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shows a prolonged increase, and BV a transient decr-
ease. It was also noted that K-ICG remains significant-
ly higher than the preoperative value until POD 14,
despite the return of CO, CI and BV to baseline levels.
Generally, in humans a crisis of depletion of BV is
resolved by centralization of BV. The increase in K-
1CG observed in the present study may be induced by
centralization of BV in response to surgical stress. It
has been reported that portal vein blood flow decreas-
es after major abdominal surgeries (19). However,
Kennedy et al. reported that estimated hepatic blood
flow decreases significantly, as much as 23%, after high
spinal anesthesia and that this decrease is associated
with a reduction in mean arterial pressure. Additional-
ly, no significant alteration in cardiac output or
splanchnic vascular resistance was observed, and the
fraction of cardiac output delivered to the splanchnic
circulation was significantly reduced by 21% (20).
Circulating blood volume is a constantly changing
parameter because of blood pooling in the spleen, liver
and other organs. Further, it has been suggested that
during strenuous conditions the spleen might release
pooled erythrocytes to the general circulation (21). Cor-
rection of the volume depletion is the main therapy of
resuscitation in hemorrhagic shock. In general, BV can
be controlled by infusion of fluids such as a hydroxy-
ethylstarch solution (22). In the present study, we
observed no correlation between water balance and the
[POD 1: preoperative value] BV ratio, indicating that
fluid therapy may be insufficient for controlling circu-
lating blood volume during the perioperative period.
We also found that it is important to reduce intraoper-
ative bleeding and surgical stress to maintain postsur-
gical hemodynamic stability; patients significant intra-
operative blood loss tend to have decrease of BV at the
early postoperative stage. Volume-deficit hypovolemia
seems to be a crucial factor for determination of prog-
nosis in various clinical settings. Shoemaker et al.
reported that more than half of critically ill patients
had a volume deficit of 0.5-2.0 L: (23). BV monitoring
using a DDG analyzer may help to identify such a vol-
ume deficit and act as a guide for fluid therapy. Most
studies regarding BV have been performed in healthy
individuals, while the present study was performed on
patients undergoing abdominal surgery. To our knowl-
edge, the present study is one of the first reports
regarding BV monitoring in patients with abdominal
surgery using the PDD method. It has been reported
that hypovolemia can be predicted from a postopera-
tive decrease in serum sodium. Hyponatremic hypov-
olemia may be induced by shift of fluid and sodium to
the interstitial space due to surgical stress (24). Rothe
et al. reported that BV decreased by nearly 30% in an
endotoxin infusion model, suggesting a shift of intra-
vascular blood to the extracellular space (25). Our
study confirms that intraoperative blood loss effects
hemodynamic changes (CO, CI, BV or K-ICG) on POD
1. Henry et al. reported that the hemorrhage of an
amount representing 15 to 20% of the estimated blood
volume produced significant reductions in splanchnic
blood volume. Half of the blood lost was contributed by
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FIGURE 4

Changes in ICG elimination rate
(K-ICG) (@ - @; gastrectomy,
0 - 00, colectomy, O - O;
Laparoscopic cholecystectomy).
The value of K-ICG increased
significantly in the laparoscopic
cholecystectomy, gastrectomy,
and colectomy groups until POD
3,7, and 14, respectively.

FIGURE 5

Correlation between the [POD
1/preoperative value] CO ratio
and intraoperative blood loss in
patients undergoing gastrectomy
and colectomy. There was a
correlation between CO ratio and
intraoperative blood loss
(R=0.38, p=0.001).
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the splanchnic viscera, which lost roughly 40% of ini-
tial volume. In contrast, central blood volume was
depleted by only 10% and cardiac output was unaltered
(26).

In relationships between surgical procedures and
hemodynamic changes, there are hardly any differ-
ences between gastrectomy and colectomy. Although it
is generally recognized that laparoscopic cholecystecto-
my is less invasive than the open procedures (27), no
studies regarding measuring hemodynamics through
POD 14 have been performed. Our findings that CO,
CI and BV values do not change following laparoscopic
cholecystectomy supports the belief that laparoscopic
cholecystectomy results in less surgical stress and
fewer hemodynamic changes. Nevertheless K-ICG
remains high until POD 3 in laparoscopic cholecystec-
tomy patients, suggesting that centralization of BV
occurs even under conditions of less surgical stress
such as laparoscopic cholecystectomy. In only the gas-
trectomy group, postoperative BV decreased signifi-
cantly on POD 1 compared with preoperative value,
thus particular attention should be paid to decreased
BV following gastrectomy. Adequate circulatory man-
agement should be provided to patients according to
surgical method. We suggest that accumulation of
more data using the PDD monitoring system will
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reveal the utility of BV in estimating the amount of
surgical stress resulting from various major abdominal
surgeries.

A large multidisciplinary research effort has so far
focused on the pathophysiologic response to diverse
processes ranging from SIRS to severe sepsis. Postop-
erative SIRS, which was examined in the present
study, was developed to indicate a clinical response
arising from a surgical procedure rather than infection.
The current study showed that the cardiac index
increased until 8 days after surgery with a significant
increase in patients with postoperative SIRS compared
with patients without postoperative SIRS. However,
postoperative changes in BV and K-ICG values showed
no significant differences between the SIRS group and
non-SIRS group.

Furthermore, most subjects with postoperative
SIRS possessed an increased heart rate. Judging from
the present findings, it is suspected that postoperative

REFERENCES

1 Eagle K, Brundage B, Chaitman B, et al: Guidelines for
perioperative cardiovascular evaluation of the noncardiac
surgery. A report of the American Heart Association/Ameri-
can College of Cardiology Task Force on assessment of diag-
nostic and therapeutic cardiovascular procedures. Circulation
1996; 93:1278-1317. i

2 Baek SM, Makabali GG, Bryan-Brown CW, et al: Plas-
Ina expansion in surgical patients with high central venous
pressure (CVP); the relationship of blood volume to hemat-
ocrit, CVP, pulmonary wedge pressure and cardiorespiratory
changes. Surgery 1975; 78:304-315.

3 Pulmonary artery catheter consensus conference par-
ticipants: pulmonary artery catheter conference: consensus
statement. Crit Care Med 1997; 25:910-925.

4 Aoyagi T, Miyasaka K: Pulse oximetry and its simulation.
Densi Tokyo (IEEE Tokyo Section) 1990; 29:184-187.

5 Aoyagi T, Fuse M, Kanemoto M, et al: Pulse dye-densito-
metry. Jpn J Clin Monit 1994; 5:371-379. (In Japanese with
English abstract)

6 Iijima T, Aoyagi T, Iwao Y, et al: Cardiac output and cir-
culating blood volume analysis by pulse dye-densitometry. J
Clin Monit 1997; 13:81-89.

7 Imai T, Takahashi K, Fukura H, et al: Measurement of
cardiac output by pulse dye densitometry using indocyanine
green. Anesthesiology 1997; 87:816-822.

8 Haruna M, Kumon K, Yahagi N, et al: Blood volume mea-
surement at the bedside using ICG pulse spectrophotometry.
Anesthesiology 1998; 89:1322-1328.

9 Tjima T, Iwao Y, Sankawa H: Circulating blood volume
measured by pulse dye-densitometry: comparison with 1311-
HSA analysis. Anesthesiology 1998; 89:1329-1335.

10 He YL, Tanigami H, Ueyama H, et al: Measurement of
blood volume using indocyanine green measured with pulse-
spectrophotometry: Its reproducibility and reliability. Crit
Care Med 1998; 26:1446-1451. )

11 Imai T, Takahashi K, Goto F, et al: Measurement of blood
concentration of indocyanine green by pulse dye densitome-
try-comparison with the conventional spectrophotometric
method. J Clin Monit Comput 1998; 14:477-484.

12 Barker SJ: Blood volume measurement: The next intraop-
erative monitor? Anesthesiology 1998; 89:1310-1312.

13 Watanabe Y, Kumon K: Assessment of pulse dye-densito-
metry indocyanine green (ICG) clearance test of hepatic func-
tion of patients before cardiac surgery: its value as a predictor
of serious postoperative liver dysfunction. J Cardiothorac
Vasc Anesth 1999; 13:299-303.

14 Busse MW, Zisowski S, Henschen S, et al: Plasma vol-
ume estimation using indocyanine green. Anesthesia 1993;
48:41-43.

SIRS results in a hyperdynamic state consisting of
increased heart rate and stroke volume, but exhibiting
little differences in changes of blood volume and hepat-
ic blood flow volume between the two groups. Further
work is needed to characterize the clinical and hemo-
dynamic importance of SIRS.

CONCLUSIONS

With the ICG PDD method, we have more accu-
rately characterized the hemodynamic changes that
occur after major abdominal surgery. It is important to
reduce intraoperative bleeding because blood loss neg-
atively affects hemodynamic stability in the early post-
operative stage. As well, more attention should be paid
to perioperative hemodynamic changes in patients
undergoing gastrectomy and colectomy so proper treat-
ments can be administered. Further studies are need-
ed to evaluate strategy to properly manage patients
with complications resulting from major surgeries.

15 Imai T, Mitaka C, Nosaka T, et al: Accuracy and repeata-
bility of blood volume measurement by pulse dye densitome-
try compared to the conventional method using 51Cr-labeled
red blood cells. Intensive Care Med 2000; 26:1343-1349.

16 Bracco D, Revelly JP, Berger MM, et al: Bedside deter-
mination of fluid accumulation after cardiac surgery using
segmental bioelectrical impedance. Crit Care Med 1998;
26:1065-1070.

17 Nordin A, Makisalo H, Hockerstedt K: Dopamine infu-
sion during resuscitation of experimental hemorrhagic shock.
Crit Care Med 1994; 22:151-156.

18 Members of the American College of Chest Physi-
cians/Society of Critical Care Medicine consensus
conference committee. American College of Chest
Physicians/Society of Critical Care Medicine consen-
sus conference committee: Definitions for sepsis and
organ failure and guidelines for the use of innovative thera-
pies in sepsis. Crit Care Med 1992; 20:864-874.

19 Meier-Hellmann A, Reinhart K, Bredle D, et al: Epi-
nephrine impairs splanchnic perfusion in septic shock. Crit
Care Med 1997; 25:399-404.

20 Kennedy WF, Everett GB, Cobb LA, et al: Simultaneous
systemic and hepatic hemodynamic measurements during
high spinal anesthesia in normal man. Anesth Analg 1970;
49:1016-1024.

21 Laub M, Hvid-Jacobson K, Hovind P, et al: Spleen emp-
tying and venous hematocrit in humans during exercise. J
Appl Physiol 1993; 74:1024-1026.

22 Ueyama H, He YI, Tanigami H, et al: Effects of crystal-
loid and colloid preload on blood volume in the parturient
undergoing spinal anesthesia for elective cesarean section.
Anesthesiology 1999; 91:1571-1576.

23 Shoemaker WC, Kram HB, Appel PL: Therapy of shock
based on pathophysiology, monitoring, and outcome predic-
tion. Crit Care Med 1990; 18:19-25.

24 Hirasawa K, Kasuya H, Hori T: Change in circulating
blood: volume following craniotomy. J Neurosurg 2000;
93:581-585.

25 Rothe CF, Murray RH, Bennett TD: Activity circulating
blood volume in endotoxin shock measured by indicator dilu-
tion. Am J Physiol 1979; 286:H291-300.

26 Price HL, Deutsch S, Marshall BE, et al: Hemodynamic
and metabolic effects of hemorrhage in man, with particular
reference to the splanchnic circulation. Circ Res 1966; 18:469-
474.

27 Goodale RL, Beebe DS, McNevin MP, et al: Hemody-
pamic, respiratory, and metabolic effects of laparoscopic
cholecystectomy. Am J Surg 1993; 166:533-537.



Surg Today (2006) 36:410-415
DOI 10.1007/s00595-005-3177-2

Original Articles

I8 Surcery Tobay

‘i‘\‘k" © Springer-Verlag 2006

Creating a Manual for Proper Hand Hygiene and Its Clinical Effects

SHinya KusacHi, YOSHINOBU SUMIYAMA, YOUICHI ARIMA, YUICHI YosHIDA, HIDENORI TANAKA,
YouicHdl NAKAMURA, JIRO NAGAO, YOSIHISA SAIDA, MANABU WATANABE, and JUNKO SATO

Third Department of Surgery, Toho University School of Medeicine, 2-17-6 Ohashi, Meguro-ku, Tokyo 153-8515, Japan

Abstract

Purpose. To prevent eross-infections, we created a
manual for the treatment of infectious wounds that
clarifies when to wash one’s hands and when to wear
gloves.

Methods. Six patients with widespread infectious
wounds caused by methicillin-resistant Staphylococcus
aureus (MRSA) were treated. The bacterial count
on the hands of the staff was calculated. We then com-
pared the number of patients with MRSA isolated, and
typed the MRSA isolates using pulsed-field gel electro-
phoresis (PFGE).

Results. The pathogenic bacterial count among hospital
staff before treatment/before hand hygiene was 8.2 x 10
colony-forming units (cfu)/hand, which were not de-
tected before treatment/after hand hygiene. The patho-
genic bacterial count on the hands before hand hygiene/
after treatment climbed to 9.1 x 10°cfu/hand, and after
treatment/after hand hygiene decreased to 0.38cfu/
hand. The number of patients with MRSA isolates be-
fore this protocol was 15/402 (3.7%), but that level
significantly decreased to 5/411 (1.2%) after implemen-
tation of the manual. There were 13 strains of type F by
PFGE before the manual was adopted, but five strains
of MRSA isolated after the present manual was en-
forced were all observed to have different migration
patterns.

Conclusion. A hand hygiene manual is effective for
decreasing the rate of cross-infection.

Key words Surgical site infection - Infected wound -
Cross infection - Methicillin-resistant Staphylococcus
aureus - Hospital infection - Hand hygiene
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Introduction

It is clear that hand hygiene is the most fundamental
technique for preventing hospital infection. The Cen-
ters for Disease Control (CDC) recently published a
manual on hand hygiene that recognizes the efficacy of
and broadly recommends washing the hands with a dis-
infectant containing alcohol, in addition to a detergent
and water as conventionally recommended.'-* However,
when treating patients with infectious wounds, infection
transmission via hand/wound contact by medical per-
sonnel is still likely to occur. The CDC recommends
wearing gloves when coming into contact with all pa-
tient blood, feces, and secreta except for perspiration,
and it also recommends thorough hand hygiene.*> How-
ever, cross-infection cannot be prevented simply by
hand hygiene after treatment. There is still the risk of
contamination while physically moving to the next pa-
tient who requires treatment, and from contact with
other medical utensils during treatment.

The decision on when to wash one’s hands during the
treatment of infectious sores is made by each individual
medical member of staff. As a result of this inconsistent
approach, cross-infection can occur due to inadequate
hand hygiene, while too much washing of hands can
cause contact dermatitis in the attending personnel.s”
To prevent hospital staff members from transferring
pathogenic bacteria from previously treated patients to
patients waiting for treatment, we created a manual for
the treatment of infectious wounds that clarifies when to
wash the hands and when to wear gloves. By following
this manual it was possible to prevent a cross-infection
in surgical wards during the study period. We herein
report on the hand bacterial count of the treating
staff during wound treatment and the number of
patients with methicillin-resitant Staphylococcus aureus
(MRSA) isolates, and also on the analysis of these
MRSA isolates as demonstrated by pulsed-field gel
electrophoresis (PFGE).
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Table 1. Hand hygiene manual for the treatment of surgical wounds: timing of hand scrubbing and treatment handling

o Scrubbing of the hands is not necessary when entering the patient’s room, pulling in the dressing trolley, and approaching

the patient’s bedside

All nonhygienic tasks are performed by the treating staff

¢ & © © o ©

hands
o The caregiver scrubs his/her hands
e The next patient is visited

Once the dressing treatment preparation has been complete, the treating staff and caring staff should scrub their hands
Caring staff or treating staff remove the patient’s sleep wear and undo any abdominal bandage
Treating staff put on gloves and remove dressings, and treat,the wound

The treating staff cover the wound with dressing, then the nurse applies taping, etc.
The treating staff place nonhygienic material in an infectious waste container, remove their gloves, and finally scrub their

The manual advises when treating and caring staff should wash their hands, and when they should wear gloves when treating infectious wounds.

This schedule assumes the use of a trolley when the dressing is changed

Table 2. Changes in the incidence of patients with isolated
methicillin-resistant Staphylococcus aureus (MRSA)

Incidence of MRSA infection

3.7% (15/402)
1.2% (5/411)*

Before the manual
After the manual

*P < 0.005

Subjects and Methods

The procedure used for treating the infected wounds
was developed in accordance with the manual shown
in Table 1. All staff members washed their hands
with a 70% alcohol-based antiseptic called “waterless
antiseptic.”

Bacteriological Investigation

Twenty-one surgeons and seven nurses treated six pa-
tients 21 times over 3 days. The patients were hospital-
ized in the gastroenterology/general surgery wards
of the Toho University School of Medicine Ohashi
Hospital (now Toho University Medical Center Ohashi
Hospital) and they presented with a broad range of
MRSA-infected wounds. The physicians treated the
wounds and the nurses were responsible for all after-
care. The changes in hand the bacterial count during
these treatments were measured using a palm stamp
(Eiken Chemical, Tokyo, Japan). The hand bacterial
count was measured four times, namely before treat-
ment, after hand hygiene before treatment, before hand
hygiene after treatment, and after hand hygiene after
treatment. Before hand hygiene after treatment, the
hand bacterial count was measured while gloves were
being worn. In the calculation of the bacterial count,
MRSA, Pseudomonas aeruginosa, Escherichia coli, En-
terococcus spp., Klebsiella spp., and Enterobacter spp.
on the hands were counted as pathogenic bacteria,

while Staphylococcus aureus, Streptococcus epidermidis,
and hemolytic Streptococcus were regarded as indig-
enous skin bacteria.

Investigation by PFGE

The MRSA obtained from aill MRSA-infected patients
for a period of 6 months beforé and 6 months after
the start of implementation of the present method was
typed by PFGE, and the presence or absence of cross-
infection was investigated.

Clinical Investigation

For the clinical investigation, the rate of postoperative
MRSA infections (per number of operations) in the
same ward from May 1997 to April 1998 (before the
implementation of the manual) and from May 19938
to April 1999 (after the implementation of the manual),
and the MRSA infection rate for 6 months after im-
plementation, were all compared. Furthermore, the
MRSA obtained from all MRSA infected patients
in the 6 months before the implementation of the
technique and in the 6 months after the implementation
of the technique was typed by PFGE and the presence
or absence of cross-infection investigated. The chi-
square test was performed for a statistical analysis, and
significance was defined as P < 0.05.

Results

Bacteriological Investigation

The hand bacterial count was compared between the
treating staff and the caring staff (Fig. 1). The total
bacterial count on the hands — before hand washing
before treatment — for the treating staff was 3.4 x 10 (5
colony-forming units [cfu]/hand), of which 8.2 x 10
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Fig. 1. Changes in hand bacterial count. By disinfecting the
hands before and after treatment, the transfer of pathogenic
bacteria from patient to patient was prevented. By washing

(1 cfu/hand) were pathogenic bacteria. The total bacte-
rial count on the hands of the treating staff after hand
washing before treatment decreased to 2.9cfu/hand,
and no pathogenic bacteria were detected. Before
hand washing after treatment the bacterial count on the
hands of the treating staff increased to 9.1 x 10 (5cfu/
hand) and all were pathogenic bacteria. After hand
washing after treatment, the total bacterial count was
1.5cfu/hand, of which 0.38cfu/hand were pathogenic.
Both before and after treatment, the bacterial count
decreased significantly after hand washing. The total
hand bacterial count — before treatment and before
hand disinfection — of the caring staff was 9.5 x 10
(6cfu/hand), of which 1.8 x 10 (2 cfu/hand) were patho-
genic bacteria. The total hand bacterial count of the
caring staff after hand washing before treatment de-
creased to 1.6cfu/hand, and no pathogenic bacteria
were detected. In any event, the bacterial count
significantly decreased compared to before treatment/
before hand washing. Before hand washing after treat-
ment, the bacterial count of the caring staff increased to
5.1 x 10cfu/hand, of which 3.4 x 10cfu/hand were patho-

the hands after treatment, pathogenic bacterial transmission
to the next patient to be treated was thus prevented

genic, but not significant compared to before treatment/
before hand washing. After hand washing after treat-
ment, the total hand bacterial count was 3.4 cfu/hand,
and all bacteria were pathogenic. There were no
significant differences in the hand bacterial count of the
treating staff between after treatment/before hand dis-
infection and after treatment/after hand disinfection.
A comparison of the treating staff and caring staff
revealed a significantly high pathogenic bacterial count
among the treating staff after treatment/before hand
washing.

Investigation by PFGE

During this period, when the MRSA obtained from the
MRSA-infected patients was typed by PFGE, there was
one strain each of type D and type E MRSA before this
program was conducted, and all the remaining 13 strains
were type F (Fig. 2). Five strains of MRSA isolated after
the present manual was adopted were all seen to have
different migration patterns, which thus ruled out cross-
infection.
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Fig. 2. Classification of MRSA type by pulsed-field gel electrophoresis (PFGE). Before the introduction of the hand hygiene
manual the same strain was conspicuous, but after the manual’s introduction, different types of MRSA were isolated

Clinical Investigation

The number of patients with MRSA isolates in the year
before this program was implemented was 15/402
(3.7%), but the number of patients with MRSA isolates
in the year after implementation significantly decreased
to 5/411 (1.2%).

Discussion

It is clear that the prevention of infection via medical
personnel hand contact is the most important factor
for dealing with hospital infection. As a guideline for
hand hygiene, the CDC approved washing the hands
with detergent and running water as per convention and
then washing the hands by rubbing them with hand
antiseptic as a new step in hand hygiene.'”* Since the
rapid rise of MRSA infections in the late 1980s, mea-
sures against hospital infection, and particularly mea-
sures to combat contact infection via the hands of
medical personnel, have been conducted throughout
Japan.® Manuals on combating hospital infections in the
West have been introduced, and it has become clear
that there is little point in changing shoes in the operat-
ing room and intensive care unit and in disinfecting
absorbent floor mats and the patient environment, as
have conventionally been practiced in Japan. With re-
gard to wound treatment also, such methods such as
abolishing the dressing trolley and using pack-style
“dressing have also been adopted in some hospitals.
However, although the risk of the dressing trolley be-
coming contaminated has been pointed out, many types
of dressings are now required for patients with broad-
ranging infectious wounds that secrete a considerable

amount of secreta. As a result, some type of trolley is
necessary for transporting disinfectant or cleaning
equipment to the bedside. Treatment products that
were unanticipated can also at times become required
and the use of a dressing trolley is extremely convenient
considering the time it takes to visit the materials room
each time. A dressing trolley is also a very convenient,
clever way of collecting infectious waste or dressing
materials containing such infectious waste so as to pre-
vent contamination of the surrounding environment.
From this point of view, it would be difficult to treat
all wounds just by making packs available for wound
treatment.

Our manual for treating wounds was designed to en-
able the staff to deal flexible with various situations,
such as the use of a dressing trolley, the size of the
infected wound, and the wound cleaning itself. In addi-
tion, the purpose was to design a manual to reduce
medical costs and the chances of hospital staff contract-
ing antiseptic-induced contact dermatitis or latex aller-
gies, which could be implemented simply and effectively
by all staff members. Educational courses concerning
proper hand hygiene are still being debated!® but
manuals supporting this technique are not being
questioned.

Hand hygiene is recommended when treating each
infected wound,**!% and cross-infection cannot be pre-
vented simply by washing the hands after treatment.
This is because even if hand hygiene is performed once
an infected wound has been treated, the hands again
come into contact with the patient’s immediate sur-
roundings and the bandaging utensils before the treat-
ing physician moves on to the next patient. As a
consequence, the hands become contaminated and the
infection may be carried to the next patient to be
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treated. In addition, even if proper hand hygiene is
performed before treatment, the doctor or nurse’s
hands will come into contact with the patient’s sur-
roundings after they have been disinfected, thus result-
ing in hand contamination and cross-infection. That is
why consideration must be given to the timing of hand
hygiene. In addition, when the staff members’ hands
come into contact with the dressing trolley and so forth
after disinfecting the hands, there is a risk that the hands
will again become contaminated, and this contaminant
from the dressing trolley will be carried to other pa-
tients being treated. It is therefore essential that the
roles of the persons treating the wounds and other
caregivers be separated into nonsterile and sterile tasks.
This issue is also perceived differently among individual
medical personnel. Some people stress strict hand hy-
giene, while others believe that brief hand washing is
acceptable. Because there are different opinions within
the medical setting, the effects of measures to combat
cross-infection are not realized and educational efforts
do not improve the overall environment, and hence the
need has arisen for the present type of manual. The use
of such a manual has not been looked into previously.

In the manual that we created, washing the hands was
deemed unnecessary before entering .a patient’s room.
Even if the hands are washed before entering the room
of a patient, it is completely meaningless to do so be-
cause the dressing trolley still needs to be wheeled in,
the curtains drawn, and the patient’s environment en-
tered into in order to reach the patient’s bedside.

Next, it is effective for the medical staff to check all of
the necessary equipment, move alongside the patient,
and then wash their hands so that no pathogenic bacte-
ria are transferred from other patients. In reality, our
investigation also revealed that the hand bacterial count
before hand hygiene before treatment reached 10°7.
Most of the contaminated bacteria on the hands before
treatment were passing bacteria and only mildly patho-
genic. However, MRSA was isolated from two cases
so the hands do indeed need to be washed before
treatment.

Gloves should not be worn until after removing the
gown of the patient awaiting treatment and exposing
the dressing, but this is done primarily to prevent tape
sticking to the gloves. By peeling off the tape directly
with the fingers, damage to the surface of the patient’s
skin and contact dermatitis are prevented: However,
since the old dressing contains infectious effusion, the
wearing of gloves is required. Consequently, it is neces-
sary to wear gloves from that point on, immediately
after peeling the tape back, until the patient has been
treated and the wound has been covered with a new
dressing. It is important that all procedures involving
the risk of the hands becoming contaminated from the
dirty dressing or wound cleaning be done after treat-

ment. When caregiving personnel perform such unhy-
gienic procedures there is a risk that clean equipment
on the dressing trolley will also become contaminated.
The caregiving staff should therefore not perform
any unhygienic procedures. Once the procedure on the
wound has been completed and a treating staff member
has covered the wound with a new dressing, then the
caregiving staff member should apply tape to the new
dressing. During this time, the treating staff should
place any infectious waste in a plastic bag, which in turn
should be placed in an infectious waste disposal con-
tainer. The treating staff should then remove their
gloves and disinfect their hands before moving on to
the next patient. Before disinfecting their hands after
treatment, 10°-°*cfu/hand bacteria were detected on the
hands of the treating staff members. The fact that most
were isolated bacteria such as MRSA from patient
wounds highlights the extreme importance of washing
the hands after treatment.

However, a comparison of the incidence rates of
MRSA isolated from patients before and after this tech-
nique was adopted during the target period revealed a
significant reduction in patients with isolated MRSA
after the technique was applied, which reascertained
the importance of hand hygiene as a measure against
MRSA infections. In addition, based on the clinical
PFGE typing of the MRSA isolates during the target
period, the same type of MRSA was isolated before the
introduction of the manual, whereas after the manual
was enforced each isolate represented a different type
of MRSA. This therefore shows that it is quite possible
to prevent cross-infection via the hands of medical staff
members when treating wounds.

In conclusion, while it is common knowledge that it is
vitally important for the medical staff to wash their
hands to prevent hospital infection, implementing this
fully has been an extremely difficult problem. One of
the reasons has been the difficulty of medical personnel
agreeing on the timing of hand disinfection, the decision
of which has been left to each individual. A manual such
as ours detailing the present protocol can be shown to
all medical personnel, who can then point out the faults
of each other’s technique. This would thus likely con-
tribute to the education and awareness of the medical
staff involved in infectious wound treatment. The bacte-
riological and clinical validity of the present manual has
also been demonstrated.

References

1. Boyce JM, Pittet D. Guideline for hand hygiene in health-care
settings: recommendations of the Healthcare Infection Control
Practices Advisory Committee and the HICPAC/SHEA/APIC/
IDSA Hand Hygiene Task Force. Healthcare Infection Control
Practices Advisory Committee. Society for Healthcare Epidemi-



S. Kusachi et al.: Hand Hygiene Manual for treating Dirty Wounds

ology of America. Association for Professionals in Infection Con-
trol. Infectious Diseases Society of America. Hand Hygiene Task
Force. Infect Control Hosp Epidemiol 2002;23:S3-40.

_Larson EL. APIC Guideline for hand washing and hand anti-

sepsis in health-care settings. Am J Infect Control 1995;23:251-
69.

_ Voss A, Widmer AF. No time for handwashing!? Handwashing

versus alcoholic rub: can we afford 100% compliance? Infect
Control Hosp Epidemiol 1997;18:205-8.

_ Olsen RJ, Lynch P, Coyle MB, Cummings J. Bokete T, Stamm

WE. Examination gloves as barriers to band contamination in
clinical practice. JAMA 1993:270:350~3.

 Tenorio AR, Badri SM, Sahgal NB, Hota B. Matsushek M,

Hayden MK. et al. Effectiveness of gloves in preventing personnel
hand carriage of vancomycin-resistant enterococcus { VRE) after
patient care. Clin Infect Dis 2001;32:826-9.

. Mangram Al, Horan TC, Pearson ML, Silver LC, Jarvis WR.

Guideline for prevention of surgical site infection, 1999. Hospital

10.

415

Infection Control Practices Advisory Committee. Infect Control
Hosp Epidemiol 1999;20:250-78.

. Larson E. Friedman C, Cohran J, Treston-Aurand J, Green S.

Prevalence and correlates of skin damage on the hand of nurses.
Heart Lung 1996:26:404-12.

. Kusachi S, Sumiyama Y, Nagao J, Kawai K, Arima Y, Yoshida Y.

et al. New methods of control against postoperative methiciflin-
resistant Staphylococcus aureus infection. Surg Today 1999;29:
724-9.

. Thunberg Sjostrom H, Skyman E. Hellstrom L, Kula M.

Grinevika V. Cross-infection prevention, basic hygiene practices
and education within nursing and health care in Latvia: a Swedish-
Latvian practice development project. Nurse Educ Today 2003
23:404-11.

Pittet D. Hand hygiene: improved standards and practice for hos-
pital care. Curr Opin Infect Dis 2003;16:327-35.



Surg Today (2006) 36:107-113
DOI 10.1007/s00595-005-3112-6

Review Article

I Surcery Topay

¥
“sz’, © Springer-Verlag 2006

Questionnaire on Perioperative Antibiotic Therapy in 2003:

Postoperative Prophylaxis

YOSHINOBU SUMIYAMA, SHINYA KUSACHI, YUICHI YOSHIDA, YoIcHI ARIMA, HIDENORI TANAKA, YOICHI NAKAMURA,
Jiro NAGAO, YOSHIHISA SAIDA, MANABU WATANABE, and JUNKO SaTo

Third Department of Surgery, Toho University School of Medicine, 2-17-6 Ohashi, Meguro-ku, Tokyo 153-8515, Japan

Abstract

We distributed a questionnaire to institutions accred-
ited by the Japan Surgical Society asking about the use
of antibiotics in digestive tract surgery in Japan in 2003,
and compared the results with those of a similar ques-
tionnaire distributed in 1993. The period of antibiotic
administration for esophageal resection was at least 6
days in 64.9% of the 1993 questionnaire responses, but
less than 4 days in 60.4% of the present questionnaire
responses. For distal gastrectomy, antibiotics were
given for 5 days postoperatively at 53.0% of the re-
sponding institutions in the 1993 survey, but for only 3
days, at 72.4%, in the present survey. An oral antibiotic
was given as part of antibacterial colon preparation be-
fore colon resection at 70% or more of the institutions
in the 1993 survey, while no antibiotic colon preparation
was given at 80% of the institutions in the present
survey. The period of antibiotic administration for
laparoscopic cholecystectomy was at least 4 days in 72%
of the institutions in the 1993 survey, but this decreased
remarkably to fewer than 2 days at 80.8% of the institu-
tions in the current survey. There were no differences in
the selection of antibiotics between the two surveys.
The period of antibiotic administration has decreased
remarkably in the last decade.

Key words Postoperative infection - Prophylaxis - Surgi-
cal site infection - Antibiotics

Introduction

Both drug selection and the periods of administration
. of perioperative antibiotic therapy in Japan differ con-
siderably from those in Western countries.!* However,
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the protocols for postoperative antibiotic therapy in
Japan were revised after the outbreak of Methicillin-
resistant Staphylococcus aureus (MRSA) infections in
the late 1980s.* At the 43rd Conference of the Japanese
Society of Gastroenterological Surgery in 1994, a panel
discussion called “On the usage methods of antibiotic
agents in gastroenterological surgery” published the re-
sults of a questionnaire on the use of antibiotics in
gastroenterological surgery in 19935 The Japanese As-
sociation for Infectious Disease and the Japanese Soci-
ety for Chemotherapy published an Antibiotic Guide 10
years later. An observation of related societies’ titles
clearly confirms that the trends of perioperative antibi-
otic usage are changing.

Thus, we recently sent out a questionnaire survey
targeting institutions accredited by the Japan Surgical
Society, to establish the present status of perioperative
antibiotic therapy. We also evaluated the changes in the
last 10 years.

Methods

We asked the Chief Medical Officers of 771 institutions
accredited by the Japan Surgical Society to respond to
the issues listed below. The response format was sent by
fax, clearly stating the name of the person in charge.

Results

We received responses from 550 of the 771 institutions
targeted, resulting in a response rate of 71.3%.

Decision-Making About Perioperative
Antibiotic Therapy

The answers about perioperative antibiofic therapy
decision-making are given in Table 1. In the 1993 ques-
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tionnaire, 80.0% of the responding institutions left the
decision to the physician in charge, but in he present
questionnaire, 41.7% stated that the decision was incor-
porated into the group or clinical pathway, and only
55.8% of institutions left the decision to the physician.
This suggests that control over the usage of antibiotics is
being dispersed to different medical care teams or medi-
cal care units. ‘

Start of Antibiotic Administration

The protocols for starting antibiotic administration on
the day of surgery are given in Table 2. Of the institu-
tions that administered antibiotics in the ward, the time
antibiotics were started before surgery was “1 hour
prior” in 51.7%, and “30 minutes prior” in 20.3%; thus,
at least 70% started the administration of antibiotics
30min to 1h before surgery. In the 1993 questionnaire,
only 19.3% of the responding institutions administered
antibiotics to all patients during surgery, including im-
mediately before and during surgery, but in the present
questionnaire at least 70% did. This suggests that the

Table 1. Who selected perioperative antibiotics?

(a) Medical care unit or group 27.1%
(b) Integrated into clinical pathway 14.6%
(¢) Physician in charge 55.8%
{d) Other 1.8%
(b+c) 0.6%
No answer 0.2%
Table 2. Start of antibiotic administration

(a) In the ward 21.5%
(b) Immediately before surgery 53.6%
(c) After the commencement of surgery 16.0%
(d) After the completion of surgery 8.4%
Other ’ 0.4%
No answer 0.2%

Second-generation
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Western trend of administering antibiotics, which until
recently was followed randomly in Japan, has now been
adopted without resistance since the introduction of
Evidence-Based Medicine (EBM).

Thoracoesophageal Resection

In response to “What drugs (drug names) do you use as
postoperative prophylactics for thoracic esophageal re-
section involving reconstruction accompanying esoph-
ageal resection with right thoracolaparotomy and 3 field
lymph node dissection?”, all surgeons reported using
first- and second-generation cephems (Fig. 1). There
were no major differences in the 1993 questionnaire
regarding the selection of postoperative prophylactic
antibiotics given in thoracic esophageal resection by
right thoracolaparotomy. However, it is notable that in
the 1993 questionnaire, the administration period was
less than 4 days in only 3.8% of the responding institu-
tions, 5 days in 31.8% of the responding institutions, and
at least 6 days in 64.9% of the responding institutions,
whereas in the present questionnaire the administration
period had decreased to less than 4 days in 60.4% of the
responding institutions (Table 3).

Table 3. Duration of antibiotic administration in esophageal
resection

(a) Day of surgery only 0.9%
(b) Until POD 1 1.8%
(¢) Until POD 2 10.9%
(d) Until POD 3 31.5%
(e) Until POD 4 15.3%
(f) Until POD S5 22.2%
(g) Until POD 6 82%
(h) Until POD 7 or later 6.0%
Other 0.9%
No answer 2.4%

POD, postoperative day

CEZ and
first-generation

Cephems
64.9%

cephems
28.0%

First-generation or
second-generation
cephems

7.1%

s —

Fig. 1. Types of antibiotics given for
thoracic esophageal resection via right
thoracolaparotomy. Among the second-
generation cephems, CTM, CMZ, and
FMOX were used almost equally.
First- and second-generation cephems
accounted for 100%
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Gastric Cancer Surgery

The responses to questions on the length and type of
postoperative antibiotic prophylaxis for patients under-
going distal gastrectomy with lymph node dissection
for gastric cancer are given in Table 4. The results of the
1993 questionnaire survey revealed that 53.0% of the
responding institutions gave antibiotics until postopera-
tive day (POD) 4 or 5, and 3.9% gave antibiotics for
fewer than 3 days postoperatively. The current ques-
tionnaire revealed that 72.4% of the responding institu-
tions administered antibiotics for a shorter period; until
hospital day 3 (Table 5). Regarding the types of antibi-
otics, 21.3% of the responding institutions administered
first-generation cephems and penicillin in the 1993
questionnaire, whereas in the current survey, 46.5% of
the institutions gave CEZ (Fig. 2).

Colon Resection

In response to questions on preoperative colon prepara-
tion for colon resection, 80.7% of the responding insti-
tutions in he current survey answered: “a.) Mechanical

Table 4. Duration of antibiotic administration in esophageal
resection
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colon preparation (administration of PEG: polyethyl-
ene glycol electrolyte solution) only” (Fig. 3). The peri-
ods-of postoperative antibiotic prophylaxis after colon
resection are shown in Table 6. In selecting the antibiot-
ics for patients undergoing colon resection, 62.5% of the
responding institutions answered that they selected
drugs with an antibacterial activity against anaerobic
organisms (Fig. 4).

Concerning the perioperative use of antibiotics in
colon resectijon, in the 1993 questionnaire 75.4% of the
responding institutions gave the same type of oral anti-
biotics preoperatively, but in the current questionnaire,
80.7% answered that they provided “mechanical treat-
ment only” without administering oral antibiotics pre-
operatively. In the 1993 questionnaire, 65.9% of the
responding institutions administered postoperative
prophylactic antibiotics for at least 6 days, but in the
present questionnaire this period was reduced, with
63.3% of the responding institutions administering
postoperative prophylactic for fewer than 3 days, and
only 4.2% administering them for at least 6 days. No
major differences were seen in the drugs selected.

Table 5. Administration period in colonic resection

(a) Day surgery only 3.6%
(b) Until POD 1 51%
(c) Until POD 2 19.1%
(d) Until POD 3 44.6%
(e) Until POD 4 12.7%
(f) Until POD 5 10.4%
(g) Until POD 6 or later 33%
Other 0.2%
No answer 1.1%

(a) Day of surgery only 31%
(b) Until POD 1 4.0%
(c¢) Until POD 2 15.3%
(d) Until POD 3 40.9%
(e) Until POD 4 16.6%
(f) Until POD 5 15.1%
(g) Until POD 6 or later 42%
Other 0.2%
No answer 0.7%

0,
SBT/ABPC 3.1% Rotated 0.2%
Penicillins 1.3% \

FMOX 4.4%

CTM 9.6%

CMZ 10.7%

Did not respond 0.9%

CEZ 69.8%

Fig. 2. Antibiotics given for distal gas-
trectomy with lymph node dissection,
based on the responses-stating that only
one drug was used
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Table 6. Preoperatve treatment for Miles’ operation

(a) Mechanical treatment (such as PEG) only 80.6%
(b) Mechanical treatment + enema preparation for 2 days preoperatively 02%
(c) Mechanical treatment + N.Ab. for more than 2 days preoperatively 71%
(d) Mechanical treatment + N.Ab. for 1 day preoperatively 10.6%
(e) Other 1.1%
No answer 0.4%

N.Ab., nonabsorbable oral antibiotic administration; PEG, polyethylene glycol electrolyte
solution

¢. Non-absorbable oral d. Other 1.3%
antibiotic administration
+ mechanical treatment

for 1 day before surgery

10.0%

Did not respond 0.6%

b. Non-absorbable
oral antibiotic
administration +
mechanical
treatment for at
least 2 days
before surgery
7.5% a. Mechanical colon

preparation
(such as Niflec) only  Fig. 3. Colon preparation for colon

80.7% resection
Cycling 0.2%
Did not respond 1.6% Non-specific 0.4%
i o
IPM 0.2% Did not use 0.2%
4th Cephems 0.7% CEZ 6.29%
SBT/C‘:’IZP (1: ;.of 7 ABPC 0.2%
o SBT/ABPC 0.9%

Cephems. 8.2%
2nd Cephems 4.0%

CTM 12%

2nd generation
effective against
Anaerobe 62.2%
13.3%
CMZ 33.5%

Fig. 4. Selection of drugs for colon
resection

FMOX 15.8%
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Miles’ Operation

The answers regarding preoperative colon preparation
and a period of administration of prophylactic anti-
biotics are shown in Tables 6 and 7. In selecting the
antibiotics for use in Miles’ operation, 84.4% of the
responding  institutions used second-generation
cephems, and 53.3% of these institutions selected anti-
biotics that recognize anaerobic bacteria. These anti-
biotics included CMZ, FMOX, SBT/CPZ, SBT/ABPC,
and PIPC (Fig. 5). Regarding the method of adminis-
tering antibiotics for Miles’ operation, 70.5% of the
responding institutions in 1993 administered oral antibi-
otics preoperatively, whereas 80.6% of the responding
institutions in the present questionnaire performed sur-
gery with only mechanical treatment. Regarding the
period of postoperative administered, in the 1993 ques-
tionnaire 23.1% of the responding institutions adminis-
tered postoperative prophylactic antibiotics for fewer
than 4 days, and 76.9% administered them for at least 5
days. In contrast, 72.4% of the responding institutions

Table 7. Period of prophylactic antibiotic administration for
Miles’ operation

(a) Day of surgery only 2.6%
(b) Until POD 1 33%
(¢) Until POD 2 14.4%
(d) Until POD 3 39.8%
(e) Until POD 4 14.9%
(fy Until POD 5 18.4%
(g) Until POD 6 or later 5.4%
Other 0.2%
No answer 1.1%

Did not use 0.2%
Did not respond 2.0%

111

in the current questionnaire administered postoperative
prophylactic antibiotics for fewer than 4 days. There
were no major differences seen in the selection of anti-
biotics administered systemically.

Laparoscopic Cholecystectomy

In response to the question, “Which drugs [drug
name(s)] do you use and for how many days do you
administer them for laparoscopic cholecystectomy in
which the inflammation is very mild and no particular
problems are encountered?”, 79.8% of the responding
institutions specified one drug. In selecting the anti-
biotics, 46.9% of these institutions specified CEZ, and
20.0% specified second-generation cephems such as
CTM, CMZ, and FMOX (Fig. 6). Regarding the admin-
istration period, 22.7% administered antibiotics on the
day of surgery only, 34.2% administered them until
postoperative day (POD) 1, and 23.9% administered
them until POD 2. Thus, 80.8% administered them until
POD 2. In the 1993 questionnaire, 72% administered
them until POD 4 or later, so the administration period
was remarkably reduced.

Pancreaticoduodenectonty

The periods of antibiotic administration for
pancreaticoduodenectomy are shown in Table 8. CEZ
was used at 14.9% and second-generation cephems
were used at 76.9% of the responding institutions (Fig.
7). In the 1993 questionnaire, the period of administra-
tion was less than 4 days in 10.8% of the responding
institutions and at least 6 days in 80.9%, whereas in the
current questionnaire, the period of administration was

Rotated 0.2%

CZOP 0.7% CEZ 5.8%
Cepems 3.3% SBT/CPZ 1.1%
SBT/ABPC 1.5% PIPC0.9%
2nd.Ce. 15.3% CTM 11.6%
76.2%
FMOX 18%
CMZ 31.3%

Fig. 5. Antibiotics Miles’

operation

given for
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Not decided 1.8%
Others 0.9%

ABPC 0.2%
FOM 1.5%

CTRX 2.8%
SBT/CPZ 5.8%

PIPC 2.0%

2nd/4th gen. Cephams
6.4%

No cases 0.4%
Rotated 0.2%

FMOX 3.1%——
20.0%
CMZ 6.6%

CTM 10.3%

CEZ or SBT/ABPC 5.6%

Sensitive to
Isolutes from bile 0.2%
PIPC 1.6%
CTRX 0.7%

Carbapenem 0.4%

Do not use 0.2%

Rotated 0.2%

2ndgen. Ce
and others
28.2%

SBT/CPZ 11.7%

FMOX 9.5%

Table 8. Period of antibiotic administration for pancrea-
ticoduodenectomy

(a) Day of surgery only 1.6%
(b) Until POD 1 2.0%
(¢) Until POD 2 9.8%
(d) Until POD 3 32.0%
(e) Until POD 4 16.4%
{f) Until POD 5 21.8%
(g) Until POD 6 or later 14.7%
Other 0.2%
No answer 1.5%

SBT/ABPC 1.8%

Not decided 0.7%
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Did not respond 2.5%
Did not use 0.9%

CEZ 46.9%

Fig. 6. Selection of antibiotics for

laparoscopic cholecystectomy

Did not respond 1.5%
CEZ 14.9%

SBT/ABPC 2.7%

CTM 21.2%

85.9%

CMZ 15.3%

Fig. 7. Antibiotics given for pancreatico-
duodenectomy

less than 3 days in 45.4% and fewer than 5 days in
83.6%.

Discussion

In Japan, large quantities of antibiotics were conven-
tionally administered perioperatively, which contrib-
uted largely to the emergence of multiple drug-resistant
bacteria.* From the late 1980s, MRSA enteritis became
a major problem in field of digestive tract surgery in
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Japan, prompting the principal surgery-related societies
to discuss postoperative infection, hospital infection,
antibiotic administration regimens, and MRSA coun-
termeasures at numerous symposiums, panel discus-
sions, and workshops. Antibiotic regimens have been
extensively reviewed and guidelines prepared, as out-
lined in the Antibiotic Guide published by the Japanese
Society for Chemotherapy and the Japanese Associa-
tion for Infectious Disease.

In 1993, we conducted a questionnaire targeting insti-
tutions accredited by the Japan Surgical Society on the
usage of antibiotics perioperatively in the field of diges-
tive tract surgery. The results were published in a panel
discussion called “On the usage methods of antibiotic
agents in gastroenterologic surgery” at the 43rd Confer-
ence of the Japanese Society of Gastroenterological
Surgery in 1994.° By that time, many institutions had
already begun revising their antibiotic use, so there
were no major differences in the selection of antibiotic
drugs in the current questionnaire. We considered this a
good opportunity to introduce a clinical pathway to
prevent the emergence of multiple drug-resistant strains
such as MRSA. On the other hand, the period of post-
operative prophylactic antibiotic administration de-
creased remarkably in 1993, and only about 20% of the
responding institutions gave antibiotics for less than 4
days, except for cholecystectomy, and most gave them
for 5 days or more. Conversely, in the current question-
naire, at least 80% of the responding institutions staked
that they gave antibiotics for less than 4 days, signaling
a marked reduction in the administration period. Re-
garding preoperative treatment for colonic surgery, in
the 1993 questionnaire 76% of the responding institu-
tions included oral antimicrobial agents for several days
in colon preparation, but in the current questionnaire
80% stated that they perform survey after only prepara-
tion, without preoperative chemical enteric canal treat-
ment. The 1999 CDC surgical site infection prevention
guidelines have been widely adopted in Japan.® These
recommend that oral antibiotics be administered for
1 day before colonic surgery, although we suspect that
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many surgeons do not follow this recommendation. It is
likely that because surgery is highly invasive in Japan
and postoperative MRSA infection is prevalent, antibi-
otic administration is more prudently considered than
in the Western countries. Because a review of antibiot-
ics was already underway in 1993, no major differences
were seen in the selection of antibiotics between the two
surveys. However, it is clear that the start times and
administration periods have improved greatly. The suit-
ability and timing of readministration during long op-
erations remains an issue to be resolved.

The Japan Society for Surgical Infection is now con-
ducting a randomized control trial with the aim of estab-
lishing evidence unique to Japan. We expect that these
issues will be improved dramatically by the introduction
of clinical pathways and more widespread comprehen-
sive medical care.

Acknowledgment. We thank all of the doctors from the 550
institutions, who found the time in their busy schedules to
respond to our questionnaire.
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