
Emergency
Elective 307 20 (6.5) 287 NS 342 61 (17.8) 281 0.024
Emergency 5 4 (80) 1 59 18 (30.5) 41
Wound classification
Classes Tand 11 306 24 (7.8) 282 NS is1 56 (16) 295 <0.0001
Classes II1 and IV 6 0 6 50 23 (46) 27
Laparoscopic or assisted surgery
No 27 0 27 NS 36 8(222) 28 NS
Yes 286 24 (B4) 262 365 71 (19.5) 204
Blood loss a2 657 +766 334+370 <0001 397 489+ 629 224 £286  <0.0001
Operation time 307 239+ 71 240N NS 398 22+115 18073 <0.001
Abdominal wound closure
Intermittent or continuous
Intermittent 186 12 (6.5) 162 NS 251 53(21L1) 198 NS
Continuous 126 12 (9.5) 102 150 26 (17.3) 124
Suture material 401
Absorbable 275 19 (6.9) 256 NS 343 61(17.8) 282 0.019
Non-absorbable 37 5(13.35) 32 58 18 (31) 40
Intra-abdominal suture material
Seromuscular suture
Absorbable 82 5(6.1) 77 NS 100 12 (12) 88 0.035*
Non-absorbable 225 19 (84) 206 248 54 (21.8) 194
None 3 0 3 46 10 (21.7) 36
Ligation
Absorbable 4 2 (45) 42 NS 59 4(6.8) 55 <0.001*
Non-absorbable 261 22 (84) 239 338 74 (21.9) 264
None 2 0 2 2 ] 2
Combined resection
No 238 14 (5.9) 224 <0.001 374 67(17.9) 307 <0.001
Yes 70 10 (14.3) 60 27 12 (44.4) 15
Subcutaneous incision
By surgical knife 48 2 (4.5) 46 NS 51 3(59) 48 NS
By electric cautery 264 22 (84) 242 350 76 (21.5) 274
Drainage
No drain 9 1(11.1) 8 NS 19 1(53) 18 NS
Closed (suction) 47 4 (85) 43 70 14 (20) 56
Closed (non-suction) 123 9(7.3) 114 96 17(17.7) 79
Open 132 10 (7.6) 122 216 47 (21.8) 169
Frequency of glove changes
None 59 5(85) 54 NS 74 6(22.4) 68 0.009
One or more 253 19 (7.5) 234 326 73 (8.1) 253
Subcutancous suture
No 250 21 (84) 229 NS 315 72 (22.9) 243 0.024
Yes 61 3(49) 58 86 7(8.1) 79
Functional end to end
No 333 61 (18.3) 272 NS
Yes 68 18 (26.5) 50

Numbers in parentheses indicate percentages; values are expressed as mean + SD

551, surgical site infection; NS, non-significant
* Absorbable versus non-absorbable

and that it was higher following the small-intestinal and
colorectal surgical procedures than following gastric
surgery. Moreover, univariate analysis revealed that
BMI, emergency procedures, wound classification,
blood loss, the suture material used for intra-abdominal
ligation, the method of subcutaneous incision, the fre-

quency of changing gloves, and the presence of subcu-
taneous sutures were significantly associated with SSI.
Wound classification, emergency procedures, and blood
loss were the risk factors most strongly associated with
SSI(P<0.001), in accordance with the findings of earlier
reports. ™" Thus, surgeons should practice all measures

_13_



410

Table 6. Multivariate analysis
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Variables Coefficient S.EE.
Operation

Gastric surgery 0

Colorectal surgery 1.312 0304

Appendectomy 0.7916 0.64
Blood loss 0.001146 0.000315
Wound classification 1.193 .359
Emergency 1217 0.451
Changing gloves 1.102 0.348
Subcutaneous suture =1.091 0.351
Combined resection

None 0

One organ 1.088 0374

Two organs 0.2647 0.731
Seromuscular suture

None 0

Absorbable —{.8057 0.457

Non-absorbable 0.8057 0457

Qdds ratio 95% CI P
1.0 0.0003
31 2.0400-6.7400
221 0.6280-7.7500
1 1.0000-1.0000 0.0007
33 1.6300—6.6700 0.0021
3.38 1.3900-8.1800 0.0122
3.01 1.5200-5.9700 0.0033
0.336 0.1690-0.6690 0.0039
1.0 0.0365
297 1.4200-6.1900
13 0.3110-5.4700
1.0 0.0203
0.447 0.1820-1.1000
224 0.9120-5.4900

Complete data for 741 paticnts were analyzed

to avoid contamination of the operative field and mini-
mize blood loss to prevent SSI.

The CDC guidelines' recommend that surgeons
minimize devitalized tissue and forcign bodies such as
sutures, charred tissue, necrotic debris, and dead space
at the surgical site (category IB). Using a surgical knife
during subcutaneous incisions can reduce tissue burn
and necrosis, which might explain the lower incidence
of SSI associated with the use of a surgical knife than
with electric cautery. To reduce necrosis and charred
tissuc in the incisional wound, surgeons should avoid
making slow incisions when using electric cautery.
The rate of SSI also decreases if subcutaneous tissue is
closed with an absorbable suture to eradicate the dead
space."

Less frequent glove changing was associated with a
lower incidence of SSI, which may be owing to the
procedural background: operative procedures with less
conlamination such as adhesiolysis and wedge resection
do not require glove changing, whereas procedures
with more contamination such as colorectal surgery,
and stoma operations do require frequent glove
changing.

In contrast to upper alimentary tract operations, in
which only two factors, namely, blood loss and the addi-
tional resection of another organ, were associated with
SSI, the patient’s sex, smoking habits, operative time,
suture material used in both abdominal and seromuscu-
lar closure, and the additional resection of another
organ were significant univariate lactors associated with
the incidence of SSI following lower alimentary tract
operations. The incidence of SSI was higher when a
functional end-to-end anastomosis was performed using
suturing instruments’” than when this technique was not

used. Multifiring of the suturing instrument, which is
inserted into the intestinal lumen, might be responsible
for the higher SSI incidence. The surgical team must
thercfore pay carcful attention to any type of potential
contamination during this procedure.

A preoperative smoking habit was found to be a sig-
nificant risk factor for SSI following lower alimentary
tract surgery, and this tendency was also observed in
patients who underwent upper alimentary tract surgery.
Hypovolemia and hypoxia are believed to be responsi-
ble for SSI.*'"" Smoking causes constriction of the periph-
eral blood vessels,"" the possible consequence of which
is tissue hypovolemia and hypoxia, creating an environ-
ment conducive to SSL."* Ideally, patients should refrain
from smoking for at least 4 weeks prior to surgery:"
however, there is usually no time for this, especially
when emergency surgery is indicated or the patient has
malignant diseasc. Interestingly, Bluman ctal." observed
an almost sevenfold increase in postoperative pulmo-
nary complications in smokers who tried to quit smoking
prior o surgery in comparison with patients who did
not stop smoking. The transient increase in the sputum
volume in smokers who stopped smoking several days
prior to surgery might be related to this phenomenon.'™"
A prophylacticstrategy should be established for current
smokers who are unable to stop smoking for 4 weeks
prior to their operations. According to our surveillance
protocol, we focused on the type of suture material used
for abdominal wall closure, seromuscular sutures, and
intra-abdominal ligations. Tn Japan, silk is still often
used for intra-abdominal suturing and ligation because
itis less expensive and easier (o handle than absorbable
synthetic suture material. However, foreign materials,
especially silk, are known to accelerate infection.*” In
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the CDC guidelines,' monofilament sutures were rec-
ommended to reduce SS1.' We investigated the use of
suture materials during abdominal wound closure, sero-
muscular approximation, and ligation. In all cases,
absorbable sutures were associated with a lower inci-
dence of SSI than non-absorbable sutures in intra-
abdominal ligation (#=0.047). This association was also
cvident in lower alimentary tract operations involving
abdominal wound closure (P = 0.019), seromuscular
suturing (P = 0.035), and ligation (P < 0.001). Although
the differences were not significant, the same tendencies
were observed in the upper alimentary tract procedures.
Furthermore, multivariate analysis revealed that the
odds ratio of absorbable suture material in seromuscu-
lar suturing was lower than that of non-absorbable
suture material. These facts suggest the superiority of
absorbable suture material in gastrointestinal surgical
procedures to reduce the risk of SSI. A well-designed
randomized controlled trial is needed to prove this
assumption.

The development of a suture sinus, which is a su-
perficial incisional 881, often involves non-absorbable
suture material during abdominal wound closure.™"
Thus, absorbable suture material is now widely used for
abdominal closure in Japan. According to our surveil-
lance protocol, absorbable sutures were used in 86% of
the patients. Polydioxanone (PDS-IT), an absorbable
suture material, was used in 57% of these paticnts
because of its durability and lower wound failure
rate in comparison with polygractin 910 (Vicryl), and
polyglycoric acid (Dexon). ™ However, braided nylon
(Surgilon) and silk were still used in 13% of the patients
in this study. Surgeons should be made aware of the
evidence demonstrating a better surgical outcome asso-
ciated with the use of absorbable sutures.™

In summary, our study showed that cleaner proce-
dures and reduced blood loss can decrease the incidence
of 5SI following gastrointestinal surgery. The cessation
of smoking for more than a month prior to surgery
might also reduce the risk of an SS1, especially in patients
undergoing clective lower alimentary tract surgery.
Moreover, the use of absorbable suture materials might
play an important role in reducing the incidence of SS1.
Further study is needed to provide evidence on the use
of specific types of intra-abdominal suture materials. In
conclusion, SSI surveillance should be conducted and
maintained in all hospitals to promote better surgical
outcomes.

References

1. Emori TG, Gaynes RP. An overview of nosocomial infections,
including the rale of the microbiology laboratory. Clin Microbiol
Rev 1993,6(4):428-42.

-

~

oy

e

12.

21.

29.

_13_

. Hoogendoorn JM, §

411

. Smith RL, Bohl JK. McElearncy ST, Friel CM, Barclay MM,

Sawyer RG. et al. Wound infection after elective colorectal resec-
tion. Ann Surg 2004;23%(5):599-607.

Cruse PJ. The epidemiology of wound infection: a 10-year
prospective study of 62,939 wounds. Surg Clin North Am 1980;
60(1):27-40.

Mangram AJl, Horan TC, Pearson ML, Silver LC, Jarvis WR.
Guideline for prevention of surgical site infection 1999, Infection
Control Hosp Epidemiol 1999,20(4):247-78.

Konishi T, Harihara Y, Morikane K. Surgical site infection surveil-
lance (in Japanese). Nippon Geka Gakkai Zasshi 2004,
105(11):720-5.

Cox DR. Regression models and life tables. J R Stat Soc Ser B
1972:34:187-220.

Condon RE, Schulte W], Mal i MA, And ‘Taschendord
MJ. Effectiveness of a surgical wound surveillance program. Arch
Surg 1883:118:303-7.

Haley RW, Culver DH, White JW, Morgan WM, Emori TG,
Munn VP. The efficacy of mfe:lu:m surveillance and control pro-
grams in preventing nose | infections in US hospitals. Am )
Epidemiol 1985; 121: 182-205,

Istaelsson LA, Jonsson T, Overweight and healing of midline
incisions: the importance of suture technique. Eur J Surg 1997;
163:175-80.

Serensen LT, Hi U, Kalleh F, Wille-Jorgensen P,
Kjxgaard 1, Maller LN et al R‘sk factors for lissue and wound
o in gastroi | surgery. Ann Surg 2005;241(4):

¥

654-8.

. Morikane K, Konishi T, Nishioka M, Tanimura H, Noguchi H,

Kobayashi H. Experience of surgical site infection surveillance
following general surgery (in Japanese). Kankyo Kansen 2001,
16{2):163-8.

Steichen FM. The use of staplers in anatomical side-to-side
and functional end-to-end enteroanasiomoses. Surgery 1968:64
948-53,

her RK, Schellek PP, van der
Werken C. Adverse effects of smoking on healing of bones and
soft tissucs, Unfallchirurg 2002;105(1):76-81.

. Belda FI, Aguilera L, Garcia de la A, Alberti I, Vicente R. Sup-

plemental perioperative oxygen and the risk of surgical wound
infection: a randomized controlled trial. JAMA 2005,294(16):
2035-42

. Serensen LT, Karlsmark T, Gottrup F, Abstinence from smoking

reduces incisional wound infection: a randomized controlled trial
Ann Surg 2003;238(1):1-5.

. Bluman LG, Mosca L, Newman N, Simon DG. Preoperative

smoking habits and postoperative pulmonary complication. Chest
1998,113:883-9.

. Pearce AC. Jones RM. Smoking and anesthesia: preoperative

abstinence and perioperative morbidity. Anesthesiology 1984:61

576-84.

Yamashita §, Yamaguchi H, Sakaguchi M, Yamamoto §, Aoki K,
Shiga Y, et al. Effect of smoking on intraoperative sputum and
postoperative pulmonary complication in minor surgical patients
Respir Med 2004,98(8):760-6.

. B'erard F, Gardon J, Postoperative wound infections: the influ-

ence of ultraviolet irradiation of the operating room and of
various other factors. Ann Surg 1964160 Suppl 1:1-192.

van't Riet M, Steyerberg EW, Nellensteyn 1, Bonjer HJ, Jeekel
J. Meta-analysis of techniques for closure of midline abdominal
incisions. Br J Surg 2002;89(11):1350-6.

Iwase K, Higaki J, Tanaka Y, Kondoh M, Yoshikawa M, Kamiike
W. Running closure of clean and contaminated abdominal wounds
using a synthetic monofilament absorbable looped suture. Surg
Today 1999,29:874-9.

Hsiao WC, Young KC, Wang 5T, Lin PW. Incisional hernia after
laparotomy: prospective randomized comparison between early-
absorbable and late-absorbable suture materials. World J Surg
2000,24:747-52



412 A. Watanabe et al.: SSI After Gastrointestinal Surgery

23, Hodgson NCF, Maithaner RA, @stbye T. The search for an ideal 25, Hodgson NCF, Malthaner RA, @sthye T, Current practice of
method of abdominal fascial closure: a meta-analysis. Ann Surg abdominal fascial closure: a survey of Ontario general surgeons.
2000,231(3):436-42. Can J Surg 2001,44(5):366-70.

24. Schoelz DI Ir, Coller JA, Veldenheimer MC. Closure of abdomi-
nal wounds with polydioxanone: a prospective study. Arch Surg
1988;123:72-4,

_14_



