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Purpose: Carbapenem resistance due to the overuse of carbapenems has become a public 
health problem worldwide, particularly in low- and middle-income countries (LMICs). 
However, there are few policies guiding carbapenem prescription, and their effectiveness is 
still unclear. A regulation targeting carbapenem prescription was implemented in 
March 2017 in China. This study aimed to assess the effects of the regulation for providing 
evidence on the prudent use of carbapenems.
Patients and Methods: This was an interventional, retrospective study started in 
January 2017. The intervention covered establishing performance appraisal indicators, spe-
cial authorisation, strict prescribing restrictions, and dedicated supervision, particularly in the 
intensive care unit (ICU). Data on adult inpatients who received at least one carbapenems 
were extracted from January 2016 to December 2018. Segmented regression analysis was 
performed to evaluate the effect of the regulation.
Results: A total of 2005 inpatients received carbapenems. Segmented regression models 
showed an immediate decline in the intensity of antibiotic consumption (IAC) of carbape-
nems (coefficient = −9.65, p < 0.001), particularly imipenem (coefficient = −6.82, p = 0.002), 
and the antibiotic consumption of carbapenems (coefficient = −133.60, p = 0.003) in the 
ICU. And there is a decreasing trend in the IAC of meropenem (coefficient = −0.03, p = 
0.008) in all departments. Furthermore, the IAC of carbapenems and imipenem (coefficient = 
−0.36, p = 0.035; coefficient = −0.49, p = 0.025, respectively), and the average length of stay 
(ALoS) (coefficient = −0.73, p < 0.001) showed downward trends in the ICU.
Conclusion: The intervention effectively reduced the IAC of carbapenems and imipenem, 
carbapenem consumption and the ALoS in the ICU, and the IAC of meropenem in all 
departments. The effects of the intervention were significant in the ICU, which indicated an 
urgent need for stronger regulations focusing on critical departments in the future.
Keywords: carbapenem prescription, ICU, multifaceted intervention, antimicrobial 
stewardship, effects assessment, segmented regression

Introduction
Carbapenem resistance occurs mainly in Gram-negative bacilli such as 
Enterobacteriaceae.1 From 2015 to 2019, carbapenem-resistant Enterobacteriaceae 
(CRE) showed a significant growth trend, especially carbapenem-resistant 
Klebsiella pneumoniae (CR-Kp).2 The increase in carbapenem-resistant Gram- 
negative bacilli (CR-GNB) is a critical threat to global public health.1,3 Infections 
caused by CR-GNB have few effective treatment options and a high mortality rate 
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due to co-resistance to multiple antibiotic groups, signify-
ing a challenge for clinicians and healthcare systems.4–6 

The increasing number of CR-GNB has increased the 
pressure on dosing options to combat bacterial 
resistance7,8 and reduced compliance with infection pre-
vention and control strategies.9 Multiple studies confirm 
that carbapenem consumption is strongly associated with 
the spread and development of CR-GNB.10–13 Studies 
from several tertiary hospitals in China have confirmed 
that carbapenem resistance is related to the intensity of 
use.14,15 This shows that carbapenem abuse is an inescap-
able cause of carbapenem resistance and that curbing the 
misuse of carbapenem antibiotics is an urgent necessity.

In recent years, low- and middle-income countries 
(LMICs) have recorded a significant increase in carbape-
nem consumption, exposing health systems to the high 
burden of diseases and mortality of carbapenem-resistant 
infections in the near future.16,17 Carbapenems were most 
frequently prescribed in Latin America and Asia.18 

However, effective interventions for carbapenem prescrip-
tion are significantly inadequate in LMICs countries, espe-
cially in Asia.19,20 Although international guidelines and 
studies provide a wealth of evidence-based recommenda-
tions for regulating the prescription of carbapenems, these 
recommendations are often incompatible with the practice 
and infrastructure of many hospitals in Asia.21–23 In addi-
tion, carbapenem use in the ICU needs more attention and 
effective intervention related to high consumption, the 
severity of the disease, and the complexity of the infecting 
bacteria.

There are currently five central international strategies 
to manage antibiotic use: education and guidelines, for-
mulary and restriction, review and feedback, computer 
assistance, and antibiotic cycling.24 A regulation for mana-
ging carbapenem prescribing was introduced in China in 
March 2017, including prescribing restrictions and review 
with feedback strategies. The regulation outlines specific 
requirements for the prescription of carbapenems with 
dedicated personnel to collect, collate and report informa-
tion on carbapenem prescription. In contrast to the pre-
vious policies on managing all types of antibiotics, this 
features a clear focus on a single kind of antibiotic, carba-
penems, and tighter control in departments with high car-
bapenem use, such as the ICU.

To evaluate the effectiveness of the regulation and 
improve carbapenem prescribing in LMICs of Asia, we 
implemented a multimodal intervention for carbapenems 
in a large teaching hospital in China based on this policy. 

We evaluated its effectiveness using segmented regression 
analysis of interrupted time series (ITS). The results of this 
study will fill the gaps in the literature and add comparable 
evidence for a dedicated stewardship system for carbape-
nems in Asia to further promote the prudent use of 
carbapenems.

Patients and Methods
Study Setting and Data Sources
This study was conducted at a sizeable 1500-bed teaching 
hospital in Xinjiang, Western China. A total of 2005 
inpatients who used at least one carbapenem were selected 
for the study. Data on the primary diagnosis and carbape-
nem antimicrobial prescriptions were extracted from the 
inpatient information system, masking the patients’ perso-
nal data (patient name, ID number, telephone number, 
home address). Data over 36 months (from Jan 1, 2016 
to Dec 31, 2018) were collected. The intervention started 
in July 2017. The data were divided into 18 months pre- 
intervention and 18 months post-intervention, including 
demographic information, primary disease diagnosis, and 
carbapenem prescriptions (name, dose, duration of use, 
type, etc.).

Intervention Design and Implementation
In March 2017, a new regulation for the carbapenem 
prescription was issued by the National Health 
Commission of China.25 A team including physicians, 
pharmacists, microbiologists, and infectious disease spe-
cialists designed the intervention model based on this 
regulation. Starting in July 2017, the multifaceted inter-
vention was gradually implemented at the teaching hospi-
tal. The intervention included the following strategies: (1) 
Establishing performance appraisal indicators: the delivery 
rate of prescribing carbapenems was added to the hospital 
performance appraisal indicators. The specific requirement 
of the indicator is that prescriptions containing carbape-
nems must be supported by a drug sensitivity test (with 
a delivery rate of no less than 80%).

(2) Special authorisation: specify that physicians qua-
lified as associate chief physicians or above and are trained 
and authorised to prescribe antibiotic drugs can prescribe 
carbapenems. (3) Strict prescribing restrictions: firstly, 
prescriptions must be issued after multidisciplinary con-
sultation and agreement between the department, the dis-
ease-related department, and the pharmacist. Secondly, 
prescriptions may only be given by a physician with the 
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special prescribing authority. Finally, when it is necessary 
to overstep the prescribing jurisdiction in an emergency, 
the prescription should not exceed one day’s dosage, and 
the relevant medical records should be preserved. (4) 
Dedicated supervision: each clinical department was 
required to complete the Information Form of 
Carbapenem Prescription (IFCP) after using carbapenems, 
which included drug name, patient information, and med-
ication information (primary diagnosis, drug usage, pre-
scribing physician, prescription-checking pharmacists, 
drug sensitivity test results, etc.). We designated 
a dedicated person in the pharmacy department who col-
lected and summarised the IFCP daily and checked each 
IFCP feedback and explanation of the inappropriate pre-
scriptions was conducted with the physician. Each month, 
the prescription of carbapenems was published within the 
hospital. (5) Strengthen the management of critical depart-
ments: we selected the ICU as the critical department, 
collected and reviewed IFCPs from the ICU as a priority, 
and provided weekly feedback to the ICU director.

Outcomes
Three indicators were used to describe the use and clinical 
outcomes of carbapenems in this study. The intensity of 
antibiotic consumption (IAC) is expressed as the average 
number of defined daily doses (DDD) of antibiotics per 
100 patient days of hospitalisation for the same period 
(DDD/100 patient-days).26 DDDs equivalent is the usage 
amount multiplied by the package size divided by the 
DDD, DDDs = (usage amount × package size/DDD).27 

The antibiotic consumption (Cumulative DDDs) is defined 
as the sum of the DDDs every month. The average length 
of stay (ALoS) = total number of days in the hospital for 
inpatients treated with carbapenem antibiotics/number of 
inpatients treated with carbapenem antibiotics in the same 
period. There are two kinds of carbapenems in the hospi-
tal: meropenem, imipenem. The criteria for diagnosing 
diseases are based on the International Statistical 
Classification of Diseases and Related Health 
Problems 10th Revision (ICD-10) developed by the 
WHO.28

Statistical Analysis
Interrupted time series analysis is a simple but powerful 
tool for assessing the impact of a policy change or quality 
improvement programme on a particular outcome in 
a defined population. A significant advantage of ITS in 
observational data evaluating the impact of quality 

improvement efforts is that the method controls the effects 
of long-term trends in the time series of outcome 
measures.29 In this study, monthly carbapenem antibiotic 
use and the ALoS from Jan 1, 2016 to Dec 31, 2018 was 
applied as the unit of analysis, with Jan 1, 2016 to June 30, 
2017 as the pre-intervention evaluation period and July 1, 
2017 to Dec 31, 2018 as the post-intervention evaluation 
period.

To evaluate the effect of the intervention on carbape-
nem prescription and the ALoS, the following segmented 
linear regression model was applied:

Y = β0 + β1*time + β2*intervention + β3*time*inter-
vention + ε

Y represents the IAC, cumulative DDDs, or ALoS. 
The coefficient β0 represents the baseline level in 
January 2016; β1 represents the change that occurred in 
each month before the intervention (baseline trend/ 
slope); β2 and β3 represent the change in the level and 
trend of the outcome indicators (compared to β0 and β1) 
since the start of the intervention, indicating the short- 
term and long-term effects of the intervention, respec-
tively. Time is the value of the time variable (in months), 
Jan 2016 = 1, Feb 2016 = 2, Mar 2016 = 3 … 
Intervention is a binary variable used to distinguish the 
period before and after the intervention. The term ε is 
residual error. This study used residual analysis to test for 
serial autocorrelation and assessed autocorrelation 
through the Durbin-Watson statistic. The generalised 
least-squares method was used to adjust the model to 
avoid autocorrelation. We used t-tests to assess continu-
ous variables and Chi-squared tests or Fisher’s exact tests 
to evaluate categorical variables. All statistical analyses 
were completed using STATA version 12.0, and differ-
ences of P < 0.05 were considered statistically 
significant.

Results
Patient Characteristics
Table 1 presents the characteristics of inpatients who 
received at least one carbapenem antibiotic. There were 
1054 and 951 inpatients who had received carbapenem 
antibiotics in the pre- and post-intervention period, respec-
tively. The mean age of the inpatients before and after the 
intervention was 61.99 years and 60.76 years, respectively. 
The top five principal diagnoses were chronic obstructive 
pneumonia, pneumonia, pulmonary infections, sepsis, and 
infectious fever.
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There were no significant differences between the pre- 
and post-intervention samples in age, gender, the number 
of top five diagnoses, and the main department of the 
inpatient admitted.

Carbapenem Consumption and Average 
Length of Stay During 2016–2018
Figure 1 shows the monthly values for IAC in all 
departments. The IAC of meropenem showed 
a fluctuating downward trend after the intervention, 
but the IAC of imipenem showed an upward trend. 
The IAC of carbapenems showed a slowly decreasing 
trend after the intervention. Figure 2 shows the 
monthly values for IAC in the ICU. The IAC of car-
bapenems and imipenem showed a significant down-
ward trend after the intervention. The IAC of 
meropenem showed a transient decrease after the inter-
vention, followed by a fluctuating upward trend. 
Figure 3 shows the monthly values for ALoS. No 
significant trend change in ALoS was observed in all 
departments after the intervention, with the ICU show-
ing a significant downward trend in ALoS.

Effects of the Intervention Targeting 
Carbapenem Prescriptions
Table 2 presents the detailed results of changes in levels 
and trends in each outcome indicator before and after the 
intervention. Figures 1–3 show that carbapenem consump-
tion and the ALos peaked in certain seasons. Therefore the 
regression model took into account seasonality to control 
confounding factors. In addition, the results of the residual 
analysis showed no effect of auto-correlation in the four 
models.

The IAC of meropenem and imipenem per month showed 
a steady trend (coefficient = 0.01, p = 0.319; coefficient = 0.01, 
p = 0.553, respectively) before the intervention. After the 
intervention, there was a decreasing trend in the IAC of 
meropenem (coefficient = −0.03, p = 0.008) but an increasing 
trend for imipenem (coefficient = −0.02, p = 0.019). There was 
no significant difference in the level of change in IAC between 
meropenem and imipenem in all departments before and after 
the intervention. Cumulative DDDs (coefficient = −8.54, 
p = 0.087) and ALoS (coefficient =0.02, p = 0.551) showed 
a stable trend even after the intervention.

After the intervention, the IAC of carbapenems and 
imipenem in the ICU per month showed slight downward 
trends (coefficient = −0.36, p = 0.035; coefficient = −0.49, 
p = 0.025, respectively) and significantly reduced levels 
(coefficient = −9.65, p <0.001; coefficient = −6.82, 
p = 0.002, respectively). The level of cumulative DDDs 
in the ICU showed a significant decrease (coeffi-
cient = −133.60, p = 0.003) after the intervention, but the 
downward trend was not significant in the long term 
(coefficient = −7.62, p = 0.087). A declining trend (coeffi-
cient = −0.73, p < 0.001) in the ALoS was observed in the 
ICU each month after the intervention, but there was 
a non-significant increase (coefficient = 2.30, p = 0.089) 
in the level of change.

Discussion
The results of this study showed no significant benefits of 
the intervention in all departments during the 18-month 
post-intervention study period. However, we saw 
a significant downward trend in the IAC of meropenem 
(coefficient = −0.03, p = 0.008) in all departments, the 
IAC of imipenem showed an upward trend (coefficient = 
0.02, p = 0.019). Interestingly, the effect of the interven-
tion was evident in the ICU, with a significant downward 
trend in the IAC of carbapenem and imipenem (coefficient 

Table 1 Characteristics of Inpatients During the Pre- and Post- 
Intervention Periods

Characteristic Pre- 
Intervention

Post- 
Intervention

p-value

Admissions, n 1054 951

Age, mean 61.99 60.76 0.27a

Male 645 (61.2) 571 (54.2) 0.087

Principal diagnosis (top 5), n (%b) 0.28

Chronic obstructive 
pneumonia

143 (13.6) 97 (9.2)

Pneumonia 59 (5.6) 61 (5.8)

Pulmonary infections 48 (4.6) 49 (4.6)
Sepsis 40 (3.8) 50 (4.7)

Infectious fever 21 (2.0) 26 (2.5)

Main departments 0.13

Intensive care unit 311 (29.5) 330 (31.3)
Respiratory medicine 200 (19) 111 (10.6)

Paediatrics 96 (9.1) 95 (9.0)

Haematology 83 (7.9) 61 (5.8)

Notes: Data are number (%) unless otherwise indicated. All p-values were calcu-
lated using the Chi-square test unless otherwise noted. at-test; bThe percentage of 
patients with the indicated diagnosis who received antibiotics as a percentage of the 
total patients in the same period. 
Abbreviation: SD, standard deviation.
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= −0.36, p = 0.035; coefficient = −0.49, p = 0.025, respec-
tively) and the ALoS (coefficient = −0.73, p < 0.001). 
While confirming a considerable change in the IAC and 
the antibiotic consumption of carbapenems and the ALoS 
in all departments after the intervention, the interrupted 
time series analysis did not show a significant change in 
trend for the three study outcomes, which requires more 
attention and discussion.

Our study confirmed that the intervention was asso-
ciated with a reduction in the IAC of meropenem, suggest-
ing that the intervention, while not having a significant 
effect on overall prescription of carbapenem across all 
departments, had some effect on limiting the use of mer-
openem, in line with previous studies.30,31 Prescription 
restriction and audit were the core strategies of this inter-
vention. Some studies have shown that prescription restric-
tions, particularly for single antibiotic classes, have proven 
to reduce antibiotic use, reduce mortality and shorten the 
ALoS.32–34 Auditing, with its components of intense com-
munication and feedback, renders antibiotic stewardship 
programmes(ASP) effective.35,36 It is worth noting that 

previous antibiotic policies in China have targeted all 
antibiotics and lacked regulation of specific antibiotics, 
with limited intervention effects on the use of 
carbapenems.37,38 In many Asian hospitals, carbapenem- 
focused interventions for prevalent carbapenem-resistant 
A. baumannii may be more practical than widespread 
prescription restrictions.21 Therefore, compared to pre-
vious antibiotic stewardship policies, the interventions in 
this study are more targeted and represent a solid attempt 
to manage a single type of antibiotic.

However, in implementing the intervention, medical 
institutions also face several practical difficulties. For 
example, doctors with carbapenem prescribing authority 
must be highly motivated, willing to cooperate with the 
intervention and trust and accept pharmacists’ advice. 
A study conducted by the University of Pennsylvania 
showed that antimicrobial stewardship teams based on 
close collaboration between pharmacists and physicians 
had significantly higher recommendation appropriateness 
(87% vs 47%, respectively; p < 0.001) and clinical cure 
rates (64% vs 42%, respectively; p = 0.007) than non-team 

Figure 1 The change in the IAC of carbapenems per month pre- and post-intervention in all departments.
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Figure 2 The change in the IAC of carbapenems per month pre- and post-intervention in the ICU.

Figure 3 The change in the ALoS per month pre- and post-intervention.
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Table 2 Results of the Segmented Regression Analysis of IAC, Cumulative DDDs and ALoS

Outcomes Coefficient Standard Error t- Statistic p-value

IAC of Carbapenems (all departments) (DW = 2.10)

Baseline level 1.04 0.09 11.17 <0.001

Baseline trend 0.01 0.01 0.44 0.664
Level change after intervention −0.02 0.12 −0.19 0.850

Trend change after intervention −0.01 0.01 −0.98 0.334

IAC of Meropenem (all departments) (DW = 1.94)

Baseline level 0.36 0.10 3.71 0.001

Baseline trend 0.01 0.01 1.01 0.319

Level change after intervention 0.06 0.12 0.46 0.647
Trend change after intervention −0.03 0.01 −2.84 0.008

IAC of Imipenem (all departments) (DW = 2.06)

Baseline level 0.69 0.07 9.31 <0.001

Baseline trend 0.01 0.01 −0.60 0.553
Level change after intervention −0.10 0.09 −1.08 0.291

Trend change after intervention 0.02 0.01 2.49 0.019

Cumulative DDDs (all departments) (DW = 2.02)

Baseline level 517.37 41.27 12.54 <0.001
Baseline trend 4.38 3.75 1.17 0.252

Level change after intervention −94.14 51.05 −1.84 0.075

Trend change after intervention −8.54 4.82 −1.77 0.087

ALoS (all departments) (DW = 1.83)

Baseline level 9.79 0.32 30.39 <0.001

Baseline trend −0.03 0.03 −0.89 0.382

Level change after intervention −0.69 0.39 −1.76 0.088
Trend change after intervention −0.02 0.04 −0.60 0.551

IAC of Carbapenems (ICU) (DW = 1.98)

Baseline level 14.74 1.37 10.78 <0.001

Baseline trend 0.50 0.13 3.99 <0.001
Level change after intervention −9.65 1.69 −5.72 <0.001
Trend change after intervention −0.36 0.16 −2.21 0.035

IAC of Meropenem (ICU) (DW = 1.84)

Baseline level 6.21 1.91 3.25 0.003
Baseline trend 0.11 0.18 0.61 0.547

Level change after intervention −3.22 2.34 −1.38 0.179
Trend change after intervention 0.12 0.23 0.54 0.597

IAC of Imipenem (ICU) (DW = 1.85)

Baseline level 8.55 1.68 5.08 <0.001

Baseline trend 0.41 0.16 2.64 0.013
Level change after intervention −6.82 2.05 −3.34 0.002
Trend change after intervention −0.49 0.21 −2.37 0.025

(Continued)
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collaborating physicians.39 Nevertheless, collaborative 
efforts between physicians and pharmacists when prescrib-
ing and providing feedback is often inadequate, particu-
larly in developing countries in Asia.40,41 In addition, 
filling the IFCP increases the workload of physicians 
resulting in omissions, errors or refills after prescribing. 
Although an employee is designated to collect, collate and 
provide feedback on the IFCP, it may still affect the 
effectiveness of interventions on carbapenem consumption 
and ALoS to some extent. In a follow-up study, we will 
consider simplifying the process of completing the IFCP 
and adding a carbapenem panel to the hospital’s infection 
control system to facilitate accessibility to the intervention.

In this study, the Interrupted Time-Series (ITS) results 
and the post-intervention regression line trends showed 
a significant decrease in IAC levels of carbapenems and 
imipenem in the ICU at the intervention transient, with 
both carbapenems and imipenem having much lower IAC 
than pre-intervention during the 18 months after the inter-
vention. Therefore, we believe that the intervention 
achieved good effects in the ICU, suggesting that setting 
up a critical department and strengthening its management 
in interventions targeting carbapenems can improve pre-
scription regulation and reduce carbapenem 
consumption.19 In the Asia-Pacific region, limited human 
and fiscal resources and the lack of information technology 
are regarded as the main barriers to effective ASPs.20 

Hence, in ASP designs that focus on limited resources in 
departments with more severe antibiotic misuse, prioritis-
ing interventions for them may achieve more desirable 
outcomes. In this study, after selecting the ICU as the 

critical department, we placed it ahead of other depart-
ments in the collection, feedback and reporting process of 
the IFCP and provided regular feedback to the ICU direc-
tor. While it is true that the better effect of the intervention 
in the ICU is inseparable from the ICU’s superior staffing 
and medical resource allocation, the effectiveness of the 
strategy of setting a critical department should not be 
overlooked.

To our knowledge, this is the first study to attempt to use 
ITS techniques to assess the impact of regulation on carba-
penem use in China and to compare the variability of the 
effects of regulation between the entire department and the 
ICU.42 Firstly, our study used retrospective data and did not 
include details of treatments and interventions, such as med-
ication appropriateness. Therefore, we were unable to eval-
uate the specifics of the national policy on physician 
guidance, which will be the goal of our future study. 
Secondly, a simultaneous control group was not included 
in this study because hospitals have only one ICU for the 
same condition. It is difficult to control for consistency of 
ICU interventions across hospitals. Therefore, we only car-
ried out a before-and-after comparison analysis. Finally, it is 
well known that when one class of antibiotics is regulated, 
the use of other classes of antibiotics increases (the so-called 
“squeeze the antibiotic balloon”). Therefore, our subsequent 
studies should take into account how the use of other anti-
biotics changes as a result of carbapenem restrictions.

Conclusion
This study showed that regulation targeting carbapenem 
prescribing, although effective in reducing IAC for 

Table 2 (Continued). 

Outcomes Coefficient Standard Error t- Statistic p-value

Cumulative DDDs (ICU) (DW = 1.97)

Baseline level 138.24 34.39 4.02 <0.001
Baseline trend 10.33 3.18 3.25 0.003

Level change after intervention −133.60 40.85 −3.27 0.003
Trend change after intervention −7.62 4.30 −1.77 0.087

ALoS (ICU) (DW = 2.01)

Baseline level 16.13 1.06 15.26 <0.001

Baseline trend 0.21 0.10 2.24 0.033

Level change after intervention 2.30 1.31 1.76 0.089
Trend change after intervention −0.73 0.12 −6.03 <0.001

Notes: DW, Durbin-Watson coefficient; bold text, regression results are significant after intervention. 
Abbreviations: ITS, interrupted time series; IFCP, Information Form of Carbapenem Prescription; IAC, intensity of antibiotic consumption; ALoS, average length of stay; 
DDDs, cumulative defined daily dose.
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meropenem, was not significantly effective overall in redu-
cing carbapenem prescribing in all departments. In the 
ICU, which is a critical department, the intervention 
reduced the IAC and ALoS of carbapenems, imipenem 
and achieved sound effects. This suggests that more tar-
geted regulations should be introduced in future ASP for 
carbapenems, and that controls in the critical department 
with high and problematic carbapenem use should be 
strengthened.
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