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= Abstract = To confirm the benefits of short term perioperative chemoprophylaxis a
prospective randomized comparative study was performed. The patients admitted for elective
gastroduodenal or biliary tract surgery had been enrolled. The patients were given two diffe-
rent antibiotic regimens; cefazolin (I) or combination of penicillin and gentamicin (II), for three
different periods starting preoperatively; 1 day (group A), 3 days (group B) and 5 to 7 days
(group C). The each group of patients was similar in terms of age, sex, weight, duration of
operation, preoperative hospital days and distribution of disease and operation. The rate of
infection was 5.1% (5/99) in group A, 7.7% (8/104) in group B and 6.9% (7/101) in group C.
No significant difference was found between cefazolin alone (5.8%) and penicillin plus genta-
micin (7.3%) in the rate of infection. This result suggests that there is no benefit from
continuing antibiotic administration beyond the day of operation in preventing infectious com-

plication after clean contaminated operation.
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INTRODUCTION

The timing and duration of antibiotic administra-
tion to prevent postoperative infection has long
been debated. Even still many published data con-
tain inconclusive results, a principle almost estab-
lished is that prophylaxis should be started
preoperatively to be effective and continued only a
brief postoperative period to be safe. This concept
of early administration of short course antibiotics
had been suggested by Miles (1957) and Burke
(1961). The value of the concept had been con-
firmed in their pioneering experimental work and in
numerous well controlled clinical trials. Despite this
fact, use of antibiotics is still inappropriate in terms
of duration of administration in many hospitals in
different countries (Shapiro et al. 1979; Weiner et
al. 1980). This is a clinical study to determine the
duration of effective and economic use of prophy-
lactic antibiotics.

MATERIALS AND METHODS
During 9-month period 382 patients who were
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admitted for elective gastroduodenal or biliary tract
surgery at the Department of Surgery, Seoul
National University Hospital, had been involved in
this study. The following patients were excluded
before assignment; immunosuppressed patients,
chronic debilitated patients, patients with diabetes
or renal failure, patients who received antibiotics
within two weeks prior to surgery and pregnant or
lactating women. The patients were given two dis-
tinct regimens; cefazolin alone or combination of
penicillin and gentamicin. Antibiotic prophylaxis
were started 1.hour prior to surgery. The patients
in cefazolin group were given 0.5 gm dose every 6
hours intravenously. The patients in combination
therapy group were given 2 to 4 million units
(50,000 U/kg) of crystallin penicillin-G every 6
hour intravenously or 1 to 2 million units(25,000
U/kg)of procaine penicillin-G every 12 hours intra-
muscularly and 60-80 mg (1-2 mg/kg) of gentami-
cin every 8 hours intramuscularly. These antibiotics
were administered for three distinct duration; 1
day, group A; 3 days, group B; 5 to 7 days, group
C. Each group was divided into two subgroups
according to the antibiotics administered; subgroup
| for cefazolin alone and subgroup Il for combina-
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tion of penicillin and gentamicin (A-1, A-ll, B-I,
B-Il, C-1, C-ll). The patients were evaluated for
possibility of exclusion and assigned to one of 6
subgroups of protocol using random number chart
in the day before operation. To prevent possible
untoward effects, skin tests for antibiotics were per-
formed. Operative field was prepared with 7.5%
Betadine soap and Hygien alcohol. Before closing
the wound, it was cleansed with saline only. If op-
erative time was prolonged beyond © hours,
another dose was given intraoperatively. Although
the patients were assigned to one of 6 groups, the
patients were excluded from the study if there were
reactive skin test to the antibiotics, gross spillage of
intestinal contents, infected bile, acute inflamma-
tion, pus drainage, unexpected operation or unpre-
pared colonic resection. After operation, the pa-
tients were observed for the occurrence of unto-
ward effects of antibiotics and infectious complica-
tions. Infection had been defined as gross pus
drainage from wound or the presence of symptoms
and signs, the most likely explanation of which was

flammation, unexpected operation, reactive skin
test and poor cooperation and then actually 304
patients were eligible (Table 1). No significant dif-
ferences were noted between groups in terms of
number of patients, age, sex, body weight, duration
of operation and preoperative hospital day (Table
2). Gastroduodenal surgery had been performed on
197 patients and biliary tract surgery had been
performed on 107 patients (Table 3 & 4).

Table 5 shows the infection rates in each sub-
groups. The overall infection ‘rate was 6.6% (20/
304). All the infection cases were wound infection
except one which was subphrenic apscess de-
veloped after partial gastrectomy in group A-Il. The
infection rate of group A-1 was the lowest as 3.8%
and that of group C-II was the highest as 9.1%,
but there was no statistical significance between
them.

According to the duration of administration the
infection rate of group A was 5.1% (5/99); group B,

Table 1. Reasons for exclusion of patients after assign-

the evolution of abscess in the peritoneal cavity. ment
Culture and sensitivity test were performed for all  1otai number of patients 382
the specimens obtained. Poor cooperation 39
RESULTS Gross spillage or apute inflammation 10
. ' Unexpected operation 15
Three hundreds and eighty two patients were Reactive skin test 14
assigned to this study, but of these 78 patients Actually studied patients 304
were excluded due to gross spillage or acute in-
Table 2. Patient statistics
A-| A-Il E-1 B-1I C-I C-1
No. of patients 52 47 56 48 46 55
Mean age (years) 49.3 50.5 50.3 50.2 49.5 52.1
Sex (M/F) 28/24 30/17 33/23 29/19 32/14 34/21
Average Weight(kg) 55.8 54.3 53.5 50.9 53.1 53.9
Preop. hospital day 51434 52427 53+29 60+35 57434 6.1+34
Operation duration(min.) 143433  139+38 150+52 149441 156+36 157454
Table 3. Disease distribution of each group
Disease A-l A-1l B-| B-Il C-1 C-1l Total
Storach cancer 25 23 30 22 27 32 159
Benign gastric ulcer 4 3 6 4 3 2 22
Duodenal ulicer 2 2 3 3 4 2 16
GB stone 13 11 14 10 9 12 69
CBD stone ¢/s GB stone 7 3 8 3 7 36

Intrahepatic stone
GB cancer




Table 4. Distribution of operation of each group

—223—

Operation A-1 A-1
Op. including gastrectomy 25 24
Vagotomy + pytoroplasty 2
Gastrojejunostomy 4 1
Cholecystectomy 13 10
CBD exploration 8 9

Sphincteroplasty - -
Biliary -enterostomy - -

B-I B-I1 C-I Cl Total
30 24 29 32 164
3 2 3 1 14

6 3 2 3 19
12 8 8 10 61
5 8 4 7 41

- 1 - . 2

- 1 . 2 3

7.7% (8/104) and group C, 6.9% (7/101). No sig-
nificant difference was found between them (Table
6). Comparing cefazolin group (A,B,C-1) with com-
bination of penicillin and gentamicin (A,B,C-Il), 9
out of 154 patients had infections in group |
(5.8%) and 11 out of 150 patients had infections
in group Il (7.3%) (Table 7). Significant difference
could not be found between them. The rate of
postoperative infection in gastroduodenal surgery
was 3.6% (7/197) and that in biliary tract surgery
was 12.1% (13/107) (Table 6). There was signifi-
cant difference between them (p<0.05). In this

Table 5. Postoperative infection in each group

Group No. of patients Infection(%)
A-I 52 2(3.8)
A-1l 47 3%(6.4)
B-1 56 5(8.9)
B-II 48 3(6.3)
C-l 46 2(4.3)
C- 55 5(9.1)
Total 304 20(6.6)

* One of these cases was subphrenic abscess

Table 6. Pocstoperative infection rate according to duration of administration

Area of Number of Infection/Total patients(%)
Operation A day) B(3 days) C(5-7 days) Tota
© Stomach  1B9( L7)  2/68( 29) 4/70(5.7) 7/197( 3.6)
Bilary 4/40(10.0) 6/36(16.7) 3/31(9.7) 13/107(12.1)
 Tol 59951 8/1047.7) 71101(6.9) 20/304(6.6)

study infectious complications after clean con-
taminated surgery did not depend on the antibio-
tics selected and the duration of administration. It
is suggested that postoperative infection may de-
pend on the kinds of operation, duration of opera-

Table 7. Postoperative infection rate according to antibio-
tics

Area of Number of Infection/Total patients(%)

Operation> A,B,C*I ;B,E;H#?V‘ Total
Stomach 4/104(3.8) 3/93( 32)  7/197(3.6)
Biliary 5/ 50(10.0) 857(14.0) 13/107(12.1)
Total 9/154(5.8) 11/150(7.3) 20/304(6.6)

tion and skillfulness of operative techniques (Table
8).

Details of infection cases were shown in Table 9.
The causative organisms were mostly enteric bac-

Table 8. Comparison between total case and infection

case
Total  Infection
case case
Mean age (years) 50.3 53.0
Preoperative hospital day 5.6 7.3
Duration of operation(min.) 148 166
Area of operation
Stomach 197 7( 3.6%)
Biliary 107 13(12.1%)
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Table 9. Details of Infection cases

Sex  Preop. Op.

No. Group Age hospital Duration Diagnosis
day (min)
1 A-l M/44 14 160 CBD stone
2 A-l M/49 2 95 GB stone
3 A-ll M/46 3 145 GB stone
4 A-ll M/47 5 150 GB stone
*5 B-I M/71 5 160  Stomach cancer
6 B-I F/46 5 150 GB & CBD stone
7 B-l M/37 5 135 Stomach cancer
8 B-I M/46 5 360 Stomach cancer
9 B-I F/53 12 210 CBD stone
10 B-I F/61 9 140 CBD stone
11 B-ll M/54 13 165 GB stone
12 B-l M/68 10 120 CBD stone
13 B-Ii M/41 8 220 Intrahepatic stone
14 C-l F/44 2 170  Stomach cancer
15 C-I M/57 9] 150 Stomach cancer
16 C-ll M/74 13 60 GB & CBD stone
17 C-il M/61 7 190 Stomach cancer
18 C-li F/44 7 210 GB stone
19 C-li M/51 13 160 CBD stone
20 C-ll M/66 4 170  Stomach cancer

Operation Organisms
Cholecystectomy & E. coli
choledochostomy
Cholecystectomy -
Cholecystectomy E. coli
Cholecystectomy E. coli
Subtotal gastrectomy Enterococci

Proteus mirabilis
Cholecystectomy & -
Choledochostomy
Subtotal gastrectomy Staphylococcus aureus

Pseudomonas fluorescence

Total gastrectomy Enterococci
Staphylococcus
epidermidis
Sphincteroplasty Enterococci
Cholecystectomy E. coli
Cholecystectomy & E. coli
choledochostomy Proteus morganii
Cholecystectomy & E. coli
choledochostomy
Choledochojejunostomy -
Subtotal gastrectomy -
Subtotal gastrectomy -
Cholecystectomy & E. coli
choledochostomy Proteus morganii
Subtotal gastrectomy E. coli

Cholecystectomy & Klebsiella pneumoniae

choledochostomy

Cholecystectomy E. coli
Subtotal gastrectomy Staphylococcus
epidermidis

* 5: Subphrenic abscess

teria. Infection was rarely caused by microorgan-
isms from operative environment, patient's skin or
surgeon’s hand, but was mainly caused by intestin-
al and biliary contents.

DISCUSSION

There are three major principles in the prophy-
lactic use of antibiotics. First, prophylactic antibio-
tics should be administered when postoperative in-
fection rate would be relatively high or the con-
sequence of infection might be serious. Second,
antibiotics should be effective against major antici-
pated contaminating bacterial species. Agents of
lowest toxicity and cost to the patients should be
selected. Third, prophylaxis should be started be-
fore operation and continued only a brief period.

Surgical procedures are classified into four cate-

gories; clean surgery, clean contaminated surgery,
contaminated surgery and dirty surgery. There is
no need for prophylaxis in the operation classified
as clean surgery, except when the prosthetic mate-
rials or devices are involved. High risk of infection
justifies antibiotic prophylaxis in clean contamin-
ated and contaminated surgery such as gastric and
biliary tract surgery. Cruse (1975) reported 7.5% of
overall wound infection rate in 9,370 clean con-
taminated wounds, 10% wound infection rate after
partial gastric resection, 6.9% after cholecystec-
tomy and 17.1% after choledochotomy. There is
few bacteria in the upper gastrointestinal tract due
to gastric acidity and motility. So antibiotic prophy-
laxis may not be recommended in patients with
simple duodenal ulcer. If gastric acidity is reduced
or motility is impaired for some reasons, the num-



ber of bacteria increase with risk of infection. Then
prophylaxis is indicated in the patients with gastric
ulcer, malignancy and ulcer with hemorrhage or
obstruction. All the patients with duodenal ulcer in
this study had complications such as hemorrhage
or obstruction.

Several studies have showed the increased inci-
dence of positive bile culture and infectious com-
plication in patients over age 70 or patients with
acute cholecystitis, obstructive jaundice or com-
mon bile duct stone (Keighley 1975). Gunn (1976)
reported that the patients who have three or more
of seven following risk criteria have 50% positive
rate of bile culture and need prophylactic antibio-
tics; age over 50, history of jaundice, empyema in
gallbladder, abnormal liver function, nonfunctioning
in oral GB, common bile duct dilatation and com-
mon bile duct stricture or stone. Patients in this
study had not been specified and selected accord-
ing to the risk factors like above.

Cefazolin was selected in this study because it is
known to be safe, broad in spectrum and effective
against anticipated organisms based on the data of
bacteriology and sensitivity test during recent three
years in this hospital. Penicillin and gentamicin
were compared because they are lower in cost and
have been commonly used in this country. Single
agent prophylaxis is considered to be more convi-
nient and safe.

Sufficient evidence to justify prophylactic use of
antibiotics for prevention of postoperative infection
had not been presented until Miles and Burke per-
formed laboratory studies that provided scientific
basis for the prophylaxis (Miles et a/ 1957; Burke
1961; Edlich et al. 1973). The rationale they sug-
gested is that the use of prophylactic antibiotics is
a means of reducing the risk of infection during
surgical procedure by supplementing the patient’s
natural resistance. The supplementary antibiotics
must be available to act in coordination with the
host defence mechanisms when bacteria arrive in
the tissue. They defined the effective “decisive
period” of prophylaxis and suggested that effective
prophylaxis requires preoperative administration
and antibiotics begun as late as 3 to 4 hours after
skin incision fails to reduce postoperative infection
(Fig. 1). Numerous subsequent clinical studies
(Bernard & Cole 1964; Polk et al. 1969: Pollock et
al. 1972; chetlin et al. 1973; Ketcham 1974; Keigh-
ley et al. 1975; Griffiths et al 1976; Gunn 1976;
Leigh et al. 1976; Stone et al. 1976 & 1979;
Strachan et al. 1977) have supported this ex-
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perimental observation. Polk and Lopez-Mayor
(1969) performed the first prospective controlled
randomized double blind study that confirmed the
benefit of this concept.

Even though many clinical studies have demons-
trated the efficacy of preoperative administration,
the studies concerning the adequate duration of
administration are rare. Published trials record a
range of duration from one dose to 14 days, but
many of them had given antibiotics for 24 hours or
less. Clinical studies comparing two different dura-
tions have shown that the shorter duration has
been as effective as the longer duration and that
the prolonged administration beyond 1 or 2 days
adds nothing to prevention and may carry the dan-
gers such as evolution of resistant strains of bacter-
ia (Stone et al. 1979; Strachan et al. 1977). A few
trials of single dose antibiotic prophylaxis have
been reported (Griffiths et al. 1976; Leigh et al.
1976; Pollock et al. 1972; Strachan et al. 1977).
Leigh (1976) reduced wound infection after appen-
dectomy by giving single intramuscular dose of lin-
cocin after wound closure. Griffiths (1976) found
that one dose of a combination of an aminoglyco-
side with incomycin effectively reduced sepsis after
gastrointestinal sugery. When single and multiple
doses were compared, no difference in efficacy
was found in cefazolin prophylaxis for cholecystec-
tomy (Strachan et al. 1977).

Still many surgeons, however, are used to start
prophylaxis postoperatively and prefer to continue
for several days or even throughout the hospital
days (Shapiro et al. 1979; Weiner et al. 1980). The
reasons for prolonged continuance are because it
is thought to be able to compensate poor operative
technique or insufficient antisepsis and because
they have old habits of dependency on the antibio-
tics and false sense of security. Surgeons should
make sure that prophylactic antibiotics cannot re-
place skillful surgical techiques such as preserva-
tion of blood supply, meticulous hemostasis, re-
moval of necrotic tissue or foreign body and closing
wound not remaining dead space.

In summary, a prospective randomized clinical
study was performed on 304 clean contaminated
operations to determine the optimum duration of
prophylaxis and the following conclusions were
obtained. (1) Rate of postoperative infection did not
depend on the duration of administration and the
kinds of antibiotics selected in this study, but the
type of operation could affect the rate of infection.
(2) In clean contaminated operation, one day admi-
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ADEQUATE TIMING OF ANTIBIOTIC ADMINISTRATION
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Fig. 1. The effectiveness of defense against bacteria depends largely on natural resistance. The resistance is
reduced by the abnormal physiology enhanced by anesthesia, shock, trauma or operation. Infection can be
prevented by supplementing the host defense, but only if the supplement is delivered during the early

susceptible “decisive period.”

nistration starting preoperatively was sufficient to
prevent postoperative infection and no further be-
nefit was obtained from prolonged prophylaxis.
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