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Abstract 
The timing of prophylactic antibiotic use has become a hospital’s surgical quality indicator. This study aims to assess the association 
of hospital characteristics with rate of prophylactic antibiotic use over 1 day for clean surgery. The retrospective cohort study was 
conducted using open government data, and hospitals must legally disclose to Taiwan’s National Health Insurance Administration 
(NHIA). We identified 278 hospitals that reported 9491 records of prophylactic antibiotic use over 1 day for clean surgery from the 
2009 first quarter to the 2019 fourth quarter. Regression models with generalized estimating equations were estimated. Overall, 
the median rate of prophylactic antibiotic use over 1 day for clean surgery in hospitals was 11.1% (interquartile range: 1.9% to 
30%). Multivariable analyses showed that regional (coefficient [B] = 9.45, 95% confidence interval [CI]: 6.02–12.87, P < .001) and 
local hospitals (B = 15.04, 95% CI: 9.61–20.47, P < .001) had higher rates of prophylactic antibiotic use more than 1 day for clean 
surgery than medical centers. Moreover, public (B = 4.94, 95% CI: 0.61–9.28, P = .025) and medical care corporation hospitals 
(B = 8.17, 95% CI: 0.85–15.49, P = .029) experienced significantly greater proportions of antibiotic use over 1 day for clean 
surgery than medical care foundation hospitals after adjustments. This study revealed that low-level, public, and medical care 
corporation hospitals had higher rates of prophylactic antibiotic use over 1 day for clean surgery. These findings may represent a 
quality improvement opportunity for postoperative antibiotic use.

Abbreviations: CDC = centers for disease control, CI = confidence interval, GEE = generalized estimating equation, IQR = 
interquartile range, MOHW = Ministry of Health and Welfare, NHIA = National Health Insurance Administration, TJCHA = Taiwan 
Joint Commission on Hospital Accreditation.

Keywords: clean surgery, hospital characteristics, prophylactic antibiotic use

1. Introduction
It has been estimated that approximately 313 million major sur-
geries are performed worldwide annually, including 40 to 50 
million in the United States and approximately 20 million in 
Europe.[1,2] About 15% of patients underwent severe surgeries, 
and 5% to 15% will be readmitted to the hospital by the age 
of 30 after discharge, and death even occurs in about 1% to 
4%.[2] Appropriate use of antibiotics can effectively control bac-
terial infections and avoid infectious complications; however, if 
patients use them inappropriately or excessively. In this case, the 
bacteria will become resistant to antibiotics, and surgical site 
infections may prolong length of hospital stay, increased medi-
cal care costs, adverse drug reactions, and even increase antibi-
otic resistance and death risk.[3,4] Based on this fact, the World 

Health Organization (WHO) continues to call on governments 
to address antibiotic resistance.[5]

The U.S. Centers for Disease Control (CDC) has established 
a national medical care safety network and designed an anti-
biotic use and resistance module to provide hospital report-
ing and analysis of antibiotic use and resistance-related data, 
which can be estimated with national or regional averages.[6] 
The European Center for Disease Prevention and Control point 
prevalence survey in 28 European Union/European Economic 
Area countries reported that 30.5% of patients in acute care 
hospitals received at least 1 antimicrobial (country range 
15.9% to 55.6%) in 2016 to 2017, and 54.2% of surgical 
antibiotic prophylaxis use was prescribed for more than 1 day 
(country range 19.8% to 95%).[7] As a hospital reference basis 
for management strategies or intervention measures related 
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to reducing antibiotic resistance.[8] In order to strengthen the 
antibiotic resistance monitoring mechanism and integrate 
with international surveillance data, Taiwan’s CDC has estab-
lished an antibiotic resistance management reporting system to 
understand hospital antibiotic use and resistance epidemiology 
and trend changes, which can be used as a basis for manage-
ment strategies or intervention measures.[9] With the wide-
spread use of antibiotics and the increased derived resistance, 
it has become 1 of the critical global public health issues.

According to the CDC guidelines, surgical cases are classified 
into clean, clean-contaminated, contaminated, and dirty infected 
wounds.[10] Clean surgical wounds include procedures that are 
free of infection and do not involve the respiratory, alimentary, 
or genitourinary tract.[11] In addition, surgical site infection rates 
have been estimated to be around 2% for clean, 5% to 15% 
for clean-contaminated, 15% to 30% for contaminated, and 
over 30% for dirty, infected wounds.[11,12] Additionally, clean 
surgeries included orthopedic joint replacement, thyroidectomy, 
mastectomy, heart and brain surgeries, organ transplantation, 
as well as replaced with artificial implants.[13,14] Clean wounds 
are primarily closed and drained with closed drainage if neces-
sary.[15] Prophylactic antibiotics in hospitals are adopted during 
operations to prevent surgical site infection. However, whether 
such variation is explained by differences in prophylactic antibi-
otic use for clean surgery with implants and clean-contaminated 
surgical wounds in hospital characteristics and practice patterns 
remains unknown. Therefore, this study aimed to examine the 
association between hospital characteristics and the rate of pro-
phylactic antibiotic use over 1 day for clean surgery.

2. Methods

2.1. Study design and data collection

This retrospective cohort study used the data on the rate of anti-
biotic use over 1 day after clean surgery dataset sourced from an 
open government data platform and all hospitals disclosed by 
law to the National Health Insurance Administration (NHIA), 
Ministry of Health and Welfare (MOHW) of Taiwan. The vari-
ables included accreditation level, ownership, teaching status, 
geographic region of hospitals, rate of antibiotic use over 1 day 
for clean surgery, and reporting year and quarter. All data were 
publicly available information and did not contain any per-
sonal identification; however, this study protocol was reviewed 
and permitted by the Institutional Review Board of the E-Da 
Hospital (approval no. 2023008, Taiwan).

We identified 281 hospitals that reported 9494 records of 
antibiotic use over 1 day for clean surgery from the 2009 first 
quarter to the 2019 fourth quarter. In order to avoid bias in the 
parameter estimates, 3 hospitals with only 1 record of report 
were excluded. The final sample consisted of 9491 records from 
278 hospitals.

2.2. Measures

The primary outcome was the rate of prophylactic antibiotic 
use over 1 day for clean surgery. It was defined as the number 
of cases whose duration of prophylactic antibiotic use over 1 
day for clean surgery with implants and in clean-contaminated 
surgical wounds per quarter year divided by the total number 
of clean surgery cases per quarter year, then multiplied by 100 
(%).[16] Antibiotic treatment duration was used for patients 
undergoing clean and clean-contaminated surgeries.[13] A quality 
measurement related to the duration of prophylactic antibiotic 
use for clean surgery, which requires 1 dose for surgery with a 
clean wound, less than 3 days for clean surgery with implants, 
and in clean-contaminated surgical wounds,[13] was created 
from the process of care measures reported by each hospital to 
the NHIA.

The independent variables were accreditation level, own-
ership, teaching status, and geographic region of hospitals. 
According to the Taiwan Joint Commission on Hospital 
Accreditation (TJCHA), the accreditation level was divided 
into medical centers, regional hospitals, and local hospitals. 
These accreditation levels are based on bed size and clinical ser-
vice capabilities and are periodically reviewed by the TJCHA, 
supervised by the MOHW in Taiwan. Medical centers had the 
best overall evaluation results, followed by regional and local 
hospitals. The hospital ownership types were classified as pub-
lic, private, medical care corporation, and medical care foun-
dation hospitals. In addition, the teaching hospitals provided 
the training and continuing education of physicians and other 
medical personnel, and clinical internships were recognized and 
approved by the MOHW.

The geographic locations of hospitals were divided into 6 
areas (Taipei, northern, central, southern, Kao-Ping, and east-
ern) according to the National Statistics of Regional Standard 
Classification. Geographic variation in the rates of prophylac-
tic antibiotic use over 1 day for clean surgery may be a quali-
ty-of-care issue that represents the presence of potential overuse 
and underuse of antibiotic resources between hospitals. Previous 
studies indicated that significant regional differences in antibi-
otic use between acute care hospitals.[7,16] In addition, each hos-
pital’s year and quarter of reporting were used as a covariate to 
analyze change over time.

2.3. Statistical analysis

All statistical analyses were performed using SPSS version 18.0 
software (PASW Statistics for Windows, SPSS Inc, Chicago) and 
Microsoft Power BI Desktop for visualizations. Statistical sig-
nificance was set at P <.05. Differences in the rate of prophylac-
tic antibiotic use over 1 day for clean surgery between hospital 
characteristics were examined using the median tests. In addi-
tion, generalized estimating equation (GEE) models with autore-
gressive first-order correlation structures were used to account 
for repeated measurements in the same hospital. Regression 
coefficient (B) with 95% confidence interval (CI) for the asso-
ciations of accreditation level, ownership, teaching status, and 
geographic region of hospitals with the proportion of prophy-
lactic antibiotic use over 1 day for clean surgery were estimated 
using univariable and multivariable regression analyses.

3. Results

3.1. Hospital characteristics

From 2009 to 2019, 9491 records of prophylactic antibiotic use 
over 1 day for clean surgery were reported consecutively from 
278 hospitals. The median rate of prophylactic antibiotic use 
over 1 day for clean surgery in all hospitals was 11.1% (inter-
quartile range [IQR]: 1.9% to 30%). The characteristics and 
differences between hospitals in the rate of prophylactic antibi-
otic use over 1 day for clean surgery are shown in Table 1. Most 
hospitals were local, private, nonteaching hospitals, and those 
located in Central and Taipei regions, respectively.

Regional and local hospitals (12.9% and 12.5%) had signifi-
cantly higher median rates of prophylactic antibiotic use over day 
for clean surgery compared with medical centers (6.9%, P < .001). 
Additionally, medical care corporation (20%) and public hospi-
tals (13.5%) experienced significantly higher median rates of pro-
phylactic antibiotic use more than 3 days for clean surgery than 
private and medical care foundation hospitals (7.7% and 9.8%, 
P < .001). The median proportion of the same clean surgery mea-
sure was slightly higher in nonteaching hospitals than in teaching 
hospitals (11.5% vs 11%, P < .001). However, there was no sig-
nificant difference in the median rate of prophylactic antibiotic 
use over 1 day for clean surgery between hospitals in different 
geographic regions (P = .612) (Table 1).
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The distribution of the annual rate of prophylactic antibiotic 
use over 1 day for clean surgery during 2009 to 2019 according 
to hospital characteristics is illustrated in Figure 1 and tabulated 
in Table S1, Supplemental Digital Content, http://links.lww.
com/MD/N894. There were partially significant differences in 
tendencies of the annual median rate of prophylactic antibiotic 
use over 1 day for clean surgery among hospitals with different 
accreditation levels, ownership, and teaching status. The median 
rate of prophylactic antibiotic use over 1 day for clean surgery 
in medical centers decreased insignificantly from 7.4% in 2009 
to 5.7% in 2012 and then increased to 8.3% in 2019 (P = .054). 
The median proportion of the same prophylactic antibiotic use 
measure for clean surgery in regional hospitals decreased signifi-
cantly from 17.2% in 2009 to 9.2% in 2015 and then increased 
to 11.9% in 2019 (P < .001). The same measure for clean sur-
gery in local hospitals decreased significantly from 20% in 2009 
to 9.1% in 2019 (P < .001) (Fig. 1A, Table S1, Supplemental 
Digital Content, http://links.lww.com/MD/N894).

The median proportion of prophylactic antibiotic use over 
1 day for clean surgery in public hospitals decreased signifi-
cantly from 21.8% in 2010 to 9.6% in 2018 and then increased 
to 11% in 2019 (P < .001). The median rate of the same pro-
phylactic antiuse measure for clean surgery in private hospitals 
decreased significantly from 11.4% in 2010 to 4.8% in 2014 and 
slightly increased to 5% in 2019 (P = .045). The same measure 
for clean surgery in medical care corporation hospitals decreased 
from 25% in 2009 to 17.6% in 2019 but was insignificant 
(P = .367). The same measure in medical care foundation hospi-
tals decreased significantly from 14.3% in 2009 to 7.7% in 2015 
and then increased to 9.4% in 2019 (P = .006) (Fig. 1B, Table S1, 
Supplemental Digital Content, http://links.lww.com/MD/N894). 
Additionally, the median rate of the same measure for clean sur-
gery in teaching hospitals decreased significantly from 15.5% 
in 2009 to 8.4% in 2015 and then increased to 10.7% in 2019 
(P < .001). The same measure in nonteaching hospitals decreased 
significantly from 16.7% in 2009 to 7.7% in 2019 (P = .017).

3.2. Hospital characteristics associated with the rate of 
antibiotic use over 1 day for clean surgery

The results of the univariable and multivariable analyses of 
hospital characteristics for the rate of prophylactic antibiotic 

use over 1 day for clean surgery are presented in Table 2. 
Univariable analysis showed that patients in regional (coefficient 
[B] = 10.33, 95% CI: 7.29–13.37) and local hospitals (B = 17.9, 
95% CI: 14.82–20.99) had significantly higher proportions of 
prophylactic antibiotic use over 1 day for clean surgery com-
pared with those in medical centers. Patients in public (B = 7.09, 
95% CI: 2.32–11.85), private (B = 8.24, 95% CI: 3.32–13.17), 
and medical care corporation hospitals (B = 11.84, 95% CI: 
4.95–18.73) experienced significantly higher rates of prophy-
lactic antibiotic use measure more than 3 days for clean surgery 
compared with those in medical care foundation hospitals. In 
addition, nonteaching hospitals (B = 9, 95% CI: 4.99–13) had 
significantly greater proportions of the same measure for clean 
surgery than teaching hospitals. However, there was no differ-
ence in the rate of prophylactic antibiotic use over 1 day for 
clean surgery between hospital geographic regions.

Furthermore, patients in regional (B = 9.45, 95% CI: 6.02–
12.87) and local hospitals (B = 15.04, 95% CI: 9.61–20.47) 
remained significantly higher rates of prophylactic antibiotic 
use over 1 day for clean surgery after multivariable analysis 
(Table 2). Patients in public (B = 4.94, 95% CI: 0.61–9.28) 
and medical care corporation hospitals (B = 8.17, 95% CI: 
0.85–15.49) experienced significantly greater proportions of 
the same prophylactic antibiotic use measure for clean surgery 
compared with those in medical care foundation hospitals after 
adjustments.

4. Discussion
This retrospective nationwide cohort study investigated the 
relationship of hospital characteristics with the proportion of 
prophylactic antibiotic use over 1 day for clean surgery. We 
found that a higher rate of prophylactic antibiotic use over 1 
day for clean surgery was observed among patients in regional 
and local hospitals than those in medical centers. Prophylactic 
antibiotic use over 1 day for clean surgery at medical centers 
improves due to antibiotic stewardship. In contrast, the pro-
phylactic antibiotic use of regional hospitals benefits from pro-
moting the rational use of prophylactic antibiotics. However, 
for local hospitals, antibiotic stewardship and rational use 
of prophylactic antibiotics may not be fully operational, and 
thus, the value of the regression coefficient was estimated to 

Table 1

Characteristics and rate of antibiotic use over 1 day for clean surgery by hospitals.

Characteristics

Number of hospitals (n = 278) Rate (%) (n = 9491)

Pn (%) n Median (IQR)

Overall 278 (100.0) 9491 11.1 (1.9–30.0)
Accreditation level
  Medical centers 23 (8.3) 940 6.9 (4.2–10.6) <.001
  Regional hospitals 74 (26.6) 3060 12.9 (6.3–25.0)
  Local hospitals 181 (65.1) 5491 12.5 (0.0–41.4)
Ownership
  Public hospitals 68 (24.4) 2711 13.5 (4.8–33.3) <.001
  Private hospitals 103 (37.1) 2922 7.7 (0.0–37.5)
  Medical care corporation hospitals 26 (9.4) 824 20.0 (6.0–40.0)
  Medical care foundation hospitals 81 (29.1) 3034 9.8 (4.4–20.0)
Teaching status
  Yes 133 (47.8) 5304 11.0 (5.2–23.1) <.001
  No 145 (52.2) 4187 11.5 (0.0–45.0)
Geographic region
  Taipei area 62 (22.3) 2243 13.6 (4.4–33.3) .612
  Northern area 46 (16.5) 1476 10.1 (0.0–30.7)
  Central area 63 (22.7) 1975 9.4 (0.0–28.6)
  Southern area 35 (12.6) 1285 10.7 (3.1–26.3)
  Kao-Ping area 60 (21.6) 1999 11.6 (1.3–33.3)
  Eastern area 12 (4.3) 513 8.2 (0.0–24.8)

Abbreviation: IQR = interquartile range.

http://links.lww.com/MD/N894
http://links.lww.com/MD/N894
http://links.lww.com/MD/N894
http://links.lww.com/MD/N894
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be the highest (15.04%) among all hospitals. Additionally, the 
inappropriate timing and duration of postoperative antibiotic 
administration partly explained hospital-level variation in 
the performance of prophylactic antibiotic use for clean sur-
gery.[13,17] Therefore, high-level hospitals can perform better in 

prophylactic antibiotic use over 1 day for clean surgery than 
low-level hospitals.

The rate of prophylactic antibiotic use over 1 day for clean 
surgery was significantly greater in public and medical care cor-
poration hospitals than in medical care foundation hospitals. It 

Figure 1. Annual rate of antibiotic use more than 1 day for clean surgery by (A) accreditation level, (B) ownership, and (C) teaching status.
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is possible that public hospitals may be equipped to treat patients 
with high-severity or more complicated cases for some proce-
dures than medical care foundation hospitals.[18,19] Medical care 
foundation hospitals have specialized in certain clean surgeries 
and appropriate antibiotic use to prevent surgical site infections. 
Compared to public and medical care corporation hospitals, 
medical care foundation hospitals have a better performance 
of prophylactic antibiotic use for clean surgery and may offer 
shorter lengths of stay; however, there is a mixed relationship 
between hospital ownership and quality of surgical care.

The multivariable analysis indicated that a higher rate of 
prophylactic antibiotic use over 1 day for clean surgery was 
noted in nonteaching hospitals compared to teaching hospitals, 
although not statistically significant after the adjustment. It may 
be due to usual routines, not being aware of the side effects of 
antibiotics, and/or lack of consideration of reducing antibiotic 
utilization[20] in hospitals with a greater proportion of prophy-
lactic antibiotic use over 1 day for clean surgery. However, the 
differences in the rate of prophylactic antibiotic use over 1 day 
for clean surgery between hospitals would be meaningful from 
both a practice and policy standpoint.

Otherwise, our results showed a decrease–increase–decrease 
trend in the median proportion of prophylactic antibiotic use 
over 1 day for clean surgery during the period 2009 to 2019 in 
regional and local hospitals and those with public, private, and 
medical care foundations, as well as teaching and nonteaching 
hospitals. This is due to the national guidelines for preventing 
surgical site infection, the government’s policies and regulations 
for antibiotic use,[5,6,9,21] and clean surgery performance by hos-
pitals reducing inappropriate use of antimicrobials.

This study proved that specific hospital characteristics pre-
dict poor performance on the prophylactic antibiotic use over 
1 day for clean surgery, mainly in low-level hospitals and those 
with public and medical care corporations. Prior research has 
indicated that auditing rational antibiotic use between hospi-
tals is necessary to reduce misuse and minimize antibiotic resis-
tance[9,21,22] and continue to carefully assess patients’ antibiotic 
use for clean surgery, which would support the implementation 
of antibiotic guidelines and policies. Regarding timing of antibi-
otic administration, perioperative antibiotic prophylaxis refers 
to prophylaxis during surgery and must be completed within 
24 hours.[23] Additionally, the appropriate duration of antibiotic 

treatment requires a dose for clean surgery or less than 3 days 
for clean surgery with implants and clean-contaminated surgi-
cal wounds. The criteria for antibiotic treatment duration were 
evaluated according to Taiwan’s NHIA .[9] This study mainly 
refers to the administration of antibiotics for treating infectious 
diseases after clean surgery.

However, the literature recommends administering antibiot-
ics within 60 minutes of surgical incision.[24] Despite this rec-
ommendation, evidence indicated that surgical prophylactic 
antibiotics were often inappropriately prescribed due to inap-
propriate choice, timing, and duration of use.[7,23,25] A study 
from 28 European Union/European Economic Area countries 
showed that 54.2% of surgical patients were prescribed prophy-
lactic antibiotics for more than 1 day.[7] Our results indicated 
that 11.1% of Taiwanese patients were prescribed prophylactic 
antibiotics over 1 day for clean surgery. However, the quality 
measurement related to the use of prophylactic antibiotics for 
clean surgery in Taiwan should continue to be improved based 
on internationally recommended guidelines.

This study provided evidence that that certain hospital 
characteristics are predictive of poor performance on the pro-
phylactic antibiotic use more than 3 days for clean surgery, par-
ticularly low-level hospitals and those with public and medical 
care corporation. Prior research has indicated that auditing of 
rational antibiotic use between hospitals is necessary to reduce 
misuse and minimize antibiotic resistance,[9,21,22] and continue to 
carefully assess patients’ antibiotic use for clean surgery, which 
would support the implementation of antibiotic guidelines and 
policies. This study gives insights to policy-makers and health-
care managers to develop further interventions to improve the 
appropriateness of postoperative antibiotic prophylaxis.

The major limitation of this study was the use of aggregate 
data that was not controlled for patient-level characteristics 
or relevant confounding factors that could affect the rates of 
prophylactic antibiotic use postoperatively in clean surgeries. 
Due to data limitation, we have no information about types 
of prophylactic antibiotics, antibiotic-defined daily doses, 
clean surgery types, the number of antibiotics administered 
within and after 24 hours of clean surgery, and the actual 
length of prophylactic antibiotic use for each clean surgery 
between hospitals. Additionally, information on assessment 
of patient’s disease severity was not available; however, we 

Table 2

Univariate and multivariate analyses of hospital characteristics associated with rate of antibiotic use over 1 day for clean surgery.

Characteristics

Univariate model Multivariate model*

B (95% CI) P B (95% CI) P

Accreditation level
  Medical centers 1.00 1.00
  Regional hospitals 10.33 (7.29–13.37) <.001 9.45 (6.02–12.87) <.001
  Local hospitals 17.90 (14.82–20.99) <.001 15.04 (9.61–20.47) <.001
Ownership
  Public hospitals 7.09 (2.32–11.85) .004 4.94 (0.61–9.28) .025
  Private hospitals 8.24 (3.32–13.17) .001 −0.09 (−6.30–6.11) .976
  Medical care corporation hospitals 11.84 (4.95–18.73) .001 8.17 (0.85–15.49) .029
  Medical care foundation hospitals 1.00 1.00
Teaching status
  Yes 1.00 1.00
  No 9.00 (4.99–13.00) <.001 4.40 (−2.18–10.98) .190
Geographic region
  Taipei area 1.00 1.00
  Northern area −0.41 (−7.31–6.48) .906 −2.80 (−9.09–3.49) .383
  Central area −3.11 (−8.98–2.78) .301 −5.00 (−10.27–0.27) .063
  Southern area −3.17 (−9.81–3.48) .350 −3.96 (−9.78–1.86) .182
  Kao-Ping area 0.04 (−6.23–6.31) .990 −3.00 (−8.77–2.78) .309
  Eastern area −5.90 (−14.02–2.22) .154 −8.85 (−16.79–0.92) .029

Abbreviation: CI = confidence interval.
* The model was adjusted for the year and quarter of reporting as revealed by each hospital.
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used the GEE models accounting for clustering effects that 
occur with patients within hospitals. Future research could 
include patient and physician related factors that influence 
the use of postoperative prophylactic antibiotic. Diverse sur-
gical procedures and patterns of prophylactic antibiotic use 
in patients undergoing clean surgery can make the results 
less generalizable to other countries and regions. Finally, the 
findings of this present study can only attest to the associa-
tion between variables and not to causal inference. Future 
research is required to understand the effects of hospital fac-
tors on appropriate duration and rate of prophylactic antibi-
otic use over 1 day for clean surgery.

5. Conclusions
This study revealed that low-level, public, and medical care cor-
poration hospitals with higher rates of prophylactic antibiotic 
use over 1 day for clean surgery. Strategies to improve the per-
formance of prophylactic antibiotic use over 1 day for clean sur-
gery in hospitals with poor practice are needed. In addition to 
hospital and surgeon practice patterns, patients with comorbid 
conditions may influence the duration of prophylactic antibiotic 
use for clean surgery. These findings suggest that the duration of 
prophylactic antibiotic use for clean surgery between hospitals 
can be implemented as a continuous monitoring system for the 
quality of surgical care.
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