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INTRODUCTION

Surgical site infection (SSI) is a major postoperative complica-
tion.1 Patient-related risk factors for SSI include older age, obe-

sity, smoking, diabetes, immunosuppressive disease, shock, 
hypothermia, and irradiation, and surgery-related risk factors 
are contaminated wounds, long operation time, or inadequate 
skin preparation.2 Although hematogenous infection from in-
ternal organ rarely causes SSI, the most common source of in-
fective organisms is a patient’s skin.3 In the orthopedic field, the 
most isolated organism is aerobic gram-positive cocci, especially 
Staphylococcus aureus, which often is resistant to methicillin.3

For prevention of SSIs, adequate management of patient-re-
lated risk factors in the perioperative period and appropriate 
surgical procedures, along with proper preoperative prophy-
lactic antibiotics use, are essential.4 In a systematic review of the 
effectiveness of antibiotic prophylaxis in patients undergoing 
hip and knee arthroplasty surgery, antibiotic prophylaxis re-
duced the risk of SSI by 81%, compared to the no prophylaxis.5 
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A meta-analysis also reported that the use of prophylactic an-
tibiotics during spine surgery (SS) effectively reduced SSI rates.6 
Research indicates that preoperative prophylaxis should be 
administered within 30–60 minutes of skin incisions, because 
the concentration of antibiotics reaching the surgical site must 
be adequate during surgery to prevent SSI.7,8 Therefore, in the 
field of orthopedics, antibiotic prophylaxis has become an im-
portant element of all surgical procedures.

In relation to medical policy, most research on the use of pro-
phylactic antibiotics is reported in studies designed to secure 
evidence for the production of guidelines.9 Although national 
antibiotic prophylaxis guidelines for surgery have been suggest-
ed and although the effects of such policy on the use of prophy-
lactic antibiotics and the incidence of SSI have been analyzed, 
studies of effect on medical systems are rare, and a nationwide 
analysis has not been conducted.10-13 In Korea, “The Evaluation 
of the Appropriate Use of Prophylactic Antibiotics” began in 
2007 to raise interest in promoting SSI prevention and to moti-
vate medical institutions to improve quality of care. Since then, 
target surgeries for adequacy evaluation have been added and 
are in progress. It is estimated that the government’s medical 
political supervision on whether or not the use of antibiotics is 
properly used will elicit a change in the overall behavior of medi-
cal personnel regarding the use of antibiotics, as well as in in-
fection prevention. Also, as in previous studies, we believe that 
it can affect health care quality indicators, such as medical costs 
and length of hospital stay (LOS).14,15 

Therefore, the purpose of this study was to compare patients 
who had undergone SS and hip arthroplasty surgery (HAS) and 
to analyze how “The Evaluation of the Appropriate Use of Pro-
phylactic Antibiotics” in the field of orthopedic surgery has af-
fected hospitalization period, medical costs, and the amount 
and duration of antibiotics use.

MATERIALS AND METHODS

Data and patient sample
This retrospective nationwide study identified subjects from the 
Korean National Health Insurance Review and Assessment Ser-
vice (HIRA) database from January 2011 to December 2018. The 
HIRA collects data from claims submitted by healthcare provid-
ers for reimbursement under Korea’s universal healthcare insur-
ance system, with a fee-for-service model that covers the entire 
South Korean population.16 Information in the dataset includes 
all inpatient and outpatient medical claims data, including treat-
ment procedure codes and diagnostic codes. Therefore, medical 
claims data for all spine and HASs that occurred during the 
study period were identified. The protocol of this study was ap-
proved by our Institutional Review Board (IRB No. 2021-12-011).

Intervention - evaluation of prophylactic antibiotics 
for SS 
The HIRA in Korea has been conducting “Evaluation of the Ap-
propriate Use of Prophylactic Antibiotics in Surgery” since 2007, 
and a total of eight evaluations were made up to 2018. This in-
tervention is being conducted to prevent SSIs and to prevent 
misuse of antibiotics by selecting and administering prophy-
lactic antibiotics that meet standards for clean and contaminat-
ed surgery. In addition, the policy seeks to improve the quality 
of medical services by giving incentives to hospitals with excel-
lent results.

In the field of orthopedic surgery, HAS has been evaluated 
under the policy since it was first implemented in 2007. Evalua-
tion of SS, however, was conducted for the first time from 2014. 
Thus, in order to evaluate “The Evaluation of the Appropriate 
Use of Prophylactic Antibiotics” for SS, patients who under-
went SS were set as the case group in our study. Furthermore, 
the intervention time (time zero) was defined as 2014. 

Identification of patients who underwent HAS 
(control group) or SS (case group)
Eligibility criteria for patients with hip fracture who underwent 
hip arthroplasty were as follows: 1) admission to an acute care 
hospital with diagnostic codes of femoral neck fractures [In-
ternational Classification of Diseases, 10th Revision (ICD-10) 
S720] or intertrochanteric fracture (ICD-10 S721); 2) undergo-
ing hemiarthroplasty or total arthroplasty. Eligibility criteria for 
patients who underwent SS were as follows: 1) admission to 
an acute care hospital; 2) undergoing thoracic or lumbar SS 
with procedure codes of posterior instrumentation, discectomy, 
or posterior decompression.

We excluded patients younger than 50 years of age at the time 
of surgery and those under the Medical Aid program to elimi-
nate the possibility of incomplete information. Finally, to elim-
inate the impact of death on antibiotics use and medical costs, 
patients who died within 30 days of hospitalization for surgery 
were excluded. 

Direct medical costs (DMC) and LOS per surgical 
episode
DMC and LOS per surgical episode were arranged in time se-
ries for 3 years before time zero and 5 years after time zero. 
DMC represents the sum of the amount paid by the National 
Health Insurance Service (NHIS) and the patient’s co-payments 
for insured medical services, excluding uncovered payments. 
DMC includes all costs for inpatient care and drugs, as well as 
all components covered by the NHIS.17 DMC was inflated to 
2021 Korean won using the 2021 conversion index.18 Finally, 
Korean won was converted to US dollars by applying an ex-
change rate of 1462 won per dollar. LOS per surgical episode 
was selected as a medical utilization outcome variable.
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Use of antibiotics 
Outcome variables to evaluate the effect of “The Evaluation of 
the Appropriate Use of Prophylactic Antibiotics” were total an-
tibiotics usage within 30 days from admission and the duration 
of antibiotics use per surgical episode. Investigated antibiotics 
included 1st, 2nd, 3rd, and 4th generation cephalosporins, qui-
nolones, and vancomycin. Among them, 3rd and 4th genera-
tion cephalosporins, quinolones, and vancomycin were defined 
as broad spectrum antibiotics. These variables were also ar-
ranged in time series for 3 years before time zero and 5 years 
after time zero.

Statistical analysis
In this comparative interrupted time series analysis, we com-
pared DMC, LOS, and use of antibiotics between case and con-
trol groups.19 Time series were constructed using the time unit 
of 1 month and were divided into six segments (before time 
zero and every year after time zero). Changes in baseline trends 
and intercepts were considered during the baseline period, 
but only intercept changes were considered in segments after 
the baseline period. We used a generalized linear model with a 
gamma distribution and logarithmic link function for segment-
ed regression analysis adjusting for all baseline characteristics. 
We used a generalized estimating equation using a robust stan-
dard error to avoid overestimation of standard errors of the pa-
rameter estimates. All calculated p-values were two-sided, and 
p-values<0.05 were considered significant. All analyses were 
performed using SAS Enterprise Guide version 7.1 software (SAS 
Institute, Cary, NC, USA).

Baseline characteristics, including sex, age group, seasonali-
ty, type of hospital where surgery was performed (tertiary gen-
eral hospital, general hospital, hospital), calendar year of surgery, 
Charlson Comorbidity Index (CCI), and past medical history, 
were investigated as covariates. Past medical history included 
the number of hospitalizations and outpatient visits within 3 
years before spinal or hip surgery. CCI was calculated by weight-
ing and scoring comorbid conditions using Quan’s method, 
with additional points given to comorbidities that affect the 
health outcomes of patients.20 

 

RESULTS

Study flow and baseline characteristics of the case and 
control groups
A total of 216432 patients who underwent SS and 109196 pa-
tients who underwent HAS from January 1, 2011 to December 
31, 2018 met the inclusion criteria. Among them. 22326 pa-
tients under 50 years of age at the time of surgery were exclud-
ed (spine: 21178, hip: 1148). Of the remaining patients, 31716 
patients under the Medical Aid program (spine: 15743, hip: 
15973) were also excluded. Finally, 4746 people who died 
within 30 days of the episode start date (spine: 2043, hip: 2703) 

were excluded. Finally, 177468 patients who underwent SS and 
89372 patients who underwent hip surgery were included in 
the study (Table 1). The mean age of the case group was 66.2 
(±8.3) years, and the control group average age was 78.7 (±8.6) 
years. The proportion of males was higher in the case group 
(n=66977, 37.7%). Based on CCI, comorbidities were more com-
mon in the control group (p<0.001). 

Differences in DMC and LOS
Considering the differential changes in DMC before time zero, 
DMC were slightly higher in the case group than those in the 
control group, but these differences were not significant until 
2 years after the intervention (p>0.05) (Table 2). In 2016, DMC 
increased relatively significantly in the case group, compared 
to the control group, by 1.03 times {difference-in-difference 
(DID) estimate ratio of 1.03 [95% confidence interval (CI) 1.00 to 
1.06]; p=0.041}. However, cost changes in the case group were 
not higher than those in the control group thereafter (p>0.05). 

Considering the differential changes in LOS before time zero, 
we noted that the case group incurred a reduced LOS of 3% 
[DID estimate ratio of 0.97 (95% CI 0.95 to 0.99); p=0.011] after 
intervention. This relative decrease in LOS was maintained 
until 2015 [DID estimate ratio of 0.97 (95% CI 0.95 to 1.00); p= 
0.034]. Nevertheless, LOS changes in the case group were not 
smaller than those in the control group thereafter (p>0.05) 
(Table 2).

Trends in the use of antibiotics 
The rates of 1st and 2nd generation cephalosporins use per year 
in both groups are shown in Fig. 1A. In the control group, the 
rates of 1st and 2nd generation cephalosporins use per year 
followed a slight upward trend in 2012 and then decreased. 
Thereafter, the rates of 1st and 2nd generation cephalosporins 
use per year remained horizontal. However, in the case group, 
the rates of 1st and 2nd generation cephalosporins use showed 
a sharp rise up to the intervention period, then slightly bent 
and then increased again. 

In the control group, the rate of broad spectrum antibiotics 
use steadily decreased after the intervention (Fig. 1B). On the 
other hand, in the case group, the rate of broad spectrum anti-
biotics use sharply decreased from 2014 to 2015. However, an 
increase in the rate of broad spectrum antibiotics use was ob-
served thereafter.

Fig. 2 shows the mean usage of broad spectrum antibiotics 
within 30 days of hospitalization for surgery and the duration 
of broad spectrum antibiotics use. In both groups, a decreasing 
trend was observed in the mean usage and duration of broad 
spectrum antibiotics use during the entire observation period. 
In particular, the mean usage and duration of broad spectrum 
antibiotics use in the case group at 2014 and 2015 decreased 
sharply, compared to the control group. 
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Differences in the use of antibiotics
Within 30 days after admission for surgery, total usage of anti-
biotics decreased significantly by 0.88 times [DID estimate ra-
tio of 0.88 (95% CI 0.86 to 0.91); p<0.001] in the case group, 

compared to the control group, in 2014 considering the differ-
ential changes in usage of antibiotics before time zero (Table 3). 
This trend was observed for the whole observational period 
after intervention (p<0.05). The duration of use of antibiotics 

Table 1. General Characteristics of the Study Population (n=266840)

Variables
SS (case group)

(n=177468, 66.5%)
HAS (control group)

(n=89372, 33.5%)
p value

Sex <0.001
Male 66977 (37.7) 23306 (26.1)
Female 110491 (62.3) 66066 (73.9)

Age (yr) 66.2±8.3 78.7±8.6 <0.001
Age group <0.001

50–59 year 42703 (24.1) 2947 (3.3)
60–69 year 67650 (38.1) 9111 (10.2)
70–79 year 59156 (33.3) 32164 (36.0)
80–89 year 7840 (4.4) 37580 (42.0)
>90 year 119 (0.1) 7570 (8.5)

Month at the time of surgery <0.001
January to March 45251 (25.5) 24170 (27.0)
April to June 44304 (25.0) 21085 (23.6)
July to September 42871 (24.2) 20426 (22.9)
October to December 45042 (25.4) 23691 (26.5)

Type of hospital where surgery was performed <0.001
Tertiary general hospital 50235 (28.3) 18070 (20.2)
General hospital 48078 (27.1) 47327 (53.0)
Hospital 79155 (44.6) 23975 (26.8)

Calendar year <0.001
2011 20838 (11.7) 10538 (11.8)
2012 22488 (12.7) 10955 (12.3)
2013 21956 (12.4) 10935 (12.2)
2014 21537 (12.1) 10949 (12.3)
2015 22109 (12.5) 11251 (12.6)
2016 23488 (13.2) 11222 (12.6)
2017 22471 (12.7) 11578 (13.0)
2018 22581 (12.7) 11944 (13.4)

Charlson Comorbidity Index <0.001
0 56481 (31.8) 25996 (29.1)
1 49455 (27.9) 23136 (25.9)
2 30883 (17.4) 15032 (16.8)
>3 40649 (22.9) 25208 (28.2)

Past medical history
Number of admissions within 3 years before surgery <0.001

None 73753 (41.6) 34406 (38.5)
1 to 3 79530 (44.8) 33667 (37.7)
4 or more 24185 (13.6) 21299 (23.8)

Number of outpatient visits within 3 years before surgery <0.001
0 to 50 52972 (29.8) 41299 (46.2)
51 to 99 49448 (27.9) 23023 (25.8)
100 or more 75048 (42.3) 25050 (28.0)

SS, spine surgery; HAS, hip arthroplasty surgery.
Values are presented as numbers (%) or means±SD. p-values were obtained by chi-square test or t-test.
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also continued to decrease significantly during 5 years in the 
case group, compared to the control group (p<0.05). 

Furthermore, total usage of broad spectrum antibiotics also 
decreased relatively by 8% in the 1st year after the intervention 
[DID estimate ratio of 0.92 (95% CI 0.87 to 0.97); p=0.003], and 
this trend remained significant until 2018 (p<0.05) (Table 4). 
The duration of use of broad spectrum antibiotics also contin-
ued to decrease significantly over 5 years in the case group, 
compared to the control group (p<0.05).

DISCUSSION

The main findings of our study are as follows. The first is that 
“The Evaluation of the Appropriate Use of Prophylactic Antibi-
otics” in orthopedic field reduced LOS and increased DMC in 
the short term after policy implementation, but had insignifi-
cant effects on LOS and DMC thereafter. The second is that the 
evaluation reduced not only the total usage and duration of 
antibiotics but also the total usage and duration of broad spec-
trum antibiotics and lasted for 5 years. 

SSIs are preventable hospital-acquired infections that can 
increase LOS and DMC, as well as increase morbidity and mor-
tality in patients.21 A study that analyzed the effectiveness of 
antibiotic prophylaxis in elective caesarean section patients 
claimed that it was effective in reducing costs and the incidence 
of SSI.22 They explain that this is because the cost of prophylactic 
antibiotics is lower than the cost of treating infected patients. 
Ng-Kamstra, et al.23 reported that by using a protocol to control 
the duration of antibiotics use in patients with intra-abdominal 
infection, it was possible to reduce the use of daptomycin and 
lower medical costs, particularly for the use of antibiotics and 
the cost of laboratory testing for infection. The incidence of SSIs 
has been reported at 2.6% in a study of 1922 consecutive hip 
arthroplasty patients from 11 hospitals.24 Also the incidence of 

Table 2. Differential Changes in DMC and LOS after Implementation of 
“The Evaluation of Appropriate Use of Prophylactic Antibiotics” in Pa-
tients Undergoing SS

SS (case group) vs. HAS (control group) Ratio (95% CI) p value
Total DMC of the episode within 30 days*

Ratio of baseline difference in DMC 0.81 (0.80–0.82) <0.001

Ratio of DMC increase per month 0.998 (0.996–1.00) 0.040

Ratio of difference in the slope  
  of the medical cost†

1.00 (1.00–1.00) 0.959

DID estimate‡

2014 (initiation of evaluation) 1.01 (1.00–1.03) 0.158

2015 1.02 (1.00–1.04) 0.068

2016 1.03 (1.00–1.06) 0.041

2017 1.02 (0.98–1.05) 0.370

2018 1.03 (0.99–1.07) 0.167

Hospital LOS of the episode*

Ratio of baseline LOS difference 0.81 (0.80–0.82) <0.001

Ratio of LOS increase per month 0.99 (0.99–0.99) <0.001

Ratio of difference in the slope of the LOS† 1.00 (1.00–1.00) 0.069

DID estimate‡

2014 (initiation of evaluation) 0.97 (0.95–0.99) 0.011

2015 0.97 (0.95–1.00) 0.034

2016 1.00 (0.96–1.03) 0.782

2017 0.99 (0.96–1.03) 0.767

2018 1.02 (0.97–1.07) 0.396

DMC, direct medical costs; LOS, length of hospital stay; SS, spine surgery; 
HAS, hip arthroplasty surgery; DID, difference-in-difference.
*Indicators of the predicted graph for DMC (or LOS), considering the increase 
in DMC (or LOS) of both groups before 2014; †Slope difference: difference in 
the slope of the increase in DMC (or LOS) in the patients with SS and hip 
surgery; ‡DID estimate: the ratios of DMC (or LOS) at each time point, consid-
ering the difference in DMC (or LOS) before and after time zero in the case 
group and the difference in DMC (or LOS) before and after time zero in the 
control group. 

Fig. 1. Trends in the rates of 1st and 2nd cephalosporins (A) and broad spectrum antibiotics (B) use in spine surgery (SS) and hip arthroplasty before and 
after implementation of “The Evaluation of Adequate Use of Prophylactic Antibiotics.”
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postoperative SSIs after SS has been reported to range from 
0.7% to 12%.15 However, Stefánsdóttir, et al.8 reported that less 
than 50% of patients in their institution received antibiotics 
within 15–45 minutes prior to initiation of surgery and that the 
adequacy of prophylactic antibiotics was observed in only about 
57% of the Swedish knee arthroplasty register. Appropriate med-
ical political controls for the use of prophylactic antibiotics in 
the orthopedic field appear to be necessary. Therefore, we es-
timated that SSIs would be prevented and that LOS and DMC 
would also be reduced if appropriate prophylactic antibiotics 
were used. However, after intervention, a significant increase 
was observed in DMC for SS at 2016, but no statistically signif-
icant difference was observed in the other observational peri-
od, compared to the control group. In addition, a decrease in 
LOS was observed only in a short period of about 2 years after 
intervention. Ikeda Kurakawa, et al.14 reported that prophylac-
tic antibiotic use in patients with acute pancreatitis increased 
LOS and increased medical costs in a nationwide inpatient ad-
ministrative database. They argued that the side effects of the 
antibiotics were responsible for these results: antibiotics some-
times cause unintended consequences, such as allergy, the 
development of antibiotic resistance among organisms, acute 
kidney injury, and Clostridium difficile infection.25 Therefore, 
discontinuation of prophylactic antibiotics within 24 hours of 
the completion of surgery is recommended.26 Although the ef-
fect of evaluation in our study lasted up to 2 years, it was mini-
mal at 3%. Thus, it is thought that long duration of antibiotics still 
induces complications of prophylactic antibiotics and offsets the 
effect of reducing LOS and DMC due to infection prevention.

Prophylactic antibiotics are now mandatory for patients to 
prevent SSI after surgery. First and second generation cepha-
losporins are the most commonly recommended antibiotics 
because they work well against commonly isolated pathogens, 
such as Staphylococcus aureus and Staphylococcus epidermidis. 
Also, they have the advantage of having a safety profile and low 
cost. Thus, several guidelines recommend them as primary 

prophylactic antibiotics, and vancomycin should only be used 
in patients with a beta-lactam allergy or infections with a high 
frequency of methicillin-resistant Staphylococcus species, such 
as S. aureus and Staphylococcus epidermidis.21 A study in India 
reported that antibiotic use is on the rise despite a global trend 
of declining infectious diseases, reflecting antibiotic misuse, 
as well as health and economy burdens.27 Skender, et al.28 noted 
that private facilities often fail to implement proposed guide-
lines, although national prescription guidelines are applicable 
to both public and private healthcare facilities in India. There-
fore, we believe that it is essential not only to suggest national 
prescription guidelines for prophylactic antibiotics use, but also 
to manage and supervise their implementation so that the ef-
fectiveness of the medical policy is sustained. In our study, 
“The Evaluation of the Appropriate Use of Prophylactic Antibi-
otics” in SS increased the usage rate of 1st and 2nd generation 
antibiotics in patients who underwent SS and decreased the 
usage rate of broad-spectrum antibiotics. In SS, the usage and 
duration of total antibiotics, as well as the usage and duration 
of broad spectrum antibiotics, were reduced, and these effects 
continued for 5 years. Such evaluation is required to identify the 
types of antibiotics used and the timing of injections, as well as 
the side effects of antibiotics and infections that occurred dur-
ing hospitalization. This seems to have had a clear effect of forc-
ing the use of appropriate antibiotics, as well as alerting medi-
cal staff to appropriately use antibiotics. Also, we believe that 
the cause of the observed long-term effect is the periodic im-
plementation of “The Evaluation of the Appropriate Use of Pro-
phylactic Antibiotics.” This evaluation was repeated at intervals 
of about 2 years to evaluate medical institutions, and it is con-
sidered a very desirable method in terms of policy continuity 
and maintainability.

The limitations of this study are as follows. The first is that 
preoperative antibiotics and postoperative antibiotics could 
not be analyzed separately. However, we hypothesized that 
these medical policies would affect the overall antibiotics used 

Fig. 2. Trends in the usage (A) and duration (B) of broad spectrum antibiotics use in spine surgery (SS) and hip arthroplasty before and after implementa-
tion of “The Evaluation of Adequate Use of Prophylactic Antibiotics.” 
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in patients undergoing orthopedic surgery. In fact, “The Evalu-
ation of the Appropriate Use of Prophylactic Antibiotics” eval-
uates both preoperative and postoperative antibiotics use. Sec-
ond, it was not possible to analyze whether assessment reduced 
postoperative infection rates and what effect it had on patients 
who developed infection. Due to the inherent limitations of 
claim data, it is very difficult to identify patients with SSIs. There-
fore, we could not present the incidence rate of SSI. However, 
many studies have already reported that prophylactic antibi-
otics prevent SSI. Also, to the best of our knowledge, our study 
is the first to investigate the effects of medical policy for prophy-
lactic use of antibiotics in the orthopedic field in Korea. Third, 
although the protocol for prophylactic antibiotics use may dif-
fer from hospital to hospital and compliance rates for adequacy 
of prophylactic antibiotics use may vary, this was not reflected 

in the study design. Further studies are needed to determine 
how these factors affect infections in the future.

In conclusion, “The Evaluation of the Appropriate Use of 
Prophylactic Antibiotics” policy appears to have had insignifi-
cant effects on LOS and DMC in the orthopedic field. Howev-
er, it has been effective at reducing the usage and duration of 
antibiotics use, especially in the first 2 years after implemen-
tation of the policy. In order to maintain the initial effective-
ness of the policy, continuous management and supervision 
are important.
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Table 4. Differential Changes in the Use of Broad Spectrum Antibiotics 
and Duration after Implementation of “The Evaluation of Appropriate 
Use of Prophylactic Antibiotics” in Patients Undergoing SS

SS (case group) vs. HAS (control group) Ratio (95% CI) p value
Total usage of broad spectrum antibiotics of episodes within 30-days*

Ratio of baseline difference in usage  
  of broad spectrum antibiotics

0.99 (0.95–1.03) 0.525

Ratio of usage of broad spectrum  
  antibiotics increase per month

0.99 (0.99–1.00) 0.028

Ratio of difference in the slope of usage  
  of broad spectrum antibiotics†

1.002 (1.00–1.00) 0.005

DID estimate‡

2014 0.92 (0.87–0.97) 0.003
2015 0.88 (0.82–0.94) 0.001
2016 0.91 (0.83–0.99) 0.028
2017 0.88 (0.80–0.98) 0.024
2018 0.82 (0.73–0.93) 0.002

Duration of use of broad spectrum antibiotics of episodes*
Ratio of baseline difference in duration  
  of use of broad spectrum antibiotics

0.95 (0.92–0.99) 0.005

Ratio of duration of use of broad spectrum  
  antibiotics increase per month

0.99 (0.99–1.00) 0.011

Ratio of difference in the slope of the duration  
  of use of broad spectrum antibiotics†

1.003 (1.00–1.00) 0.001

DID estimate‡

2014 0.90 (0.85–0.94) <0.001
2015 0.84 (0.79–0.90) <0.001
2016 0.86 (0.79–0.93) 0.001
2017 0.86 (0.78–0.95) 0.003
2018 0.78 (0.70–0.88) <0.001

SS, spine surgery; HAS, hip arthroplasty surgery; DID, difference-in-difference.
*Indicators of the predicted graph for total usage of broad spectrum antibiotics 
(or duration), considering the increase in usage of antibiotics (or duration) of both 
groups before 2014; †Slope difference: difference in the slope of the increase in 
total usage of broad spectrum antibiotics (or duration) in the patients with SS and 
hip surgery; ‡DID estimate: the ratios of total usage of broad spectrum antibiotics 
(or duration) at each time point, considering the difference in usage of antibiotics 
(or duration) before and after time zero in the case group and the difference in 
usage of antibiotics (or duration) before and after time zero in the control group.

Table 3. Differential Changes in Usage and Duration of Antibiotics after 
Implementation of “The Evaluation of Appropriate Use of Prophylactic 
Antibiotics” in Patients Undergoing SS

SS (case group) vs. HAS (control group) Ratio (95% CI) p value
Total usage of antibiotics of the episodes within 30-days*

Ratio of baseline difference in usage  
  of antibiotics

0.99 (0.97–1.01) 0.265

Ratio of usage of antibiotics increase  
  per month

0.99 (0.97–1.01) 0.002

Ratio of difference in the slope of usage  
  of antibiotics†

1.00 (0.99–1.00) 0.001

DID estimate‡

2014 (initiation of evaluation) 0.88 (0.86–0.91) <0.001
2015 0.87 (0.84–0.91) <0.001
2016 0.91 (0.87–0.95) <0.001
2017 0.92 (0.87–0.98) 0.005
2018 0.91 (0.85–0.97) 0.004

Duration of use of antibiotics of the episodes*
Ratio of baseline duration of use  
  of antibiotics difference

0.95 (0.93–0.97) <0.001

Ratio of duration of use of antibiotics  
  increase per month

0.99 (0.99–1.00) 0.001

Ratio of difference in the slope of duration  
  of use of antibiotics†

1.00 (1.00–1.00) 0.001

DID estimate‡

2014 (initiation of evaluation) 0.88 (0.86–0.91) <0.001
2015 0.85 (0.82–0.88) <0.001
2016 0.89 (0.85–0.93) <0.001
2017 0.91 (0.86–0.96) 0.001
2018 0.89 (0.84–0.95) 0.001

SS, spine surgery; HAS, hip arthroplasty surgery; DID, difference-in-difference; 
DMC, direct medical costs.
*Indicators of the predicted graph for DMC (or LOS), considering the increase 
in DMC (or LOS) of both groups before 2014; †Slope difference: difference in 
the slope of the increase in DMC (or LOS) in the patients with SS and HAS; 
‡DID estimate: the ratios of DMC (or LOS) at each time point, considering the 
difference in DMC (or LOS) before and after time zero in the case group and 
the difference in DMC (or LOS) before and after time zero in the control group.
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Service. This study was based on data from the HIRA (research 
data number: M20220219833).
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