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Background: Little is known about the recent use of neuromuscular blocking agents (NMBAs) and monitoring in China. This paper presents the results of a nationwide survey conducted to obtain information regarding the current management of NMBAs in China.

Methods: A questionnaire was sent to Chinese anesthesiologists inviting them to participate in the study. The questionnaire was available through the wenjuanxing website, and the link was sent to 1,488 anesthesiologists using the Wechat mini app.

Results: The web-based survey consisted of 28 questions, and data were collected using an online tool. Between May 19, 2021 and June 16, 2021, 637 responses were collected (response rate = 42.8%). Only 10.2% of anesthesiologists reported using neuromuscular function monitors, and 6.59% of respondents reported that they had the relevant monitors in the operating room.

Conclusion: Although PORC is a potential safety issue, the frequency of using reversal agents and monitors remains extremely low in China. Surveys such as this are important to understand the use and application customs of NMBAs in China.
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INTRODUCTION

Neuromuscular blocking agents (NMBAs) are commonly used by anesthesiologists during surgery (1). Post-operative residual curarization (PORC) is an important risk factor for anesthesia-related mortality. Even minor degrees of residual block are associated with a weakness of the upper airway muscles, airway obstruction, increased risk of aspiration, and unpleasant muscle weakness. Incomplete post-operative neuromuscular recovery can also cause prolonged recovery room stay, hypoxemia and airway obstruction, awareness during emergence from anesthesia, and increased post-operative pulmonary complications (2–4).

According to the results of a multicenter investigation in China in 2015, in a clinical series of 1,571 patients undergoing elective open or laparoscopic abdominal procedures at 32 hospitals, the incidence of PORC at the time of endotracheal extubation was 57.8% (5). Similar findings have been documented in previous studies conducted in several countries, including several developed countries. Although there are strong recommendations from guidelines and consensus statements, the residual effects of muscle relaxants and their complications have not received sufficient attention (6–12).

The aim of the survey was to evaluate the use and application of neuromuscular blocking agents and monitoring in China. An online questionnaire was designed to understand the use conventions of neuromuscular blockers.



METHODS

A cross-sectional questionnaire was sent to anesthesiologists registered in the following: Luffy Anesthesia Channel, Primary Anesthesia Network, Chinese Society of Anesthesiology, and Chinese Association of Anesthesiologists. Participants were invited via Wechat to complete an online survey, and encouraged to forward the invitations to colleagues. The questionnaire consisted of 28 questions, 6 investigating demographics, and 22 regarding the perioperative management of NMBAs, neuromuscular function monitoring, and antagonists. The participants accessed a link to a website for online data collection (wjx.cn) using the WeChat mini app. Data collection remained open from May 19, 2021 to June 16, 2021.



RESULTS

The questionnaire was sent to 1,488 anesthesiologists. During the study period, 637 responses were collected anonymously (response rate = 42.5%).

Regarding the rank of the responders, the questionnaires was answered by resident anesthesiologists (34.69%), attending anesthesiologists (43.33%), associate chief anesthesiologists (17.58%), and chief anesthesiologists (4.4%). Regarding the level of hospital, 44.43% of participants came from Grade III level A teaching hospitals (Table 1).


Table 1. Demographics.
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Cisatracurium (45.68%) and rocuronium (35.48%) were the most common neuromuscular blockers used during surgery (Table 2). Only 10.2% of anesthesiologists reported using neuromuscular function monitors, and 6.59% of respondents reported that they had such monitors in the operating room. A total of 71.11% of the respondents reported using only the post-operative clinical manifestation to evaluate if the patient had recovered from the muscle relaxant. Neuromuscular blockade reversal agents, such as sugammadex and neostigmine, were used in 0.47 and 28.41% of hospitals, respectively (Table 3).


Table 2. Anesthesia management of neuromuscular blocking agents.
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Table 3. Availability and use of reversal drugs and neuromuscular monitoring.
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DISCUSSION

The aim of this study was to evaluate the use and application of neuromuscular blocking agents and monitoring in China.

Our survey showed that only 10.2% of Chinese anesthesiologists routinely monitored muscle relaxation, a rate that is very low compared to other countries. In another survey, 80.7% of Europeans and 90.6% of Americans used neuromuscular monitors (13). 71.11% of Chinese anesthesiologists in our study judged the recovery of muscle relaxation based solely on clinical manifestations. The ability of the patient to sustain their head in an elevated position for 5 s is the most commonly used test to assess the degree of residual muscle paralysis. However, such a test cannot be considered a reliable clinical test to detect significant degrees of residual neuromuscular block (14). A very recent seminal review article underlined the relevance of monitoring neuromuscular function when using NMBAs, both in anesthesia and intensive care unit, which should be an objective and quantitative NMFM, instead of a clinical, qualitative, and subjective assessment (15). Therefore, monitoring is recommended for patients receiving NMBAs, and it is the most objective and simple way to assess the recovery of muscle relaxation after surgery. There are many reasons for the low utilization rate of muscle relaxation monitoring. On the one hand, most anesthesiologists are overconfident in their patients' clinical performance. On the other hand, because of the cost of equipping muscle relaxation monitors with each operating room and the complexity of the monitoring method, monitoring is rarely performed, and indeed, many surgery rooms lack the requisite monitors. These results indicate that popularization of muscle relaxation monitors is very important; the Chinese Society of Anesthesiology, and the Chinese Association of Anesthesiologists should publish, promote, and provide education with relevant expert consensus and guidelines on these methods.

Our questionnaire reveals that 28.88% of the respondents reported using reversal agents to reverse neuromuscular blockade. Sugammadex and neostigmine were used in 0.47% and 28.41% of hospitals, respectively. This may be due to the fact that anesthesiologists in most Chinese hospitals prefer to judge muscle relaxant metabolism based on clinical symptoms and that most hospitals are not equipped with neuromuscular monitors. In a recent study, the rates of routine use of antagonists in Europe and the United States were only 18 and 34%, respectively, and quantitative monitors were available to fewer clinicians in the United States (22.7%) than in Europe (70.2%) (P < 0.0001) (13). In our survey, some anesthesiologists lacked an understanding of the contraindications of neostigmine and atropine, especially atropine, which reminds us to pay extra attention to these types of patients in clinical practice. Sugammadex is a modified gamma cyclodextrin that forms a complex with the non-depolarizing NMBAs rocuronium and vecuronium (16). However, because of its high price and lack of access in Chinese health insurance, only 0.47% of our questionnaire responders used it.

The results of our survey revealed several interesting findings. Most importantly, we discovered that half of the anesthesiologists chose the sedation-analgesic-NMBAs induction order, but there were significant differences in administration speed and intubation time. Most of the responses (63.89%) indicated administering 1–2 times the ED95 when the laryngeal mask was placed. For obese patients with BMI ≥40.0 kg/m2, 68.13% of the responses indicated using the standard body weight (SBW) to calculate the dosage of inducible muscle relaxants. Patients undergoing laparoscopic surgery should reach a degree of deep muscle relaxation in order to prevent the abdominal pressure from being too high, to ensure good operation exposure. Studies have shown that NMBAs can improve these conditions. However, in our survey, the laparoscopic deep muscle relaxation technique was not widely used (34.85%), and when the surgeon could not close the upper abdomen during laparotomy, 45.05% of anesthesiologists chose to administer patient's normal saline while mis-informing the surgeons that muscle relaxants had been added; this may be due to concerns regarding delayed extubation or increased post-operative complications. In 2013, a French survey reported that the incidence of anaphylaxis during local or general anesthesia was ~1 in 100 (among the 1,816 cases), most of which were muscle relaxants (1,068 cases) (17). In our survey, after muscle relaxants were administered, if the patients developed skin flushing, rash, or slight changes in blood pressure and heart rate, more than half of the anesthesiologists chose intravenous glucocorticoids (61.54%).

The main limitation of our study is its small sample size; therefore, caution is warranted with regard to the generalization of the results. The nature of the questionnaire-based investigation includes a risk of data inaccuracy. Despite the small sample size, the findings would be helpful in understanding the current use of NMBAs, neuromuscular monitoring, and antagonists. Another limitation of the current survey is that no further questions were asked regarding monitoring methods and equipment for muscle relaxation. Finally, another limitation is that our survey did not enquire about serious adverse effects of muscle relaxants, including severe respiratory depression, malignant hyperthermia, and allergies.



CONCLUSIONS

Our survey shows that NMBAs and antagonists are often administered without appropriate guidance. Most anesthesiologists are overconfident regarding their clinical manifestations. Moreover, there is poor awareness of the importance of muscle relaxant antagonist administration and monitoring.
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