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Abstract 25 

Background: China’s National Centralized Drug Procurement (NCDP) aims to 26 

lower drug costs and improve drug access. Beyond the price cut, the inclusion of 27 

anesthetics has raised concerns about potential impacts on clinical efficacy and safety, 28 

yet empirical evaluations remain limited. 29 

Objective: To assess changes in anesthetic drug utilization following NCDP 30 

implementation, focusing on average dosage per procedure and the usage patterns. 31 

Methods: A retrospective study using 2019–2025 prescription data from a tertiary 32 

hospital in eastern China. Four procured anesthetics and two drug regimens were 33 

analyzed and semi-structured interviews were conducted with anesthesiologists. 34 

Propensity score matching adjusted for patient characteristics. Interrupted time series 35 

analysis assessed dosage changes. 36 

Results: Most anesthetics showed short-term changes in dosage and usage post-37 

implementation but stabilized within a year. Dosage remained within clinically 38 

appropriate ranges, and no significant shifts were observed in regimens. Qualitative 39 

findings suggested adaptation in clinical practice without compromise to care quality. 40 

Conclusion: The NCDP’s inclusion of anesthetic drugs led to temporary 41 

prescribing adjustments, followed by stable long-term use. From the perspective of 42 

dosage, no evidence indicated reduced efficacy of NCDP anesthetic drugs.  43 

Trial registration: Not applicable. 44 

Keywords 45 

National Centralized Drug Procurement; anesthetics; utilization analysis; interrupted 46 

time series 47 

  48 
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1 Background  49 

In recent years, the Chinese government has introduced the National Centralized 50 

Drug Procurement Policy (NCDP) to curb drug prices and reduce the financial burden 51 

of medication for the public. In January 2019, the General Office of the State Council 52 

issued the Pilot Plan for the National Centralized Procurement and Use of Drugs, 53 

which officially proposed the national drug procurement policy for the first time [1]. The 54 

NCDP is led by government bodies including the healthcare security department, the 55 

drug regulatory authority, and the health department. It operates by consolidating the 56 

procurement demands of public medical institutions across different regions, 57 

determining specific procurement volumes, and conducting centralized bidding 58 

processes [2]. Drugs participating in the bidding must pass the Generic Consistency 59 

Evaluation, and the bid-winning drugs are selected based on the quoted prices. 60 

Companies of the bid-winning drugs are then able to secure the majority of the market 61 

share within public hospitals [3,4]. The NCDP has two main advantages. First, through 62 

open competition and bulk purchasing, it effectively encourages pharmaceutical 63 

manufacturers to offer lower prices in exchange for relatively stable market share and 64 

sales volumes. Second, the policy mandates that public medical institutions give 65 

priority to purchasing and using drugs selected through the centralized procurement 66 

process. It also sets compulsory usage targets, which, in effect, function as a form of 67 

consideration for the preferential pricing obtained through centralized procurement. 68 

The targets usually are set between 50% to 70% of the total procurement volume and 69 

are incorporated into performance evaluations. Guided by the policy, public hospitals 70 

have significantly increased both the procurement and clinical use of drugs from the 71 

centralized procurement list, thereby improving access to essential medicines. 72 

At present, with the increasing number of general anesthesia procedures and day 73 

surgeries, the demand for anesthetic drugs has also grown, leading to the gradual 74 

inclusion of anesthetics in the national centralized procurement program. As of April 75 

2025, the government has organized ten rounds of centralized drug procurement, which 76 
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now cover eight types of drugs used in general anesthesia procedures (Table 1). 77 

However, following the implementation of this policy, public concern has arisen around 78 

the so-called “anesthetics that don’t anesthetize” [5]. Due to price reductions, some 79 

physicians and patients worry that the clinical efficacy and safety of anesthetics 80 

included in the procurement program may be compromised. This public sentiment 81 

reflects a high level of sensitivity regarding the quality and clinical performance of 82 

anesthetic drugs, highlighting the urgent need for systematic research on their use. 83 

Table 1. Anesthetic drugs included in the centralized drug procurement. 84 

Drug Name Round of NCDP 

Dexmedetomidine hydrochloride 
injection 

1st 

Propofol medium-/long-chain fat 
emulsion injection 

4th 

Ropivacaine Hydrochloride Injection 5th 

Cisatracurium Besylate Injection 5th 

Rocuronium Bromide Injection 7th 

Lidocaine Hydrochloride Injection 7th 

Levobupivacaine hydrochloride injection 8th 

Propofol emulsion for injection 9th 

The anesthetic drugs discussed in this study refer to those for general anesthesia 85 

procedures as well as for local anesthesia procedures. In general anesthesia procedures, 86 

an ideal anesthetic state consists of three key components: loss of consciousness, 87 

adequate analgesia, and satisfactory muscle relaxation. To achieve these three 88 

components, general anesthesia typically requires the combined use of sedative-89 

hypnotic drugs, opioid analgesics, and muscle relaxants [6], each category involving 90 

multiple drug options. For small to medium-sized surgeries that use local anesthesia—91 

such as tooth extraction or endoscopic examinations—local anesthetics are used to 92 

temporarily and reversibly block nerve conduction in a specific part of the body. 93 

Currently, precision anesthesia and multimodal drug combinations have become the 94 

mainstream trends in clinical anesthetic practice [7]. This reflects the need for anesthetic 95 

management to select and combine multiple drugs based on surgical type, patient 96 
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condition, and required anesthesia depth, in order to develop individualized anesthetic 97 

regimens. 98 

In recent years, research on anesthetic drugs has mainly focused on 99 

pharmacoeconomic evaluations, in-hospital management, and usage analyses. Some 100 

studies concentrate on the use of individual anesthetic drugs and lack systematic 101 

evaluations of multimodal drug combinations. 102 

For example, Timon Vassiliou et al. [8] conducted a cost analysis to study the 103 

economic value of anesthetic drugs such as ropivacaine. In addition, some studies are 104 

limited by short observation periods, making them less responsive to policy 105 

interventions. Zhang Binghong et al. [9] analyzed the use of anesthetic drugs in a 106 

Shanghai hospital from January to June 2023, figuring out that the overall use of 107 

anesthetic drugs in this hospital is rational, but certain issues still exist. More 108 

importantly, there remains a shortage of research specifically examining how national 109 

centralized drug procurement policies influence in-hospital use of anesthetic drugs. For 110 

instance, Yao Yan et al. [10] used data from several medical institutions in Shanghai to 111 

study the use of anesthetic drugs, but the study did not fully consider the impact of 112 

centralized procurement. Therefore, it is of great significance to conduct an in-depth 113 

analysis of changes in the use of anesthetic drugs and shifts in usage patterns under the 114 

background of centralized procurement. Such research can help improve 115 

pharmaceutical policies and optimize the management of anesthetic drugs. 116 

Based on this, the present study uses real-world data and focuses on multimodal 117 

anesthetic regimens. Given that the dosage of anesthetic drugs must be adjusted 118 

according to individual patient conditions, and that no standardized Defined Daily Dose 119 

(DDD) exists for such drugs, the study adopts two indicators—average dosage per 120 

procedure and proportion of use —to investigate clinical usage trends and evolving 121 

patterns. It further provides a systematic analysis of how different anesthetic regimens 122 

have been used following the implementation of the national centralized drug 123 

procurement policy. 124 
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This study approaches the issue from the perspective of “dosage” for two key 125 

reasons. First, the lack of a unified DDD standard for anesthetic drugs makes it difficult 126 

to measure usage intensity using conventional methods. Second, this perspective helps 127 

test the core research hypothesis: if a centrally procured drug performs poorly in actual 128 

clinical use, it may affect prescription behavior. Therefore, by using average dosage per 129 

procedure—a metric closely aligned with real clinical operations—the study can more 130 

sensitively capture the potential impact of centralized procurement on the structure of 131 

anesthetic drug use. This provides empirical support for both policy evaluation and 132 

clinical decision-making. 133 

2 Data and Methods  134 

2.1Data Source  135 

All data used in this study were obtained from a tertiary hospital located in an 136 

eastern province of China. This hospital has an average of approximately 111,500 137 

discharged patients annually and performs around 33,000 surgical procedures each year, 138 

with complex surgeries—classified as Grade III and IV—accounting for about 65% of 139 

the total surgical volume. The study collected all patient visit and prescription data from 140 

the hospital between January 1st, 2019, and March 31st, 2025. The data include patient 141 

information, drug names, specifications, manufacturers, unit prices, and dosage. 142 

2.2 Study Subjects and Indicators  143 

This study focuses on the use of anesthetic drugs, specifically examining the 144 

immediate trends following the inclusion of those drugs. The sample hospital used 6 145 

procured anesthetic drugs: dexmedetomidine hydrochloride injection, Ropivacaine 146 

Hydrochloride Injection, Cisatracurium Besylate Injection, Rocuronium Bromide 147 

Injection, Lidocaine Hydrochloride Injection, and propofol injectable emulsion. The 148 

following exclusion criteria were applied: (1) Anesthetic adjuvants that, when used 149 

alone, cannot achieve any of the desired effects—sedation, analgesia, muscle relaxation, 150 

or local anesthesia—were excluded. (2) Drugs that had been implemented in centralized 151 
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procurement for one year or less were also excluded (Figure 1).  152 

After excluding, four anesthetic drugs were included in the final analysis: 153 

Ropivacaine Hydrochloride Injection, Cisatracurium Besylate Injection, Rocuronium 154 

Bromide Injection, and Lidocaine Hydrochloride Injection. According to relevant 155 

guidelines [6,11-13], the sample drugs were categorized into two main groups: drugs for 156 

general anesthesia and local anesthetics. Specifically, Cisatracurium Besylate Injection 157 

and Rocuronium Bromide Injection belong to muscle relaxant category under drugs for 158 

general anesthesia. 159 

 160 

Figure 1. Flow diagram for drug selection of the study. 161 

In addition, to better understand the actual clinical usage patterns of anesthetic 162 

drugs, two directors of the department of anesthesiology from the sample hospital were 163 

interviewed using a semi-structured interview format, and preliminary data processing 164 

was conducted (The interview records are available as Supplementary Material 2). 165 

Based on the interview content and relevant guidelines [6,11-12], it was found that 166 

balanced anesthesia, namely the multimodal anesthesia is recommended. A 167 

combination of drugs is used during a single operation, and even drugs with the same 168 
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intended effect are often used together (e.g., the simultaneous use of two or more 169 

sedative-hypnotic drugs). A typical pattern is the combination of drugs that offer “rapid 170 

onset + long duration of action.” Also, preliminary data analysis also showed that in a 171 

single general or local anesthesia procedure, each patient typically receives multiple 172 

anesthetic drugs with overlapping effects, further confirming the high prevalence of 173 

multimodal anesthetic use. Therefore, in addition to analyzing the use of individual 174 

drugs, this study also conducts a focused analysis of the following anesthetic regimens 175 

(Table 2): 176 

(1) Local anesthesia regimen: Fixed combinations of local anesthetics that are 177 

commonly used in clinical practice and have been included in the centralized 178 

procurement program were selected for analysis. 179 

(2) Drug regimens for general anesthesia (muscle relaxant): Regimens were 180 

extracted based on prescription records and focused on muscle relaxants included in the 181 

centralized procurement list. 182 

Table 2. Regimens and corresponding drug combinations. 183 

Regimen Drugs 

Drugs for General Anesthesia
（Muscle Relaxants） 

Cisatracurium Besylate Injection + 
Rocuronium Bromide Injection 

Local Anesthetics 
Lidocaine Hydrochloride Injection + 
Ropivacaine Hydrochloride Injection 

To more comprehensively and objectively reflect the use of anesthetic drugs, this 184 

study further incorporates individual differences in patients’ medical conditions and 185 

physical status by using two indicators: average dosage per procedure and usage rate. 186 

Given the unique nature of anesthetic drug use, dosages are often calculated and 187 

adjusted based on the patient’s condition and physical characteristics [11], making it 188 

difficult to accurately determine a DDD. Therefore, this study adopts average dosage 189 

per procedure as the primary measurement indicator. At the same time, to quantitatively 190 

assess the use of individual drugs or drug regimens within the hospital, usage rate is 191 

included as a supplementary reference. The specific usage indicators are shown in the 192 
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Table 3. 193 

Table 3. Study Indicators. 194 

Indicator  Description Calculation Formula 

Average 

dosage per 

procedure 

From January 1, 2019, the average 

dosage per procedure of each 

anesthetic drug (calculated weekly). 

Number of times the drug was used
Total amount used of a given drug in a week  

Proportion 

of use 

The percentage of prescriptions 

containing a specific drug or drug 

combination during the study period 

(any prescription containing the 

specified drug or combination is 

counted as one use). 

Number of prescriptions containing the drug
 during the study period

Total number of prescriptions 
during the study period

×100% 

2.3 Methods  195 

This study employed a multi-stage, comprehensive research design, beginning with 196 

preliminary data processing and semi-structured interviews, followed by systematic 197 

data analysis. First, basic statistical processing was conducted to establish the database. 198 

Semi-structured interviews were then carried out with directors of the department of 199 

anesthesiology in the sample hospital to understand the general patterns of clinical 200 

anesthetic drug use (The interview records are available as Supplementary Material 2). 201 

Based on this, propensity score matching (PSM) was applied to match and categorize 202 

patients, aiming to improve comparability between groups before and after the 203 

implementation of the NCDP. Finally, interrupted time series analysis (ITS) was 204 

conducted on the processed sample to examine changes in average drug dosage per 205 

procedure before and after policy implementation. In parallel, scatter plots with fitted 206 

linear trend lines were used to track changes in the proportion of prescriptions 207 

containing the drugs, allowing a comprehensive assessment of both key outcome 208 

indicators. This approach further explored the impact of the NCDP policy on the use of 209 

anesthetic drugs (Figure 2). 210 
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 211 

Figure 2. Study design and analytical framework. 212 

2.3.1 Propensity Score Matching 213 

Propensity Score Matching (PSM) is a non-experimental method used to estimate 214 

treatment effects. Its core idea is to achieve balance in covariates between the treatment 215 

group and the control group, under the condition of observed variables [14]. This helps 216 

reduce selection bias and eliminate confounding factors between groups. The method 217 

is commonly applied in fields such as medicine, public health, and economics. If a 218 

significant match is achieved, it can be assumed that there is no substantial baseline 219 

difference between the two groups. 220 

In the data analysis for this study, patients who received a certain anesthetic drug 221 

or drug regimens are considered as a single study group (eg. The patients treated with 222 

Ropivacaine Hydrochloride Injection are considered as a study group). Based on the 223 

time of their hospital visits, this group is divided into a pre-procurement group and a 224 
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post-procurement group, using this as the binary treatment variable. To ensure high 225 

matching quality and minimize sample loss, the study uses the following individual-226 

level covariates for each drug or drug regimen: age, gender, disease diagnosis type, and 227 

department of admission. A 1:2 nearest-neighbor matching within caliper method is 228 

applied, with a caliper value set at 0.01 [15]. 229 

2.3.2 Interrupted Time Series Analysis 230 

Interrupted Time Series analysis is a statistical method used to analyze time-231 

sequenced data to determine whether a specific intervention has led to a change. It is 232 

commonly used in the evaluation of health policies. ITS works by assessing changes in 233 

both the level and trend of outcome indicators before and after the intervention, 234 

allowing researchers to measure not only immediate effects but also long-term trends 235 

[16]. 236 

Based on these characteristics, this study applies the ITS method to analyze the 237 

data from the sample hospital between January 1, 2019, and March 30, 2025. The 238 

centralized procurement implementation date for the province of the sample hospital is 239 

treated as the intervention point. The period from January 1, 2019 to the implementation 240 

date is defined as pre-procurement, while the period from the implementation date to 241 

March 30, 2025 is considered post-procurement. The independent variable is time 242 

(weeks), and the dependent variable is the average dosage per procedure. The ITS 243 

model is specified as: 244 

Yt= β0+ β1T+ β2D+ β3TD+ εt 245 

Yt is the dependent variable, representing the outcome indicator at time t; T is the 246 

continuous time variable starting from the first week of the study period (January 1, 247 

2019), with values 1, 2, 3, ..., n; D is a binary variable indicating whether centralized 248 

procurement has been implemented (0 for pre-procurement, 1 for post-procurement); 249 

TD captures the weekly trend after the policy implementation. β0 represents the baseline 250 

level of the indicator, β1 is the pre-procurement trend (slope), β2 reflects the immediate 251 

effect after policy implementation, β3 represents the post-procurement trend change, 252 
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indicating the long-term trend [17]. 253 

Moreover, because the study spans a long period, post-procurement long-term 254 

trends may shift. For drugs included in the fifth batch of centralized procurement, which 255 

have had longer implementation times, a dual-intervention ITS model is used. In 256 

addition to the initial procurement implementation date, a second intervention point is 257 

set at a year post-implementation. Thus, the period from implementation to the first 258 

anniversary is the short-term post-procurement period, and the period from the first 259 

anniversary to March 30, 2025 is the long-term post-procurement period. Week 53 260 

marks the one-year point after implementation. The dual-intervention ITS model is 261 

specified as: 262 

Yt= β0+ β1T+ β2D1+ β3 (T-0)D1+ β4D2+ β5 (T-53)D2+ εt 263 

In this model, the Yt, T, β0 and β1 share the same meanings as the former model, 264 

while D1 is a binary variable indicating whether procurement has been implemented (0 265 

for pre-procurement, 1 for 0≤T<53); D2 is a binary variable indicating whether one 266 

year has passed since implementation (0 for T<53, 1 for T≥53); (T−0)D1 captures the 267 

short-term trend post-implementation; (T−53)D2 captures the long-term trend post-268 

implementation. β2 is the immediate change following procurement; β3 is the short-term 269 

slope change; β4 captures the immediate change after one year; β5 represents the long-270 

term trend change post-procurement. 271 

For data handling, Microsoft Excel 2019 was used to build the database. Statistical 272 

analyses were performed through Stata 18.0. A two-sided p-value<0.05 was considered 273 

statistically significant. 274 

3 Results 275 

This study first conducted propensity score matching (PSM) for drugs and the 276 

regimens. For single drugs, matching was based on whether they were included in 277 

centralized procurement during the study period. For regimens, a grouping matching 278 

method was employed, with the outcome indicator being the average dosage per 279 

procedure. The matching results showed that both single drugs and regimens exhibited 280 
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significant treatment effects after PSM, and the absolute value of the standardized mean 281 

difference (SMD) of individual characteristics post-matching was below 10%, 282 

indicating an ideal matching effect. 283 

Moreover, the sample loss after PSM was minimal, at less than 1%. This 284 

phenomenon could be attributed to two main reasons: (1) There were small baseline 285 

differences between groups [18]. The data for this study came from a single hospital, and 286 

patients were highly similar in terms of regional distribution, insurance type, and 287 

medical behaviors. Additionally, the decision-making processes of doctors, admission 288 

procedures and prescribing habits remained relatively stable, leading to a high degree 289 

of homogeneity between groups; (2) There was an adequate sample size and a 290 

reasonable matching strategy [19]. Although this study set a relatively strict caliper value, 291 

a 1:2 nearest neighbor matching approach was used to achieve a more balanced 292 

matching ratio, thereby reducing sample loss. 293 

Due to space limitations, detailed results of the PSM will be presented in the 294 

appendix. 295 

3.1 General anesthesia (Muscle relaxants)  296 

Based on the preliminary data processing results, the use of muscle relaxants 297 

mainly includes the use of Cisatracurium Besylate Injection alone, Rocuronium 298 

Bromide Injection alone, and the combination of Cisatracurium Besylate Injection and 299 

Rocuronium Bromide Injection. This study will detail the results of the single drug and 300 

the muscle relaxant regimen separately (Table 4). 301 

Table 4. Average Usage Rate of Muscle Relaxant Regimens. 302 

Usage 
Situation 

Medication Regimen 
Round of NCDP 

(Implementation date) 
Proportion 

Single 
drug 

Cisatracurium Besylate Injection 5th round (Oct 25, 2021) 20.07% 

Rocuronium Bromide Injection 7th round (Nov 25, 2022) 2.75% 

Muscle 
relaxant 
regimen 

Cisatracurium Besylate Injection + 
Rocuronium Bromide Injection 

- 0.76% 
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3.1.1 Cisatracurium Besylate Injection  303 

For the average dosage of Cisatracurium Besylate Injection, the ITSA was 304 

conducted using the date of implementation for the fifth round of centralized 305 

procurement (Oct 25, 2021, week = 0) as the intervention point. The results (Figure 3) 306 

showed an immediate but non-significant increase in drug usage (β₂ = 1.779, P = 0.105) 307 

following the fifth round of centralized procurement, while subsequent trend changes 308 

indicated a gradual increase in average dosage, though not significant (β₃ = 0.0497, P = 309 

0.127). 310 

One year after the implementation of centralized procurement, there was a 311 

immediate decrease in average dosage (β₄ = -1.676, P = 0.139), and the trend change 312 

was significantly negative (β₅ = -0.087, P = 0.007), indicating that after one year of 313 

implementation, the average dosage decreased at a rate of 0.090 units per week and 314 

gradually stabilized. 315 

 316 

Figure 3. ITS of average dosage per procedure of Cisatracurium Besylate Injection. 317 

In terms of proportion of use, the average usage rate of Cisatracurium Besylate 318 

Injection had a temporary decrease shortly after the centralized procurement 319 

intervention, followed by a long-term stabilizing trend. A month before the centralized 320 

procurement, the average usage rate was 21.04%, while the instantaneous average 321 

usage rate was 25.47% after procurement, dropping to 18.66% one year later. Overall, 322 

Cisatracurium Besylate Injection experienced slight fluctuations in average dosage and 323 
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proportion after centralized procurement, returning to pre-procurement levels and 324 

stabilizing over time (Figure 4). 325 

 326 

Figure 4. Proportion of use of Cisatracurium Besylate Injection. 327 

3.1.2 Rocuronium Bromide Injection  328 

For Rocuronium Bromide Injection, the ITSA was conducted with the date of 329 

implementation for the seventh round of centralized procurement (Nov 25, 2022, week 330 

= 0) as the intervention point. After the seventh round of centralized procurement, there 331 

was a non-significant decrease in average dosage (P = 0.269), and no significant trend 332 

was observed (P = 0.199), indicating a stable overall trend post-procurement (Figure 5). 333 

 334 

Figure 5. ITS of average dosage per procedure of Rocuronium Bromide Injection. 335 

For proportion of use, a month before the seventh round of centralized procurement, 336 

the usage proportion of Rocuronium Bromide Injection remained stable at an average 337 
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proportion of 4.23%, with minimal fluctuations. After the intervention, there was no 338 

significant change in instantaneous proportion, followed by a noticeable increase that 339 

quickly fell back, with an average proportion of 10.5%. One year after the intervention, 340 

the proportion briefly rose before stabilizing with an average proportion of 6.67% 341 

(Figure 6). 342 

 343 

Figure 6. Proportion of use of Rocuronium Bromide Injection. 344 

3.1.3 Drug Regimen for General anesthesia: Cisatracurium Besylate Injection 345 

and Rocuronium Bromide Injection  346 

In this study, the muscle relaxant regimen refers to prescriptions that include both 347 

Cisatracurium Besylate Injection and Rocuronium Bromide Injection. Since 348 

Rocuronium Bromide Injection was first used in the sample hospital on September 20, 349 

2021, just five weeks before the implementation of the fifth round of centralized 350 

procurement on October 25, 2021, using this procurement date as the intervention point 351 

would result in a very limited number of patients in the pre-procurement group. This 352 

would make accurate PSM difficult and reduce the robustness of the matching results. 353 

Therefore, for the muscle relaxant regimen, this study adopts the implementation date 354 

of the seventh round of centralized procurement—November 25, 2022—as the PSM 355 

intervention point. 356 

After PSM was conducted, the ITSA was performed as follows: For Cisatracurium 357 

Besylate Injection, two intervention points were used: its own centralized procurement 358 
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date (Oct 25, 2021; week = 0) and the procurement date of its combination drug (Nov 359 

25, 2022; week = 63). For Rocuronium Bromide Injection, its own procurement date 360 

(Nov 25, 2022; week = 0) served as the intervention point. 361 

Both the average dosages of the drugs are varied right after the NCDP. The average 362 

dosage of Cisatracurium Besylate Injection showed a significant immediate decrease 363 

after the seventh round of centralized procurement (when Rocuronium Bromide 364 

Injection was centralized). However, the subsequent trend indicated a smoother 365 

decrease at a rate of 0.2 units per week (β₄ = -14.58, P = 0.000; β₅ = -0.20, P = 0.000); 366 

at this point, the average dosage of Rocuronium Bromide Injection also showed a 367 

significant immediate decrease (β₂ = -13.749, P = 0.000), and the usage trend shifted to 368 

a decline (β₃ = -0.375, P = 0.000), but the overall downward trend remained mild 369 

(Figure 7). 370 

  

Figure 7. ITS of Average Dosage Per Procedure of Dual-Drug Combination Regimen of 

Muscle Relaxants. 

For proportion of use, the proportion of the dual muscle relaxant regimen remained 371 

at about 1.7% after the implementation of the fifth round of centralized procurement, 372 

showing a slight reduction after the seventh round of centralized procurement, but 373 

without significant changes (Figure 8). 374 
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 375 

Figure 8. Proportion of use of Dual-Drug Combination Regimen of Muscle Relaxants. 376 

The results of the study showed that, in terms of single drug, the instantaneous 377 

dosage and proportion of the regimen fluctuated significantly after the centralized 378 

procurement. One year after the 5th round of centralized procurement, the dosage and 379 

utilization rate of muscle relaxants gradually stabilized and returned to the pre-380 

procurement levels. This indicates that as time goes by, doctors have gradually 381 

accumulated experience in using the centrally procured drugs and their recognition of 382 

the efficacy of these drugs has improved, thus leading to a gradual stabilization of 383 

dosage and a recovery in utilization rate. 384 

In the regimen, although the dosage of Cisatracurium Besylate Injection decreased 385 

instantaneously after the centralized procurement of Rocuronium, it generally remained 386 

stable; the dosage of Rocuronium Bromide Injection also decreased slightly 387 

instantaneously after its centralized procurement, but remained stable afterwards; at the 388 

same time, the utilization rate of the combination therapy basically remained at around 389 

1.7% without significant changes. 390 

3.2 Local anesthesia  391 

According to the preliminary data processing results, the local anesthesia regimens 392 

include Lidocaine Hydrochloride Injection alone, Ropivacaine Hydrochloride Injection 393 

alone, and the combination of the two drugs. This study will describe the results of the 394 

single drug and the dual-drug regimen separately (Table 5). 395 
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Table 5. Average Proportion of use of Local Anesthetic Regimens. 396 

Usage 
Situation 

Medication Regimen 
Round of NCDP 

(Implementation date) 
Proportion 

Single drug 

Lidocaine Hydrochloride 
Injection 

7th round (2022.11.25) 70.31% 

Ropivacaine Hydrochloride 
Injection 

5th round (2021.10.25) 23.58% 

Local anesthesia 
regimen 

Lidocaine Hydrochloride 
Injection + Ropivacaine 
Hydrochloride Injection 

- 24.73% 

3.2.1 Lidocaine Hydrochloride Injection  397 

For the single use of Lidocaine Hydrochloride Injection, an ITS analysis was 398 

conducted with the date of implementation for the seventh round of centralized 399 

procurement (Nov 25, 2022, week=0) as the intervention point. Before the seventh 400 

round of centralized procurement, the average dosage of Lidocaine Hydrochloride 401 

Injection showed an overall downward trend, with a significant decrease of 0.207 units 402 

per period before the policy implementation (β₁ = -0.207, P = 0.000). 403 

After the seventh round of centralized procurement, there was a significant 404 

immediate increase in the average dosage of Lidocaine Hydrochloride Injection (β₂ = 405 

22.468, P = 0.016), followed by a subsequent increase of 0.333 units per month (β₃ = 406 

0.333, P = 0.006). While there is an overall upward trend, the dosage gradually 407 

stabilizes post-procurement (Figure 9). 408 

 409 

Figure 9. ITS of Lidocaine Hydrochloride Injection. 410 
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In terms of proportion of use, the proportion of Lidocaine fluctuated significantly 411 

before centralized procurement. A month before the centralized procurement, the 412 

average Proportion of use is 49.43%; after procurement, the average proportion was 413 

50.26%, and the proportion became more stable post-procurement. One year after the 414 

procurement, the trend in proportion remained similar to within the year following 415 

procurement, with no significant fluctuations (Figure 10). 416 

 417 

Figure 10. Proportion of use of Lidocaine Hydrochloride Injection 418 

3.2.2 Ropivacaine Hydrochloride Injection  419 

An ITSA was conducted with the date of implementation for the fifth round of 420 

centralized procurement (Oct 25, 2021) as the intervention point. Before the 421 

intervention, the trend of Ropivacaine was relatively stable (P = 0.666), indicating that 422 

the usage was stable prior to the intervention. After the fifth round of centralized 423 

procurement, the average dosage of Ropivacaine showed a non-significant immediate 424 

increase (P = 0.952) but exhibited a significant increasing trend, increasing by an 425 

average of 1.369 units per week. One year after procurement, the average dosage 426 

experienced a significant immediate decrease (β₄ = -20.090, P = 0.005), with a 427 

significant downward trend (β₅ = -1.639, P = 0.000). Despite a generally stable trend, 428 

the average dosage increased after the implementation of centralized procurement. 429 

(Figure 11). 430 
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 431 

Figure 11. ITS of Ropivacaine Hydrochloride Injection. 432 

For proportion of use, before the implementation of the 5th round of centralized 433 

procurement, the utilization rate of Ropivacaine showed a gradually increasing trend 434 

with fluctuations, with an average utilization rate of 9.82%. After the centralized 435 

procurement, the proportion dropped to 7.47% and rose again at about the 40th week. 436 

One year after the centralized procurement (at week 53, and the 7th round of centralized 437 

procurement was implemented at week 63), the dosage gradually stabilized and 438 

dropped back to 4.05% (Figure 12). 439 

 440 

Figure 12. Proportion of use of Ropivacaine Hydrochloride Injection. 441 

3.2.3 Local Anesthesia Regimens: Lidocaine Hydrochloride Injection and 442 

Ropivacaine Hydrochloride Injection  443 

In this study, the local anesthesia regimen refers to a regimen that includes both 444 

Lidocaine Hydrochloride Injection and Ropivacaine Hydrochloride Injection in the 445 
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prescription. Due to the different implementation times of the centralized procurement 446 

of the two drugs, there are multiple intervention points, and PSM can only be used for 447 

two-group matching. Therefore, for the average dosage per procedure of the regimen, 448 

this study adopted two PSM matchings and conducted ITSA respectively: firstly, with 449 

the implementation time of the 5th round of centralized procurement (Oct 25, 2021, 450 

week=0, Ropivacaine was included) as the intervention point, and the average dosage 451 

per time of Ropivacaine Hydrochloride Injection as the outcome indicator (Appendix 452 

6). After retaining the matched samples, ITS analysis was performed on the average 453 

dosage of Lidocaine and Ropivacaine respectively, using the 5th round and the 7th 454 

round as the intervention points; secondly, with the implementation time of the 7th 455 

round of centralized procurement (Nov 25, 2022, week=63, Lidocaine was included) 456 

as the intervention point, and the average dosage per time of Lidocaine Hydrochloride 457 

Injection as the outcome indicator, and the subsequent ITS plan was the same as the 458 

first time. 459 

After the implementation of the 5th round of centralized procurement, the average 460 

dosage per procedure of Ropivacaine Hydrochloride Injection increased immediately 461 

by 12.73 units (β₂ = 12.731, P = 0.021), followed by a significant upward trend over 462 

time (β₃ = 1.312, P = 0.000). In contrast, Lidocaine Hydrochloride Injection showed no 463 

significant immediate change (P = 0.765), but also exhibited a significant upward trend 464 

in subsequent use (β₃ = 3.705, P = 0.000). Following the 7th round of centralized 465 

procurement, the average dosage per procedure of Ropivacaine Hydrochloride Injection 466 

declined significantly (β₄ = -58.690, P = 0.000), with a subsequent overall downward 467 

trend (β₅ = -1.374, P = 0.000). During the same period, Lidocaine Hydrochloride 468 

Injection also experienced a significant immediate reduction in average dosage per 469 

procedure (β₂ = -61.312, P = 0.015), though its short-term trend was not statistically 470 

significant (P = 0.703) (Figure 13). 471 
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Figure 13. ITS of average dosage per procedure of the local anesthesia regimen after the 

first PSM (Intervention point: the 5th round centralized procurement). 

The ITS results after the second PSM were generally consistent with those of the 472 

first analysis. Following the 5th round of centralized procurement, the average dosage 473 

per procedure of Ropivacaine Hydrochloride Injection increased immediately by 12.75 474 

units (β₂ = 12.752, P = 0.021), accompanied by a significant upward trend thereafter (β₃ 475 

= 1.313, P = 0.000). During the same period, Lidocaine Hydrochloride Injection showed 476 

no significant immediate change (β₂ = -5.992, P = 0.768), but its dosage per procedure 477 

also exhibited a marked upward trend over time (β₃ = 3.696, P = 0.000). After the 7th 478 

round of centralized procurement—when the co-administered drug Lidocaine 479 

Hydrochloride Injection was included—the average dosage per procedure of 480 

Ropivacaine Hydrochloride Injection declined significantly (β₄ = -58.651, P = 0.000), 481 

followed by a slight but significant downward trend (β₅ = -1.370, P = 0.000). Meanwhile, 482 

Lidocaine Hydrochloride Injection also showed a significant immediate decrease (β₂ = 483 

-61.344, P = 0.014), with a subsequent trend that remained largely stable (P = 0.702) 484 

(Figure 14). 485 
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Figure 14. ITS of average dosage per procedure of the local anesthesia regimen after the 

first PSM (Intervention point: the 7th round centralized procurement). 

In terms of proportion of use, before the implementation of the 5th round of 486 

centralized procurement, the combination ratio of Lidocaine and Ropivacaine showed 487 

an overall downward trend. In the short term after the implementation of the 5th round 488 

of centralized procurement, the combination ratio dropped rapidly and remained at a 489 

low level (with an average of about 17.86%), but the utilization rate showed a slow 490 

recovery afterwards; after the implementation of the 7th round of centralized 491 

procurement, the utilization rate was generally stable, with an average of about 23.39%, 492 

showing a slight upward trend. Overall, after the implementation of the two roundes of 493 

centralized procurement, the combination use of drugs showed a stable trend with a 494 

slight increase (Figure 15). 495 

 496 

Figure 15. Proportion of use of Dual-Drug Combination Regimen of Local Anesthetics. 497 

From the perspective of single drug, local anesthetics also showed significant 498 
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fluctuations in dosage and utilization rate after the implementation of centralized 499 

procurement, but the overall trend stabilized one year after the procurement. Compared 500 

with muscle relaxants, the average dosage per time of Lidocaine Hydrochloride 501 

Injection and Ropivacaine Hydrochloride Injection fluctuated more greatly. Although 502 

there were increases and decreases, they were always within the range specified in the 503 

instruction manual, and the drug use was still reasonable. One year after the centralized 504 

procurement, the dosage and utilization rate of these two local anesthetics both returned 505 

to the pre-procurement levels, and their changing trends were similar to those of the 506 

aforementioned muscle relaxants. 507 

In terms of regimen, Ropivacaine Hydrochloride Injection was included in the 508 

centralized procurement earlier, resulting in a significant increase in both its immediate 509 

average dosage per procedure and the subsequent usage trend. At that time, Lidocaine 510 

Hydrochloride Injection had not yet been included in centralized procurement, showing 511 

no immediate change but a notable upward trend in usage over time. After Lidocaine 512 

Hydrochloride Injection was included in centralized procurement, the average dosage 513 

per procedure of both drugs showed a temporary decline, followed by a stable trend. 514 

Regarding the proportion, the proportion of Ropivacaine Hydrochloride Injection rose 515 

sharply in the short term after its inclusion in centralized procurement and then 516 

gradually declined. Following the centralized procurement inclusion of Lidocaine 517 

Hydrochloride Injection, its combination rate also experienced a brief increase before 518 

stabilizing. 519 

Given the differences in their duration of action, the two drugs are not considered 520 

therapeutically interchangeable. After the fifth round of centralized procurement, both 521 

drugs showed a concurrent increase in dosage and a decline in proportion, possibly 522 

reflecting physicians’ concerns about the efficacy of the Ropivacaine, prompting 523 

increased dosage and reduced proportion. Following the seventh centralized 524 

procurement round, both drugs witnessed a decrease in dosage and an increase in 525 

combination rate, with trends stabilizing overall; however, Ropivacaine’s dosage 526 
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remained higher than pre-procurement levels. These patterns suggest that clinicians 527 

may adopt precautionary adjustments in response to such products. 528 

4 Discussion  529 

4.1 Post-procurement usage of anesthetic drugs shows a pattern of “short-term 530 

fluctuation, long-term stabilization.”  531 

Based on the findings above, both the average dosage per procedure and 532 

proportion of anesthetic drugs showed short-term fluctuations and a return to stable 533 

long-term trends after the implementation of centralized procurement. This pattern is 534 

primarily attributed to two main factors: 535 

First, after the hospital replaced more than 70% of its anesthetic inventory with 536 

centrally procured drugs from winning manufacturers, physicians initially adopted a 537 

cautious approach toward the use of new brands and formulations. According to related 538 

studies [20], doctors stated that when first using drugs from newly contracted 539 

manufacturers, they would sometimes adjust dosages within the range specified in the 540 

drug label or combine them with other medications to ensure the effectiveness of the 541 

procured brand. For example, the average dosage per procedure of Lidocaine 542 

Hydrochloride Injection and Ropivacaine Hydrochloride Injection increased after 543 

procurement, but the increase remained within the recommended dosage ranges stated 544 

in the drug label (Table 6). Additionally, the proportion of use of the local anesthetics 545 

regimen increased in the short term, indicating a greater tendency for multimodal drug 546 

use immediately following procurement. 547 

Table 6. Recommended dosage for local anesthetics (from drug labels). 548 

Drug name Recommended dosage (mg) 
Lidocaine Hydrochloride Injection 50~300 

Ropivacaine Hydrochloride Injection 7.5~225 

Recommended dosage refers to the minimum and maximum dose 
range used for surgical anesthesia. 

As time progressed, with doctors gaining more clinical experience and increased 549 
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confidence in the effectiveness of the drugs, they became more proficient in 550 

administering the medications, and the dosage levels gradually returned to pre-551 

procurement levels. Changes in proportion further confirmed that doctors initially 552 

adopted a cautious attitude toward the centrally procured drugs. In the short term, the 553 

proportion of some drugs declined after procurement. However, one year after 554 

implementation, proportion gradually returned to pre-procurement levels. This suggests 555 

that in the early phase, physicians limited the use of newly procured drugs. But over 556 

time, as they gained familiarity and recognized the drugs’ effectiveness through clinical 557 

use, the proportion increased again.  558 

Second, the observed pattern is also due to the policy effect of centralized 559 

procurement itself. The policy significantly lowered drug prices, encouraging 560 

physicians to prioritize lower-cost drugs when making prescribing decisions based on 561 

patient needs. Existing research has shown that centralized procurement effectively 562 

reduces drug prices and alleviates the financial burden of medication for patients [20-22]. 563 

Also, a study concerning prescription behavior indicates that physicians tend to 564 

prescribe centrally procured drugs with lower prices for most patients [23], suggesting 565 

that the price advantage brought about by the policy influences physicians’ prescription 566 

behavior, which in turn affects the overall proportion of these drugs. 567 

4.2 No structural changes in clinical anesthetic drug use following centralized 568 

procurement.  569 

At the same time, the study results show that the proportion of anesthetic drugs and 570 

their multimodal drug combinations did not experience significant fluctuations. In some 571 

cases, the combination rates remained stable in the long term after the centralized 572 

procurement intervention. These findings indicate that the policy did not substantially 573 

alter the actual clinical structure of anesthetic drug use. The public concern about 574 

“anesthetics that don’t anesthetize” was not observed in this study. 575 

From the perspective of drug characteristics, existing studies suggest that 576 

perioperative drug management in anesthesiology is highly standardized, and 577 
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physicians tend to adopt conservative approaches to intraoperative medication [24]. As a 578 

result, clinical practice is less influenced by external policy changes. Additionally, 579 

interview records (Supplementary Material 2, line 150-160) suggest that although drugs 580 

within the same class of anesthetic drugs may share similar mechanisms of action, they 581 

often differ significantly in terms of onset time and duration of action [12], making them 582 

largely non-interchangeable. Therefore, the impact of policy adjustments on actual 583 

clinical use remains limited [25]. 584 

From the perspective of physician behavior, the main mechanism of the centralized 585 

procurement policy is cost containment through price reduction. However, its effect on 586 

changing doctors’ prescribing habits and medication choices has been relatively limited 587 

[26]. This is one of the key reasons why no significant structural change in clinical 588 

anesthetic use was observed after the implementation of procurement. 589 

5 Conclusion  590 

This study shows that the implementation of NCDP had a noticeable short-term 591 

effect on the use of anesthetic drugs, primarily reflected in temporary fluctuations in 592 

dosage and proportion for certain drugs. However, in terms of long-term trends, the 593 

overall impact of the policy on anesthetic drug use has been limited, and no substantial 594 

changes have occurred in clinical anesthesia regimens. From the perspective of dosage, 595 

there is no evidence to support concerns about “anesthetics that don’t anesthetize” 596 

despite the price cut. 597 

Moreover, the findings indicate that anesthetic drug use is largely driven by 598 

physicians’ autonomous clinical decision-making. These decisions are influenced by a 599 

combination of behavioral motivations, psychological perceptions, and policy 600 

environment factors. This complex mechanism calls for systematic analysis using 601 

multi-center empirical data and the continuous improvement and innovation of relevant 602 

theoretical models. 603 

However, the study has two key limitations. First, the data are limited in scope. The 604 

analysis is based on a single hospital, with a relatively small sample size, and does not 605 
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include usage patterns from other regions or medical institutions. As such, the 606 

representativeness of the results is limited, and the findings may not reflect national 607 

trends in anesthetic drug use. Broader, multi-center studies are needed to validate these 608 

conclusions. 609 

Second, the study adopts a single-dimensional perspective. It mainly focuses on 610 

changes in drug usage volume, without evaluating clinical effectiveness or examining 611 

how drug use may impact patient outcomes. Without evidence from the perspective of 612 

therapeutic efficacy, the conclusions about anesthetic drug use may be biased and 613 

cannot fully reflect the appropriateness and effectiveness of clinical decisions. 614 

6 List of abbreviations 615 

For clarity, all abbreviations appearing in this study are listed in Table 7. 616 

Table 7. Abbreviations. 617 

Abbreviation Full Name 

NCDP National Centralized Drug Procurement Policy 

DDD Defined Daily Dose 

PSM Propensity Score Matching 

ITS Interrupted Time Series 
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