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Editorial on the Research Topic
 Clinical teaching and practice in intensive care medicine and anesthesiology




This special topic is a Research Topic opened by Frontiers in Medicine in the field of critical care medicine and anesthesiology, focusing on the research and discussion of clinical teaching and practice. The main purpose of this Research Topic is to promote the development of teaching and practice in the field of critical care medicine and anesthesiology, improve the teaching and practice level of medical staff, so as to provide safer and more effective medical services for critically ill patients. This Research Topic finally contains 16 articles in total, 11 of which are original articles. The studies covers many research areas related to clinical teaching and practice, including but not limited to: education system and teaching methods of critical care medicine and anesthesiology, teaching quality assessment and improvement, clinical skills training and practical operation standards, Clinical research and translational research related to critical care medicine and anesthesia, as well as clinical case analysis and study protocol.

First of all, this Research Topic contains many researches and reflections on critical care medicine and anesthesiology education. O'Connor and Doyle reviewed methods for the assessment of undergraduate clinical placements in anesthesia and critical care. The results of the study show that there are various evaluation methods, including scoring sheets, questionnaires, reflection logs, etc., but these methods lack consistency and comparability and need further improvement and unification. Only adequate assessment will lead to an appropriate educational program for the residents to improve their skills and confidence in critical situations (O'Connor and Doyle). Su et al. conducted a survey on the training status of analgesia and sedation in China. The study found the necessity of improving physicians' cognition and practice of analgesia and sedation, and provided a reference for improving related education and training in mainland China (Su et al.). Brewster et al. the leadership in airway management needs to be further strengthened, and at the same time, it is necessary to pay attention to the teamwork ability in the airway management process (Su et al.). In addition, the Research Topic also introduced the development and training of palliative medicine in China, opened up the extension of intensive care medicine treatment, and explained the possible methods of how to realize palliative care in intensive care medicine (Brewster et al.). These articles highlight the critical role of education in improving the quality and safety of critical care healthcare and provide physicians with educational resources on best practices and new technologies.

Second, this Research Topic contains several articles related to the diagnosis and management of critically ill patients. Among them is an analysis of septic shock in plateau areas from China. Studies have explained that septic shock is mainly caused by pathogens such as pneumonia, abdominal infection, and urinary tract infection, and has a high prevalence rate. In addition, patients with septic shock at high altitude often have challenges in airway management, hemodynamics, and fluid management (Li Q. et al.). This clarifies the direction of future related plateau medical training. In addition, severe disease-related technologies are developing rapidly, and two studies are from Long's Team. Their case report on the diagnosis of massive atelectasis and pneumothorax using electrical impedance imaging demonstrated the powerful diagnostic power of EIT (Zhou et al.); another article described a standard method for esophageal pressure measurement (Jiang et al.), which is relevant Training and dissemination of technology is critical care. In addition, it is of great significance to improve the treatment of patients who cannot tolerate non-invasive mechanical ventilation. Altinkaya Cavus et al. revealed the appropriate sedative agent to effectively reduce discomfort and improve the therapeutic effect, breaking through the past situation where we did not dare to use sedation for related patients (Altinkaya Cavus et al.). These studies provide important information on how to quickly and accurately diagnose and treat diseases in critical situations, helping doctors better understand how to respond to critical situations.

In addition, this Research Topic includes diagnostic and evaluation studies, articles aimed at improving the quality and safety of critical care healthcare. Among them, Mahmoodpoor et al. explored the prognostic value of using the National Early Warning Score (NEWS) and the Modified Early Warning Score (MEWS) for readmission and death in intensive care unit (ICU) patients. The conclusion highlighted that MEWS performed better in predicting death in ICU patients (Mahmoodpoor et al.). Chen et al. established an early warning scoring system for the assessment and prediction of septic shock in patients with gastrointestinal perforation. It can be seen that the evaluation of critically ill patients is very important clinically, and the scoring system needs to be paid attention to in teaching. These articles provide practical advice to help physicians refine and improve their practice in clinical setting.

Due to the characteristics of the anesthesia profession itself, this Research Topic contains many articles about the clinical practice of perioperative anesthesia. Benefits of paraspinal nerve block anesthesia (Fei et al.), fentanyl can improve poor outcome of ProSeal™ laryngeal mask insertion (Rahmat Ameen Noorazyze et al.), use of tapered cuff endotracheal tube in anterior cervical spine surgery can control air leaks and complications (Li Y-S. et al.), Sumodexin to reduce the incidence of postoperative nausea and vomiting (Mat et al.), spinal analgesia in cesarean section provides a more accurate reference for the use of bupivacaine dosage (Manouchehrian et al.). These results are of great significance to the teaching of anesthesia.

The teaching of intensive care and anesthesia is a long-term and arduous systematic project, and good training and education directly affect the quality of patient treatment. Through this Research Topic, we feel that we should continue to strengthen our understanding and investment in teaching, and constantly adjust teaching methods and directions according to clinical needs, so as to respond to changes without change.
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Introduction: Anesthesia and intensive care medicine are relatively new undergraduate medical placements. Both present unique learning opportunities and educational challenges to trainers and medical students. In the context of ongoing advances in medical education assessment and the importance of robust assessment methods, our scoping review sought to describe current research around medical student assessment after anesthesia and intensive care placements.

Methods: Following Levac's 6 step scoping review guide, we searched PubMed, EMBASE, EBSCO, SCOPUS, and Web of Science from 1980 to August 2021, including English-language original articles describing assessment after undergraduate medical placements in anesthesia and intensive care medicine. Results were reported in accordance with PRISMA scoping review guidelines.

Results: Nineteen articles published between 1983 and 2021 were selected for detailed review, with a mean of 119 participants and a median placement duration of 4 weeks. The most common assessment tools used were multiple-choice questions (7 studies), written assessment (6 studies) and simulation (6 studies). Seven studies used more than one assessment tool. All pre-/post-test studies showed an improvement in learning outcomes following clinical placements. No studies used workplace-based assessments or entrustable professional activities. One study included an account of theoretical considerations in study design.

Discussion: A diverse range of evidence-based assessment tools have been used in undergraduate medical assessment after anesthesia and intensive care placements. There is little evidence that recent developments in workplace assessment, entrustable activities and programmatic assessment have translated to undergraduate anesthesia or intensive care practice. This represents an area for further research as well as for curricular and assessment developments.

Keywords: intensive care, undergraduate education best practices, assessment and education, anesthesia, scoping review methodology


INTRODUCTION

The inclusion of anesthesia and intensive care medicine (ICM) in undergraduate medical student placements is a relatively new development (1). Recent publications have sought to define suitable curricula in these disciplines (2, 3). With expanding placement opportunities come an ever-increasing obligation to ensure that student learning is effective and efficient, that student time is “well-spent,” and that we “maximize assessment for learning while at the same time arriving at robust decisions about learner's progress” (4).

The ICU and the anesthetic room can be challenging areas for student learning. Opportunities for history-taking and clinical examination are variable (1, 5). Patients undergoing anesthesia require a focused history and examination tailored to the upcoming anesthetic and surgical procedure (5). ICM patients are commonly sedated and/or confused, impeding history-taking. Clinical examination in the intensive care unit (ICU) is more challenging in the context of an immobile, unresponsive patient on extracorporeal devices (dialysis, mechanical ventilation). Furthermore, in both disciplines, procedural learning is often limited by the complex, high-stakes, time-sensitive aspects of common tasks (1, 5).

Conversely, anesthesia and ICM share learning opportunities not readily available during other placements. They are ideal environments for the vertical integration of primary and clinical sciences (6). Many learning topics are unique to these disciplines (e.g., acute respiratory distress syndrome, clinical brainstem death evaluation, inhalation anesthesia, pharmacological neuromuscular blockade). Other key elements of their curricula (e.g., the management of acute respiratory failure, shock, acute airway emergencies, sedation administration) are generic, high-stakes, transferrable clinical skills that could be viewed as important competencies for all doctors.

Current evidence suggests that ICM and anesthesia placements can achieve effective student learning outcomes (7). Nonetheless, the unique nature of their curricula may require a bespoke approach to learner assessment. Furthermore, valid and reliable tools are central to assessment decisions regarding high stakes competencies such as effective acute and perioperative patient care. Despite this, three recent papers on curriculum and effective teaching in the ICU and anesthetic room make no recommendations about student assessment (2, 3, 5). The first objective of our review therefore was to evaluate the nature and robustness of published assessment strategies in these high-stakes clinical specialties, incorporating an analysis of the theoretical bases for these publications.

The expansion of undergraduate anesthesia and ICM placements has occurred contemporaneously with an evolution in medical education assessment. Accordingly, practice is moving away from evaluating low-level cognitive learning objectives such as knowledge and understanding (using MCQs, written examinations) toward knowledge application (using extended matching questions, OSCEs) and most recently to clinical performance, either in a simulated or workplace environment (8–11). Furthermore, longitudinal methods such as programmatic assessment have in recent years gained in popularity (12). The extent to which this evolution has translated to assessment in undergraduate anesthesia and ICM education was the second objective of our review.

A scoping review methodology was used for two reasons. First, the authors had prior knowledge of the research topic and recognized that the range of published literature was unlikely to yield research of sufficient quality to enable a systematic review or a meta-analysis. Second, in light of recent advances in assessment practice, we anticipated a knowledge and/or research gap in the areas of anesthesia and ICM assessment. Our study methodology therefore needed to be tailored to identifying these gaps were they to exist (13, 14).



METHODS

We used the 6-step adaptation of Arksey and O'Malley's (15) scoping review framework as proposed by Levac et al. (13). These steps are (1) identifying research questions, (2) identifying relevant articles, (3) study selection, (4) charting the data, (5) collating, summarizing, and reporting the results and (6) consulting with stakeholders. In addition, we applied a scoping review quality checklist to enhance the rigor of our findings (16). The overarching purposes of our scoping review were (a) to describe the nature of existing research about undergraduate assessment after anesthesia/ICM placements and (b) to identify research gaps in this area.

The following six steps were applied.


1. Identifying Research Questions

The scoping research questions were:

1. What methods and practices of assessment have been reported in the literature for students undertaking clinical placements in anesthesia and/or intensive care medicine?

2. What educational theories have been articulated for the assessment methods published in the literature?



2. Identifying Relevant Articles

Using five online databases (EMBASE, SCOPUS, EBSCO, PubMed, Web of Science) we conducted a search for all available papers from January 1980 to 31/12/2020, using the search terms “medical student,” and several variations on “anesthesia” and “intensive care” to account for differences in regional terminology (see Figure 1). A librarian was used to assist with accessing articles. Reference lists of relevant articles were also included in the search. Due to the pandemic, the high intensive care and anesthesia workload in early 2021 led to a reallocation of research to clinical time, delaying the completion of the scoping review. Accordingly, a further search was performed up to 31/08/2021.


[image: Figure 1]
FIGURE 1. PRISMA flow diagram for the scoping review process. (ICM, intensive care medicine).


To be included, studies had to describe original research using an assessment tool following an undergraduate placement in anesthesia and/or intensive care medicine. Studies were excluded if they were not published in English, if they enrolled postgraduate or non-medical learners, or if the assessment followed a standalone courses rather than a clinical placement.



3. Study Selection

The three stages of study selection were based on title, abstract, and full-text searches respectively. Mendeley© software was used. The two authors independently screened the publications for study inclusion. A Cohen's kappa coefficient was calculated to quantify author agreement at each stage of study selection. The authors met regularly to discuss and resolve any disagreements about study inclusion. The number of studies included in each stage of selection, and the exclusion criteria are shown in the flowchart in Figure 1.



4. Charting the Data

Evaluating each study involved a combination of numerical description and general thematic analysis. For the former, the following information was extracted from each article: lead author; country of authorship; journal title; the year of publication; study design; number of research sites; sample size; assessment tools used; quantitative outcomes; Miller's learning outcomes (17); MERQSI score (18). Through thematic analysis, other details about the studies were recorded, including qualitative outcomes, important author's quotes, theoretical considerations and any insights pertinent to the research area. In accordance with Levac et al. (13) scoping review methodology, the 2 authors met following data extraction of the first 6 articles to determine whether the approach was “consistent with the research question and purpose” (page 4). Study authors were contacted directly if further information or clarification about their findings were deemed appropriate.



5. Collating, Summarizing and Reporting the Results

The information drawn from each article was summarized and tabulated (see Table 1).


Table 1. Summary of studies included in the scoping review.
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6. Consulting With Stakeholders

Consultation was undertaken via email with 3 stakeholders involved in undergraduate education and/or anaesthesiology/intensive care medicine teaching, each working in a different academic institution. Preliminary study results were shared with them. The purpose of the consultation was to seek opinions about any omitted sources of study information, to gain additional perspectives on the study topics, and to invite opinions about the study findings.




RESULTS

A total of 2,435 results were returned from the initial search between the 5 databases, of which 17, published between 1983 and 2020, were selected for full-text review (6, 20–34, 36). The second search performed in August 2021 returned 2 further studies published in 2021 (19, 35). The findings of these 19 studies are shown in Table 1.

Of the 19 studies, 9 (47.4%) involved anesthesia (21, 23–25, 28–32), 8 (42.1%) intensive care medicine (6, 19, 20, 26, 27, 33–35) and 2 (10.5%) a combination of both disciplines (22, 36). The primary research focus was on the assessment instrument and on student learning in 9 (22–26, 28–30, 36) and 7 (19–21, 27, 32, 33, 35) studies respectively. The remaining 3 studies had equal research focus on learning and the assessment tool.

All were single-center studies, 14 of which (73.7%) were conducted in Canada, USA and Hong Kong. The average sample size across all studies was 119 students (range 5–466). Clinical placements lasted 2–12 weeks, with a median duration of 4 weeks. Fourteen studies (73.7%) had 2 or 4 week placements.

Twelve of 19 studies (63.2%) had a non-randomized design and collected assessment data at one timepoint only (20–25, 28–32, 36). Conversely, the remaining 7 studies (36.8%) were either RCTs and/or had a pre-/post-test study design (6, 19, 26, 27, 33–35). Despite all studies reporting solely or mainly quantitative data, none conducted a power analysis to evaluate the required sample size. Ten studies (52.6%) considered the issues of the reliability and/or validity of their assessment tools (6, 21–26, 28, 30, 31). Two additional studies used standardized assessment questions from the Society of Critical Care Medicine and the American College of Physicians (20, 35). The average MERQSI score was 12.3 (range 5–15) out of a maximum of 18.


Q1: What Methods of Undergraduate Assessment Have Been Reported for Medical Students Undertaking Clinical Placements in Anesthesia and/or Intensive Care Medicine?

A wide variety of student assessment tools were used across the 19 included studies. These are shown in Table 2. The most common methods were multiple choice questions (7 studies; 36.8%) (19, 22, 26, 27, 29, 32, 35), written assessment (6 studies; 31.6%) (20, 22, 23, 29, 32, 34) and simulation (6 studies; 31.6%) (21, 23, 25, 26, 30, 31).


Table 2. Assessment tools used following clinical placements in Anaesthesia and Intensive Care Medicine.

[image: Table 2]

Seven studies (36.8%) used a combination of more than one assessment tool (22, 23, 25, 26, 29, 30, 32), which in 3 studies included final end-of-year examinations (22, 25, 30).

All 7 studies with a pre-/post-test design showed an improvement in assessment outcomes after clinical placements. All had a 4 week/1 month clinical placement and all were in intensive care medicine. Only 2 of these 7 studies evaluated student performance using simulation and/or OSCE stations (6, 26). The remaining 5 studies evaluated student knowledge using MCQs or written assessment tools (19, 27, 33–35).



Q2: What Educational Theories Are Evident in Studies of Undergraduate Medical Assessment After Anesthesia and/or Intensive Care Medical Placements?

Of the five studies with a primary research focus on student learning, contextual learning theory was used as the theoretical basis for one study (20). No other study made any methodological references to an underlying educational theory.

Though seldom articulated, Miller's Pyramid of learning outcomes was an important theoretical foundation in most of the studies (17). Nine studies (47.4% evaluated learning outcomes in the “shows how” level 3 domain using simulation (21, 23, 25, 26, 30, 31) and/or OSCEs (6, 22, 26, 36). Ten studies had learning outcomes in the “knows” or “knows how” domains, using a combination of MCQs, SAQs, essay questions or online case studies (19, 20, 22, 23, 26, 27, 29, 32, 34, 35). One study did not describe the assessment tool used (33). Finally, two studies evaluated student performance in the workplace using subjective observation (24) and multi-source feedback (28), thereby targeting Miller level 4 “does” learning outcomes. No study used workplace assessment tools (WPAs) to assess undergraduate learning outcomes.




DISCUSSION

Our scoping review illustrates the heterogeneity of literature around assessment in undergraduate anesthesia and intensive care medicine. Published studies used numerous assessment instruments targeting learning outcomes that were either knowledge-based (using selected-response MCQs and constructed-response written tests) or performance-based (using OSCEs or a simulated clinical environment). The findings of the review also attest to the meaningful undergraduate learning that can occur in these clinical settings.

Though heterogenous, a majority of the included studies used evidence-based assessment strategies insofar as either the chosen tools have strong evidence supporting their use in UGME (MCQs, written exams, simulation, OSCEs) or more than one method was used to inform assessment decisions (8, 9, 37). Furthermore, all except one study (33) used an assessment strategy appropriate to the learning outcomes mapped to Miller's pyramid.

A key objective of undergraduate medical education is to equip students with the competencies to deliver effective and safe patient care in their first year of medical practice and beyond. The assessment of knowledge, or the theoretical application of that knowledge alone may not be sufficient to judge whether students are equipped with those skills (38). Accordingly, 9 studies in our review adopted a competency-based approach and used OSCEs or simulation to evaluate student performance. Only 3 of these studies however used complementary tools to evaluate learning in the domains of knowledge and understanding as well as competence (22, 23, 26). These are the most informative studies in our review for educators making instructional design decisions about student assessment after anesthesia and ICM placements.

The most frequent tool used to evaluate student performance in our review was simulation, whereby learners were assessed in the “show how” learning domain. Performance in a simulated environment however correlated poorly with written assessments, suggesting a role for both tools in reaching a more complete assessment decision about a student's learning outcomes. There was scant evidence in the studies however of observed performance assessment in the workplace–the “does” domain of Miller's pyramid–which likely reflects a lack of active student work in ICUs and anesthetic rooms; students in these environments are more likely to learn by observing than by doing.

Nonetheless, recent trends in undergraduate assessment have led to greater emphasis on workplace performance and to the use of entrustable professional activities (EPAs) (39–41). EPAs entail assessors observing students performing “units of work” (42) (p2) thereby judging the level of supervision each student needs with that activity–the entrustment decision (11). They are mapped to learning curricula and are commonly informed by assessment in the workplace (11). To date, most EPA studies in UGME centre around internal medicine and general surgery. While we identified no studies using EPAs solely for the purposes of undergraduate anesthesia/ICM assessment, some include anesthesia or ICM placements as part of a broad learning curriculum (43–45). Furthermore, of the 13 undergraduate EPAs published by the Association of American Medical Colleges, 3 (e.g., recognize a patient requiring urgent or emergent care and initiate evaluation and management) have direct relevance to ICM and anesthesia (46). The use of EPAs also helps address long-standing concerns about graduating student's readiness to commence internship (47). A strong case can therefore be made for applying EPAs to anesthesia and ICM.

We did not identify any studies using a programmatic approach to assessment, though our literature search may not have found studies which included anesthesia or ICM as part of a broader programme-wide assessment strategy. Moreover, programmatic assessment challenges the “module-specific” nature of traditional UGME, viewing a clinical placement within a broader context of an overall curriculum (12). Therefore, it does not readily apply to our review, which ab initio focused on the assessment of a specific placement in anesthesia or ICM.

A common criticism of education research is that theoretical considerations are not brought to the fore. This also applies to the majority of articles in our review. Notwithstanding this, most of the included studies were designed in such a way that the use of a theoretical paradigm could be implied. Moreover, some of the studies used instructional design methodology. The primary use of technology to enhance learning in 3 studies (27, 29, 32) draws from eLearning theory (48). Adopting problem-based learning in 3 further studies acknowledged the importance of constructivism in effective education (6, 26, 34). Aspects of workplace learning theory were evident in the numerous studies that promoted learning within the operating theater and/or the intensive care unit (6, 20, 22, 23, 26, 29, 30, 33, 34, 36). The 6 studies using simulation for assessment (21, 23, 25, 26, 30, 31) likely reflected the importance of experiential learning theory and reflection (49).

A recent development that is difficult to ignore is the impact of the COVID-19 pandemic on undergraduate education. Accounts of formal assessment in the context of students working or learning during the pandemic appear to be rare (19). This likely reflects the time constraints and staff redeployment during the pandemic when clinical activities took precedence over faculty pursuits (50). Paradoxically, when viewed through the lens of Miller's pyramid, at a time when students may have been more actively involved in clinical care–in “doing” work–they were least likely to be formally assessed.

Our study therefore highlights a gap between published research in anesthesia/ICM assessment and recent advances in undergraduate assessment. However, for practice to change in these disciplines, the approach to student education in anesthetic rooms and ICUs must first evolve to allow more active student participation in daily clinical activities. Observed workplace assessment can only occur in environments where learners play a legitimate role in patient care. This is the main research gap identified in our review and is an important area for future research into the undergraduate study of anesthesia and intensive care medicine.

Our study results may be limited by the omission of some relevant articles. Each author however individually performed the search and results were then combined. Studies were individually evaluated for inclusion and though Cohen's coefficient showed a suboptimal correlation, author discussion at each step of study selection addressed any differences in opinion. We included any study where discussion did not resolve perceived differences. To improve the rigor of our study, we used the guidelines published by Maggio et al. in all stages of our review (16). We consulted with key external stakeholders but this step yielded no additional information.

In conclusion, our findings yield three useful insights. First, they act as a practice guide for educators directly involved in the design, delivery, and assessment of undergraduate learning in anesthesia and intensive care medicine. Second, they are informative for university educators tasked with the general organization and design of undergraduate medical education, helping them position anesthesia and intensive care medicine in strategies around programmatic assessment and workplace-based entrustable decision-making. Finally, they identify a large research gap for future studies to focus upon.
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We aim to compare the effects of sugammadex on postoperative nausea and vomiting (PONV) with those of neostigmine–atropine mixture. A total of 136 American Society of Anesthesiology (ASA) I or II patients, aged 18 to 65 years who underwent ear, nose, and throat (ENT) surgery under general anesthesia, were recruited in this prospective, randomized, double-blind study to receive either sugammadex 2 mg/kg or neostigmine 2.5 mg with atropine 1 mg for reversal of neuromuscular blockade. PONV scores and the need for the rescue of anti-emetic were assessed upon arrival in the post-anesthesia recovery unit and at 1-, 6-, 12-, and 24-h post-reversal. The incidence of PONV was significantly lower in patients who received sugammadex (3%) compared to patients who received neostigmine–atropine mixture (20%) at 6 h postoperative (p = 0.013). The incidence of PONV was comparable at other time intervals. None of the sugammadex recipients require rescue antiemetic whereas two patients from the neostigmine–atropine group required rescue antiemetic at 1 and 6 h post-reversal, respectively. The need for the rescue antiemetic was not statistically significant. We concluded that reversal of neuromuscular blockade with sugammadex showed lower incidence of PONV compared to neostigmine–atropine combination in the first 6 h post-reversal.

Keywords: sugammadex, neostigmine, postoperative nausea and vomiting, reversal of neuromuscular block, ENT surgery


INTRODUCTION

Postoperative nausea and vomiting (PONV) are one of the most unpleasant experience for patients undergoing surgery under general anesthesia and remains a significant problem in modern anesthetic practice because of the adverse consequences such as delayed recovery, unexpected hospital admission, delayed return to work of ambulatory patients, pulmonary aspiration, wound dehiscence, and dehydration (1).

General incidence of PONV reported is in the range of 20–30% but can increase up to 80% in high-risk patients (2). Ear, nose, and throat (ENT) surgeries have a high incidence of postoperative emesis when no prophylaxis is given and the occurrence of nausea or vomiting postoperatively can worsen patients' condition and hence delay recovery and discharge from the hospital (3).

Neostigmine is an anticholinesterase inhibitor used to antagonize muscle paralysis caused by non-depolarizing muscle relaxants through the formation of carbamylated enzyme complex causing increase in the concentration of acetylcholine at the neuromuscular junction (4). It is known to cause bradycardia, increase gastrointestinal motility, and increase gastric secretions (5). Neostigmine is postulated to increase the risk of PONV by provoking gastric spasms, lowering barrier pressure and heighten afferent input to central vomiting center (4). There are several types of receptor for emetogenic neurotransmitters such as dopamine (D2) receptors, histaminic (H1) receptors, 5-hydroxytryptamine3 (serotonin) receptors, and muscarinic cholinergic receptors (6). On this theoretical basis, cholinesterase inhibitor (neostigmine in particular) has been associated with increased PONV (7). Previous study has shown the neostigmine dose of up to 2.5 mg or more increased the risk for PONV (8). However, a meta-analysis of 10 clinical studies involving 933 patients by Cheng et al. demonstrated inconclusive evidence that neostigmine increased nausea or vomiting when given with atropine or glycopyrrolate (9).

Sugammadex is a selective gamma-cyclodextrin drug that terminates the action of muscle paralysis by encapsulating aminosteroid non-depolarizing muscle relaxant (10). It is a fast-onset drug without the muscarinic side effects of neostigmine (11). The well-known side effects of sugammadex were nausea and vomiting but these side effects had been shown to be well-tolerated in adult patients (12). A meta-analysis involving 17 randomized clinical trials that recruited 1,553 patients were unable to conclusively confirm any evidence for the differences in PONV effects between sugammadex and neostigmine (13). Due to these findings, we conducted this study with the aim of comparing the PONV effects when neuromuscular blockade was antagonized with sugammadex compared to neostigmine–atropine combination after ENT surgery.



MATERIALS AND METHODS

This was a prospective, double-blinded, randomized clinical study conducted at Universiti Kebangsaan Malaysia Medical Centre (UKMMC) between November 2019 to November 2020. This study was approved by the Research Committee of Department of Anesthesiology and Intensive Care, UKMMC as well as the Medical Research & Ethics Committee, UKMMC (JEP 2019-542).


Patients

A total of 136 patients aged between 18 and 65 years, American Society of Anesthesiologists (ASA) physical status I or II scheduled for elective ENT surgery, were recruited in the study. Patients who were obese (body mass index >30 kg/m2), pregnant, had history of PONV, Apfel score (2) more than 2, impaired renal function (creatinine clearance <30 ml/min), required postoperative ventilation, and allergic to any drugs used in this study were excluded. Patients who underwent middle ear surgery requiring nerve monitoring were also excluded from the study.



Recruitment and Randomization

During preoperative assessment, patients eligible for the study were assessed for risk of PONV using Apfel score. Patients were then randomized using computer generated sequence to either received neostigmine (Group N) or sugammadex (Group S). Patients were not given sedative premedication prior to their surgery. About 1 g of oral paracetamol was given to the patients prior to operating theater call.



Methodology

In the operating room, all patients were monitored with standard 3-lead electrocardiogram (ECG), peripheral oxygen saturation (SpO2), and non-invasive blood pressure (NIBP). Baseline pulse rate, systolic blood pressure, diastolic blood pressure, and peripheral oxygen saturation were recorded. Patients received crystalloid infusion of normal saline 0.9% or Hartmann solutions throughout the surgery to replace the loss from dehydration. All patients given general anesthesia were preoxygenated for 3–5 min, followed by administration of intravenous (IV) fentanyl 2 mcg/kg and propofol 2 mg/kg, and paralyzed with rocuronium 0.9 mg/kg before orotracheal intubation. Anesthesia was maintained with sevoflurane to achieve a minimum alveolar concentration of 1.0–1.2 in oxygen and air in a 1:1 ratio.

All patients received prophylactic antiemetics, IV dexamethasone 8 mg on induction of general anesthesia, and IV granisetron 1 mg at the end of surgery. Intravenous parecoxib 40 mg was given 30 min before the end of the procedure as a part of multimodal analgesia management. Additional analgesia of morphine up to 0.1 mg/kg used intraoperatively was recorded. At the end of procedure, volatile agent was terminated, and the patients were ventilated with 100% oxygen. Reversal agent was administered depending on which group the patients have been randomized to receive. Patients in Group N received neostigmine 2.5 mg in combination with atropine 1 mg and patients in Group S received sugammadex 2 mg/kg at the end of surgery. Patients were extubated after suctioning of oropharyngeal secretions and transferred to the postanesthesia recovery unit.

Postoperative nausea and vomiting were assessed by an investigator not involved in the intraoperative care. The incidence of PONV and the need for rescue antiemetics were evaluated for 24 h after surgical procedure. In the postanesthesia recovery unit, nausea and vomiting were assessed using a 4-point verbal descriptive scale as described in previous studies: 0 = not nauseated, 1 = nauseated, not vomiting, 2 = nauseated, one to two episodes of vomiting, 3 = nauseated, more than two episodes of vomiting during the observation period (13). Patients who had vomiting of three or more episodes (PONV score of 3) were given IV metoclopramide 10 mg as rescue antiemetic. Patients were ensured to have stable hemodynamic and adequate pain control prior to discharge to general ward. In the ward, PONV was monitored at 6-, 12-, and 24-h post-reversal with test drugs. Any antiemetic drug given within the first 24 h was recorded. Time to first oral intake that was defined as the time patients started taking food or fluids after the surgery was also recorded.



Statistical Analysis

In the previous study by Yagan et al. (14), the incidence of PONV was reported as 27% with neostigmine and 7% with sugammadex. Using Schlesselman formula, 62 patients in each group would be required to detect 20% change with 80% power and 5% significance (α = 0.05, β=0.80). We recruited 136 patients in this study to allow for 10% dropouts. Data collected in the study were analyzed using SPSS for MAC version 27.0 (IBM Corp, Armonk, NY, USA). Descriptive statistics were presented as mean ± standard deviation for continuous variable and as number and percentage for nominal variables. Independent sample t-test was used for age, BMI, opioid consumption, and duration of surgery. Categorical data such as gender, ASA physical status, and rate of PONV were tested using chi-square or Fisher's exact test. A p-value < 0.05 was considered as statistically significant.




RESULTS

A total of 136 patients were recruited with no dropouts. The demographic data shown in Table 1 were comparable in both groups. There was no statistical significance seen between both groups in terms of PONV risk scores, type of surgery, duration of surgery as well as total morphine consumption intraoperatively.


Table 1. Patients and clinical characteristics. Data presented as mean ± SD or number (percentage).
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Table 2 shows the incidence and severity of PONV on arrival to postanesthesia recovery unit and at 1-, 6-, 12-, and 24-h post-reversal. The incidence and severity of PONV were statistically significant only at 6 h post-reversal (p = 0.013). Rescue antiemetic was only required in the neostigmine group at 1- and 6-h post-reversal. The need for rescue PONV was not statistically significant. All patients that scored at least one episode of vomiting in the neostigmine group received neostigmine dose of <45 μg/kg and had received similar amount of morphine intraoperatively (0.05 mg/kg). There was no vomiting noted in either group from 12 h post-reversal onward. None of the patients had PONV by 24 h post-reversal. Time to first oral intake was comparable between both groups. All patients had minimal pain in the first 24 h post-reversal.


Table 2. Incidence and severity of PONV in groups. Data presented as number (percentage).
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DISCUSSION

Nausea and vomiting occur more commonly following middle ear or nasal surgery, and least frequently after pharyngeal surgery (15). The incidence of PONV is reported as 62–80% after middle ear surgery and 34–65% after nasal surgery without prophylactic antiemetic medication (16). The higher incidence of PONV in ENT surgery was likely due to the sensory stimulation of the ophthalmic and maxillary divisions of trigeminal nerve in the nose, vagal stimulation from head and neck region, and stimulation of afferent fibers of the vestibular apparatus (15).

Despite middle ear surgery being more emetogenic, our study did not report any severe PONV in either group. Patients who reported severe PONV and required rescue antiemetic at first hour post-reversal were both women in their 30s and underwent nasal (trans-sphenoidal surgery for cerebrospinal fluid leak) and pharyngeal (tonsillectomy) surgery, respectively. Another two patients who needed rescue antiemetic within 6 h post-reversal were in their 30s, one of whom was a woman. Both of them had nasal (septoturbinoplasty) and pharyngeal (tonsillectomy) surgery, respectively as well. We found that all 4 patients had received pharyngeal throat pack insertion during the procedures, and we postulated that the pharyngeal packing may have caused pharyngeal mucosal trauma leading to discomfort and exacerbate PONV (16).

In our study, the average incidence of PONV between 0 and 1 h postoperative was 48% for neostigmine and 40–44% for sugammadex recipients which was comparable between both groups. The rate of PONV in both groups showed similar pattern of decline over time with none of the patients having PONV by 24 h post-reversal. The higher PONV rate for both groups in the early postoperative period in our study was likely attributed to the effects of volatile anesthesia. In a randomized controlled trial by Apfel et al. (17) it was shown that volatile agent was pro-emetogenic and was considered the primary cause of early PONV (0–2 h) with no impact on delayed PONV (2–24 h). As ENT surgery is an emetogenic procedure, prescribing 2 prophylactic antiemetics in our study to mitigate the incidence of PONV have likely reduced the rate of delayed PONV seen in our study (18). Using a combination of dexamethasone and serotonin antagonist, the ability to reduce PONV has been shown to be greater than a single antiemetic agent since these antiemetics act at different receptors (18, 19). Studies have shown that dexamethasone is effective against late PONV (20). In a study done by Rajeeva et al. (21) it was shown that delayed vomiting was better controlled, and nausea score was lesser with combination of ondansetron 4 mg and dexamethasone 8 mg in female patients who underwent laparoscopic gynecology surgery.

In our study, sugammadex showed significantly less incidence of PONV (3%) compared to neostigmine (20%) at 6 h post-reversal. Theoretically, the short duration of action of neostigmine should not give rise to PONV beyond the first hour postreversal. However, cholinesterase inhibitors may decrease esophageal sphincter pressure and increase the secretion of stomach fluid and intestinal movement (7). Unlike what was found in our study, Yagan et al. (14) demonstrated that sugammadex 2 mg/kg showed significantly lower incidence of PONV (8%) compared to neostigmine 50 μg /kg with atropine in the first hour post-operative and less antiemetic used in 24 h of monitoring in a mixed surgical population. The higher incidence for PONV between 0 and 6 h in both of our groups compared to Yagan et al. (14) could be due to the longer duration of surgery in our study averaging 130 min compared to 50 min by Yagan et al. (14). A total of one patient in our study who had severe PONV from 1 h until 6 h post-reversal was found to have a longer duration of nasal surgery (4.5 h compared to 2 h in average for other patients). Apfel et al. (17) had also demonstrated a strong dose–response relationship between duration and use of volatile anesthesia which is pro-emetogenic. It has been established that an increase in surgery duration may increase the incidence of PONV whereby each 30-min increase in duration increases PONV risk by 60%, so that a baseline risk of 10% is increased to 16% after 30 min (22). Tas Tuna et al. (23) reported no significant difference in the incidence of PONV at all time intervals between patients receiving neostigmine 40 μg /kg (with atropine) vs. patients receiving sugammadex 2 mg/kg undergoing laparoscopic cholecystectomy (24). In their study, none of their patients received antiemetic prophylaxis. Similarly, Paech et al. (23)also found no significant difference in PONV between sugammadex 2 mg/kg and neostigmine 40 μg/kg in patients undergoing laparoscopic gynecological procedure. In their study, their patients only received one prophylactic antiemetic (dexamethasone 4 mg) and ondansetron was not given routinely. Instead of atropine, glycopyrrolate was used in combination with neostigmine as reversal agent. In a study by Chhibber et al. (25), neostigmine with atropine was found to be associated with less incidence of PONV compared to neostigmine with glycopyrrolate due to the central anticholinergic action of atropine on antiemesis effect. Similarly, Cheng et al. also found that atropine was associated with a statistically significant decreased risk for PONV compared to glycopyrrolate (9).

Conflicting findings have been reported by several clinical studies regarding the dose of neostigmine used as reversal agent and its relationship with PONV. Koyuncu et al. (5) compared the effects of neostigmine 70 μg/kg and sugammadex 2 mg/kg on PONV in 100 patients undergoing extremity surgery. In their study, patients were not prescribed intraoperative antiemetic, but the author demonstrated that PONV scores were lower only upon arrival in post-anesthesia care area in patients who received sugammadex. PONV was observed in 60% of patients assigned to sugammadex compared to 58% of those that received neostigmine during the initial 24 h postoperative. Higher dose of neostigmine compared to conventional dose of 50 μg/kg might be a contributory factor. Some pieces of literature have linked the higher dose of neostigmine to be a causative factor of PONV (26). High dose of neostigmine (>2.5 mg) is associated with increased PONV (8). Løvstad et al. (27) investigated the effects of neostigmine 50 μg /kg to placebo on PONV on patients with laparoscopic gynecology and found significant increase in PONV during the first 6 h postoperative. In our study, neostigmine was given in a standard dose of 2.5 mg (average of 36 μg/kg). Even though the dose of neostigmine received by patients in our study was lower than the dose used in the previous studies, none of our patients reported any residual paralysis postoperatively, and a study by McCourt et al. showed that neuromuscular blockade induced by rocuronium can be safely antagonized using a neostigmine dose as low of 35 μg/kg (28).

Reducing modifiable risk factors can significantly decrease the rate of PONV. However, clinicians rarely consider the risk of PONV when choosing reversal agents because residual paralysis is a more common concern than PONV. In terms of health economics, Parra-Sanchez et al. performed a comprehensive economic analysis of PONV in patients undergoing ambulatory surgery and they reported an incremental hospital expenditure of $75 per patient which was comparable to the cost that patients would be willing to pay to avoid PONV (29). In a cost analysis study done by Hurford et al. (30), sugammadex would only be a cost-saving strategy in comparison with neostigmine only if neostigmine cost exceeding $84 and a very high likelihood of PONV (30). The conclusion from the study is that they do not support the routine use of sugammadex in patients as a strategy to reduce PONV.

Our study is limited by the fact that it was a single-center study in Malaysia. Also, a shorter assessment time interval within the first 6 h postoperative may be needed to ascertain the peak of PONV due to the short duration of action of neostigmine. Another limitation was that we did not measure any objective biochemical parameters of PONV such as C-reactive protein, ketones, and aldehydes.



CONCLUSION

Our study showed that there was significantly less PONV at 6 h post-reversal with sugammadex compared to neostigmine–atropine mixture. We do not advocate the routine use of sugammadex as a means of reducing PONV due to the cost. However, sugammadex when used as a reversal agent in selected cases when poor reversal may be a concern confers the added benefit of reducing PONV, and these dual benefits may far outweigh the cost which cannot be reflected in this study.
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A Tapered Cuff Tracheal Tube Decreases the Need for Cuff Pressure Adjustment After Surgical Retraction During Anterior Cervical Spine Surgery: A Randomized Controlled, Double-Blind Trial
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Background: Surgical retraction to expose the vertebrae during anterior cervical spine surgery increases tracheal tube cuff pressure and may worsen postoperative sore throat and dysphonia. This randomized double-blind study investigated the effect of cuff shape on intraoperative cuff pressure and postoperative sore throat and dysphonia.

Methods: Eighty patients were randomized to tracheal intubation with a tapered cuff or a conventional cylindrical high-volume low-pressure cuff (control) during anesthesia. Intraoperative cuff pressures were compared. The primary outcome was the incidence of pressure adjustment needed when the cuff pressure increased to > 25 mm Hg after surgical retraction. The secondary outcome was the incidence of postoperative sore throat and dysphonia.

Results: The incidence of pressure adjustment after surgical retraction was significantly lower in the tapered group than in the control group (13% vs. 48%; P = 0.001; relative risk reduction, 74%). The median [interquartile range (IQR)] cuff pressure (mm Hg) was significantly lower for the tapered cuff than for the control cuff before surgical retraction [9 (7–12) vs. 12 (10–15); P < 0.001] and after retraction [18 (15–23) vs. 25 (18–31); P = 0.007]. The median (IQR) postoperative dysphonia score assessed by a single speech-language pathologist was lower in the tapered group than in the control group [4 (3–6) vs. 5.5 (5–7); P = 0.008].

Conclusion: A tapered cuff tracheal tube decreased the need for the adjustment of cuff pressure after surgical retraction during anterior cervical spine surgery, thereby avoiding intraoperative pressure increase. It also has a better outcome in terms of dysphonia.

Clinical Trial Registration: [www.clinicaltrials.gov], identifier [NCT04591769].

Keywords: anterior cervical spine surgery, dysphonia, GRBAS, tapered cuff, tracheal tube cuff pressure


INTRODUCTION

Sore throat, dysphonia, and dysphagia can occur after neck surgery due to direct surgical injury or prolonged tissue compression (Supplementary Table 1) (1–4). In anterior cervical spine surgery, retractors are used to expose the vertebrae by spreading apart the medial border of the longus colli muscle. As a result, the tracheal tube and surrounding tissues are pulled laterally and compressed (Figure 1A). Compression forces increases the cuff pressure which are then transmitted to the tracheal mucosa and recurrent laryngeal nerve (Figure 1B), thereby increasing the risk of nerve paresis or palsy and subsequent dysphonia (5–7). Investigators reported methods to mitigate compressive forces, including monitoring and limiting the tracheal tube cuff pressure (8), transiently adjusting the cuff pressure by deflating and then reinflating the cuff after retractor placement (6), or use of nasotracheal intubation (9, 10). However, it is not always possible to routinely adjust the cuff pressure after surgical retractor placement because of the proximity of the surgical site to the tracheal tube. Reaching for the tracheal tube could result in contamination of the surgical site or failure to optimize the cuff pressure leading to an accidental air leak from the cuff with a loss of delivered tidal volume.


[image: image]

FIGURE 1. (A) The anterior view shows surgical retraction during anterior cervical spine surgery. The retractor displaces the larynx against the unyielding tracheal tube shaft and cuff with compression on the recurrent laryngeal nerve (in yellow). The arrow indicates the force exerted by the retractor blade (blue) and tracheal tube cuff (red). (B) Cross-sectional neck anatomy shows the recurrent laryngeal nerve within the medial soft tissue complex between the force from the medial retractor blade (blue) and the tracheal tube cuff (red) when using the right-sided approach (seen from below). (C) The tracheal tube cuff shapes and the study groups: cylindrical cuff (i.e., control group, above) and tapered cuff tracheal tube (i.e., tapered group, below).


A tracheal tube with a tapered cuff is designed to minimize longitudinal folds during inflation, improve the tracheal seal, and prevent the leak of secretions and air, even under high airway pressures (Figure 1C). Fluid or air leak was less around a tapered cuff than around a conventional cylindrical high-volume low-pressure cuff (11, 12). Tapered cuffs also achieve a better air seal with reduced cuff pressure (13), thereby leading to a smaller change in cuff pressure during compressive forces such as pneumoperitoneum in laparoscopic surgery (14). There is evidence suggesting tapered cuffs reduce the incidence of postoperative sore throat and dysphonia (15). Based on this evidence, we hypothesized that a tapered cuff may help minimize cuff pressure increases that commonly occur during anterior cervical spine surgery.

Some investigators have reported a larger increase in tapered cuff pressures, compared with that of cylindrical cuffs, after neck extension, rotation, or a change of position in small study cohorts while others have not (16–18). To fully address the effects of cuff shape on pressure after surgical retraction during anterior cervical spine surgery, we conducted a randomized double-blind controlled study using a population sample that was calculated for power of analysis. The primary outcome was the incidence of pressure adjustment needed when the cuff pressure increased to > 25 mm Hg after surgical retraction. The secondary outcome was the incidence of postoperative sore throat and dysphonia.



MATERIALS AND METHODS


Ethics Approval

The study was approved by the Institutional Review Board (approval number: 2020-10-002C, 12 September 2020). All study participants provided written informed consent. The trial was registered before patient enrollment at clinicaltrials.gov (NCT04591769; principal investigator, Ya-Chun Chu; date of registration, 19 October 2020) and conducted in accordance with the Declaration of Helsinki. This report adheres to the Consolidated Standards of Reporting Trials guidelines. This study was designed as a randomized, double-blind, parallel-group trial and conducted at Taipei Veterans General Hospital (Taipei, Taiwan).



Patient Population

Patients eligible for the study were aged 20–80 years, who were scheduled for elective anterior cervical spine surgery via the right-sided approach (8, 19) by the same surgeon between November 2020 and September 2021. The exclusion criteria were previous trauma to the head and neck area, anticipated difficulty with mask ventilation or tracheal intubation, previous neck surgery, and a history of preoperative hoarseness or vocal cord palsy regardless of etiology, body mass index > 35, and refusal to provide informed consent.



Randomization and Blinding

Patients were randomly assigned to receive tracheal intubation with a tapered cuff (Shiley TaperGuard Tracheal Tube; Covidien, Mansfield, MA, United States) or a cylindrical cuff (i.e., the control) (Shiley Hi-Contour Tracheal Tube Cuffed; Covidien). Each tracheal tube had an internal diameter of 7.5 mm for men and 7.0 mm for women, unless otherwise specified. Randomization was performed using a computer-generated list in blocks of four in a 1:1 ratio by a statistician. Group allocation was unknown by the intubating anesthesiologist until immediately before tracheal intubation. After intubation, another investigator, blinded to group allocation, inflated the pilot balloon with room air through a three-way stopcock attached to an extension that was accessible at the foot of the bed. The investigator that collected cuff pressure data and a speech-language pathologist who assessed voice quality were blinded to group allocation. The intubating anesthesiologist was responsible for removing the tracheal tube at the conclusion of surgery.



Conduct of the Study

Anesthesia was induced by using propofol (1.5–2.5 mg kg–1), fentanyl (3 μg kg–1), and cisatracurium (0.2 mg kg–1). Tracheal intubation was performed using the GlideScope Titanium Reusable System with a LoPro blade (GlideScope Video Monitor; Verathon Medical, Burnaby, BC, Canada) after 5 min of mask ventilation when complete neuromuscular blockade was confirmed by a zero train of four counts. The vocal cords were visualized between two black line markings (2 cm apart) proximal to the cuff; the proximal line was 3.5 cm from the middle of the cuff (Figure 1C). After patient positioning, the tip of the tracheal tube was also identified and adjusted to thoracic vertebral level 2 (T2)–T4 during fluoroscopic visualization by the surgeon. The tracheal tube was then secured with tape at the left angle of the mouth. The pilot balloon of the cuff was connected to a disposable pressure transducer system (DTXPlus; Argon Medical Systems, Yishun, Singapore). The cuff pressure was continually displayed on the patient monitor (Infinity Kappa; Draeger Medical Systems, Andover, MA, United States). A three-way stopcock was used to adjust the amount of air in the cuff. The cuff was initially inflated with 2 mL of air and then, in stepwise increments of 0.5 mL, air were injected until the following three conditions were met: (1) no air leak was identified by auscultation using a stethoscope over the sternal notch; (2) the measured expired tidal volume was within the 95% limit of the predetermined setting on the ventilator; and (3) no alarm occurred indicating inadequate mechanical ventilation when the fresh gas flow was lowered to 0.5 L min–1 (i.e., low-flow anesthesia) for 3 min. Ventilation was set in volume-controlled auto-flow mode (Dräger Medical GmbH, Lübeck, Germany) at a flow rate of 1.2 L min–1, a tidal volume of 6–8 mL kg–1 of ideal body weight, an inspiratory-to-expiratory ratio of 1:2, and a positive end-expiratory pressure of 5 cm H2O to maintain an end-tidal pCO2 of 35–40 mm Hg and a peak airway pressure of < 20 cm H2O. The cuff pressure was checked for the presence of a leak after neck extension and recorded as the baseline pressure before surgical retraction.

The maximal cuff pressure was recorded after final positioning of the surgical retractors. If the maximal pressure was > 25 mm Hg (9, 20), then 0.5 mL of air was aspirated in a stepwise manner until reaching a pressure of ≤ 25 mm Hg. Anesthesia was maintained using an oxygen-sevoflurane mixture and intermittent boluses of cisatracurium were given intravenously to maintain a train of four counts of ≤ 3. After removing the retractors, we recorded whether an air leak existed. At the end of surgery, the trachea and pharynx were carefully suctioned while the patient was anesthetized. Neuromuscular blockade was reversed with neostigmine (40 μg kg–1) once the train of four count was 4. After ensuring adequate neuromuscular reversal, the inhalational anesthesia was stopped. The patient was allowed to awaken spontaneously without stimulation. The tracheal tube was then removed when the patient regained consciousness and fully recovered from the neuromuscular blockade with a train of four ratio ≥ 90%.

Two hours after surgery and on postoperative day 1, the patients were asked to assess throat soreness by using a 10-point numeric rating scale. The assessment was conducted by research personnel blinded to group allocation. Hoarseness was assessed using a grading system previously established in clinical studies where: “0” was no impairment; “1,” was clinically detectable and “2” was severe (9, 10, 21). Five characteristics of the voice used for rating dysphonia adhered to the GRBAS scale and included the Grade of vocal impairment, Roughness, Breathiness, Asthenia (physical weakness of voice), and Strain of the voice (22–24). The speech-language pathologist, who was blinded to group allocation, calculated the GRBAS scores from the voice recordings. Each GRBAS component was rated on a four-point integer scale as previously described: “0” was normal; “1,” mild impairment; “2,” moderate impairment; and “3,” severe impairment. The total score was recorded, as previously described (25, 26).



Primary Outcomes

Intraoperative cuff pressures were compared at five timepoints: after (1) the initial seal for tracheal intubation, (2) neck extension, (3) surgical retraction, (4) pressure adjustment, and (5) removal of the retractors. The primary outcome was the incidence of pressure adjustment needed when the cuff pressure increased to > 25 mm Hg (34 cm H2O) after surgical retraction. We chose a pressure of > 25 mm Hg as a benchmark of identifying post-retraction pressures that could contribute to postoperative complications based on the findings of a previous endoscopic study (27). The study showed a normal caliber of tracheal mucosal blood vessels at cuff pressure of 22 mm Hg (30 cm H2O). The vessel caliber was partially occluded at pressures of 29 mm Hg (39 cm H2O). We therefore took the mean pressure between the two clinical correlates (22 and 29 mm Hg) as 3.5 and rounded down to a whole integer of 3 which resulted in a pressure of 25 mm Hg (22 + 3 mm Hg). This estimated pressure was below the threshold of 29 mm Hg where mucosal blood flow was impaired and did not result in an air leak from the tracheal cuff (9, 10, 20).



Sample Size Calculation

We estimated the risk of a cuff pressure increase of > 25 mm Hg after retraction at approximately 60% for cylindrical tracheal cuffs (9, 10), and estimated that tapered cuffs would reduce this risk to 30%. We determined that a sample size of 40 patients per group would be needed at a two-sided significance level of 0.05 (α = 0.05) and 80% power (β = 0.2). Furthermore, the estimated power of all participants (n = 80) and surgical level subgroups (above the C6/7 level [n = 44] and at the C6/7–T1 level [n = 36]) was > 0.8.



Statistical Analysis

Sample distributions were evaluated using the Kolmogorov–Smirnov test to evaluate the normality of the data. Continuous data derived from demographic characteristics were compared using the Mann–Whitney U test. Categorical data were compared using the chi square test or Fisher’s exact test. Data are summarized as the median (25th–75th percentile interquartile range [IQR]) or as the number (%), as appropriate.

Factors associated with a cuff pressure > 25 mm Hg after surgical retraction were analyzed using a binary logistic regression model. Risk estimates were calculated for the odds ratio and the 95% confidence interval (CI). The primary outcome, the incidence of pressure adjustment after surgical retraction, was compared using the chi square test. Absolute and relative risk reductions for pressure adjustment after surgical retraction were calculated for all study participants and subpopulations.

Cuff pressures at the five timepoints were compared between study groups by using a generalized estimating equation (GEE) model with unstructured correlation, with baseline characteristics, treatment group, time, and initial cuff pressure as the fixed effects, and study participants as the random effect. We recognized that cuff pressure data may not all fit normal distribution. The GEE approach is a marginal model commonly used for longitudinal/clustered data analysis in clinical trials. It is also robust for non-normally distributed data in the event that the distribution of cuff pressure data were non-parametric (28–30). We also analyzed the time × treatment interaction by using the difference-in-differences regression method to examine the pre–post change in cuff pressure at each observed timepoint to delineate the effect of the group on surgical intervention Data are summarized as the median (IQR) and shown as the mean (standard error of mean) (31). Postoperative outcomes were compared between groups using GEE models. All statistical analyses were conducted using SAS, version 9.4 (SAS Institute Inc., Cary, NC, United States). Two-sided P-values < 0.05 were statistically significant.




RESULTS


Demographic Data

Eighty-two patients were included in the study. Eighty patients completed the study and were included in the analysis (Figure 2). Clinical and surgical characteristics were comparable between the groups (Table 1).


[image: image]

FIGURE 2. The CONSORT diagram shows the patient recruitment process. CONSORT, Consolidated Standards of Reporting Trials.



TABLE 1. Patients’ characteristics and surgical data.
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Intraoperative Cuff Pressure and the Need for Pressure Adjustment After Surgical Retraction

The incidence of pressure adjustment after surgical retraction was significantly lower in the tapered than the control group (13 vs. 48%, P = 0.001; Table 2). A surgical level at cervical vertebra 6/7 (C6/7)–T1 was independently associated with an increased risk of pressures > 25 mm Hg after surgical retraction (adjusted odds ratio, 13.1; 95% CI, 2.4–72.7; P = 0.003, vs. the level above C6/7; Table 2). The use of the tapered cuff tube was associated with a reduced risk (adjusted odds ratio, 0.08; 95% CI, 0.02–0.4; P = 0.002, vs. the control; Table 2). The primary outcome, pressure adjustments after surgical retraction were fewer with tapered cuffs than control in all study participants, regardless of whether the surgical level was at C6/7–T1 or above C6/7 (Table 2). The relative risk reduction was 74% (95% CI, 36–89) for all study patients; 100% for patients with a surgical level above C6/7, and 60% (95% CI, 13–82) for patients with a surgical level at C6/7–T1 (Table 3).


TABLE 2. Factors associated with maximal cuff pressure > 25 mmHg after the retractors splayed.

[image: Table 2]

TABLE 3. The incidence of pressure adjustment when the cuff pressure increased to > 25 mmHg after surgical retraction.

[image: Table 3]
Supplementary Table 2 shows the intraoperative cuff pressures. The median (IQR) cuff pressures (mm Hg) were significantly lower for the tapered cuff than for the control cuff after tracheal intubation [9 (7–12) vs. 11 (8–14); P = 0.009)], after neck extension [9 (7–12) vs. 12 (10–15); P < 0.001] and after retraction [18 (15–23) vs. 25 (18–31); P = 0.007, Figure 3A]. Pressure differentials (i.e., pre–post change) caused by surgical retraction and pressure adjustment were smaller in the tapered group than in the control group (Figure 3D).
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FIGURE 3. Tracheal tube cuff pressure during surgery (A–C) and pressure differentials by surgical intervention (D–F). (A,C) All study participants. (B,D) Surgical levels above C6/7. (C,F) Surgical level at C6/7–T1. Data are presented as the mean and the standard error of the mean, *P < 0.05, **P < 0.01, and ***P < 0.001.1 mm Hg = 1.36 cm H2O.




Subpopulation Analysis According to the Surgical Level Treated

The patients were dichotomized into two groups for further analysis based on whether the surgery was at the C6/7–T1 level or above the C6/7 level. Post-retraction cuff pressures were significantly lower in the tapered group compared to the controls when the surgical level was at C6/7–T1 (Figure 3C), but not when the level was above C6/7 (Figure 3B). Cuff pressure differentials by surgical retraction and pressure adjustment were also less with the tapered cuff than with the control cuff at a surgical level of C6/7–T1 (Figure 3F), but not when the level was above C6/7 (Figure 3E).



Postoperative Outcomes

No significant differences were found between the two study groups in the severity of postoperative sore throat and self-assessed hoarseness (Table 4). However, the median (IQR) GRBAS dysphonia score was significantly lower in the tapered group than in the control group on postoperative day 1 [4 (3–6) vs. 5.5 (5–7); P = 0.008, Table 4].


TABLE 4. Postoperative sore throat and dysphonia.
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DISCUSSION

Our study demonstrated that cuff pressures during anterior cervical spine surgery were lower with a tapered cuff than a cylindrical cuff. Lower pressures were observed for the just-seal pressure before surgical retraction and the maximal pressure after retraction. These findings were influenced by the cervical level of the surgical treatment: pressure increases were more frequent at C6/7–T1 in our surgical population. Tracheal tubes with a tapered cuff needed less pressure adjustment under all study conditions. Postoperative dysphonia scores were lower in the tapered group than in the control group, even when the cuff pressure was controlled and set at ≤ 25 mm Hg for both groups. We conclude that the tapered cuff design had the beneficial effect of decreasing the need for cuff pressure adjustment after surgical retraction, and of achieving a better immediate outcome of voice quality. Our results discovered the tapered cuff tracheal tube as an alternative to conventional cylindrical cuffs for neck surgery when intraoperative cuff adjustment is not feasible.

Attempts to adjust cuff pressures during surgery can cause accidental loss of occlusion pressure and increase the risk of inadvertent air leaks (32, 33). We needed fewer pressure adjustments when using tapered cuffs during anterior cervical spine surgery. This suggests that tapered cuffs may accommodate changes in compressive forces more readily than cylindrical cuffs. Overall, this appears to offer greater safety by reducing the need for pressure adjustments and the consequent complications of over and under-inflation.

An explanation for this advantage is that the tapered cuff is designed to minimize longitudinal folds, which can be the source of air leaks and aspiration of secretions (11, 34). Our findings support previous observations (35); we found that tapered cuffs had a lower sealing pressure. The sealing pressures in our study were lower than the cuff pressure of 20–30 cm H2O (14.7–22.1 mm Hg) commonly used in clinical practice. The median occlusion cuff pressures of 9 mm Hg for tapered cuffs and 11 mm Hg for cylindrical cuffs, needed for a leak-free seal, were higher than the pressures found in a viscoelastic model of the trachea (36). The model predicted that cuffs with different designs required a pressure of only 8.8 mm Hg (12 cm H2O) for a complete air seal (36); the findings for tapered cuffs in this study are consistent with predicted values from simulated models (36). Further, the safety of our occlusion pressures was confirmed in our human study participants.

The baseline median pressure of approximately 10 mm Hg (13.6 cm H2O) and the maximal pressure of 25 mm Hg (34 cm H2O) chosen for adjustment, made the allowable pressure range approximately 15 mm Hg (25 minus 10 mm Hg). The median pressure difference of 7 mm Hg after surgical retraction between our study groups accounted for one-half of the range. While continuous cuff pressure monitoring and adjustment is a recommended approach for reducing pressure-related complications (32), our data indicates that use of a tapered cuff confers additional safety. This is particularly true when continuous monitoring is not available. Further, the pilot balloon of the tube is not always easily accessible and physical impediments may delay or prevent appropriate monitoring. Our data supports the use of the just-seal pressure as the baseline for the tapered cuff tube to reach minimal occlusion pressure and potentially reduce the need for pressure adjustment.

Our observations that baseline pressures were significantly lower in the tapered than control group suggested that the use of “just-sealed” pressure is a potential safety measure that can independently reduce the risk of mucosal and nerve compression. The greater differential for pressure measurements between the baseline just-sealed pressure and the target pressure of 25 mm Hg supports our impression of the improved safety margin for tapered cuffs.

Other investigators have reported a larger increase in tapered cuff pressures than in cylindrical cuff pressures after neck extension, rotation, or change of position (16–18). Differences in study design, including the site or type of surgery and the selection of baseline pressures, likely explain the unique findings of different studies. For example, some studies used a baseline pressure of 15 mm Hg (20 cm H2O) for all study patients (16–18), regardless of the sealing pressure determined by clinical auscultation, whereas we used the just-seal pressure for every patient.

Previous studies reported a greater risk of postoperative vocal cord palsy in patients who have surgery at the C6/7–T1 level (6, 37, 38). The risk of postoperative vocal cord palsy can be related to the cuff pressure when surgical site levels vary. However, to date, no published reports exist on the influence of spinal level on cuff pressure after tissue retraction. In this study, we dichotomized our patient population based on the surgical level and found that the surgical level influenced the increase in cuff pressure. The risk of higher pressures (>25 mm Hg) was 13-fold higher at the C6/7–T1 level than for levels above C6/7. Our observation of cuff pressure increases by surgical level coincided with the levels with higher risk of postoperative vocal cord palsy reported in previous studies (6, 37, 38). In clinical practice, surgery may involve multiple levels, especially with instrumentation spanning the upper and lower levels of the cervical spine. Nevertheless, the benefit of the tapered cuff tube was demonstrated by significant risk reduction in both subgroups.

This study had limitations. We did not include a group with cuff pressures > 25 mm Hg after retraction because of safety concerns. Therefore, we cannot hypothesize about possible postoperative outcomes for pressures greater than our target. The study findings are specific for anterior cervical spine surgery. We did not include patients who underwent alternate surgeries to test our study design for external validity and cannot determine whether our findings could be representative of tapered cuff performance in other types of surgery that require pneumoperitoneum or in critically ill patients on long-term mechanical ventilation. The study findings are specific for anterior cervical spine surgery when using tracheal tubes with an internal diameter of 7.0 mm for females and 7.5 mm for males during general anesthesia with neuromuscular relaxation. Further, the better outcomes of using tapered cuff tube in our study cannot be generalized to other potential airway complications that have been reported after anterior cervical surgery. This study was conducted by a single surgeon at one center. Further testing is needed to determine the external validity of our findings.

In conclusion, tapered cuffs required fewer intraoperative pressure adjustments and produced better postoperative voice outcomes in our randomized double-blind study of anterior cervical spinal surgery. Tapered cuffs may confer improved patient outcomes if continuous cuff pressure monitoring is impossible or if the access for pressure adjustment is difficult.



IMPLICATION FOR PRACTICE AND RESEARCH

Surgical retraction to expose the vertebrae during anterior cervical spine surgery increases tracheal tube cuff pressure and may worsen postoperative sore throat and dysphonia. Limiting or adjusting cuff pressure after surgical retraction reduces the incidence of postoperative sore throat and dysphonia but is not always possible to routinely performed the proximity of the surgical site to the tracheal tube or pressure monitoring is unavailable. Our prospective, randomized controlled, double-blind study revealed a tapered cuff tracheal tube, compared with a conventional cylindrical high-volume low-pressure cuff tube, decreased the need for the adjustment of cuff pressure after surgical retraction during anterior cervical spine surgery, thereby avoiding intraoperative pressure increase. It also has a better outcome in terms of dysphonia.
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Background: Sepsis-induced cardiomyopathy significantly increased the mortality of patients with sepsis. The diagnostic criteria for septic cardiomyopathy has not been unified, which brings serious difficulties to clinical treatment. This study aimed to provide evidence for the early identification and intervention in patients with sepsis by clarifying the relationship between the ultrasound phenotype of septic cardiomyopathy and the prognosis of patients with sepsis.

Methods: This was a multicenter, prospective cohort study. The study population will consist of all eligible consecutive patients with sepsis or septic shock who meet the Sepsis 3.0 diagnostic criteria and were aged ≥18 years. Clinical data and echocardiographic measurements will be recorded within 2 h, at the 24th hour, at the 72nd hour, and on the 7th day after admission. The prevalence of each phenotype will be described as well, and their association with prognosis will be analyzed statistically.

Discussion: To achieve early recognition, prevent reinjury, achieve precise treatment, and reduce mortality in patients with sepsis, it is important to identify septic cardiac alterations and classify the phenotypes at all stages of sepsis. First, there is a lack of studies on the prevalence of each phenotype in Chinese populations. Second, each phenotype and its corresponding prognosis are not clear. In addition, the prognosis of patients with normal cardiac ultrasound phenotypes vs. those with suppressed or hyperdynamic cardiac phenotypes is unclear. Finally, this study was designed to collect data at four specific timing, then the timing of occurrence, duration, changes over time, impact to outcomes of each phenotype will probably be found. This study is expected to establish a standard and objective method to assess the ultrasound phenotype of septic cardiomyopathy due to its advantages of visualization, non-invasiveness and reproducibility, and to provide more precise information for the hemodynamic management of septic patients. In addition, this research will promote the clinical application of critical care ultrasound, which will play an important role in medical education and make ultrasound the best method to assess cardiac changes in sepsis.

Trial registration: https://clinicaltrials.gov/ct2/show/NCT05161104, identifier NCT05161104.
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Introduction

Sepsis is a life-threatening organ dysfunction resulting from a dysregulated host response to infection (1). The heart is one of the most important organs for oxygen supply and consumption and is frequently involved in sepsis. Septic myocardial suppression increases mortality in patients (2). Recent studies have found that a hyperdynamic state of the left ventricle (left ventricular ejection fraction [LVEF] >70%) is associated with mortality in intensive care unit (ICU) patients with sepsis, possibly because it reflects unresolved vascular paralysis from sepsis (2). For septic myocardial suppression, there is still a lack of uniform criteria for diagnosis; however, it is well established that the cardiac ultrasound phenotype of septic myocardial suppression can be left ventricular systolic dysfunction (LVSD), left ventricular diastolic dysfunction (LVDD), right ventricular dysfunction (RVD), diffuse ventricular dysfunction, and mixed ventricular dysfunction. According to available literature statistics, the prevalence of LVSD ranges from 12 to 60%, the prevalence of LVDD is higher at 20% to 79%, and the prevalence of RVD varies from 30 to 55% (3). However, based on the current understanding of septic myocardial suppression, the relationship between each stage and its prognosis is unclear. Echocardiography can rapidly identify septic myocardial suppression and guide its classification, thus further optimizing the diagnosis and treatment process of sepsis, particularly to avoid over-resuscitation during fluid resuscitation and perform reverse resuscitation in a timely manner to improve patient prognosis and reduce hospitalization time. This study aimed to classify and evaluate the prognosis of patients with different septic cardiac ultrasound phenotypes in multiple centers across China by measuring the right and left heart systolic and diastolic indices through echocardiography, recording the baseline conditions and clinical indices of patients, and combining them with their prognosis. Thus, in this study, a standardized evaluation system was established to evaluate the cardiac ultrasound phenotype of sepsis patients for the early identification of septic cardiac changes and classification of cardiac phenotypes in various stages of sepsis and to further alleviate sepsis treatment problems caused by the disease. This study also demonstrates the benefits of ultrasound in clinical dynamics and individualized assessment, with medical students gaining not only a convenient tool in their education, but also the clinical thinking skills needed to match it.



Methods


Inclusion criteria

The present study will be conducted in several medical centers in China, including Fujian Provincial Hospital, West China Hospital of Sichuan University, Peking Union Medical College Hospital, Fourth Hospital of Hebei Medical University, Chinese PLA General Hospital, First People's Hospital of Hangzhou City Affiliated to Zhejiang University, First Affiliated Hospital of Xiamen University, Shandong Provincial Hospital Affiliated to Shandong First Medical University, the Affiliated Hospital of Qingdao University, Quanzhou First Hospital affiliated to Fujian Medical University, the First Affiliated Hospital of Anhui Medical University, between April 2022 to April 2025. Informed consent will be obtained from all patients or their legal guardians. All patients with sepsis or septic shock who diagnosed using the Sepsis 3.0 diagnostic criteria (1) and were ≥18 years of age who admitted or hospitalized to each center will be included. Sepsis is defined as an increasing of ≥2 points from baseline in the Sequential Organ Failure Assessment (SOFA) score due to infection, and septic shock is defined as persistent hypotension on top of sepsis, requiring vasoactive drugs to maintain a mean arterial pressure ≥65 mmHg and a blood lactate level >2 mmol/L despite adequate fluid resuscitation. Patients will be admitted to the ICU, and transthoracic echocardiograms will be performed by relevant qualified personnel and interpreted by two qualified personnel. Two senior sonographers (A and B) will independently examine the patients and compare them to identify the true positives as accurately as possible. The agreement rate between the two specialists is as high as 100%, and the reconfirmation of the individual set with doubts reach a unified conclusion. In case of diagnostic disagreement, we will ask an expert panel for a resolution, and as a quality control, all ultrasound images and measurements of each enrolled patient will be recorded. In addition, the results will be compared with the latest guidelines before building the dataset. Patients eligible for inclusion will have their first echocardiogram examination completed within 2 h of admission. If eligible, informed consent will be required prior to formal study entry.



Exclusion criteria

The exclusion criteria included patients with the following situations:

• Preexisting chronic heart disease, such as cardiomyopathy, chronic pulmonary heart disease, severe cardiac valve disease, coronary heart disease, congenital heart disease, and pericardial disease, and with cardiac function of grade ≥III (NYHA classification) prior to sepsis

• End-stage malignancies

• Severe trauma

• Pregnancy

• Patients for whom transthoracic echocardiography data are not available.



Data acquisition

This study has been approved by the local ethics committee of every participated center. The continuous inpatient electronic medical records will be reviewed for sepsis between April 2022 to April 2025. The prevalence of septic myocardial suppression has been reported in previous literature as 10–70% (4), taking the middle value of 40%. With a 95% confidence level, the results were required to fall within 10% of the overall truth rate, and the required sample size was estimated to be at least 1,152 cases. Detailed demographic and clinical characteristics will be collected and recorded, including age, sex, height, weight, primary diagnosis, site of infection, etiology (if known), underlying disease (hypertension, diabetes, coronary artery disease, chronic kidney disease, chronic obstructive pulmonary disease, oncologic disease, autoimmune disease, etc.), and medication history (beta-blockers, digitalis analogs, hormones, immunosuppressive agents, antineoplastic drugs, etc.).

Clinical and laboratory data will be collected included temperature, heart rate, respiratory rate, peripheral oxygen saturation, blood pressure (systolic/diastolic), pH, partial pressure of oxygen, inspired oxygen concentration, Glasgow Coma Scale score, white blood cell count, neutrophil count, lymphocyte count, hematocrit level, platelet count, calcitonin level, G-test scores, serum albumin level, total bilirubin level, serum creatinine level, troponin I level, NT-proBNP level, maximum dose of vasoactive drugs (norepinephrine, dopamine, vasopressin) or cardiac drugs (dobutamine, levosimendan, desacetyl trichothecene), SOFA score, and APACHE II score.

The ultrasound parameters are as follows:

• Indicators of left ventricular systolic function: mitral annular plane systolic excursion (MAPSE), LVEF, and left ventricular outflow tract flow velocity time integral

• Indicators of left ventricular diastolic function: E, A, and e'

• Right ventricular function indicators: tricuspid annular plane systolic excursion (TAPSE), inferior vena cava end-expiratory and end-inspiratory internal diameters, and right/left heart diastolic basal segment transverse diameter ratio (apical four-chamber heart view)

• Basal status indicators: right ventricular free wall thickness (subxiphoid four-chamber cardiac section) and septal thickness (apical four-chamber cardiac section).

The hemodynamic parameters will be collected included the central venous pressure, central venous–arterial blood carbon dioxide partial pressure difference, central venous oxygen saturation, and arterial blood lactate concentration.

All parameters mentioned above will be recorded within 2 h after sepsis diagnosis in the ICU, followed by recording of the ultrasound parameters and hemodynamic parameters once at 24, 72 h, and 7 days.

The prevalence of each phenotype will be described firstly. The primary outcomes are in-hospital and 28-day mortality rates. The secondary outcomes are the degree of echocardiographic improvement on day 7, length of stay in the ICU, and number of days on mechanical ventilation. Severe and irreversible disease will be determined by the supervising physician, and the patient's family chose automatic discharge due to local customary conditions indicating death.

If a respondent is absent at a point in time when access is required, resulting in missing data at that point in time, or if an ending visit is missed, data from other points in time can be included in the analysis for that point in time without affecting the integrity and accuracy of the data at other points in time. We will ensure that the data collection was standardized and controllable, with the advantages of complete information, consistent structure, and no redundant information. In the process of data collection, we use the case report form to extract the clinical information required for the study from the research subjects, convert it into a standardized data form, and construct a reasonable database.



Data statistical analysis

SPSS (version 23.0; SPSS Inc., Chicago, IL, USA) will be used for the analysis. Continuous variables will be defined as the mean ± standard deviation, and categorical variables will be presented as percentages. The Kolmogorov–Smirnov test will be used to verify the normality of the distribution of the continuous variables. One-way ANOVA will be used for comparison of means between groups; two independent samples t-test will be used for comparison between two groups; χ2 test will be used for counting data; and multifactor logistic regression and Cox survival analysis will be used to determine the factors of prognosis. P-values < 0.05 will be considered statistically significant.

The participants will be divided into a modeling cohort and a validation cohort in a 7:3 ratio. In the modeling cohort, variables with P < 0.05 in the univariate Cox analysis will be included in the multivariate Cox analysis, and nomogram plots will be constructed. Finally, the validation cohort will be used to evaluate the discrimination ability of the model based on the area under the ROC curve.




Discussion

Several studies have confirmed the high mortality rate in patients with sepsis, ranging from 34 to 56% (5) and 33.5% (6) in foreign and domestic countries, respectively, and even higher in patients with combined hyperdynamic left ventricular function or myocardial depression (3, 7). Standardizing the staging of myocardial depression in sepsis and realizing the early identification of patients with sepsis are of great significance for clarifying the cardiac changes in sepsis at various stages, adjusting and guiding treatment in a timely manner, and optimizing hemodynamics.

The study will obtained the systolic and diastolic function indices of the left and right hearts through ultrasound, filling the gap of cardiac ultrasound indices for sepsis in China in the existing guidelines or expert consensus. Some studies have shown that EF <52% in men or EF <54% in women suggests abnormal left ventricular systolic function (8), and EF >70% suggests a hyperdynamic state of left ventricular function (9). Systolic function can also be assessed by obtaining the MAPSE using M-mode echocardiography. There are no consensus recommendations for abnormal MAPSE values; however, MAPSE <1 cm can indicate abnormal left ventricular systolic function (10). Diastolic function is a major determinant of left ventricular compliance, and diastolic dysfunction is common in septic myocardial suppression and a major predictor of mortality in patients with sepsis and septic shock (11). This can lead to a further increase in left ventricular end-diastolic pressure (LVEDP) by increasing left ventricular end-diastolic volume (12), subsequently increasing the pressure in the pulmonary, right heart, and body circulations, leading to increased extravascular lung water and tissue edema. The preferred method to evaluate diastolic function is the early diastolic mitral annular velocity (e') measured by TDI; the lower the value, the worse the diastolic function. The ratio of early diastolic transdiastolic inflow velocity (E) to early diastolic mitral annular velocity (E/e') correlates with left heart pressure and better reflects the increase in pressure (13). e' (at the septum) <7 cm/s or e' (at the lateral wall of the ventricle) <10 cm/s suggests abnormal left ventricular diastolic function, E/e' >14 cm/s suggests abnormal left ventricular diastolic function, and E/e' <8 cm/s suggests normal left ventricular diastolic function (14). The occurrence of acute respiratory distress syndrome and mechanical ventilation in patients with sepsis impacts right ventricular function, as right ventricular function is associated with afterload, which increases with hypoxemia, hypercapnia, elevated inspiratory pressure, and elevated positive end-expiratory pressure (15). The TAPSE is the simplest and most reproducible measure of right ventricular function, and a TAPSE <17 mm suggests abnormal right ventricular systolic function (16). A decrease in TAPSE is associated with increased mortality in critical illness (17).

In addition, septic cardiac changes exist in both directions, and there are currently no studies that consider both changes together in the same study. A previous radionuclide angiography study showed a reduced LVEF in a subgroup of patients with sepsis because the left ventricle, which undergoes dilatation in sepsis, can maintain beat volume if fluid resuscitation is adequate (18); however, more surprisingly, a study showed that patients with a reversible decrease in EF have a better prognosis than those without a decrease in EF (19), probably because septic myocardial suppression is a protective event that prevents the activation of cell death pathways by reducing energy expenditure in the presence of limited energy production and may allow the potential for full recovery of cellular function to be realized (20). Since the occurrence of “inhibition” may instead be beneficial, in line with the findings that left ventricular function in a hyperdynamic state affects mortality, it contradicts our previous knowledge that the occurrence of septic myocardial inhibition increases mortality in patients with sepsis (2). The prognostic differences between patients with normal, suppressed, and hyperdynamic cardiac phenotypes are unclear.

Finally, owing to the temporal variability in the onset of septic cardiac changes, this study was designed to collect data at four specific time points. One of the main clinical features of septic myocardial suppression is its apparent reversibility, with several studies reporting that patients can fully recover their cardiac function to the premorbid state (18, 21, 22). The changes detected by cardiac magnetic resonance imaging suggest myocardial edema or altered metabolic status, unlike the pattern of ischemia and necrosis, which are consistent with the characteristics of reversibility (23). This “reversibility” also suggests that there may be interconversion between the three states of cardiac suppression, hyperdynamic, and normal in sepsis patients, but the ratio and time of conversion are not clear, which is also important for triggering the timing of treatment initiation and withdrawal. Therefore, the type of septic cardiac changes at occurrence, timing of occurrence, duration, and prognostic impact of subsequent phenotypic alterations are also aims and innovations of this study.

Clinically, septic cardiac changes manifest as symptoms of circulatory failure associated with systemic infections. The differences in the clinical manifestations of cardiac insufficiency in patients with nonseptic decompensated heart failure lie in the alterations of overall hemodynamic parameters (preload, afterload, microcirculation). Unlike other cardiac diseases, cardiac changes in patients with sepsis require a multimodal approach for diagnosis and treatment. Unfortunately, there are no treatment recommendations specifically for the cardiac changes associated with sepsis. Patients with impaired left ventricular diastolic function may be at greater risk of fluid over-resuscitation, whereas patients with impaired left heart systolic function require more cardiac stimulant support, as volume resuscitation alone to correct perfusion deficits may be difficult to achieve; patients with right heart insufficiency require intensive treatment for acute respiratory distress syndrome and adjustment of mechanical ventilation parameters. In contrast, patients in a hyperdynamic left ventricular state require vasoconstrictors to improve vascular paralysis or symptomatic use of cardiac depressants.

Elevated plasma levels of troponin I and troponin T in patients with sepsis have been associated with LVSD and myocardial injury (24), as well as mortality (25). The mechanism of troponin elevation in sepsis may be caused by inflammation-induced cytoplasmic leakage from cardiomyocytes rather than cell death, and myocardial ischemia does not appear to be the culprit (26). BNP and NT-proBNP are hormones secreted by the myocardium in response to pressure stretching of the ventricular wall and have been proposed as markers of fluid loading status and early indicators of myocardial depression (27). However, other organ dysfunctions may affect troponin and BNP metabolism without being fully influenced by the actual myocardial injury and volume profile. In another study on coronary arteries in patients with sepsis, blood samples from the coronary sinus showed no increase in lactate production by cardiomyocytes, excluding myocardial ischemia as a cause of left ventricular dysfunction (28). Coronary angiography or CT imaging cannot be routinely performed in patients with sepsis with elevated troponin levels. Therefore, sepsis-induced cardiac changes should be defined as functional phenomena rather than as biochemical elevations. Echocardiography, which is widely used in clinical practice, has the advantage of being noninvasive and reproducible, making it the best way to assess cardiac changes in patients with sepsis.

The results of this study will enable medical students to understand the important value of ultrasound as a means of non-invasive hemodynamic monitoring in screening for etiology and dynamic assessment of disease in critically ill patients. In addition, this study was conducted under the guidance of the China Critical Ultrasound Study Group (CCUSG), and its research results are expected to become the organization's ultrasound training content to be applied and promoted in China and even around the world, which will help promote ultrasound in the promotion and application of residency and specialist physician training to improve the quality of medical teaching and residency training.

In conclusion, this study aimed to obtain data on patients with sepsis from multiple centers across the country, analyze each echocardiographic phenotype of sepsis, and investigate its incidence, duration, and prognosis. The prognosis of various patients can be compared as a predictor of future clinical prognosis, especially in those with “suppressed” and “hyperdynamic” phenotypes. This will be a novel predictor of clinical outcomes in patients with sepsis and the establishment of cardiac ultrasound phenotypes can also serve to guide and educate young physicians.

A limitation of this study may be that patients for whom transthoracic echocardiography data were not available did not undergo further transesophageal ultrasound due to medical constraints at each center and to avoid additional risks and lack of benefit to the patient. It is promising to study subgroups of sepsis patients with other underlying diseases, such as chronic hepatic and renal diseases, autoimmune diseases, and immunosuppressive states, as their underlying diseases may affect the prognosis by influencing the infection status. More specific and sensitive biomarkers for cardiac alterations in sepsis will also be an important area of future research and should be further explored in other studies.
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Background: Modified Early Warning Score (MEWS) and National Early Warning Score (NEWS) are widely used in predicting the mortality and intensive care unit (ICU) admission of critically ill patients. This study was conducted to evaluate and compare the prognostic value of NEWS and MEWS for predicting ICU readmission, mortality, and related outcomes in critically ill patients at the time of ICU discharge.

Methods: This multicenter, prospective, observational study was conducted over a year, from April 2019 to March 2020, in the general ICUs of two university-affiliated hospitals in Northwest Iran. MEWS and NEWS were compared based on the patients’ outcomes (including mortality, ICU readmission, time to readmission, discharge type, mechanical ventilation (MV), MV duration, and multiple organ failure after readmission) using the univariable and multivariable binary logistic regression. The receiver operating characteristic (ROC) curve was used to determine the outcome predictability of MEWS and NEWS.

Results: A total of 410 ICU patients were enrolled in this study. According to multivariable logistic regression analysis, both MEWS and NEWS were predictors of ICU readmission, time to readmission, MV status after readmission, MV duration, and multiple organ failure after readmission. The area under the ROC curve (AUC) for predicting mortality was 0.91 (95% CI = 0.88–0.94, P < 0.0001) for the NEWS and 0.88 (95% CI = 0.84–0.91, P < 0.0001) for the MEWS. There was no significant difference between the AUC of the NEWS and the MEWS for predicting mortality (P = 0.082). However, for ICU readmission (0.84 vs. 0.71), time to readmission (0.82 vs. 0.67), MV after readmission (0.83 vs. 0.72), MV duration (0.81 vs. 0.67), and multiple organ failure (0.833 vs. 0.710), the AUCs of MEWS were significantly greater (P < 0.001).

Conclusion: National Early Warning Score and MEWS values of >4 demonstrated high sensitivity and specificity in identifying the risk of mortality for the patients’ discharge from ICU. However, we found that the MEWS showed superiority over the NEWS score in predicting other outcomes. Eventually, MEWS could be considered an efficient prediction score for morbidity and mortality of critically ill patients.

KEYWORDS
intensive care unit, National Early Warning Score, Modified Early Warning Score, readmission, mortality, prognosis


Introduction

Readmission to the intensive care units (ICUs) is associated with poor patient outcomes, including higher mortality, a longer length of stay, and higher adverse event rates (1–3). In addition, ICU readmissions bring financial burden and wastefulness to the patient flow of the healthcare system (4, 5). Readmitted patients reduce ICU bed availability and, probably, the efficiency of the ICU facilities (6, 7). The intensivist usually decides to discharge patients from the ICU based on clinical evaluations (8, 9). However, several other non-clinical factors contribute to such decisions – including the high demand and need for ICU beds by emergency and surgical departments – making the discharge decision a complex, challenging, and risky care transfer process (10, 11). These factors may lead to an early and inadequate discharge of patients, which increases the risk of readmission, as up to 42% of patients discharged early are eventually readmitted to the ICU (12). Hence, several attempts have been made to optimize and prioritize ICU discharges, either by identifying risk factors associated with ICU readmission (9, 13) or developing readmission prediction models (14, 15). These models for mortality and readmission after ICU discharge have shown diverse accuracy. Although prospective validation is warranted for these scoring systems, they speculate that these models could be valuable assistance to clinicians for ICU discharge planning.

Several Early Warning Scores (EWSs) with different designs have been developed to diagnose early signs of deterioration in a patient’s conditions and initiate further medical care and possible ICU admission (16–18). Since a critical state usually follows specific deteriorations in the patient’s physiological signs, monitoring these signs could help the physicians predict the patient’s outcomes (19–21). One of the common EWSs is the Modified Early Warning Score (MEWS), validated in 2001 in the United Kingdom as a bedside tool to identify patients at risk for catastrophic events, including death or readmission to ICU (22). National Early Warning Score (NEWS) is another EWS introduced in 2012 by the Royal College of Physicians (23). The NEWS score identifies the patients at risk of deterioration and facilitates prompt critical care intervention. Also, many studies have shown the capability of NEWS in predicting the degree of illness (18, 24). Several studies have explored the association between these risk scores and hospital admission. The findings suggest that these risk scores could also be used as triage tools to identify patients requiring hospital admission (22, 25, 26).

Due to the lack of studies comparing NEWS and MEWS risk-scoring systems in ICU settings, it is still unclear which risk-scoring system is superior as a triage tool for ICU readmission and predicting mortality of critically ill patients. Considering the lack of information and the inconsistency in the cut-off values, this study was conducted to evaluate and compare the prognostic value of NEWS and MEWS for predicting ICU readmission, mortality, and related outcomes in critically ill patients at the time of ICU discharge.



Materials and methods


Study design and population

This multicenter, prospective, observational study was conducted over a year, from April 2019 to March 2020, in the general intensive care units (ICUs) of two university-affiliated hospitals in Northwest Iran, to evaluate and compare the prognostic value of NEWS and MEWS scores for predicting ICU readmission, mortality and related outcomes in critically ill patients at the time of discharge from the ICU. All adult (over 18 years old) patients alive at the time of ICU discharge were eligible to enroll in this study, regardless of the medical diagnoses and underlying comorbidities. However, patients were excluded if they were: (a) stayed in the ICU for less than 48 h (such as postoperative patients), (b) patients directly discharged home or transferred to other medical centers, (c) patients discharged for palliative care, and (d) patients readmitted to the ICU for the second time. Patients who no longer needed mechanical ventilation (MV), vasopressor support, and renal replacement therapies were discharged from the ICU with appropriate levels of consciousness and transferred to general wards. Subsequently, all patients were followed up for 2 weeks to identify readmitted patients.



Ethical considerations

The protocol study was reviewed and approved by the Research Ethics Committees of Islamic Azad University-Tabriz Branch (IR.TBZMED.REC.1397.994), following the Declaration of Helsinki of the World Medical Association (27). Written informed consent was obtained from the patients or their legally accepted representatives. In addition, the study was conducted and reported in accordance with the recommendations of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (28).



Data collection

Demographic characteristics and clinical data, including comorbidities, reasons for admission (medical, surgical, or emergency), the severity of illness [based on Acute Physiology and Chronic Health Evaluation IV (APACHE-IV) and Sequential Organ Failure Assessment (SOFA) scores], consciousness state, and vital signs (respiratory rate, peripheral oxygen saturation (SpO2), systolic/diastolic blood pressure, heart rate, pulse rate, and body temperature) upon ICU admission were recorded for all patients. Additionally, we collected the information, including the status and type of multiple organ failure, mechanical ventilation (MV) status, MV duration, length of stay (LOS) in the ICU, and the NEWS and MEWS scores at the time of ICU discharge. All data were collected and analyzed by researchers completely independent of the clinical decision-makers.



Calculation of National Early Warning Score and Modified Early Warning Score scores

A trained nurse calculated the NEWS and MEWS scores for all patients who were alive at the time of ICU discharge using physiological parameters. NEWS scores were obtained by nursing staff at the ICUs, including the following seven common vital signs parameters: Respiratory rate (RR), peripheral oxygen saturation (SpO2) measured by pulse oximetry, supplementary oxygen, systolic arterial blood pressure (SBP), pulse rate (PR), body temperature (T), and AVPU (Alert, responds to Voice, responds to Pain, Unresponsive) score based on the Glasgow Coma Scale (GCS) [The AVPU score was derived from the GCS as follows: A = 14–15, V = 9–13, P = 4–8, U = 3] (29). Patients with a score between 0 and 4 are considered low risk, those with a score of 5 or 6 are considered medium risk, and patients with a score ≥ 7 are considered high risk (29). The MEWS consists of five physiological variables, including systolic blood pressure (SBP), heart rate (HR), respiratory rate (RR), body temperature (T), and AVPU score based on the GCS. Determining a MEWS score involves assigning a number between 0 and 3 to each of the six vital signs. Patients with scores between 2 and 4 are considered at medium risk and should remain under specialized care and be assessed again in 2 to 8 h. Those with a score ≥ 5 are considered at high risk for mortality and being moved to ICU (22).



Outcomes

The primary outcomes were mortality and readmission to the ICU. The secondary outcomes were the type of discharge from ICU and subgroups of consequences related to the readmission, such as mechanical ventilation, duration of mechanical ventilation, and multiple organ failure.



Statistical analysis

Data were expressed as mean ± standard division (SD) or median with interquartile range (IQR) for continuous variables, and frequencies with percentages (%) for categorical characteristics. The Shapiro-Wilk test was used to determine whether data were normally distributed. To compare the NEWS and MEWS scores according to the outcomes and subgroups of outcomes, we used Mann–Whitney as a non-parametric test for non-normal distributions. Univariate and multivariate binary logistic regression analyses were performed to evaluate associations of NEWS and MEWS scores with the outcomes. Each variable was first tested by univariate analysis with odds ratios (OR) and 95% confidence intervals (95% CI). In multivariate analysis, based on conditional logistic regression, variables with a p-value < 0.05 in the univariate analyses were proposed for entry into the model. To assess the predictive prognostic efficacy of the NEWS and MEWS scores, we performed receiver operating characteristic (ROC) curves and calculated the area under the curves (AUC). AUC figures were calculated alongside sensitivity (SN), specificity (SP), positive likelihood ratio (LR +), negative likelihood ratio (LR-), positive predictive value (PPV), negative predictive value (NPV), and Youden index to find appropriate cut-offs. In addition, we compared the ROC of NEWS and MEWS scores using the DeLong test. According to the general guide, AUC between (0.9-1.0), (0.8-0.9), (0.7-0.8), and (0.6-0.7) was considered as excellent, good, fair, and poor, respectively. Statistical analysis was performed using SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, United States) and MedCalc.1 In all analyses, p-values less than 0.05 were considered significant.




Results


Characteristics of patients

In total, 410 patients were selected for this study. The basic information and clinical characteristics of the patient population are listed in Table 1. The median age (IQR) of the patients was 59 (49.75–69) years, and 223 (56.8%) patients were male. Nearly half of the patients (n = 185, 45.1%) had comorbidities, and 25 (6.1%) had more than two underlying diseases. The most common reason of admission was surgical (n = 272, 66.3%) followed by medical (n = 102, 24.9%) and emergency (n = 36, 8.8%). The median (IQR) of APACHE IV and SOFA scores of the patients were 23.5 (21–26) and 9 (6–13.25), respectively. More than half of patients had multiple organ failure (n = 286, 69.8%) and underwent MV (n = 273, 66.6%). The median (IQR) length of stay in the ICU and MV duration were 9 (6–13.25) and 8 (5–12) days, respectively.


TABLE 1    Demographic and clinical characteristics data of all patients (n = 410).
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Characteristics of readmitted patients

A total of 50 (12.2%) ICU patients discharged to the general ward were readmitted within 2 to 12 days, with a median (IQR) time of 4 (3–4) days. Clinical characteristics of readmitted patients and the main reasons for readmission are presented in Table 2. Of 50 patients readmitted to the ICU, 39 (78%) underwent MV. The median (IQR) MV duration in readmitted patients was 6 (5–6) days. Organ failure was present in 48 (96%) readmitted patients.


TABLE 2    Clinical characteristics of patients readmitted to the ICU (n = 50).
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Comparison of National Early Warning Score and Modified Early Warning Score scores according to outcomes

Table 3 presents the detailed comparison of NEWS and MEWS scores among the patients regarding mortality, type of discharge, readmission, time to readmission, MV status, MV duration, and organ failure after readmission. Comparing NEWS and MEWS scores between outcomes showed statistically significant differences, as the median scores of NEWS and MEWS were significantly higher in non-survivors, readmitted patients, patients with lower (<4) days to readmission, those who underwent MV, patients with higher (≥6) days of MV, and patients with multiple organ failure. However, no significant differences were observed between median scores of NEWS (p-value = 0.332) and MEWS (p-value = 0.447) in the patients with planned and unplanned types of discharge.


TABLE 3    Comparison of NEWS and MEWS scores according to the outcomes and subgroups of outcomes.
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Logistic regression findings

Tables 4, 5 present the univariable and multivariable binary logistic regression analyses to evaluate associations of NEWS and MEWS scores to predict outcomes. In univariable analysis, an increase in mortality risk was observed in a higher NEWS score (OR: 18.58, 95% CI: 8.45–40.86, p-value < 0.001) and MEWS score (OR: 12.19, 95% CI: 6.43–23.11, p-value < 0.001). However, multivariable analysis showed that the higher NEWS was only associated with mortality (OR: 6.51, 95% CI: 1.81–23.43, p-value = 0.004). In addition, the multivariable binary logistic regression model identified that the higher NEWS and MEWS scores upon discharge were associated with readmission, lower time to readmission, the risk of undergoing MV after readmission, higher MV duration, and the risk of multiple organ failure after readmission.


TABLE 4    Univariable and multivariable binary logistic regression analysis to evaluate associations of NEWS and MEWS scores to predict mortality, readmission, discharge type, and time to readmission.
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TABLE 5    Univariable and multivariable binary logistic regression analysis to evaluate associations of NEWS and MEWS scores to predict MV status, MV duration, and organ failure after readmission.
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Predicting outcomes by National Early Warning Score and Modified Early Warning Score scores

Table 6 shows the performance of NEWS and MEWS scores to predict outcomes with cut-off points. Excellent predictive performance of the NEWS score was found regarding mortality, with an AUC of 0.91 (95% CI: 0.88–0.94, p-value < 0.0001). The best cut-off value (>4) had a sensitivity of 71.87%, specificity of 95.5%, LR + of 15.98, LR- of 0.29, PPV of 57.5%, NPV of 97.6%, and 0.67% of Yuden index. The AUC values of the NEWS scores for ICU readmission, MV status, and multiple organ failure after readmission were considered fair. However, the poor predictive performance of the NEWS score was observed regarding the time to readmission and MV duration after readmission (Supplementary Figure 1).


TABLE 6    Receiver operating characteristic curve results of NEWS and MEWS scores to predicting outcomes.
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According to the results, the MEWS score had a good predictive performance for all outcomes, except for the type of discharge, which was insignificant. Best performing predictive value of MEWS score was related to the mortality with AUC of 0.88 (95% CI: 0.84–0.91, p-value < 0.0001), and the best cut-off value (>4) had a value sensitivity of 68.75%, specificity of 98.94%, LR + of 64.97, LR- of 0.32, PPV of 84.6%, NPV of 97.4%, and 0.67% of Yuden index. The AUCs for predicting readmission, time to readmission, MV status, MV duration, and multiple organ failure varied between 0.81 and 0.83 (Supplementary Figure 2). The cut-off values for predicting readmission, time to readmission, MV status, MV duration, and multiple organ failure were three or more scores.



Comparison of the outcome prediction ability between National Early Warning Score and Modified Early Warning Score

A comparison of NEWS and MEWS AUCs was performed to predict the outcomes using the DeLong test, and the results are presented in Table 7. To predict mortality, the AUCs of NEWS and MEWS scores were 0.916 and 0.881, respectively, but this difference was not statistically significant (p-value = 0.082) (Figure 1A). However, the AUCs of the MEWS were significantly greater than NEWS for readmission (0.83 vs. 0.71, p-value < 0.0001) (Figure 1B), no significant difference for unplanned discharge types (Figure 1C), time to readmission (0.82 vs. 0.67, p-value < 0.0001) (Figure 1D), MV status, (0.82 vs. 0.72, p-value < 0.0001) (Figure 1E), MV duration (0.81 vs. 0.67, p-value < 0.0001) (Figure 1F), and multiple organ failure (0.83 vs. 0.71, p-value < 0.0001) (Figure 1G).


TABLE 7    Comparison of ROC curves between NEWS and MEWS scores to predict outcomes.
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FIGURE 1
Comparison of ROC curves between NEWS and MEWS scores to predict (A) mortality, (B) ICU readmission, (C) unplanned discharge type, (D) time to readmission ≥ 4 days, (E) MV after readmission, (F) duration of MV ≥ 6 days, and (G) multiple organ failure after readmission.





Discussion

The MEWS and NEWS are relatively new scoring systems capable of predicting the prognosis of ICU patients. Few studies employ and compare the MEWS or NEWS as outcome predictors in ICU patients. In this multicenter, prospective, observational study, we compared the NEWS and MEWS scores to predict the outcomes in critically ill patients at the time of ICU discharge. The analysis from the multivariable logistic model showed that high MEWS and NEWS were the risk factors for readmission occurrences, time to readmission, mortality, MV status, MV duration, and multiple organ failure after readmission. By comparing these two scoring systems, we identified that there was no significant difference between the AUCs of the NEWS and the MEWS for predicting mortality (P-value = 0.082). In contrast, the prognostic accuracy of MEWS in other outcomes such as readmission occurrence, time to readmission, MV status, MV duration, and multiple organ failure excels the prognostic accuracy of NEWS score (P-value < 0.001). Such a result can be due to the fact that most problems that directly or indirectly affect the readmission of critically ill patients are related to respiratory dysfunction. The rate of readmission due to respiratory dysfunction in this study was almost 50%. In addition, our results show that male patients are more likely to be readmitted, have multiple organ failures, and have a longer MV duration. From a clinical perspective, these findings suggest that gender may also be an important consideration in discharge planning in addition to the use of NEWS and MEWS. However, further studies are needed to confirm this finding. Based on the findings of this study, we conclude that MEWS can be considered an effective prognostic tool for predicting all outcomes, and the NEWS score is a good predictor of mortality and ICU readmission in critically ill patients at the time of ICU discharge. Hence, we advocate for determining the MEWS and NEWS at ICU discharge as an assistive tool to make a better-informed decision.

Scoring systems can be used to measure the performance of one ICU over a time period, or used to compare the performance of different ICUs which allows ICUs to understand more about the quality of delivered care, audit themselves and assist them in decision-making, resource allocation, quality assessment programs and teaching. Each physician should consider that the decision regarding to whether the patients should or should not be admitted to the ICU is dependent on some other factors. These include the risk and complications of ICU admission/readmission, patients’ wishes, and the time lag when scores are calculated (usually 24 h after admission to the ICU), which means that clinical intervention may precede the calculation of the score. As the MEWS and NEWS scores includes all qSOFA variables, so they can serve as an accurate score in prediction of outcome even in patients with infection. Using a scores that includes a points-based risk score, such as the NEWS/MEWS, may improve teaching, the integration, and incorporation of early warning scores into clinical practice focused on identifying and managing patients at risk for poor outcome (30, 31). Our findings coincide with many similar studies. Consistent with this study, many previous studies have shown the NEWS and MEWS scores to be a decisive tool for the early identification of patients with a high risk of poor outcomes, including mortality and ICU readmission (32–34). Balshi et al. reported that the MEWS is associated with ICU readmission, and a score > 6 has an excellent accuracy as a prognostic predictor (32). A prospective observational study by Xie et al. showed good performance of MEWS for in-hospital mortality prediction, with AUC values at 0.83 in patients presenting to the emergency department (35). MEWS also helps predict the mortality of COVID-19 patients, with AUC values of 0.913 and 0.833 (36, 37). Lv et al. found that MEWS shows superiority over the quick Sequential Organ Function Assessment (qSOFA), Combination of Confusion, Urea, Respiratory Rate, Blood Pressure, and Age ≥ 65 (CURB-65), and NEWS scores in predicting hospital mortality, and NEWS showed superiority over the other scores in predicting ICU admission in patients with community-acquired pneumonia (CAP) (38). Klepstad et al. showed that the higher NEWS in gastrointestinal surgical patients at ICU discharge was the predictive factor of ICU readmission (33). Moreover, the study by Doðu et al. demonstrated that a NEWS value of >7.5 at the time of discharge from ICU estimates a high probability of ICU readmission within the first 48 h after discharge (34). However, in contrast to these findings, a study by Reini et al. showed that the MEWS at ICU discharge is not a predictor of ICU readmission (39). On the other hand, this finding might be influenced (as acknowledged by the authors) by the decision to withhold ICU readmission for 10 out of 15 patients discharged with a MEWS of 5 or more. MEWS and NEWS are widely used scoring systems in many countries, but differences between these studies, including study setting, population, and disease type, have led to differences in the predictive ability of these scoring systems.

The most important advantage of MEWS and NEWS scores compared with other scoring systems, such as APACHE IV, SOFA, and Simplified Acute Physiology Score (SAPS), are their simplicity. They consist of basic physiological measurements in contrast to APACHE IV, SOFA, and SAPS, which, for instance, need documentation of laboratory results, making them a simpler tool with facilitated assessment procedures (38, 39). The advantage of these simple scoring systems could be the early identification of patients who were becoming increasingly unstable. In addition, they could facilitate the discharge decision by the intensivist. Early identification of critically ill patients with poor outcomes at the time of discharge from the ICU can enable the appropriate allocation of limited resources, such as intensive care beds.

The strengths of this study were the multicenter prospective design with heterogeneous patients from the general ICUs of two hospitals, which adjusted the confounding variables and made the findings more generalizable. However, our study has several limitations. First, the patient selection criteria were inclusive (all patients aged 18 years and above admitted to general ICU); this creates a rather heterogeneous cohort, and due to the wide range of ICU admission causes, we could not see the reason for admission evaluated as a variable. Second, we have not presented the individual physiological parameters included in the MEWS and NEWS; identifying whether any of these parameters had a better predictive value than the others would be interesting. Third, we could not use multiple parametric models like MANOVA to adjust the potential correlation among outcomes due to the lack of normal distribution of outcomes as the pre-assumption required for multiple testing. Fourth, to deal with multiple outcomes, we considered mortality and ICU readmission as primary outcomes. However, secondary outcomes are then subsidiary, and the results concerning them can only have an exploratory rather than a confirmatory interpretation. In addition, the frequency of readmission in the ICU was low (50 from 410), so interpreting results related to secondary outcomes such as readmission time, MV readmission, and duration of MV readmission should be interpreted with caution. Nevertheless, due to the varied performance of MEWS and NEWS in other studies, future disease-specific studies are required to improve the accuracy and applicability of MEWS and NEWS.



Conclusion

The MEWS and NEWS at the time of ICU discharge are independent predictors of ICU readmission and mortality. NEWS and MEWS scores greater than 4 have excellent and good accuracy in predicting mortality with 91 and 82% AUCs, respectively. In addition, scores greater than 3 have good and fair accuracy in predicting ICU readmission with AUCs of 83 and 71%, respectively. We found that the MEWS showed superiority over the NEWS score in predicting ICU readmission, time to readmission, MV readmission, MV duration, and multiple organ failure.
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Background and objectives: Non-invasive ventilation (NIV) is used in intensive care units (ICUs) to treat of respiratory failure. Sedation and analgesia are effective and safe for improving compliance in patients intolerant to NIV. Our study aimed to evaluate the effects of dexmedetomidine, remifentanil, and propofol on the clinical outcomes in NIV intolerant patients.

Methods: This prospective randomized cohort study was conducted in a tertiary ICU, between December 2018 and December 2019. We divided a total of 120 patients into five groups (DEXL, DEXH, REML, REMH, PRO). IBM SPSS Statistics 20 (IBM Corporation, Armonk, New York, USA) was used to conduct the statistical analyses.

Results: The DEXL, DEXH, REML, and REMH groups consisted of 23 patients each while the PRO group consisted of 28 patients. Seventy-five patients (62.5%) became tolerant of NIV after starting the drugs. The NIV time, IMV time, ICU LOS, hospital LOS, intubation rate, side effects, and mortality were significantly different among the five groups (P = 0.05). In the groups that were given dexmedetomidine (DEXL, and DEXH), NIV failure, mortality, ICU LOS, and hospital LOS were lower than in the other groups.

Conclusion: In this prospective study, we compared the results of three drugs (propofol, dexmedetomidine, and remifentanil) in patients with NIV intolerance. The use of sedation increased NIV success in patients with NIV intolerance. NIV failure, mortality, ICU LOS, IMV time, and hospital LOS were found to be lower with dexmedetomidine.
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non-invasive ventilation, chronic obstructive pulmonary disease, dexmedetomidine, remifenthanyl, propofol, intensive care


Introduction

Non-invasive ventilation (NIV) is frequently used in intensive care units (ICUs) to treat of acute exacerbations of chronic obstructive pulmonary disease (COPD). This supportive treatment reduces both the need for invasive ventilation (IV) and mortality in patients (1, 2).

Despite many advantages of NIV are many when used in critically ill patients, NIV has a 40% failure rate due to patient non-compliance (3). Many studies have shown that sedation and analgesia are effective and safe for improving compliance in patients intolerant to NIV (4–7).

There are a limited number of studies on sedation protocols applied during NIV, and there is no recommended drug and no common protocol regarding sedation and analgesia in NIV (8). It has been stated that sedation, when used appropriately and with precautions, increases patient comfort and reduces the possibility of failure in patients using NIV (8, 9).

Dexmedetomidine is a potent selective α2-agonist with sedative, analgesic and anxiolytic properties (10). Many studies have shown that dexmedetomidine is useful for sedation in the ICU (11–13). In placebo-controlled studies, it has been reported that low doses of dexmedetomidine also provide sedation and analgesia, which can easily be aroused (14, 15). Remifentanil is an ultra- short -acting opioid that rapidly reaches a steady state, with an onset of action of <1 min and μ selectivity (16). Remifentanil is a safe and effective opioid that reduces NIV failure (17). Propofol is frequently used for sedation due to its short duration of action and clear awakening profile (18). Propofol is an appropriate sedative agent for NIV owing to its pharmacokinetic rate (19).

To our knowledge, no previous study has compared dexmedetomidine, remifentanil, and propofol used to provide sedation and/or analgesia, in NIV management. Our study aimed to evaluate the effects of dexmedetomidine, remifentanil, and propofol on the clinical outcomes in NIV intolerant patients.



Materials and methods


Patient population and design
 
Ethics statement

Ethical approval for this prospective randomized study was obtained from the Clinical Research Ethics Committee of University of Health Sciences, Yüksek Ihtisas Training and Research Hospital, Ankara, Turkey (dated 12.11.2018 and numbered 12079).



Patients

This prospective randomized cohort study was conducted in a tertiary ICU, between December 2018 and December 2019. Written informed consent was obtained from all patients. The patients included in the study were over 18 years of age, and had NIV intolerance, admission to the ICU, acute respiratory acidosis [partial pressure of carbon dioxide (PCO2) ≥ 45 mmHg], a diagnosis of COPD, respiratory rate (RR) ≥ 24 per minute, and respiratory distress, with the use of auxiliary respiratory muscles. Patients with congestive heart failure, neurologic disease, muscular disease, treatment rejection, hepatic failure, gastrointestinal bleeding, severe hypotension [mean arterial pressure (MAP) < 60 mmHg], acute cardiac ischemia, and dexmedetomidine, remifentanil, and propofol allergy were excluded from the study.

We divided patients into five groups besed on the type and dose of drugs administered dexmedetomidine low (DEXL), dexmedetomidine high (DEXH), remifentanil low (REML), remifentanil high (REMH), and propofol (PRO). Patients underwent simple randomization using a total of 120 (23 each for DEXL, DEXH, REML, REMH groups, and 28 for the PRO group) closed envelopes, which declared group assignment and described the sedation protocol.




Data collection

Gender, age (years), body mass index (BMI, kg/m2), ejection fraction (EF,%), Acute Physiology and Chronic Health Evaluation (APACHE) II score, comorbidities, NIV time (hours), invasive mechanical ventilation (IMV) time (days), length of intensive care unit stay (ICU LOS) (days), length of hospital stay (hospital LOS) (days), NIV complications, intubation (endotracheal intubation recordings), 30-day mortality, side effects, pH, partial pressure of carbon dioxide (PCO2), partial pressure of oxygen (PO2), Ramsay Sedation Scale (RSS) (Table 1) (20), peripheral oxygen saturation (SpO2),respiratory rate (RR), heart rate (HR), and mean arterial pressure (MAP) were recorded. All data were recorded at the start of the NIV, at the first, second, fourth, sixth, ninth, and twelfth hours of the NIV; and at the first hour after the end of the NIV.


TABLE 1 Ramsay sedation scale (20).
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Non-invasive mechanical ventilation

NIV was performed using a Servo-S ICU mechanical ventilator (Maquet Critical Care AB; Rontgenvagen, Sweden), administered intermittently through a nose-mouth mask in the pressure support ventilation (PSV) mode. The patients were ventilated with 6 cmH2O positive end expiratory pressure (PEEP), 12 cmH2O pressure support, and an inspiratory oxygen fraction (FiO2) of 50%. The NIV settings were meticulously adjusted during therapy based on each patient's condition after therapy began. Mechanical ventilation parameters were increased or decreased according to the patient's needs and the target saturation was at least 90%. We recorded the number of hours NIV was administered in 24 h as the “NIV time”.

In the first hour of NIV administration, NIV intolerance was assessed using the NIV intolerance score (NIS). The NIS included four points; 1, a comfortable patient tolerating NIV; 2, a mildly intolerant patient who felt some degree of discomfort and occasionally grabbed at the NIV mask; 3, moderate intolerance and discomfort (sometimes pulling), most often with NIV mask, with frequent grabbing at the mask; 4, severe NIV intolerance with an agitation unable to keep the NIV mask on the face (21). According to this scoring, patients who scored 3 and 4 were considered to have NIV intolerance.

We stopped NIV treatment in patients without acute respiratory acidosis who did not show signs of respiratory distress (such as an RR of ≥ 24 per minute and increased use of the accessory respiratory muscle), and had an SpO2 of 90% or more (with the inhaled oxygen flow through the oxygen mask ≤ 10 L/min). Invasive mechanical ventilation after endotracheal intubation was applied to patients who met at least two criteria; RR ≥ 45 per minute, increased amount of secretions in the trachea, acidosis with a pH value ≤ 7.25, SpO2 values ≤ 90% for at least 5 min, hemodynamic instability (HR: ≤ 60 beats/min/≥200 beats/min, MAP: ≤ 60 mmHg), impaired consciousness, and persistent/worsening respiratory failure symptoms.



Sedatives

The first measurements were recorded when NIV treatment was initiated. A loading dose of dexmedetomidine 1 μg/kg was administered as an infusion within 10 min, after which regular infusion was started. Regular dexmedetomidine infusion was started 0.2 μg/kg/h in the DEXL group and at 0.6 μg/kg/h in the DEXH group. Any increases and/or decreases during the infusion were made at the dose rate of 0.1 μg/kg/h, according to the RSS 2–3 target. A loading dose of remifenthanyl 1 μg/kg was administered as an infusion within 30–60 s, after which regular infusion was started. Regular remifenthanyl infusion was started at 0.03 μg/kg/h in the REML group, and at 0.06 μg/kg/h in the REMH group. Any increases and/or decreases during the infusion were made at the rate of 0.025 μg/kg/h, according to the RSS 2–3 target. A loading dose of 1 mg/kg was administired as an infusion within 10 min, after which regular infusion was started. Regular propofol infusion was initiated at 0.3 mg/kg/h, and any increases and/or decreases were made at the rate of 0.1 mg/kg/h, according to the RSS 2–3 target. Hemodynamics and side effects were recorded (Table 2). Medication infusions were administered continuously for 24 h. Data were recorded at the start of NIV; at the first, second, fourth, sixth, ninth, and twelfth hours of NIV; and at the first hour after the end of the NIV.


TABLE 2 Initial dose and increasing and decreasing dose of each sedative drug.

[image: Table 2]



Statistical analysis

G*Power 3.1.9.4 program was used to calculate the sample size. In the priori analysis, it was planned to include at least 16 participants in each group, with medium effect size (0.3), 80% power, 5% type 1 error, and 20% type 2 error. At the end of the study, the power of the study was found to be 91% in the post-hoc analysis.

Histograms, q-q plots, and Shapiro-Wilk's test were used to assess data normality. The Levene's test was used to test variance homogeneity. Various tests were used to compare demographic and clinical parameters among the study groups; one-way analysis of variance (ANOVA) or Kruskal-Wallis H tests were use for continuous variables, whereas Pearson chi-square analysis or Fisher-Freeman-Halton test were used for categorical variables. Bonferroni- adjusted Dunn's test and Bonferroni- adjusted z- tests were performed for multiple comparison analysis. In descriptive statistics, continuous numerical variables are presented as medians [interquartile range (IQR)], and categorical variables are presented as the number of samples (%). IBM SPSS Statistics 20 (IBM Corporation, Armonk, New York, USA) was used to conduct the statistical analyses. A p-value of <5% was considered statistically significant.




Results

Between December 2018 and December 2019, 548 patients who received niv support were followed. Four hundred and twenty-eight patients were excluded from the study [Not meeting inclusion criteria (n = 69), declined to participate (n = 38), patients with NIV tolerance (n = 321)]. Total NIV intolerance was found to be 41.4% (n: 227). One hundred and twenty patients with NIV intolerance were included in the study. The DEXL, DEXH, REML, and REMH groups consisted of 23 patients each while the PRO group consisted of 28 patients (Figure 1). There was no difference in baseline variables other than gender distribution between the groups (P = 0.031). Female gender was dominant in the DEXL group, while male gender was dominant in the DEXH, REML, REMH, and PRO groups. The baseline characteristics of the patients were similar among the five groups. There were no differences between the groups with respect to age, BMI, EF, APACHE II score, and comorbidities (P = 0.993, 0.546, 0.953, 0.293, 0.783, respectively). However, diabetes mellitus (DM) differed between the groups with the highest rate observed in the PRO group. The NIV time, IMV time, ICU LOS, hospital LOS, intubation rate, and mortality were significantly different among the five groups (P = 0.045, 0.001, 0.001, 0.010, 0.001 and 0.041, respectively). Based on the intubation numbers, NIV failure in each group was: 2 (8.7%) in the DEXL group, 3 (13%) in the DEXH group, 7 (30.4%) in the REML group, 13 (56.5%) in the REMH group, and 20 (71.4%) in the PRO group (P = 0.001). The side effects showed a significant difference among the five groups; apnea was higher in the PRO group (25%) than in the other groups (0% in the DEXL group, 0% in the DEXH group, 0% in the REML group, 4.3% in the REMH group) (P = 0.001) (Table 3).


[image: Figure 1]
FIGURE 1
 Study flow diagram. DEXL, Dexmedetomidine low; DEXH, dexmedetomidine high; REML, remifentanil low; REMH, remifentanil high; PRO, propofol.



TABLE 3 Baseline characteristics of the groups and data on clinical follow-up.
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During continuous intravenous infusion in all groups except the PRO group, the pH level gradually good compared to the baseline values. There were significant differences between the groups at the sixth, ninth, twelfth, and first hour after NIV. There was a statistically significant difference between the REMH/DEXH groups at the sixth hour (P = 0.015), and between the REMH/DEXH groups and the PRO/DEXH groups at both the ninth (P = 0.02, 0.012, respectively) and twelfth (P = 0.004 and 0.028, respectively) hours. There was a difference between the PRO/DEXL groups, PRO/DEXH groups, REML/DEXL groups, and REML/DEXH groups at the first hour after NIV (P = 0.001, 0.001, 0.04, 0.039, respectively).

There were significant differences in the PaO2 between the groups at the second (REMH/DEXL), fourth (REML/REMH), and sixth (REMH/DEXL) hours (P < 0.05). Significant differences were also found in the SpO2 between the groups at the twelfth hour (PRO/DEXL), and the first hour after NIV (PRO/DEXL) (P < 0.05). There were no significant differences in the PaCO2, HR, RR, and MAP between the groups. The Ramsay Sedation Scale (RSS) differed significantly between the groups at all times other than baseline values (P < 0.05). The highest RSS values were recorded in the PRO group at the second, fourth, sixth, ninth, and twelfth hours, and the first hour after NIV. The lowest values were observed in the REML group at all times except the baseline. Except for the REML group, the target sedation was reached at the second hour in the other groups (Figure 2).
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FIGURE 2
 Comparison of study groups according to blood gas results, RSS and monitoring records. RSS, Ramsay Sedation Scale; SpO2, peripheral oxygen saturation; RR, respiratory rate; HR, heart rate; MAP, mean arterial pressure; pH, potential of hydrogen; PCO2, partial pressure of carbon dioxide; PO2, partial pressure of oxygen. *P < 0.05.




Discussion

We frequently use NIV therapy in patients hospitalized in the ICU due to type 2 respiratory failure, as is the trend worldwide. Although NIV has many advantages when used in critically ill patients, a 40% failure rate is observed due to patient non-compliance. The lack of tolerance to NIV makes its application difficult (3). In this study, we included 120 patients with NIV intolerance in tertiary ICU and evaluated three drugs (dexmedetomidine, remifentanil, and propofol) used for sedation and/or analgesia, based on their clinical results in five groups. In the groups that were given dexmedetomidine (DEXL, and DEXH), NIV failure, mortality, ICU LOS, and hospital LOS were lower than in the other groups.

The “ISCCM (Indian Society of Critical Care Medicine) Guidelines” were published in 2020, but did not recommend any drug specifically. They suggested that sedation in patients undergoing NIV can be used in an ICU setting, with very close monitoring, and paying attention to the signs of NIV failure (8). It has been stated that sedation, when used appropriately and with precautions, reduces the possibility of failure in patients and increases patient comfort using NIV (8, 9).

Agitation during NIV may be caused by various factors such as fear, pain, fever, anxiety, sleep deprivation, and hypoxia (22). The sedation applied during NIV facilitates and calms ventilation and improves patient compliance. It also regulates autonomic system responses to stress such as hypertension and tachycardia and can also reduce the rate of NIV failure (5, 23, 24). In this prospective study, when we examined the groups based on the number of intubations, NIV failure in the dexmedetomidine groups was low compared to that in the other groups. Many studies have shown that sedation provided by dexmedetomidine, midazolam, propofol, and remifentanil during NIV is effective and safe (8, 25). We consider that the safest drug is dexmedetomidine, since NIV failure was lowest in patients receiving this drug.

Dexmedetomidine provides sedo-analgesia without causing respiratory depression (10). It does not cause respiratory depression even when deep sedation levels are achieved (26). Consistent with these studies, we also did not observe apnea at low or high doses of dexmedetomidine.

Propofol negatively affects the respiratory drive and gas Exchange, in proportion to the infusion rate of the sedation dose (19). Clinicians use drugs, which may impair the respiratory and cough reflexes, carefully (27). We did not study propofol at high doses due to the high possibility of this side effect. Despite its risk, it has been shown that propofol can be used effectively with target-controlled infusion (28). In our study, apnea developed in 25% patients in propofol.

It is well-known that the use of opioids for sedation causes respiratory depression (29, 30). However, it has been reported that remifentanyl infusion can be administered safely at doses of 0.05–0.1 μg/kg/min in patients with spontaneous ventilation (31). However, Cavaliere et al. concluded that remifentanyl infusion at a dose higher than 0.05 μg/kg/min may inhibit the respiratory impulse (30). In our study, apnea was observed in only one (4.3%) patient in the REMH group (0.06 μg/kg/min), while no case of apnea was observed in the REML group (0.03 μg/kg/min).

Bradycardia may occur when remifentanil is administered rapidly and in high doses. Low doses of remifentanil do not cause significant changes in blood pressure (32). In this study, coexistence of hypotension and bradycardia (HR: <60 beats/min, MAP: < 60 mmHg) was recorded in two (8.7%) patients in the REMH group. Similar to the studies showing that dexmedetomidine is associated with a high incidence of bradycardia and hypotension (33, 34), we also found a higher incidence of bradycardia in the DEXL (4.3%) and DEXH (8.7%) groups than in the other groups (0%), but this difference was not statistically significant (P = 0.215).

Opioids, are frequently added to the treatment regimens in the ICU for cardiovascular diseases, because of their protective effect on the heart tissue (35). Remifentanil is an ultra- short -acting opioid that rapidly reaches a steady state, with an onset of action of <1 min and μ selectivity (34). The elimination half life of remifentanil is <10 min, independent of kidney function, liver function, and infusion time (36). Remifentanil is a safe and effective opioid that reduces NIV failure (17). According to a recent study, there was no significant difference between dexmedetomidine and remifentanil in terms of NIV failure and other clinical outcomes (tracheostomy, length of ICU stay, length of hospital stay, and in hospital mortality). The side effects of both drugs were rare (chest wall rigidity in one patient with remifentanil, and severe hemodynamic instability requiring intubation with dexmedetomidine). In addition, NIV failure was avoided in more than 80% of the patients enrolled in this study (21). We also did not find any differences between the groups in terms of the incidence of side effects (P > 0.05). However, we observed better clinical results in the DEXL and DEXH groups. IMV time, ICU LOS, hospital LOS were significantly reduced in these groups compared with the other groups (P < 0.05). Mortality and NIV failure were also lower in these groups compared to the other groups (P < 0.05).

In summary, NIV has become increasingly important in the treatment of both hypercapnic and hypoxemic acute respiratory failure. NIV reduces the need for IMV. NIV failure defined as the need for endotracheal intubation, is one of the biggest problems in NIV patients. Patient rejection and discomfort are among the reasons for failure. Therefore, patient comfort must be monitored. Non-pharmacological methods and analgo-sedative drug schemes are used to manage agitation during NIV. In the case of agitation, the addition of sedatives to therapy should be considered. There is evidence that sedation reduces the NIV failure rate. In the selection of the drug, clinical and side effects should be considered. Sedative drugs should be administered in ICU, in the presence of well-trained personnel in airway emergency management, with monitoring of vital signs and depth of sedation (37).

One limitation of this study was that it was conducted in a single center and with a limited number of participants. In this study, in which we evaluated the sedative effects of the drugs used with the target RSS 2–3, we did not add analgesic drugs in addition to propofol, which has no analgesic effect. Using drugs in different doses, we aimed to establish the best safe and effective evidence-based dosing recommendation for sedatives used in NIV intolerance. We did not study propofol at high doses due to the high possibility of side effect.

In conclusion, in this prospective study, we compared the results of three drugs (propofol, dexmedetomidine, and remifentanil) in patients with NIV intolerance. Seventy-five patients (62.5%) in total become tolerant of NIV after starting the drugs. Sedation used in patients with NIV intolerance increased the success of NIV. NIV failure, mortality, ICU LOS, IMV time, and hospital LOS were found to be lower with dexmedetomidine. With the use of low doses, the incidence of side effects decreased, the target sedation level was reached, and NIV intolerance decreased.

We believe that this study, supported by multicenter studies with larger sample sizes in the future, will help improve outcomes, in patients with NIV intolerance, who are hospitalized in the ICU due to respiratory failure.
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Background: Bedside ultrasound is often used to determine the etiology of hypoxaemia, but not always with definitive results. This case reports the application of electrical impedance tomography (EIT) and saline injection to determine the etiology of hypoxaemia in a complex case that could not be identified by bedside ultrasound. The determination of the etiology of hypoxaemia by EIT and saline injection, regional ventilation and perfusion information can be used as a new clinical diagnostic method.

Case presentation: A post-cardiac surgery patient under prolonged mechanical ventilation for lung emphysema developed sudden hypoxemia in the intensive care unit (ICU). A line pattern and lung sliding sign abolishment were found in the left lung, but there was no evidence of a lung point sign on bedside ultrasound. Hence, the initial diagnosis was considered to be a massive pneumothorax. To further define the etiology, EIT and saline bolus were used to assess regional ventilation and perfusion. A massive ventilation defect was found in the left lung, in which regional perfusion was maintained, resulting in an intrapulmonary shunt in the left lung. Finally, the conjecture of a pneumothorax was ruled out considering the massive atelectasis. After the diagnosis was clarified, hypoxaemia was corrected by restorative ventilation of the left lung after changing the patient's posture and enhancing sputum drainage with chest physiotherapy.

Conclusions: This was the clinical case involving EIT and saline bolus to establish the differential diagnosis and guide clinical decisions for patients with acute hypoxemia. This study highlighted that combination regional ventilation, EIT perfusion, and saline bolus provided helpful information for determining the etiology of hypoxemia. The results of this study contribute to the development of emergency patient management.

KEYWORDS
 EIT, lung perfusion and ventilation, massive atelectasis or pneumothorax, case report, electrical impedance tomography


Background

Interpreting ventilation-perfusion matching is essential in the differential diagnosis of acute hypoxemia. Electrical impedance tomography (EIT) is a new, non-invasive, radiation-free, bedside lung imaging method, that has gained attention in the diagnosis of acute respiratory failure (ARF), such as pleural effusion and pneumothorax (1, 2). Moreover, the saline bolus-based EIT method has been validated against electron beam computed tomography (CT) imaging for assessing regional lung perfusions (3). Hence, combination regional ventilation with perfusion data derived from EIT and saline bolus significantly aids in the bedside diagnosis of ARF etiology. We report a case involving the application of EIT and saline bolus to determine the etiology of an acute hypoxemia patient with a suspected pneumothorax on bedside ultrasound. This case had been enrolled in a previous study (4).



Case presentation

A 58-year-old post-cardiac surgery patient, who underwent prolonged mechanical ventilation [pressure support (PS) mode: PS 12 cmH2O, positive end-expiratory pressure 5 cmH2O, fraction of inspired oxygen 40%] for lung emphysema, developed sudden dyspnea and severe hypoxemia [peripheral oxygen saturation (SpO2) decreased from 99 to 76%] in the ICU. The patient had a heart rate of 110-120 bp/min and blood pressure of 120-130/75-90 mmHg. A previous CT scan showed emphysema and a pulmonary bulla in the left lung (Figure 1). The medical team immediately performed an emergency bedside ultrasound on the patient. A line pattern and lung sliding sign abolishment were found in the left lung (Figure 2), but there was no evidence of a lung point sign on emergency bedside ultrasound. A massive pneumothorax was suspected. Immediately afterwards, the doctor called the radiology department for a bedside chest X-ray scan. In the meantime, the EIT and saline bolus were used to assess the regional ventilation and perfusion. A massive ventilation defect was found in the left lung, which had normal perfusion (Figure 2). This suggested an intrapulmonary shunt in the left lung. Massive atelectasis, rather than pneumothorax, was considered. After enhancing sputum drainage by changing the patient's posture and chest physical therapy, the SpO2 improved, and the left lung ventilation recovered (Figure 3). The radiology staff arrived at the ICU unit to perform the scan later than the EIT assessment was completed. The bedside chest X-ray excluded pneumothorax (Figure 4). When the patient was successfully weaned from the ventilator, he was transferred to the regular ward 19 days after ICU admission.


[image: Figure 1]
FIGURE 1
 The computed tomography (CT) scans of the patient (baseline). A baseline lung CT scan noted emphysema and pulmonary bulla in the left lung. The arrow in this figure points to the pulmonary bulla of lung.



[image: Figure 2]
FIGURE 2
 The lung ultrasound and EIT monitoring (hypoxemia occurs). 1. Lung ultrasound imaging with a convex probe (5 MHz) showed the absence of gliding sign, confirmed by the Barcode sign in M-mode at the onset of hypoxemia. 2. Functional electrical impedance tomography (EIT) images of ventilation and perfusion distribution at the onset of hypoxemia. Low-ventilated regions are marked in dark blue and high-ventilated regions in white. Regions with high perfusion are marked in red and low perfusion in blue. A massive ventilation defect was found in the left lung in which perfusion was maintained, and perfusion and ventilation matched the image at the onset of hypoxemia. Regions with high ventilation and low perfusion (indicate dead space) are marked in light green; low ventilation and high perfusion regions (indicate intrapulmonary shunt) in light blue; good ventilation-perfusion matching in yellow.



[image: Figure 3]
FIGURE 3
 The results of the EIT assessment of the patient's lungs (post-treatment).



[image: Figure 4]
FIGURE 4
 The chest X-ray of patient. Chest radiography did not show signs of pneumothorax. Functional EIT images of ventilation showed that the defect of the left lung had been restored after treatment.




EIT methods

Electrical impedance tomography measurements were performed using PulmoVista (Dräger Medical, Lübeck, Germany). During the protocol, a silicone EIT belt with 16 surface electrodes was placed around the patient's thorax in one transverse plane corresponding to the fourth intercostal parasternal space, and then connected to the EIT monitor. A bolus of 10 ml 10% NaCl was injected through the central venous catheter during an 8s respiratory pause. The ventilation maps were derived from a previous publication, where the impedance changes reliably tracked local changes in the air content within the lung, pixel by pixel (1). The perfusion maps were obtained by injecting a bolus of 10 ml hypertonic solution (NaCl 10%) through a central venous catheter during an expiratory breath-hold for at least 8 s. Due to its high conductivity, NaCl 10% acted as an EIT contrast agent, which passed through the pulmonary circulation after being injected into the right atrium, thereby producing a dilution curve following the typical first-pass kinetics. The resulting regional time impedance curves were then analyzed to quantitatively assess regional perfusion (3, 5).



Discussion and conclusions

This case demonstrated the application of combined ventilation with perfusion data from EIT and saline bolus to establish the differential diagnosis of acute hypoxemia. EIT has been used in several animal studies and clinical cases to identify pneumothorax by regional ventilation defection (6, 7).

However, regional ventilation defection results from various intrathoracic pathologies, such as atelectasis, hemothorax, and pneumothorax. Without additional imaging data, it is difficult to establish the differential diagnoses clinically. EIT has been used as a diagnostic tool for atelectasis. EIT is currently used in clinical practice to monitor the patient's lung ventilation, which can indirectly assist the clinician in determining the patient's lung condition. In this case the patient was in a unique situation and we administered saline as soon as the patient's condition allowed, which helped us to further determine the patient's condition and identify the patient as having pulmonary asplenia. The combined regional ventilation and perfusion enhances EIT performance in determining lung pathology. Tingay et al. reported the use of EIT to measure perfusion and ventilation patterns in a newborn with impaired perfusion and ventilation in a single lung (8).

In the present case, we auscultated the patient's lungs and found a reduced breath sound, but no positive signs on percussion. We immediately performed a bedside lung ultrasound and EIT. A massive pneumothorax was suspected based on a “regional ventilation defection,” and “A line pattern and lung sliding sign abolishment” on bedside EIT and ultrasound examination. However, pneumothorax could not be determined without findings of the lung point sign. The presence of the lung sliding sign excluded pneumothorax, but the absence of lung sliding sign can be related to other conditions, such as phrenic nerve paralysis, pleural adhesions, pulmonary contusion, emphysema, and obesity (8). Moreover, the patient had emphysema in the related lung region. Anna Del Colle et al. reported that the lack of the “gliding sign” mimicked pneumothorax in patients with severe asthmatic patients (9). Boccatonda et al. found that lung sliding sign was abolished by lung atelectasis, but not pneumothorax (10). That was due to adhesions caused by solid lung lesions and the lung sliding sign may disappear.

The present case supported the utility of the combination of regional ventilation and perfusion, assessed by saline injection, in differentiating between pneumothorax and atelectasis, and making an accurate clinical decision. The lung regional perfusion and saline bolus helped identify massive intrapulmonary and extrapulmonary lesions. A similar change in regional ventilation defection with normal perfusion was observed in the one-lung ventilation animal model with capnothorax (5). Moreover, several animal studies have found that the indicator-based EIT method determined the regional lung perfusion defect after a pulmonary embolism-like event (3).

This patient was enrolled in a clinical study of using lung perfusion and ventilation by EIT for respiratory failure etiology. The related examinations for massive atelectasis or pneumothorax were performed based on clinical regulations, and the EIT examination did not affect the clinical therapy in this case. Because the lung point sign was not observed, the bedside ultrasound could not make a definitive diagnose of pneumothorax. Moreover, the chest X-ray examination usually takes about 30-60min since there was no mobile X-ray machine at the bedside in our department. Hence, the EIT examination was a reasonable option, which has potential advantages for early diagnoses. We found that the EIT examination was helpful for the differential diagnoses of massive atelectasis or pneumothorax in this case. The diagnosis of EIT corresponded with the result of the following Chest-X ray examination. The patient's atelectasis improved after physiotherapy of the lungs and therefore no definite atelectasis images were found on chest X-ray. This case suggested that saline bolus EIT examination might be an early and alternative method for respiratory failure etiology during the waiting period for Chest-ray under some difficult conditions. Caio et al. found that EIT Monitoring could early identify pneumothorax appearance during recruitment maneuvers in ARDS patients (11). Moreover, the influence of the 10 mL 10% NaCl on hydro electrolyte balance was minimal. Several clinical studies have validated the safety of the method (12).

At last, we acknowledge that monitoring and judgment of pulmonary circulation using EIT is still not well established. The case, as a proof concept, will significantly contribute to the development of emergency patient management by saline bolus EIT examination.
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Objective: To establish an early warning scoring system for septic shock in patients with digestive tract perforation (DTP) and evaluate its diagnostic efficacy.

Methods: Patients with surgically confirmed or clinically diagnosed DTP admitted to the Department of Intensive Care Medicine of Fujian Provincial Hospital from June 2012 to October 2021 were retrospectively analyzed. General demographic characteristics, perforation-related information, vital signs, common laboratory indicators, and common ICU scores (Glasgow Coma Scale score, Acute Physiology and Chronic Health Evaluation-II score,Sequential Organ Failure Assessment score) were collected. The patients were divided into shock group and non-shock group according to whether the patients had septic shock during hospitalization. The risk factors of septic shock were screened by basic statistical analysis and multivariate Logistic regression analysis. The receiver operating characteristic curve was drawn to determine the cut-off value of the continuous indicators and discretized with reference to clinic, and the corresponding score was set according to the β regression coefficient of each variable.

Results: A total of 176 patients with DTP were included. The average age of the patients was 64.13 ± 14.67 years old, and 74.40% were males. The incidence of septic shock was 30.11% (53/176). Multivariate Logistic regression analysis showed that the highest heart rate≥105 beats/min, Glasgow Coma Scale score≤14 points, lactic acid≥5.75 mmol/L, procalcitonin≥41.47 ug/L, C-reactive protein≥222.5 mg/L were independent risk factors for septic shock in patients with DTP. The total score of clinical diagnostic scoring system of septic shock in patients with DTP was 6 points, including the highest heart rate≥105 beats/min (1 point), lactic acid≥5.75 mmol/L (two points), procalcitonin≥41.47 ug/L (one point), C-reactive protein≥222.5 mg/L (1 point), and Glasgow Coma Scale score≤14 points (1 point). The area under ROC curve (AUC) of this scoring system was 0.789 and the 95% confidence interval was 0.717–0.860 (P < 0.001); when the optimal cut-off value was 2.5, the sensitivity and specificity were 54.70 and 87.80%, respectively.

Conclusion: This new score system has its certain clinical value and has important guiding significance for clinicians to judge the prognosis of patients with DTP in time.

KEYWORDS
 septic shock, gastrointestinal tract, perforation, risk factors, early warning score


Background

Digestive tract perforation (DTP) is a potentially devastating complication that may result from various disease processes and is an important indication of emergency surgery. The most common conditions that cause gastrointestinal perforation are peptic ulcer, gastrointestinal tumor, trauma, and inflammatory bowel disease. If left untreated, it leads to death. Although the incidence of DTP has decreased significantly over the past 30 years, especially due to the development of intensive care technology, the advancement of treatment concepts, and the development of various new drugs, the mortality rate is still high (1, 2). According to statistics, the average 30-day mortality rate of peptic ulcer perforation is 23.75% (3). Another report pointed out that gastrointestinal perforation accounted for 40% of peptic ulcer-related deaths, and its 90-day mortality rate was as high as 30% (4–6). Multiple factors, including advanced age, use of non-steroidal anti-inflammatory drugs, diabetes, and use of glucocorticoids, have been associated with increased mortality in patients with DTP (7–10).

Septic shock is a major risk factor for increased mortality in patients with DTP (2, 4). Five studies in Europe, Asia, and Africa reported a significant increase in shock-related mortality in patients with DTP (11–15). Also, septic shock after DTP is a common critical illness in intensive care units (ICU) (16). It is estimated that 30–35% of patients with DTP have sepsis before they arrive in the operating room, and 25% of patients develop septic shock within 30 days of surgery (17).

Recent studies indicated that early recognition and appropriate management of the first few hours after septic shock could significantly improve the prognosis of patients (18). However, so far, no early identification methods have been proposed for screening patients with DTP. Therefore, based on quantitative clinical data, in this study, we analyzed risk factors of septic shock in the patients with DTP and established an early warning scoring system for septic shock in patients with gastrointestinal perforation, aiming to assist clinicians in early identification and intervention of patients with DTP, so as to reduce the occurrence of adverse outcomes.



Materials and methods


Study design

Patients with surgically confirmed or clinically diagnosed DTP admitted to the Department of Intensive Care Medicine of Fujian Provincial Hospital from June 2012 to October 2021 were retrospectively analyzed. DTP was defined as the destruction of the integrity of the digestive tract, i.e., complete non-invasive penetration of the wall of the esophagus, stomach, small intestine, or large intestine (19). The clinical diagnostic criteria were the presence of free gas under the diaphragm by the plain abdominal film in a vertical position, or the presence of gas-liquid coexistence by abdominal ultrasound, or the presence of free gas in the abdominal cavity by abdominal computed tomography (CT) (20, 21). The diagnostic criteria for septic shock were in line with sepsis-3.0 (22), i.e., patients with sepsis had persistent hypotension after adequate volume resuscitation and needed vasoconstrictor drugs to maintain mean arterial pressure (MAP) ≥ 65 mmHg and serum lactate level > 2 mmol/L.

Patients were divided into shock group and non-shock group according to whether septic shock occurred during hospitalization. Clinical data, including demographic characteristics, perforation-related information, vital signs, common laboratory indicators, ICU common scores (Glasgow Coma Scale score, GCS score;Acute Physiology and Chronic Health Evaluation-II score,APACHE-II score;Sequential Organ Failure Assessment score,SOFA score), and mortality rate within 28 days were collected and compared.

The study protocol was approved by the ethics committee (K2021-09-043), and since it was a retrospective study, the informed consent of patients was exempted from ethical approval.



Research subjects

Inclusion criteria were: (1) patients admitted to the Intensive Care Unit of our Hospital from June 2012 to October 2021; (2) patient aged > 18 years at the date of admission; (3) patients with surgically confirmed or clinically diagnosed DTP based on the above criteria (see section Study design). Exclusion criteria were: (1) patients aged <18 years; (2) those with missing electronic medical records. All selected patients were routinely treated by the same associate chief physician with 10 years of experience in the field.



Data collection

The general data of patients were collected, including gender, age, past medical history, perforation area, and perforation-operation time interval. Within 24 h of admission to ICU, the heart rate (HR), respiratory rate (RR), mean arterial pressure (MAP), oxygenation index (PaO2/FiO2), 24-h urine volume, serum sodium (Na+), serum potassium (K+), total bilirubin (TBIL), serum creatinine (SCr), platelet count (PLT), albumin (Alb), procalcitonin (PCT), C-reactive protein (CRP), the potential of hydrogen (pH), lactic acid (Lac), GCS score, APACHE-II score, SOFA score and the mortality rate within 28 days were collected and analyzed.



Statistical analysis

Data were analyzed using SPSS 25.0 statistical software. Quantitative data conforming to a normal distribution were expressed as mean ± standard deviation (x̄± s), and the unpaired t-test was used for comparison between groups. The quantitative data with skewness distribution were expressed as median (quartile) [M (QL, QU)], and the Wilcoxon Mann-Whitney test was used for comparison between groups. Categorical data were expressed as percentages, and the chi-square test was used for comparison. Variables with P ≤ 0.05 (bilateral) were considered to be statistically significant and variables with P > 0.05 were excluded. The receiver operator characteristic curve (ROC curve) was used to analyze the retained continuous indicators to determine the cutoff value and were discretized into discrete indicators by referring to clinic. Taking the occurrence of septic shock as the dependent variable, the independent variables were screened by the method of forwarding stepwise regression (LR), and the independent risk factors of shock in patients with DTP were determined by multivariate Logistic regression analysis. Relative risk was expressed by odds ratio (OR) and 95% confidence interval (95%CI). The corresponding score was set according to the β coefficient of each risk factor, and the sum of each risk factor's scores was the patient's total risk score. The diagnostic efficiency of the scoring system was evaluated by area under ROC Curve (AUC). AUC ranged from 0.5 to 1.0, with <0.7 indicating low diagnostic value, 0.7–0.9 indicating moderate diagnostic value, and >0.9 indicating high diagnostic value.




Results


Characteristics of patients

A total of 290 patients with gastrointestinal perforation were screened. Then, 22 patients who were <18 years old and 92 patients with serious missing electronic medical records were excluded (Figure 1). Finally, 176 patients were included in the analysis, including 53 patients with septic shock and 123 patients without septic shock (Table 1). The average age of the patients was 64.13 ± 14.67 years, and 74.40% were male. The median perforation area was 2.13 (0.64, 3.09) cm2, and the median time interval from perforation to operation was 4.5(2.37, 53.02) h. The mortality rate within 28 days was 11.40%. APACHE-II score, SOFA score, highest HR, highest K+, Lac, PCT, CRP, and SCr in the shock group were higher than those in the non-shock group, while GCS score, Alb, pH, PaO2/FiO2 were lower than those in the non-shock group (all P < 0.05). However, there were no significant differences in gender, age, perforation area, the time interval from perforation to operation, 24-h urine volume, PLT, TBIL, and other indicators between the two groups.


[image: Figure 1]
FIGURE 1
 Flowchart of DTP cohorts analyzed showing the inclusion and exclusion criteria. DTP, digestive tract perforation.



TABLE 1 Comparison of general data of the two groups of patients.
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The optimal cut-off value of the continuous index is determined and discretized

ROC curve was used to analyze the continuous indicators, including highest HR, GCS score, Lac, SCr, PCT, CRP, highest K+, Alb, pH, SOFA score, and APACHE-II score (Table 2). The cut-off value corresponding to the maximum value of the Jorden index was taken as the diagnostic cut-off point to determine the optimal cut-off value (highest HR: 105 beats/min, Lac: 5.75 mmol/L, SCr: 116.5 umol/L, PCT: 41.47 ug/L, CRP: 222.5 mg/L, highest K+: 4.35 mmol/L, Alb: 18.15 g/L, pH: 7.28, PaO2/FiO2: 171.75 mmHg, GCS score: 14.5 points, SOFA score: 8.88 points, APACHE -II score: 22.5 points), and transformed into dichotomous data according to clinic.


TABLE 2 The optimal cut-off value and assignment of continuous indicators.
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Univariate logistic regression analysis was used to screen the risk factors of septic shock in patients with DTP

Univariate Logistic regression analysis was used to screen the risk factors affecting the occurrence of septic shock (Table 3): With the occurrence of septic shock as the factor variable, univariate Logistic regression analysis was performed on the above discrete indicators (highest HR ≥ 105 beats/min, GCS score ≤14 points, Lac ≥5.75 mmol/L, SCr ≥116.5 umol/L, PCT ≥ 41.47 ug/L, CRP ≥ 222.5 mg/L, highest K+ ≥ 4.35 mmol/L, Alb ≤ 18.15 g/L, pH ≤ 7.28,PaO2/FiO2 ≤ 171.75 mmHg, SOFA score ≥8.88 points, APACHE-II score ≥22.5 points), and the results were all statistically significant indicators (all P < 0.05).


TABLE 3 Univariate logistic regression analysis on the occurrence of septic shock.
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Multivariate logistic regression analysis was used to screen the independent risk factors of septic shock in patients with DTP

With the occurrence of septic shock as the dependent variable, the above discrete indicators (highest HR ≥ 105 beats/min, GCS score≤14 points, Lac ≥ 5.75 mmol/L, SCr ≥ 116.5 umol/L, PCT ≥ 41.47 ug/L, CRP ≥ 222.5 mg/L, highest K+ ≥ 4.35 mmol/L, Alb ≤ 18.15 g/L, pH ≤ 7.28,PaO2/FiO2 ≤ 171.75 mmHg, SOFA score ≥8.88 points, APACHE-II score ≥22.5 points) were included in the multivariate Logistic regression equation for analysis (Table 4). The independent variables were screened by Forward stepwise regression (LR). Independent risk factors of septic shock were: highest HR ≥ 105 beats/min (odds ratio (OR) = 2.977, 95% confidence interval (95% CI) was 1.405~6.311, P = 0.004), GCS score≤14 points (OR = 2.494, 95% CI was 1.127~5.522, P = 0.024), Lac ≥ 5.75 mmol/L (OR = 4.907, 95%CI was 1.490~16.165), PCT ≥ 41.47 ug/L (OR = 2.821, 95%CI was 1.321~6.028, P = 0.007), CRP ≥ 222.5 mg/L (OR = 3.298, 95% CI was 1.401–7.760, P = 0.006).


TABLE 4 Multivariate logistic regression analysis on the occurrence of septic shock.
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Determination of the score of each index

The regression coefficient of the β value obtained by Logistic regression analysis was assigned to calculate the ratio of the β value of the screened variables to the minimum β value and determine the score of the calculated ratio (Table 5). Finally, the clinical diagnostic score system of shock in patients with DTP was successfully constructed: the highest HR ≥ 105 beats /min (one point), GCS score ≤14 points (one point), Lac ≥ 5.75 mmol/L (2 points), PCT ≥ 41.47 ug/L (1 point), CRP ≥ 222.5 mg/L (one point), and the total score was 6 points.


TABLE 5 Coefficients and scores of diagnostic indicators of septic shock in patients with DTP.
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Diagnostic efficacy

The scores of all patients were calculated according to the above-established scoring system for the clinical diagnosis of shock in patients with DTP; the clinical diagnostic value of shock was evaluated by the ROC curve (Figure 2). The results showed that the AUC of the scoring system for the septic shock diagnosis was 0.789, the 95% CI was 0.717–0.860 (P < 0.001). When the optimal cut-off value was 2.5 points, its sensitivity and specificity were 54.70 and 87.80%, respectively.


[image: Figure 2]
FIGURE 2
 Diagnostic efficacy. ROC curve was the receiver operating characteristic curve; AUC was the area under the ROC curve; the scoring system was constructed by the highest HR ≥ 105 beats/min (1 point), Lac ≥ 5.75 mmol/L (two points), PCT ≥ 41.47 ug/L (one point), CRP ≥ 222.5 mg/L (one point), and GCS score ≤14 points (one point).





Discussion

In this study, an early warning scoring system for septic shock in patients with DTP was successfully established based on general demographic data, perforation-related information, vital signs, common laboratory indicators, GCS score, APACHE-II score, and SOFA score. Early warning score of septic shock included: DTP = highest HR ≥ 105 beats/min (one point) + GCS score ≤14 points (one point) + Lac≥5.75 mmol/L (two points) + PCT ≥ 41.47 ug/L (one point)+CRP ≥ 222.5 mg/L (one point). When the optimal cut-off value was 2.5 points, the sensitivity and specificity were 54.70 and 87.80%, respectively. The early warning scoring system for septic shock in DTP will provide more possibilities for the treatment and diagnosis of patients with DTP.

Tachycardia is a warning sign of internal metabolic stress (23). Persistent tachycardia often suggests a poor prognosis in patients with septic shock (24). Songne et al. (25) found that HR > 94 beats/min was a significant predictor of failure of non-surgical treatment in patients with perforated peptic ulcers. Moreover, Møller et al. (26) suggested that tachycardia was one of the poor prognostic factors in patients with perforated peptic ulcers. Our study showed that the highest HR ≥ 105 beats/min was an independent risk factor for septic shock in patients with DTP, which was consistent with previous findings (24–26). Therefore, for patients with DTP, the HR should be closely monitored after admission.

Consciousness change is one of the three major clinical windows for assessing organ perfusion in patients with septic shock (27). Various scores associated with sepsis prognosis, including the SOFA score (28), APAPHE-II score (29), and the National Early Warning Score (NEWS) (30), have been used to assessing patient sanity with GCS score. Multiple studies have confirmed that GCS scores are associated with poor prognosis in patients with sepsis. In 1993, Basto et al. (31) found that lower GCS scores associated with sepsis were associated with higher mortality. A recent study by Wu et al. (32) confirmed that the GCS score was an important risk factor for predicting death in patients with sepsis. However, in the diagnostic criteria for septic shock proposed in Sepsis-3.0 (22), the GCS score is not a necessary condition for the diagnosis of septic shock but one of the detection items of SOFA score and has an auxiliary diagnostic value for septic shock. This study confirmed that a GCS score ≤14 points can be used as an independent risk factor for septic shock in patients with DTP, suggesting that consciousness change has a stronger early predictive value for patients with DTP. In addition, consciousness change was the manifestation of insufficient central perfusion in patients with sepsis, which was easily observed in clinical practice and had good timeliness and promotion. Therefore, compared with the diagnostic criteria of Sepsis-3.0 (22), the early warning scoring system of septic shock established in this study could assist clinicians in identifying patients with DTP combined with shock, thus guiding clinical diagnosis and treatment strategies.

Elevated arterial lactate is a manifestation of tissue hypoperfusion. In sepsis-3.0 (22), Lac ≥ 2.0 mmol/L is listed as one of the diagnostic criteria for septic shock. As an indicator of tissue hypoperfusion in patients with severe infection associated with patient prognosis, elevated lactate levels could assist clinicians in early predicting outcomes in patients with septic shock (33). In a retrospective study of 1,043 patients with septic shock, Oh et al. found a poorer prognosis in patients with high lactic acid compared to those with low lactic acid, suggesting that arterial lactic acid is a very reliable diagnostic and prognostic predictor of septic shock (34). Moreover, Bakker et al. (35) suggested that Lac >2 mmol/L is an independent risk factor for death in patients with septic shock. However, this study showed that Lac≥5.75 mmol/L was an independent risk factor for septic shock in patients with DTP, and Lac accounted for a high percentage of the early warning scoring system constructed in this study, suggesting that hyperlactatemia had a good early prediction value for septic shock in DTP patients. However, the optimal cut-off value of lactate in this study was significantly higher than the cut-off value of lactate in sepsis-3.0 (22), and the lactate level in the non-shock group was also significantly higher than the normal range which might be related to the combination of stress hyperlactatemia in patients with DTP. When the digestive tract is perforated, stress factors such as inflammation, pain, and surgical trauma could stimulate the secretion of catecholamines, leading to stress hyperlactatemia. Therefore, in a clinical setting, in addition to actively improving the microcirculation perfusion state, stress factors should also be actively controlled to reduce stress injury and avoid secondary injury caused by excessive resuscitation in patients with DTP complicated with hyperlactatemia.

As rapid and reliable markers of inflammation, serum procalcitonin (PCT) and C-reactive protein (CRP) play irreplaceable roles in diagnosing infectious diseases (36–38) and have a good clinical diagnosis and prognostic value for patients with sepsis and septic shock (39). A prospective study (40) of 78 patients with suspected sepsis admitted to the ICU suggested that PCT had good diagnostic and prognostic value in sepsis and septic shock. In a study of 423 patients with DTP, Grupp et al. (41) confirmed that elevated CRP had a predictive value for adverse outcomes in patients with DTP. In this study, we found that PCT ≥ 41.47 ug/L and CRP≥222.5 mg/L are independent risk factors for septic shock in patients with DTP, which further confirms that elevated levels of PCT and CRP could predict septic shock in patients with DTP. In this study, specific cut-off values of PCT and CRP levels were given, which were higher than those of other site infections. Therefore, it suggested that PCT and CRP might respond differently to infection at different sites, and enteric-borne infection might cause higher levels of PCT and CRP. In addition, it should be noted that since CRP was less specific, surgical trauma and other factors could also affect CRP levels, and reducing the interference of other factors on CRP might help obtain more valuable results.

This study has a few limitations. First, this study was a retrospective single-center study with relatively small sample size. Thus, a large-scale multi-center study is needed for further verification. Second, all patients included in this study were admitted to ICU, and those not admitted to ICU were excluded, which might lead to selection bias and affect the clinical characteristics of the non-shock group. Third, patients receiving antibiotics were not excluded in this study, which might affect the experimental results. However, since most patients with DTP in our hospital received emergency surgical treatment immediately after admission, the effect of antibiotic treatment on the experimental results should be relatively small based on the actual situation. Fourth, due to the limited sample size, this study has not been validated, which will limit the diagnostic efficiency and clinical application of the early warning scoring system. We will make further improvements in future larger studies.

In conclusion, the highest HR ≥ 105 beats/min, GCS score ≤14 points, Lac ≥ 5.75 mmol/L, PCT≥ 41.47 ug/L, CRP≥222.5 mg/L were independent risk factors for septic shock in patients with DTP. The early warning scoring system of septic shock in patients with DTP constructed based on these risk factors showed its certain clinical value, providing early warning indicators for clinicians to identify patients with DTP complicated with shock, which might improve the prognosis of patients. These indicators are easy to obtain in clinical practice and have been used in clinical practice for a long time, so they have a good promotion. The establishment of a scoring system based on common indicators may improve the prognosis of patients with septic shock in DTP, which is expected to contribute to the standardization of clinical teaching and practice of intensive care medicine and anesthesiology.
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Purpose: Little epidemiological data exist on patients with severe infection in the plateau region of China, and the data that do exist are lacking in quality. Using the medical records of patients with severe infection in the Department of Intensive Medicine (intensive care unit; ICU) of the People's Hospital of Tibet Autonomous Region, this study analyzed the epidemiological and clinical characteristics of patients with septic shock in plateau area (Tibet), with the ultimate aim of reducing the incidence and mortality from this condition.

Methods: Clinical data on 137 patients with septic shock in the studied ICU from November 2017 to October 2019 were retrospectively analyzed using SPSS, Version 21.0.

Results: Among the 137 patients with septic shock, there were 47 survivors and 90 in-hospital or post-discharge deaths. There were 91 male patients and 46 female patients. The incidence of septic shock was 11.3%, and mortality rate was 65.7%. Median age was 55 years old, median APACHE-II score on the day of admission was 17, median SOFA score was 11, and median number of organ injuries was one. APACHE-II score (P = 0.02), SOFA score (P < 0.001), and the number of organ injuries (P < 0.001) were higher among patients who died than among survivors. The infections were mainly pulmonary and abdominal, and the main pathogen was gram-negative bacteria.

Conclusion: The incidence and mortality of septic shock in ICU wards in Tibet are very high. The APACHE-II score, SOFA score, and the number of organ damage on the first day after diagnosis are independent risk factors for septic shock. To some extent, this study reflects the epidemiological characteristics of septic shock in the plateau region of China (≥ 3,650 m above sea level) and provides data that can support the prevention and treatment of sepsis in the future. More and deeper epidemiological studies of septic shock are necessary.
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Introduction

Sepsis is a life-threatening organ dysfunction caused by the host's response to an infection (1). Sepsis is one of the main fatal diseases for patients in intensive care units (ICUs) (1, 2) and is associated with a significant disease burden and negative economic impact (3). The number of sepsis patients worldwide exceeds 19 million each year, six million of whom die. Worldwide, the sepsis mortality rate exceeds 25%, and about three million patients with sepsis who survive have cognitive impairment (4).

At present, the world pays significant attention to septic shock, and research on the epidemiology of septic shock has gradually increased; however, most of these studies have been conducted in developed countries, primarily in Europe and the United States, and only a few studies on the incidence of sepsis in ICUs have been carried out in mainland China. Research on the sepsis mortality in the whole world has concentrated on tertiary teaching hospitals in large cities (5), and data are particularly scarce for plateau areas (≥ 3,650 m above sea level), where the economy is less developed and the distribution of medical resources is unbalanced. Tibet is located in China's southwestern frontier, which has a large area and is sparsely populated. Overall, transportation in the region is inconvenient, and the distribution of medical resources is unbalanced. Most primary hospitals in this area do not have the ability to identify and treat patients with septic shock, who need to be treated in a Grade A hospital. The Department of Critical Care Medicine of the People's Hospital of Tibet Autonomous Region is the first established relatively complete department of its kind in Tibet; thus, most patients with severe infections are treated here. This study first analyzed the medical records of patients with septic shock admitted to this ICU in Tibet which is one of the typical plateau area around world to clarify their epidemiological and clinical features, with the ultimate aim of preventing septic shock and reducing sepsis. The current incidence of shock and the present case fatality rate can serve as reference values for these efforts.



Materials and methods


Sample and data

We used data on 137 patients with septic shock admitted to the Department of Intensive Medicine of the People's Hospital of Tibet Autonomous Region from November 2017 to October 2019.

Patients diagnosed with septic shock in the ICU or during hospitalization were included in the study. As for diagnostic criteria, all included patients met the criteria for the diagnosis of septic shock specified in Sepsis 3.0, which was issued jointly by the Society of Critical Care Medicine and the European Society of Intensive Care Medicine in 2016 (6), patients with infection or suspected infection who develop sepsis-related sequential organ failure, as determined by the Sequential Organ Failure Assessment (SOFA) score increasing ≥ 2 points from baseline, can be diagnosed as having sepsis. Septic shock is persistent hypotension caused by sepsis. Patients with septic shock require vasoactive drugs to maintain a mean arterial pressure ≥ 65 mmHg (1 mmHg = 0.133 kPa) and blood lactate concentration > 2 mmol/L after full-volume resuscitation. Patients under 15 years of age and those with <24 h of hospitalization were excluded from the study.



Research methods
 
Data collection

Data were collected on associated infection indicators [WBC, PLT, procalcitonin (PCT), and CRP], as well as patient age, sex, outcome of hospitalization, major diagnosis, site of infection, underlying disease, pathogens, number of organ injuries, Acute Physiology and Chronic Health Enquiry (APACHE-II) score on the first day of admission, Sequential Organ Failure Assessment (SOFA) score, use of continuous renal replacement therapy (CRRT), and total mechanical ventilation time. At the hospital level, we collected data on the total number of patients admitted and the total number of patients with septic shock.



Zero-time point

The zero-time point was set as the time when the patient was admitted to the ICU for septic shock or the time of diagnosis of septic shock in the ICU. For patients with multiple infections, only the time of the first septic shock was included in the analysis.



Data analysis

The data were analyzed using SPSS, Version 21.0 software. Data on normally distributed variables are expressed as means and standard deviations. For non-normally distributed variables, we present medians and interquartile ranges (IQRs). The independent t-test was used for normally distributed variables, and the Mann–Whitney U test was used for non-normally distributed variables. For categorical variables, we adopted the chi-square test or Fisher's exact test. We conducted a multiple logistic regression analysis to determine the independent predictors of in-hospital mortality in patients with septic shock, and results are presented as odds ratios and the corresponding 95% confidence intervals. Variables with P ≤ 0.2 in the univariate analysis, such as demographic characteristics, underlying diseases, disease severity, admission status, and prognosis, were included in the multivariate model. The Hosmer–Lemeshow test was used to evaluate the goodness of fit of the regression model. Unmatched comparisons were performed, and all significance tests were two-tailed, with P <0.05 considered statistically significant.



Related explanations

(1) Patients with septic shock were divided into those who died and those who survived depending on whether they died within 28 days of the zero-time point.

(2) Because of regional and religious customs, the families of critically ill patients in the study area relatively frequently request the patients' discharge. Telephone follow-up indicated that more than 98% of self-discharged patients died within 28 days of discharge; therefore, in this study, self-discharged patients were considered to have the outcome of death within 28 days. These cases were combined with in-hospital deaths for total mortality.





Results


Population characteristics and incidence of septic shock

Table 1 shows that, from November 2017 to October 2019, 1,216 patients were admitted to the studied ICU, and admissions for septic shock accounted for 137 patients. A total of 47 patients with septic shock were in the survivor group. The incidence of septic shock was 11.3%, and the death of 90 patients corresponded to a case fatality rate of 65.7%. Compared with related reports in China and elsewhere, this case fatality rate is notably high (6). Among the 137 patients with septic shock, there were 91 male patients and 46 female patients, and the median age was 55 years old (QR: 45.5–68.5). There were 56 patients aged over 60 years, and 39 of these patients died, accounting for 42.2% of all deaths. The P value for the comparison of the survivors and deaths was > 0.05, indicating no statistically significant difference (see Table 1). About half (47.4%) of the patients with septic shock had chronic diseases, mainly cardiovascular and respiratory diseases. On the day of admission, median APACHE-II score was 17 points (IQR: 12–22), median SOFA score was 17 points (IQR: 8–13), median number of organ injuries was one (IQR: 0–3), and median duration of mechanical ventilation was 55 h (IQR: 11.5–154). There were significant differences between those who survived and those who died in median APACHE-II score (P = 0.02), median SOFA score (P < 0.001), and median number of organ injuries (P < 0.001), but not in median duration of mechanical ventilation (P = 0.889). See Table 2 for further baseline information.


TABLE 1 Percentage distribution of age by outcome of septic shock.
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TABLE 2 Population characteristics by septic shock outcom.
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Infection site and pathogen

The lungs (40.9%) and abdominal cavity (15.3%) were the most common sites of infection in patients with septic shock, as shown in Table 3. Among 34 patients, the infection site comprised two or more mixed infections. There were six cases of influenza infection (4.4%; mortality = 100%). Among the 137 patients with microbial culture, 38 (27.7%) were isolated from gram-negative bacteria, 13 (9.5%) were isolated from gram-positive bacteria, and 10 (7.3%) were isolated from fungi. In 46 cases (33.6%), there was a mixed infection of multiple bacteria (see Tables 3, 4).


TABLE 3 Distribution of type septic shock infection by outcome.
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TABLE 4 Distribution of pathogens in septic shock by outcome.
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Mortality for septic shock

Among the 137 patients with septic shock, 90 died in the hospital or after ceasing treatment because of excessive illness or folk customs. The overall mortality was 65.7%.

Median APACHE-II score in the first 24 h after diagnosis of septic shock was higher among those who died (17; IQR: 13.75–23.25) than among those who survived (13; IQR: 9–20; P = 0.02). Likewise, for SOFA score, the median was higher among patients who died (11; IQR: 9–14) than among those who survived (9; IQR: 7–11; P < 0.001). The median number of organ injuries was also higher among those who died (2; IQR: 1–3) than among those who survived (0; IQR: 0–2; P < 0.01). In terms of the infection index, median PCT was significantly higher among those who died (5.08; IQR: 0.59–32.46) than among those who survived (0.82; IQR: 0.16–16.5; P < 0.05; see Table 2).



Risk factors for death from septic shock

The death of patients with septic shock was used as the dependent variable, and indicators that were meaningful in the univariate analysis were used as the independent variables. The multivariate logistic regression analysis showed that APACHE-II score, SOFA score, and the number of organ injuries were statistically significantly associated with the risk of death from septic shock. Table 5 presents the analysis of the independent risk factors for death from septic shock.


TABLE 5 Risk factors for septic shock death.
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Discussion

The incidence of septic shock in the ICU was 11.3% (137 cases of septic shock/1,216 total ICU admissions) in this study. The lungs and abdomen were the most common sites of infection; the most frequently observed pathogen was gram-negative bacteria, and most of the patients had mixed infections. There was no significant difference in mortality between patients with underlying diseases and those without underlying diseases (mortality: 32.1% vs. 33.6%, P > 0.05); the case fatality rate for septic shock was high, at 65.7% (n = 90). APACHE-II score, SOFA score, and the number of organ injuries were higher among patients who died than among those who survived, and the multivariate analysis showed that these variables were independent risk factors for death from septic shock.

Our results are similar to Bin Du's descriptive analysis of sepsis-related mortality in China (7). Sepsis-related mortality was significantly lower in areas with higher disposable income. Increasing mean years of education was negatively associated with sepsis-related mortality. The incidence and mortality found in this study were higher than the those reported by two multi-center surveys of ICUs in mainland China, which reported the total case fatality rate of patients with severe sepsis to be 48.7% and 33.5%—significantly higher than the mortality for severe sepsis in developed countries (8). In Australia and New Zealand, the hospital case fatality rate for severe sepsis declined from 35% in 2000 to 18.4% in 2012; in the United States, the mortality for sepsis (defined by ICD-9-CM) dropped from 27.8% in 1979 to 18.4% in 2012 and then 17.9% in 2000 (9).

There are several reasons that may explain why the incidence and mortality of sepsis is high in the plateau area of China. First, sepsis is a host reaction disorder caused by infection, leading to life threatening organ dysfunction (10). Acute circulatory dysfunction caused by insufficient oxygen delivery and / or impaired cellular oxygen utilization is a major cause of death due to septic shock (11). Microcirculation plays an important role in tissue perfusion; it can ensure that oxygen is delivered to tissues, exchange nutrients and wastes; and regulate inflammation and coagulation. Plateau area is a special geographical environment, with the increase of altitude and the decrease of air pressure, the oxygen content in the air gradually decreases, resulting in a series of hypoxic reactions. The low oxygen content in the atmosphere can significantly reduce the oxygen content of human arterial blood (12). Whether living at high altitude for a long time or entering the plateau rapidly, chronic hypoxia or acute hypoxia, and septic shock, microcirculation is always characteristically changing. The permeability of endothelial barrier plays an important role in maintaining humoral homeostasis and regulating the physiological functions of tissues and organs. Endothelial cells are the main component of microvascular permeability barrier, and endothelial glycocalyx is a layer of glycosaminoglycan and related proteoglycan lining the vascular lumen. In the case of infection and hypoxia (13), the glycocalyx of endothelium degrades greatly, and the permeability of endothelium increases, which leads to the leakage of fluid into the tissue space, resulting in tissue edema; endothelial cells can also stimulate leukocytes to release a large number of inflammatory mediators (TNF-α, IL etc.), at the same time, endothelial cells are over apoptotic, stimulate the expression of adhesion molecules, and release oxygen free radicals, further amplify the role of leukocytes. The phospholipid membrane of apoptotic endothelial cells is exposed to the blood, forming a coagulation promoting reaction surface and activating the coagulation system (14). Hypoxia in high altitude environment will further stimulate capillary cell damage, aggravate microcirculation and cell dysfunction, and eventually lead to organ dysfunction and increased risk of death (12). Second, the Intensive Care Department of the People's Hospital of Tibet Autonomous Region was established relatively recently—in 2008. This hospital is more advanced than other hospitals in the region and treats most patients with severe infections. Therefore, the number of patients with septic shock is higher at the People's Hospital of Tibet Autonomous Region than that at other hospitals in the region, which may contribute to explaining the high incidence observed in the present study (15). Third, many patients can still be treated, despite being critically ill; however, these people are sometimes self-discharged because of religious beliefs and customs. Additionally, some families of critically ill patients choose to abandon treatment because of the high cost of hospitalization. When they were followed up, the great majority of patients who were self-discharged for these reasons had died. This is also a reason for the relatively high mortality observed in this study. This finding should stimulate autonomous regions, counties, townships, and towns to increase public awareness of disease, strengthen the training of local doctors, and further improve the population's awareness of disease prevention and control. Fourth, in the present study, those aged over 60 years accounted for about 40.9% of the cases and 42.2% of all deaths. The overall population is aging, and older adults are more heavily affected by sepsis, compared with their younger counterparts (4). In older age, organ function declines, immunity is reduced, and the number of underlying diseases increases. After infection, septic shock also tends to be more severe in older adults than in younger people, and it is more difficult to reverse the effects in those of older ages. This may be an additional reason for the high incidence seen in this study. Fifth, we found that 41–60-year-olds made up about 40% of all people with septic shock, and this age group also accounted for 40% of all deaths. The development of bad habits in daily life, such as staying up late, excessive drinking, smoking, the lack of exercise, and other harmful behaviors, worsen the cardiovascular health of adults in middle age. The incidence rates of cardiovascular diseases, endocrine diseases, respiratory diseases, tumors, and other diseases reveal increasing trends, whereas immunity is declining, which increases the susceptibility to infection (16). Higher risk of infection, in turn, increases morbidity and mortality among middle-aged people.

Our study is consistent with the results of some international multi-center studies. We found that the infection site of septic shock is mainly the lungs and abdominal cavity, followed by bloodstream infection. This finding suggests that, when the cause of septic shock is unclear, lung and abdominal infections should be given priority, but other infection sites should not be neglected. Previous studies have reported that 70–80% of cases of septic shock caused by pulmonary infection are acquired in the community, which requires emergency and primary care to become key targets for awareness raising and early management (17). Unbalanced distributions of medical sources and insufficient ratios of medical staff to patients in hospitals are associated with higher incidence of hospital-acquired pneumonia (18). Common causes of nosocomial infection are low levels of awareness of hospital infection prevention and control and poor hand and environmental hygiene. Additionally, critically ill patients in the ICU often require sedation, analgesia, and open airways, all of which reduce their immune defenses. At the same time, because of improper care, bed rest may cause lung consolidation, atelectasis, and gastric juice reflux. If measures are not in place for the prevention and control of hospital infection and bacteria are spread, a sudden increase in bacterial load may result in fatalities (19, 20). Shock induced by abdominal infection is more common in cases of delayed removal of the infected foci and inadequate surgical drainage, resulting in excessive bacterial load and increased mortality. Therefore, early diagnosis of sepsis, timely intervention, drainage of postoperative infections, and reduction of bacterial load are extremely important and should be the focus of continued efforts in the future. Bloodstream infection has a very high mortality among ICU patients—as high as 100% in this study. Therefore, close attention should be paid to aseptic operations during surgeries. In addition, daily skin disinfection should be standardized to reduce the possibility of retrograde bacterial infection.

The results of this study suggest that the pathogen was mainly gram-negative bacteria, which is similar to the results of other research in China. To reduce bias, this study examined pathogenic specimens within 24 h of the diagnosis of septic shock, which facilitates the accurate identification of the pathogenic microorganisms of septic shock and can further guide the correct use of antibiotics. It is not uncommon for the abuse of antibiotics to cause microbial resistance; therefore, the sensible selection of antibiotics is another area requiring continuous efforts in the future.

This study showed that APACHE-II score, SOFA score, and the number of organ injuries were independent risk factors for death from septic shock. Among infection indicators, PCT showed a strong positive correlation. APACHE-II score, which was developed as early as the 1980s, has been widely used in clinical practice. This score performed well in predicting the risk of hospital death, and previous studies have also reported that a higher APACHE-II score often indicates a higher risk of hospital death (21). Increases in SOFA score and in the number of organ injuries often indicate more serious organ failure (22), which significantly affects the patient's ultimate outcome. Therefore, in clinical practice, patients with higher scores and higher infection indexes should receive strict dynamic observation and monitoring to slow the progress of the condition and formulate a reasonable and refined treatment plan.



Conclusion

The incidence and mortality of septic shock in ICU wards in Tibet are very high. The APACHE-II score, SOFA score, and the number of organ damage on the first day after diagnosis are independent risk factors for septic shock. To a certain extent, this study reflects the epidemiological characteristics of septic shock in plateau areas (3,650 m and above), and provides certain data support for the prevention and treatment of sepsis in this region in the future. In the future, it is necessary to carry out more, more extensive and more in-depth epidemiological studies of septic shock.
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Insertion of the laryngeal mask airway (LMA) without muscle relaxant requires adequate obtundation of airway reflexes, which may otherwise lead to incorrect or failed LMA placement. This study compared topical lignocaine spray vs. intravenous (IV) fentanyl, during propofol induction for insertion of the ProSeal™ LMA (PLMA). This was a prospective, randomized, double blind study, in ASA I or II patients, for elective or emergency surgery. Seventy patients (n = 70) who fulfilled the inclusion criteria were randomly assigned to receive IV fentanyl 2 mcg/kg or topical lignocaine spray 40 mg, prior to anesthesia induction with IV propofol (2–2.5 mg/kg). ProSeal™ LMA insertion condition was regarded optimal in the absence of adverse responses (gag, cough, laryngospasm and body movements), and successful LMA placement at the first attempt. Hemodynamic parameters were recorded and patients were assessed for sore throat and hoarseness post operatively. Seventy patients were analyzed. The number of patients with optimal PLMA insertion conditions were comparable between the groups (60% vs. 57%, P = 0.808). All hemodynamic parameters were comparable between groups with the exception of heart rate. Sympathetic obtundation of heart rate was greater with IV fentanyl than topical lignocaine (P < 0.05). The proportion of patients with postoperative sore throat significantly increased with the number of insertion attempts (P < 0.05). Topical lignocaine spray to the pharynx is as effective, and may be an alternative to IV fentanyl, during propofol induction for PLMA insertion. Success rate and optimal insertion condition at the first attempt, propofol requirement, blood pressure, adverse events and airway complications were comparable. Heart rate obtundation was less with topical lignocaine spray but remained within clinically acceptable values.
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Introduction

The laryngeal mask airway (LMA) is a supraglottic airway device introduced by Brain in 1983 (1). Its insertion does not require laryngoscopy, and supraglottic placement stimulates less airway reflex and sympathetic response than that associated with endotracheal intubation (2). However, adequate suppression of upper airway reflexes is required, as the LMA is usually inserted without muscle relaxant. Insufficient obtundation of airway reflexes may cause the patient to gag and cough, subsequently leading to incorrect LMA placement or insertion failure (3).

Studies have shown that propofol as an anesthetic induction agent provides superior LMA insertion conditions when compared to thiopentone, as it obtunds better the oropharyngeal and cough reflexes, and decreases sensitivity of the upper airway (4, 5). The recommended propofol dose for LMA insertion ranges from 2.5 to 3.5 mg/kg (6). Larger doses of propofol may cause cardio-respiratory depression, and using it as the sole anesthesia induction agent reduces the success rate of LMA insertion (5, 7).

Laryngeal mask airway insertion conditions are improved when propofol is used in combination with drugs such as midazolam, fentanyl, lignocaine and succinylcholine (5, 7). Opioids such as fentanyl decrease propofol requirement and improve LMA insertion conditions (7, 8). However, significant reductions in systolic and mean arterial blood pressures from baseline values, have been reported after fentanyl 2 μg/kg when compared to fentanyl 1 μg/kg, prior to propofol 2.5 mg/kg induction. Although, blood pressure reduction was not clinically relevant and did not require intervention, caution would have to be exercised in selected patients with poor cardiovascular status, where similar reductions in blood pressure could be clinically significant (9).

Topical and intravenous (IV) lignocaine have been used to obtund airway responses such as coughing and bucking during tracheal intubation (10, 11). Ahmed et al. showed that topical lignocaine spray 40 mg at the posterior pharyngeal wall 3 min before anesthesia induction with propofol 2 mg/kg, provided better LMA insertion conditions than propofol co-induction with IV lignocaine (12). Similarly, prior airway topicalization with lignocaine provided excellent LMA insertion conditions, with lower incidence of gag and cough, compared to IV midazolam (13).

Topical lignocaine provides surface anesthesia to the larynx and pharynx by cell membrane stabilization of the laryngeal and pharyngeal musculature, hence eliminating its sensitivity to airway stimulation during LMA insertion (14). Its anesthetic effect on the pharyngeal wall lasts 20–40 min (15), with lower peak plasma concentration than if it were administered parenterally, hence potentially reduces risk of systemic effects (16, 17).

Blood pressure and heart rate increase after LMA insertion, but were short-lived with values returning to baseline within a minute after airway stimulation (18, 19). Intravenous or topical lignocaine reduced the cardiovascular response to tracheal intubation and LMA insertion (10, 12). Baik et al. showed that hemodynamic stability was comparable between topical lignocaine 40 mg and IV lignocaine 1.5 mg/kg, and the former additionally improved LMA insertion conditions (20).

Airway instrumentation is a risk factor for postoperative sore throat, which is a common complaint post general anesthesia (21). Tanaka et al. showed that both topical and systemic lignocaine reduced the incidence of post-intubation sore throat (22).

There have been no studies comparing topical lignocaine vs. IV fentanyl, for LMA insertion. We compared topical lignocaine and IV fentanyl, prior to propofol induction, during insertion of the ProSeal™ LMA (PLMA). The PLMA is a second-generation LMA with a drainage tube which enables drainage of gastric secretions and content, and a rear cuff that allows higher seal pressure than a Classic LMA of equal intra-cuff pressure (23).

We hypothesized that topical lignocaine was as effective as IV fentanyl, before propofol induction, during PLMA insertion.



Materials and methods

This prospective, randomized, double blinded study was carried out in the general operating theaters of Universiti Kebangsaan Malaysia Medical Centre (UKMMC). It was approved by the Dissertation Committee of the Anaesthesiology and Intensive Care Unit, UKMMC, and the Medical Research and Ethics Committee UKMMC (FF-2020-183; JEP-2019-828). We enrolled 70 patients of American Society of Anesthesiologist (ASA) I and II, aged between 18 and 65 years, who had surgery under general anesthesia with the PLMA. Patients with aspiration risk, allergy to the study drugs, body mass index (BMI) > 30 kg/m2, and cardiac arrhythmias were excluded.

Anesthesia medical officers were briefed on the study, and informed consent obtained from the patients. The patients were randomly allocated into two groups by computer generated randomization table, and fasted 6 h preoperatively. Group 1 patients received IV fentanyl and propofol, and Group 2 received topical lignocaine and propofol.

In the operation theater, standard monitoring which included the non-invasive blood pressure, electrocardiogram and pulse oximetry were applied, and baseline readings documented. The PLMA was lubricated with KY jelly on its dorsal cuff surface, and prepared for insertion with its curved metal introducer. The appropriate size PLMA was selected, based on the manufacturer's recommendation. ProSeal™ LMA insertion was performed by anesthetic medical officers with at least 2 years of experience in anesthesia.

The study drugs were prepared and administered by the investigator who was not blinded to the patient's group allocation. In the operation room, Group 1 patients received 2 ml normal saline (placebo), and Group 2 patients received 2 ml lignocaine 2% (40 mg), delivered via the MADgic™ laryngo-tracheal mucosal atomizer. This was done with the patient sitting, while their posterior pharyngeal wall was topicalized bilaterally before anesthesia induction.

Patients in both groups were then pre-oxygenated for 3 min, while allowing the onset of action of topical lignocaine. Induction of anesthesia proceeded in Group 1 with IV fentanyl 2 μg/kg and propofol 2–2.5 mg/kg, and in Group 2 with IV normal saline and propofol 2–2.5mg/kg. All patients were manually ventilated with 100% oxygen, and anesthesia was maintained with sevoflurane to achieve a minimum alveolar concentration (MAC) of 1–1.2. When pupils were central and constricted, and the jaw well relaxed, the PLMA was inserted by the anesthetic medical officer in charge. If during PLMA insertion the patient gagged or coughed, or if there was gross body movement, additional propofol bolus of 0.5 mg/kg was administered. Laryngospasm was managed with additional propofol 0.5 mg/kg bolus and increased sevoflurane concentration. Laryngospasm was defined as the presence of stridor, or other evidence of upper airway obstruction that subsides with deepening of anesthesia (24).

Successful placement of the PLMA was confirmed visually by adequate chest expansion bilaterally, and the capnograph on the monitor during spontaneous or assisted breathing. If the PLMA was malpositioned, it was removed and additional propofol 0.5 mg/kg bolus was administered before subsequent attempts. A maximum of three PLMA insertion attempts were allowed, after which further airway management was left to the discretion of the anesthesia medical officer in charge. These patients were considered as PLMA insertion failure, but were included in the study as PLMA insertion condition was only assessed during the first insertion attempt. Anesthesia was maintained with sevoflurane at 1–1.2 MAC, in 50% oxygen and air.

The anesthesia medical officer graded the first insertion attempt as optimal if there was absence of cough, gag, laryngospasm, or body movement, and when the PLMA was inserted successfully (24). ProSeal™ LMA insertion was graded as not optimal if one or more of the above adverse responses were present, or insertion was unsuccessful at the first attempt. The number of PLMA insertion attempts, PLMA insertion failure and total propofol required were documented.

Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR) and oxygen saturation SpO2 were recorded by an assistant at pre-induction (baseline), post induction, immediately following ProSeal™ LMA insertion, and every minute thereafter for 5 min.

Postoperative airway complications of sore throat and voice hoarseness were assessed by the anesthesia medical officer after 30 min at the recovery area, and at 24 h postoperatively by the ward staff nurse, who were both blinded to the patient's group allocation. Sore throat was defined as “throat pain or discomfort” while hoarseness was defined as “a change in quality of voice” (25).


Statistical analysis

Sample size was calculated using the computer program Sealed Envelope Ltd. 2012. Power calculator for binary outcome superiority trial was based on the Pocock formula 1983 (26). Gupta et al. compared IV fentanyl 1.5 μg/kg and propofol 2.5 mg/kg vs. ketamine/propofol and butorphanol/propofol combinations for anesthesia induction, and found excellent LMA insertion conditions in 43% of the patients in the fentanyl/propofol group (26). Ahmed S et al. found improved LMA insertion conditions in 83% of patients given topical lignocaine 40 mg and propofol 2 mg/kg, vs. those given IV lignocaine/propofol for anesthesia induction (11). Statistical analysis showed a significant difference between both results, P = 0.003. This study was powered at 95% and sample size calculated was 70 inclusive of a 20% dropout.

Statistical analysis was performed using the SPSS for Windows version 23.0 (IBM Corp, Armonk, NY, USA). The Chi-square test was used for categorical data analysis. Qualitative data was analyzed using the independent t-test for normally distributed data, and the Mann-Whitney U test for not normally distributed data. Results are presented as mean ± standard deviation, median (inter quartile range), or frequency (percentage) where appropriate. A P < 0.05 was considered statistically significant.




Results

A total of 70 patients were recruited and there were no dropouts. Table 1 shows no difference in patient demographic between the groups.


TABLE 1 Patient demographics.

[image: Table 1]

The number of patients in which optimal insertion conditions were achieved at the first attempt, and the PLMA was successfully inserted at the first attempt, were comparable in both groups as shown in Table 2. Successful insertions at the first attempt were achieved in both groups despite not achieving optimal conditions for insertion. One patient in each group, with suboptimal PLMA insertion conditions, had failed PLMA insertion after three attempts.


TABLE 2 PLMA insertion attempts and insertion condition.

[image: Table 2]

Table 3 shows no difference between the groups with regards to, adverse response during PLMA insertion at the first attempt, and post-operative airway complications. There was no incidence of laryngospasm in both groups.


TABLE 3 Adverse response during 1st attempt insertion and postoperative airway complications.

[image: Table 3]

The proportion of patients with postoperative sore throat significantly increases with the number of ProSeal™ LMA attempts, as shown in Table 4.


TABLE 4 Post-operative complications and number of PLMA insertion attempts.

[image: Table 4]

Figures 1–3 shows no difference in SBP, DBP and MAP between the groups at all times.


[image: Figure 1]
FIGURE 1
 Systolic blood pressure (SBP) before, immediately after, and 1–5 min after PLMA insertion. Results presented as median, 25 and 75th percentile, minimum and maximum values.



[image: Figure 2]
FIGURE 2
 Diastolic blood pressure (DBP) before, immediately after, and 1–5 min after PLMA insertion. Results presented as median, 25 and 75th percentile, minimum and maximum values.



[image: Figure 3]
FIGURE 3
 Mean arterial pressure (MAP) before, immediately after, and 1–5 min after PLMA insertion. Results presented as median, 25 and 75th percentile, minimum and maximum values.


Figure 4 shows that sympathetic obtundation of heart rate was greater in the fentanyl group than the lignocaine group, from post induction until 3 min post PLMA insertion, P < 0.05.


[image: Figure 4]
FIGURE 4
 Mean heart rate (HR). *P < 0.05.


Propofol requirement was comparable in both groups, at 2.14 (2.00–2.72) mg/kg and 2.50 (2.00–2.73) mg/kg, in the fentanyl and lignocaine groups, respectively, P = 0.379.



Discussion

Laryngeal mask airways are usually inserted after anesthesia induction, without use of muscle relaxants. Various pharmacological agents have alternatively been used to facilitate LMA insertion (5, 7). Intravenous fentanyl is a frequently used opioid for co-induction during LMA insertion (28). However studies have also shown improved insertion conditions with prior topical pharyngeal lignocaine (12, 13, 24).

Optimal PLMA insertion conditions at the first attempt were achieved in about 60% of the patients in both groups. The numbers were comparable, suggesting similar efficacy of topical lignocaine and systemic fentanyl in achieving ideal PLMA placement conditions. Co-induction with fentanyl 2 μg/kg resulted in more of our patients (60%) achieving optimal insertion conditions, than that found in Gupta et al.'s study. The latter used a lower fentanyl dose of 1.5 μg/kg, and ideal insertion conditions were achieved in 43% of patients, despite their higher propofol dose of 2.5 mg/kg (27). When higher doses of fentanyl and propofol ranging 2–2.5 μg/kg and 2–2.5 mg/kg respectively were used, excellent LMA insertions conditions were attained in more than 80% patients (19, 29). However higher doses of fentanyl and propofol may compromise haemodynamic and respiration before the airway is secured. Rao and colleagues achieved optimal insertion conditions in more than 90% of their patients, with 100% success rate at first attempt LMA insertion. Viscous lignocaine gargle was given prior to co-induction with a lower dose of fentanyl 1 μg/kg and propofol 2 mg/kg (30).

We obtained a similar patient proportion (57%) with optimal insertion conditions, using topical lignocaine prior to propofol induction. This approximately mirrors findings by Changchien et al. and Seavell et al. who achieved optimal LMA insertion conditions with topical lignocaine 40 mg, in 66% and 73% of their patients respectively (24, 31). Changchien et al. additionally showed that subsequent anesthesia induction with propofol 2 mg/kg provided optimal LMA insertion conditions comparable to use of propofol 3 mg/kg alone, with the former having the added advantage of reduced incidence of apnea and cardiovascular instability (24). Shazed M. et al. achieved optimal insertion conditions in over 98% of their patients who were administered 200 mg topical lignocaine, which is higher than that utilized in most studies (32).

Successful PLMA insertion at the first attempt was achieved in more than 80% of the patients, and this was comparable between the groups. This was in concordance with a prior study which achieved first attempt success in more than 90% of patients in both fentanyl and topical lignocaine groups (8, 24). Optimal insertion conditions were not achieved in all successful insertions at the first attempt. This was evident in both groups, where the percentage of successful first attempt insertions exceeded the percentage of patients in which optimal conditions were achieved during the first attempt. This may imply that the presence of adverse events, potentially leading to poor PLMA insertion conditions, may not necessarily hamper successful placement. The risk of failed LMA insertion has also been shown to increase with advanced age, high body weight, BMI <20 kg/m2 and insertions without lignocaine gel (33).

Insufficient obtundation of airway reflexes may trigger gag and cough reflexes which could lead to incorrect LMA placement or insertion failure (3). We found comparable incidence of cough and gag with topical lignocaine (11%) and fentanyl (16%), which were in concordance with that found by Changchien et al. and Dhamotharan et al. with cough and gag reflexes in 10 and 16% of their patients administered topical lignocaine and IV fentanyl respectively (24, 29). In the study by Shazed M, the combination of a higher dose of 200 mg topical lignocaine, followed by the synergistic effects of IV nalbuphine co-induction with propofol 2 mg/kg provided a deeper plane of anesthesia and attenuation of upper airway reflexes, with reduced gag incidence of 3.5% (32). None of our patients developed laryngospasm. Suppression of laryngospasm by prior administration of fentanyl or topical lignocaine was appreciated in studies by Cheam et al. and Changchien et al., respectively (8, 24). The incidence of body movements was also comparable between the groups, and similarly so in prior studies (8).

Traumatic insertion of the LMA may cause post-operative sore throat and is preventable with smooth LMA insertion (8). About a fifth of our patients in both groups developed sore throat in recovery, which was short-lived. This was in concordance with a study by Kuppusamy et al., where 25% of their patients had sore throat with PLMA insertion (34). Only one of our patients in the fentanyl group had symptoms persisting at the 24th hour postoperatively. Our study showed that the proportion of patients with postoperative sore throat significantly increased with the number of PLMA attempts (P < 0.05), and this was consistent with a prior study by Grady et al. (25). One patient in each group experienced hoarseness, at recovery and at 24 h respectively.

Haemodynamically, SBP, DBP and MAP were comparable between the groups at all times. Heart rate was lower in the fentanyl group than the lignocaine group from post induction up to 3 min post PLMA insertion, P < 0.05. Sympathetic obtundation of HR was greater with fentanyl than lignocaine. An earlier study showed similar finding with incidence of bradycardia (29).

Propofol requirement was not significantly different between the groups. Fentanyl 2 μg/kg has been shown to reduce propofol requirement by 60% during LMA insertion (7). Median propofol dose in our patient group given topical lignocaine was 2.50 (2.00–2.73) mg/kg. Topical lignocaine produced excellent LMA insertion conditions during anesthesia induction with propofol 2 mg/kg (12, 24). Higher propofol doses of 2.5–3.5 mg/kg was required if used as a sole anesthesia induction agent (6).

Limitations of this study include possible differences in the individual skills of the medical officer in PLMA insertion, thus confounding results of first attempt success rates and incidence of adverse effects. A single operator performing PLMA insertions may have reduced this bias. Other factors not considered in this study were reduced mouth opening (inter-incisor distance <3 cm), higher Mallampati grade (III, IV), reduced neck mobility, age of >61 years, and BMI of <20 kg/m2, all of which could have also confound the successful placement of the PLMA (33, 35).

Topical lignocaine spray to the pharynx is as effective, and may be an alternative to IV fentanyl, during propofol anesthesia induction for PLMA insertion. The success rate at first attempt, optimal insertion conditions, propofol requirement, blood pressure, adverse events and airway complications were comparable. Heart rate obtundation was less with topical lignocaine spray, but remained within clinically acceptable values.
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Background: Reducing adverse effects during cesarean delivery and improving the quality of sensory blocks with appropriate doses of intrathecal hyperbaric bupivacaine can play an important role in the safe management of cesarean delivery. The aim of this study was to compare the doses of 10 and 12 mg of intrathecal hyperbaric bupivacaine 0.5% on sensory block level after first spinal failure in cesarean section (CS).

Methods: In this double-blind, randomized clinical trial, 40 candidates of CS after first spinal failure with class I-II based on American Society of Anesthesiologists (ASA) were randomly assigned into two equal groups (n = 20). Group A and B received the spinal anesthesia with 10 mg and 12 mg of hyperbaric bupivacaine (0.5%), respectively. Maximum levels of sensory block, motor block quality, and vital signs were measured in two groups by 60 min after SPA. Incidence of SPA complications during surgery were also recorded. Data were analyzed by SPSS ver.21 software using repeated measures analysis of variance at 95% confidence interval (CI) level.

Results: Excellent quality of sensory blocks and complete quality of motor blocks were achieved in all participants (100%). However, the mean time to onset of anesthesia (4.47 ± 0.69 vs. 3.38 ± 0.47, P < 0.001) and time to reach T10 level (60.73 ± 11.92 vs. 79.00 ± 19.21, P < 0.001) in the Group A, were significantly shorter than in the patients of Group B. The incidence of hypotension (P = 0.001), nausea/vomiting (P = 0.007) and bradycardia (P = 0.012) as well as administration of ephedrine and atropine were significantly higher in Group B compared to Group A.

Conclusion: Spinal anesthesia can be safely repeated with a 10 mg of hyperbaric bupivacaine 0.5% in a caesarean section after the initial spinal failure.

Clinical trial registration: [https://en.irct.ir/trial/40714], identifier [IRCT20120915010841N20].
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motor block, cesarean section, bupivacaine, failed spinal, spinal anesthesia, sensory block


Introduction

Spinal anesthesia (SPA) is the most common, safest, and most rational choice for cesarean section (1). SPA is secure and effective, but not a 100% successful technique and complications have been part of the method (2), including failed or insufficient sensory block (3), postdural puncture headache (PDPH) (4), hypotension (5), bradycardia (6), nerve damage (7), nausea and vomiting (8). A specific level of sensory block is required in any surgery performed under SPA. In cesarean section (CS), the level of T4-T6 anesthesia is appropriate (9). Elevated level of sensory block (≥ T4) will cause hypotension, nausea and vomiting, decreased level of consciousness and maternal discomfort. Conversely, lower level of sensory block (≤ T6) will not provide adequate anesthesia for CS, and causes discomfort and dissatisfaction in the patient (10). Intrathecal anesthetic spread has an unpredictable extent and duration that can be related to various factors such as dosage, patient variables, cerebrospinal fluid (CFS) volume, injection rate, and injection site (11).

One of the issues of SPA is the failure of spinal anesthesia, which means that SPA has been performed but not enough sensory block has been provided for surgery (12). Failed SPA can be identified as partial or incomplete spinal block within 10 minutes after hyperbaric bupivacaine injection and 25 minutes after isobaric bupivacaine anesthesia (13). Failure rates in SPA have been reported from 1 to 17% in various 1-17% (14). However, major studies have reported a prevalence range of 2 to 4% (12, 15). Obesity, dry cerebrospinal fluid (CSF), bloody CSF, improper dose, incorrect anesthesia distribution, multiple lumbar puncture attempts, use of the L4/L5 interspace, history of previous anesthesia and technical errors are significantly associated with failed SPA (3, 16). Complete failure of the SPA can be managed by switching to general anesthesia or by repeating the SPA procedure (12). However, since most pregnant patients are at risk for aspiration and intubation problems, general anesthesia carries a relatively higher risk for this population and re-performing SPA is a better and safer choice (17).

Administration of an appropriate dose hyperbaric bupivacaine can minimize potential side effects while improving block quality (18). However, the optimal intrathecal dose of hyperbaric bupivacaine for SPA is still being debated. Previous studies have investigated and demonstrated the effects of different doses on sensory and motor blocks in different ways (19, 20). In addition, very few studies have been found on the appropriate dose of hyperbaric bupivacaine for cesarean section during repeated spinal anesthesia (21). Therefore, we conducted this study to compare the doses of 10 and 12 mg of intrathecal hyperbaric (0.5%) bupivacaine on sensory block level and PDPH after first spinal failure in cesarean section.



Materials and methods


Study design

This prospective, double blind, parallel-group, randomized clinical trial study was conducted in Fatemiyeh Hospital in Hamadan, Iran, from July 2018 to July 2019. The protocol study was reviewed and approved by the Ethics Committees of Hamadan University of Medical Sciences (IR.UMSHA.REC.1398.232). This study Registered at Iranian Registry of Clinical Trials (IRCT20120915010841N20). Written informed consent were obtained from each patient. The study was conducted in accordance with the Declaration of Helsinki of the World Medical Association (22). This study was performed and reported in accordance with the recommendations of the Consolidated Standards of Reporting Trials (CONSORT) statement (23).



Population of study and sample size

The study population consisted of parturient with class I-II of American Society of Anesthesiologists (ASA), aged 18 to 46 years, the height range 170-155 cm, a second SPA candidate after the first failed SPA (Bromage score 0 and no sensory block even at L4 dermatome after 10 min of first hyperbaric bupivacaine injection). Patients with a history of hypertensive pregnancy disorders, heart disease, Bromage scale >0, lack of pinprick sensation below umbilicus after spinal anesthesia, and of allergies to the study drug were excluded from the trial.



Randomization and blinding

Forty parturient were selected by a convenience sampling method based on inclusion criteria. Patients were then randomized into two SPA groups containing 10 mg of hyperbaric bupivacaine 0.5% (Group A) and 12 mg of hyperbaric bupivacaine 0.5% (Group B). Equal number of patients were assigned to each group using the block randomization method (n = 20). Patients were assigned to Group A or Group B on a computer-generated random number selected by the patient using Random Allocation Software © (RAS; Informer Technologies, Inc., Madrid, Spain). The level of spinal block and the duration of hemodynamic sensory variables were compared between the two groups. Both the patients and the evaluator were blind to the assignments.



Pre-SPA procedure

The Pre-SPA procedure was started for each patient as follows: Lactated Ringer serum (10 ml/kg) was injected using an 18-gauge needle depending on the patient’s weight. Standard monitoring includes electrocardiography, pulse oximetry and non-invasive blood pressure (NIBP), vital signs such as systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure (MBP), heart rate (HR) and oxygen saturation (SpO2) was measured and recorded using an X162 monitor (Saadat Company, Iran).



First SPA procedure

SPA contains 10 mg of hyperbaric bupivacaine 0.5% (AstraZeneca Company, France) plus 2.5 μg of sufentanil (Abu Rayhan Company, Iran) using Quinke needle size 25 through lower lumbar (L3-4 or L4-5) intervertebral spaces in a sitting position was administered. The patient immediately lay on his back with a wedge under his right hip and was monitored for vital sign (SBP, DBP, MBP, HR, and SpO2). The effects of sensory and motor blocks were observed within 5 min, those that did not show efficacy within 5 min were observed for an additional 5 min and tested for motor and sensory blocks again. Those ASA I-II patients with insufficient motor and sensory block (Bromage score 0 and no sensory block even at L4 dermatome after 10 min of first hyperbaric bupivacaine injection) were considered for inclusion in the present study and they randomly (as described above) allocated to either Group A (10 mg of hyperbaric bupivacaine 0.5%) or Group B A (12 mg of hyperbaric bupivacaine 0.5%).



Repeat procedure of SPA

Patients in Group A received 10 mg and patients in Group B received 12 mg of 0.5% high hyperbaric bupivacaine (AstraZeneca Company, France), respectively and 2.5 μg of sufentanil (Abu Rayhan Company, Iran). Taking the same precautions, a 25-gauge Quincke needle was placed above or below the gap in the first attempt and the submucosal block was performed again (one space above in patients where previous spinal was attempted at L4-5 interspace or one space below in those patients who had previous spinal at L3-4 interspace) by a senior anesthesiologist who have worked in anesthesiology for over 10 years. The patient immediately lay on his back, a wedge under his right buttock displaced the left uterus, and monitoring (sensory block, motor block, and vital signs) was initiated. Surgery could be started after the initiation of spinal anesthesia was confirmed by a proper movement block of the lower extremities without a pinching sensation. If the patient complained of a pin-stab sensation 10 minutes after repeated spinal cord administration, general anesthesia was given and the patient was excluded from the study.



Measurements

The maximum level of sensory block was assessed by the pin-prick method using a 25-gauge needle, the time to reach the maximum level of anesthesia and the time to reach the T10 level as primary outcomes, were recorded for each patient. The sensory block quality and pain were assessed using the visual analog scale (VAS). VAS scores were recorded by creating a handwritten mark on a 10 cm line indicating the chain between “excellent” and “poor” (24), which described excellent postoperative quality as none (0), mild (< 3), moderate (3-6), or severe (7-10). The quality of the motion block was assessed using the Bromage Scale (25). A modified Bromage Scale was used: 0 = no motor block; 1 = able to flex knee free movement of feet, unable to raise extended leg (partial motor block); 2 = free movement of feet only (almost complete motor block); 3 = unable to move hips, knees, feet (complete motor block). Sedation was evaluated by Ramsay scale, it divides a patient’s level of sedation into six categories ranging from severe agitation to deep coma; 1 = anxious and agitated or restless or both; 2 = co-operative, oriented and tranquil; 3 = responding to commands only; 4 = brisk response to light glabellar tap or loud auditory stimulus; 5 = sluggish response to light glabellar tap or loud auditory stimulus; 6 = no response to stimulus (26).

Vitals parameters including SBP, DBP, MBP, HR, and SpO2 were measured at baseline (pre-SPA procedure), immediately after SPA procedure, and 2,4,6,8, 10, 15, 20, 30, 40, 50, and 60 min of post postoperatively. SBP less than 90 mmHg and bradycardia (heart rate less than 60 beats per minute) were treated with incremental intravenous doses of 10 mg ephedrine and 0.5 mg intravenous atropine, respectively. Finally, the amount of ephedrine and atropine used, the occurrence of nausea and vomiting during surgery, the time of onset of anesthesia and the maximum level of anesthesia (using a needle or pinprick), the quality of sensory (VAS scores) and motor block (Bromage Scale), the time of anesthesia to T10, sedation score (Ramsay scale) and Apgar score (in minutes 1 and 5) for infants was examined and recorded for each participants. Nausea and Vomiting, headache, hypotension (BP < 90/60mmHg), bradycardia (HR < 60/min), chills and high spinal were recorded during procedure for each patient. In addition, one week after surgery, patients were evaluated and questioned by researcher over the phone about the presence or absence of postdural puncture headache (PDPH).



Statistical analysis

Power calculations was done based on primary outcome, time to reach T10 level in two group of study (60.73 ± 11.92 in 10 mg of hyperbaric 0.5% vs. 79.00 ± 19.21 in 12 mg of hyperbaric 0.5%, P < 0.001). Analyses according to the sample size of 20 patients in each group with considering the type I error (α) set as two-sided 5% (Z1-α/2 = 1.96) and type II error (β) set as 20% (Z1-β = 0.84), estimated the power of the test equal to 100%. It should be noted that with a power level of 80 and 95% confidence interval (CI), a sample size equal to 13 patients in each group was sufficient to detect clinically significant differences between the two groups. Analyzing the power of the test using Stata 11 software. Variables were expressed as mean ± standard deviation (SD) or percentage (%) for continuous and discrete variables, respectively. Results were analyzed by independent t-test (between groups), and paired t-test (within group) for parametric data and Mann–Whitney U-test for non-parametric data. Fisher’s exact test and Chi-square test were used for categorical data as appropriate. The Shapiro-Wilk test was conducted to test whether the data were normally distributed. Using a general linear model, hemodynamic changes and complications between the two groups were compared using a repeated measurement ANOVA test, with the baseline values (age) used as covariates in the model. The assumption of sphericity was addressed by Mauchly’s test of sphericity, and when the assumption was not satisfied, the Greenhouse-Geiser correction of P-value were utilized. To assess the effect of intervention, the analysis of covariance (ANCOVA) was used after controlling for baseline measures and confounders in a two-step hierarchical model. Logistic regression analysis was used to predict incidence of complications according to influencing 12 mg dose of hyperbaric bupivacaine 0.5% compare to 10 mg, and the significant variables were reported as odds ratio (OR) with 95% confidence interval (CI). GraphPad Prism 9© (GraphPad Software Inc., La Jolla, CA) was used to show the changes of hemodynamic parameters in two groups of study (12 mg vs. 10 mg of hyperbaric 0.5%) over times. Statistical analysis was carried out using SPSS software (ver.21) (SPSS Inc., IL, Chicago, United States). In all analyses, P-values less than 0.05 were considered as significant.




Results


Participants of study

A total of forty parturient were included in the study and Figure 1 shows the patient registration flow chart. Fifty parturient with class I-II of ASA, who candidate of SPA for non-emergent cesarean section after the first failed SPA with Bromage score 0 and no sensory block after 10 min of first hyperbaric bupivacaine injection were screened for eligibility criteria. Out of 50 cases, 40 patients met the inclusion criteria and randomly assigned into two equal groups (n = 20); Group A (received 10 mg of hyperbaric bupivacaine 0.5%) and Group B (received 12 mg of hyperbaric bupivacaine 0.5%). During the intervention and follow-up stages, only one patient in the group A underwent general anesthesia due to failed of SPA and was excluded from the study. Totally 39 patients were analyzed, 19 and 20 patients in the Group A and B, respectively.


[image: image]

FIGURE 1
CONSORT flow diagram.




Demographic and baseline hemodynamic parameters

Comparison of baseline demographics and hemodynamic parameters between the two groups of study is presented in Table 1. There were no statistically significant differences in demographic and baseline hemodynamic parameters of parturient such as; age (P = 0.722), SBP (P = 0.985), DBP (P = 0.398), MBP (P = 0.531), HR (P = 0.372) and SpO2 (P = 0.682) in the Group A and Group B.


TABLE 1    Comparison of demographic and baseline hemodynamic parameters between the two study groups.
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Spinal anesthesia characteristics and outcomes

Comparison of spinal anesthesia characteristics and outcomes between the two groups of study are presented in Table 2. Excellent and complete quality of sensory and motor blocks was observed in all participants in the both groups. However, the mean time to onset of anesthesia (4.47 ± 0.69 vs. 3.38 ± 0.47, P < 0.001) and the mean time to reach T10 level (60.73 ± 11.92 vs. 79.00 ± 19.21, P < 0.001) in the Group A were significantly shorter than in the Group B. According to the results, in most patients in Group A the sensory level reached to T6 (n = 17, 89.5%), while the sensory level of more than half of the patients in Group B reached to T4 (n = 13, 65%). In terms of sensory level at recovery, nearly half of the patients (47.4%) in Group A had sensory level T12, while 50% of participants in the Group B had sensory level T8. There was statistically significant difference between two groups of the study in terms on maximum sensory level (P < 0.001) and also in sensory level in recovery (P < 0.001). The use of Ephedrine (85% vs. 31.6%, P < 0.001) and Atropine (30% vs. 0) in the group B who received SPA with 12 mg of hyperbaric bupivacaine 0.5% was significantly higher than the Group A. And finally, the satisfaction of patients in the Group B was significantly lower than the Group A. However, there was no significant difference in the Apgar scores of the neonates in the first minute (8.78 ± 0.71 vs. 8.95 ± 0.39, P = 0.387), and fifth minutes (9.94 ± 0.22 vs. 9.90 ± 0.31, P = 0.591) between two groups.


TABLE 2    Comparison of spinal anesthesia characteristics and outcomes between the two study groups.
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Changes in hemodynamic parameters and sedation rate over time

The time trend of hemodynamic parameters (SBP, DBP, MBP, HR, and SpO2) in the two study groups is presented in Table 3. This parameters were recorded at pre-SPA and immediately after SPA and then every 2 min up to 10-min, and then every 5 min up to 30-min, and then every 10 min up to 60-min after injection of anesthetic drug. Figure 2A shows the mean values of SBP changes in each group over time. The results showed that there was no significant difference in SBP between the two groups except for 4 and 8 min when SBP in Group A was significantly higher than Group B (P = 0.002 and P = 0.038, respectively), also in 30 min that the SBP in Group B was higher than Group A (P = 0.033). In within group, the effect of time on SBP in each group was statistically significant (a within-subject difference based on time effect) (P = 0.05). However, based on repeated measures analysis of variance (RMANOVA), the trend of changes in SBP levels between the two groups was not statistically significant (group * time interaction or an interaction effect) (P = 0.362).


TABLE 3    Comparison of hemodynamic parameters and sedation rate based on Ramsay scale in two groups of study.
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FIGURE 2
Changes (A) systolic and (B) diastolic blood pressure in two groups of study over times, *P-values shows statistically significant between two times within groups.


As shown in Figure 2B, there was no significant difference in DBP between the two groups except at 4 min, when DBP in Group A was significantly higher than Group B (58.63 ± 13.25 vs. 50.55 ± 9.92, P = 0.037). Within the group, the effect of time on DBP was statistically significant in each group (difference within the subject based on the effect of time) (P < 0.05). However, the trend of changes in DBP levels between the two groups (group * time interaction or an interaction effect) (P = 0.643).

Figure 3A shows the mean values for changes of MBP in each group over times. According to the results, there was no significant difference in MBP between the two groups except at 4 min (72.63 ± 12.95 vs. 61.75 ± 12.73, P = 0.012) and 25 min (72.84 ± 8.68 vs. 78.45 ± 8, P = 0.043) when MBP in Group A was significantly higher and lower than Group B, respectively. In within group, the effect of time on MBP was statistically significant in Group A (P = 0.004) and Group B (P = 0.005) (a within-subject difference based on time effect). However, the trend in changes in MBP levels was not statistically significant between two groups (group * time interaction or an interaction effect) (P = 0.935).
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FIGURE 3
Changes (A) main blood pressure and (B) heart rate in two groups of study over times, * P-values shows statistically significant between two times within groups.


Figure 3B shows the mean values for changes of HR in each group over times. The results showed that there was a significant difference in HR between the two groups at 10 min to 40 min, when HR in Group B was significantly higher than Group A (P < 0.05). In within group, time effect on HR was not statistically significant in Group A (P = 0.296) and Group B (P = 0.454) (a within-subject difference based on time effect). Moreover, the trend in changes in HR levels was not statistically significant between two groups (group × * time interaction or an interaction effect) (P = 0.067).

Figures 4A,B shows the mean values for changes of SpO2 and sedation rate in each group over times, respectively. According to our findings, the mean SpO2 was significantly higher in the Group A than in the Group B (P < 0.05), except at pre-SPA (P = 0.682), immediately after SPA (P = 0.826), at 6 min (P = 0.072), 15 min (P = 0.144) and 60 min (P = 0.658). In within group, time effect on SpO2 was not statistically significant in each group (a within-subject difference based on time effect) (P > 0.05). While, the trend in changes in SpO2 levels was statistically significant between two groups (group × time interaction or an interaction effect) (P = 0.036). In terms of sedation rate, no significant difference was observed between the two groups and also within each group (P > 0.05). In addition, the trend in changes in sedation rate was not statistically significant between two groups (group * time interaction or an interaction effect) (P = 0.102).
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FIGURE 4
Changes (A) SpO2, and (B) sedation rate in two groups of study over times, * P-values shows statistically significant between two times within groups.




Complications

Table 4 shows comparison of complications related to the SPA procedure during operation, at recovery and after operation in two groups of study. According to our findings, hypotension was a common SPA side effect in both groups, which was occurring in 59% of the all participants. The results indicated that the incidence of hypotension (85 vs. 31.6%, P = 0.001), nausea/vomiting (70 vs. 26.3%, P = 0.007) and bradycardia (30% vs. 0, P = 0.012) were significantly higher in Group B compared to Group A. However, there was no significant difference in chills, headache, pain, high spinal and PDPH in the two groups (P > 0.05). Based on logistic regression analysis, 12 mg of hyperbaric bupivacaine (0.5%) can be increases the risk of hypotension (OR: 12.278, 95% CI: 2.573-58.589, P = 0.002), nausea/vomiting during operation (OR: 6.533, 95% CI: 1.613-26.469, P = 0.009) and ephedrine consumed (OR: 12.278, 95% CI: 2.573-58.589, P = 0.002) (Table 5).


TABLE 4    Comparison of SPA-related complications in two groups of study.
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TABLE 5    Logistic regression analysis of influencing 12 mg dose of hyperbaric bupivacaine 0.5%, to predict incidence of complications.
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Discussion

The failure of a SPA to produce adequate block is not an uncommon occurrence in cesarean section. However, little information is available to provide guidance on duplicate dosing. The main purpose of this clinical trial was to compare the doses of 10 mg and 12 mg of intrathecal hyperbaric bupivacaine (0.5%) on sensory block level after first spinal failure in cesarean section. The excellent quality of sensory block and the complete quality of motor block were obtained in all participants. Although, both doses (10 mg and 12 mg) of intrathecal hyperbaric bupivacaine (0.5%) showed similar satisfactory block profiles. But our results revealed that the SPA with 12 mg hyperbaric bupivacaine (0.5%) can increase the mean anesthesia time and time to reach the T10 level.

Technical errors are common causes of failed spinal such as drug deposition at lower spinal level than surgical site, improper rate of injection, failure to detect dural puncture, needle from inside/outside the dural sac, patient co-operation, needle in ventral epidural space, and cerebrospinal fluid (CSF) tap. Therefore, due to the risk of aspiration and intubation problems in pregnant patients, repeating the procedure of SPA is the safer option (3, 27). Managing failure SPA or repeating the procedure is an event that is of concern to both the patient and the anesthesiologist, and several factors must be considered. Adequate dose of local anesthetic and the skills of anesthetist to prevent technical errors are of this factors. The superior quality of sensory blocks and the complete quality of motor blocks in both research groups may be attributed to the ability of anesthesia providers to prove their effectiveness with experienced hands (28). SPA is safer in skilled hands, but several factors are believed to affect SPA, including anatomical abnormalities such as kyphoscoliosis, sclerosis, and spinal stenosis following previous intrathecal surgery or chemotherapy and reduced anesthetic potency due to prolonged exposure to light (12, 29, 30).

In terms of dose of local anesthetic, previous studies have suggested that a dose of 12 mg (2.4 ml) of bupivacaine provides reliable anesthesia for cesarean section (27, 31). However, in the repetition of the SPA procedure there is a fear of over-expansion of the sensory block (12, 32). As in this study, high spinal block was occurred in 3 patients who received 12 mg hyperbaric bupivacaine (0.5%). So, our findings showed that the lower dose (10 mg) of anesthetic drug is safer and did not observed any high spinal block in Group A. On the other hand, by reviewing the literature, we found an association between hypotension and bradycardia in cesarean section with a higher dose of anesthetic, which was completely consistent with the results of this study (21, 33, 34). Our findings indicated that the higher dose of bupivacaine (12 mg) was related to higher nausea/vomiting, hypotension, and bradycardia as well as administration of more ephedrine and atropine, which ultimately reduces patient satisfaction. The high and very high satisfaction rate of parturients in this study was significantly higher in Group A compare to Group B (73.7 vs.30%, P < 0.05). Evidence suggests that overall satisfaction level of parturients decreases with number of attempt, pain during block, inadequate intraoperative analgesia, postoperative nausea/vomiting, hypotension, bradycardia and headache during operation and high level of PDPH (35). However, by ensuring the quality of spinal anesthesia, improving the clinical skills of anesthesiologists, preventing side effects, and educating mothers about cesarean section under local anesthesia and familiarity with the process, patients You can increase your satisfaction (36). Therefore, choosing the adequate dose of anesthetic drug can be increases the quality of local anesthesia and prevents side effects, and subsequently increase patient satisfaction. The results of this study are consistent with previous studies showing that reducing the dose of local anesthesia during repeated spinal anesthesia is safe and satisfactory (21, 32).

The limitations of our study were, we compared the only two doses of bupivacaine, based on the known optimal doses and low sample size. However, a large sample size study s need to be conducted to determine the optimal dose of hyperbaric bupivacaine that can be safely and successfully used to repeat SPA in parturient women. However, the important teaching concepts of this study are as follows; considering that failure in spinal anesthesia often happens to assistants and less experienced anesthesiologists, and the text books do not mention reducing the dose of bupivacaine in spinal re-injection, if these specialists regardless of reducing the dose of spinal drug, use bupivacaine with the same initial dose as mentioned in the text books, it can lead to an increase in the spinal level and cause problems for patients and anesthesiologists. Since we also work in the obstetric anesthesia training department and deal with spinal failure, we decided to investigate the reduction of bupivacaine dose following spinal failure so that less experienced specialists can use this experience and have fewer problems such as increasing the level of block and hypotension, etc.



Conclusion

Spinal anesthesia can be safely repeated with a 10 mg of hyperbaric bupivacaine 0.5% in a caesarean section after the initial spinal failure. SPA with 10 mg of hyperbaric bupivacaine 0.5% can be improves the quality of local anesthesia, prevents side effects and, as a result, increases patient satisfaction.
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Background: Esophageal pressure (Pes) can be used as a reliable surrogate for pleural pressure, especially in critically ill patients requiring personalized mechanical ventilation strategies. How to choose the proper esophageal balloon filling volume and then find the optimal value of esophageal pressure remains a challenge. The study aimed to assess the feasibility of catheters for Pes monitoring in mechanically ventilated patients.

Materials and methods: Twelve patients under pressure-controlled mechanical ventilation were included in this study. Raw esophageal pressure was recorded at different balloon filling volumes. Then, the P-V curves were determined. VWORK was the intermediate linear section on the end-expiratory P-V curve, and VBEST was the filling volume providing the maximum difference between Pes at end-inspiration and end-expiration. The raw value of Pes was recorded, and the calibrated values of Pes were calculated by calculating the esophageal wall pressure (Pew) and esophageal elastance (Ees).

Results: Twenty-four series of Pes measurements were performed. The mean VMIN and VMAX were 2.17 ± 0.49 ml (range, 1.0–3.0 ml) and 6.79 ± 0.83 ml (range, 5.0–9.0 ml), respectively, whereas VBEST was 4.69 ± 0.16 ml (range, 2.0–8.0 ml). Ees was 1.35 ± 0.51 cm H2O/ml (range, 0.26–2.38 cm H2O/ml). The estimated Pew at VBEST was 3.16 ± 2.19 cm H2O (range, 0–7.97 cm H2O). Patients with a body mass index (BMI) ≥ 25 kg/m2 had a significantly lower VMAX (5.88 [5.25–6] vs. 7.25 [7–8] ml, p = 0.006) and a significantly lower VBEST (3.69 [2.5–4.38] vs. 5.19 [4–6] ml, p = 0.036) than patients with a BMI < 25 kg/m2. Patients with positive end-expiratory pressure (PEEP) ≥ 10 cm H2O had a lower VMIN and VBEST than patients with PEEP < 10 cm H2O, P > 0.05. Patients in the supine position had a higher esophageal pressure than those in the prone position with the same balloon filling volume.

Conclusions: Calibration of esophageal pressure to identify the best filling volume of esophageal balloon catheters is feasible. The esophageal pressure can be influenced by BMI, PEEP, and position. It is necessary to titrate the optimal inflation volume again when the PEEP values or the positions change.
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esophageal pressure, esophageal balloon catheter, balloon filling volume, mechanical ventilation, calibration


Introduction

An increasing number of clinicians have been focusing on esophageal pressure (Pes) manometry because of its vital role in understanding pulmonary pathophysiology since the end of the 19th century. Due to the impossibility of directly measuring pleural pressure in clinical practice, esophageal pressure has been proposed as a reliable surrogate for pleural pressure (Ppl) (1–3). We can estimate Ppl and hence transpulmonary pressure (PL), which is the distending pressure of the lungs. In the past 20 years, this technique has been used in critically ill patients, especially patients with acute respiratory failure (ARF).

It is extremely useful to understand each patient’s individual respiratory physiology, particularly for patients with morbid obesity and acute respiratory distress syndrome (ARDS) (4, 5). First, it is useful to characterize the respiratory system mechanics during passive mechanical ventilation, such as titration of positive end-expiratory pressure (PEEP) and monitoring transpulmonary driving pressure (ΔPL). Second, it can be used to monitor patients’ respiratory muscle activity during assisted ventilation. Last, it contributes to assessing patient-ventilator interaction (i.e., synchrony and asynchrony) at bedside. Therefore, esophageal pressure can be monitored during the entire process of mechanical ventilation, especially personalized mechanical ventilation strategies (6). The esophageal pressure was described by Luciani L more than 100 years ago (1), however, esophageal manometry is still not widespread. The LUNG SAFE study showed that esophageal pressure is monitored in <1% of ARDS patients receiving invasive therapy (7, 8). It is difficult to monitor in clinical practice because the quality, accuracy, and reliability of the measurement can be affected by the characteristics of the balloon catheter, the balloon-filling pressure, the position of the catheter in the patient, and the position of the esophagus’ (7). In recent years, several researchers have focused on balloon-filling volume selection in esophageal pressure in vitro and in vivo studies. Accurate measurement of esophageal pressure was found to be clearly correlated with the balloon-filling volume. Pes can be underestimated because of underfilled balloon volume or overestimated due to overfilled balloon volume (9–13). However, the range of appropriate filling volumes varies among catheters. Any catheter needs to be verified for reliable esophageal pressure measurement by finding the optimal filling volume of the balloon. This study used Mindray second-generation balloon catheters to investigate the quality and accuracy of the catheter for Pes monitoring in mechanically ventilated patients and to analyze related factors. A fast and practical cannulation procedure is provided.



Materials and methods

The study was approved by the Institutional Research and Ethics Committee of the Peking Union Medical College Hospital (NO. ZS-2458). Informed consent was obtained as required before data were included in the study.

We enrolled heavily sedated ICU patients (Richmond Agitation-Sedation Scale score ≤−3) with ARF under controlled mechanical ventilation. ARF was by a ratio of partial pressure of arterial oxygen to fraction of inspired oxygen less than 300 mmHg. Exclusion criteria were as follows: (1) age under 18 years; (2) any contraindication for esophageal balloon catheter insertion (diagnosed or suspected esophageal varices, history of esophageal or gastric surgery, evidence of severe coagulopathy, etc.); (3) evidence of active air leakage from the lung, including bronchopleural fistula, and pneumomediastinum; and (4) lack of informed consent.

While undergoing treatment, the included patients remained in the supine position without elevating the head of the bed. The esophageal balloon had a length of 10 cm and a nominal volume of 10 ml. The tube with esophageal and gastric balloon (SDY-2, AMK Medical, Guangzhou, China) was inserted in the mid-lower third of the thoracic esophagus for clinical purposes. Appropriate catheter position was confirmed by cardiac oscillations on Pes tracing and radiopaque markers on chest X-ray. A positive pressure occlusion test was performed at end-expiratory occlusion, and the ratio of changes in Pes to changes in Paw (ΔPes/ΔPaw) during the compression of the chest wall was calculated and maintained at 0.8∼1.2. To obtain esophageal balloon pressure-volume curves, we filled the Mindray esophageal balloon with air in 1 ml increments from 0 to 10 ml unless the esophageal pressure clearly rose. At each volume step, the balloon was completely deflated by applying a negative pressure, fully inflated with 10 ml of air, and finally deflated. Then dynamic pressures were obtained at end-inspiration or end-expiration (the esophageal pressure monitoring procedure is shown in Supplementary Video 1).

We recorded the Pes at end-inspiration (PesEI) and end-expiration (PesEE) for each filling volume in each patient. From those data, we obtained two curves to express the patient pressure-volume (P-V) relationship between balloon filling volume and esophageal balloon pressure of end-inspiration and end-expiration. On the end-expiratory P-V curve, the intermediate linear section was identified as VWORK, and the lower and upper limits were expressed as minimum and maximum filling volumes (VMIN and VMAX). The filling volume providing the maximum difference between PesEI and PesEE was identified as VBEST. The slope of the intermediate linear section on the end-expiratory P-V curve obtained by least square fitting was defined as the elastance of the esophagus (Ees) (14). As Milic-Emili et al. (3) and Francesco Mojoli et al. (9) said, the esophageal wall pressure (Pew), for any filling volume (VX) above VMIN, was calculated as: Pew = (VX–VMIN) × Ees. The calibrated values of Pes (PesCAL) were obtained by measuring the end-expiration Pes of the best filling volume and PesCAL = Pes-Pew (3, 14).

To obtain gastric balloon pressure (Pga), the Mindray gastric balloon was completely deflated by applying a negative pressure, fully inflated with 10 ml of air, and finally withdrawn by 5 ml. Then, the Pga of end-inspiration and end-expiration was recorded.


Statistics

Patient demographics and relevant clinical data are expressed as the mean and standard deviation (SD) or median (25th–75th percentile) for continuous, variables, and numbers (percentages) for categorical variables. Differences between body mass index (BMI), position, and PEEP groups were compared by using the t-test or the Wilcoxon signed-rank test where appropriate. Bland-Altman analysis was used to verify the consistency of PesVBEST and PesCAL at VBEST. Upper and lower limits of agreement were defined as bias ± 1.96 SD of the mean. Statistical analyses were computed using GraphPad Prism 8.0.2 software (GraphPad Software, San Diego, CA, USA).




Results


Population characteristics and ventilator and respiratory parameters

Twenty-four series of measurements were collected from 12 patients (age, 48.9 ± 19.9 years, 66.7% male) under pressure-controlled mechanical ventilation. The baseline characteristics are reported in Table 1. Four patients were measured twice, one patient was measured three times, and one patient was measured five times at different ventilator parameters or underlying different disease states. Twenty-one series of measurements were taken with the patient in the supine position with the bed at 0 degrees while three series of measurements were taken with the patient in the prone position. Three series were taken with the patient receiving mechanical ventilation and VV ECMO treatment. Four series were taken where the patient had undergone thoracotomy. Eighteen series were measured for Pes and gastric internal pressure (Pga). The baseline scores of APACHE II and SOFA were 20.8 ± 7.1 and 12.4 ± 2.9, respectively. We recorded a PaO2/FiO2 of 228.6 ± 86.6 mmHg, a tidal volume/predicted body weight of 5.9 ± 1.1 ml/kg, Pplat of 21.0 ± 3.9 cm H2O, Pdriv of 11.5 ± 2.8 cm H2O, and Crs of 34.1 ± 12.2 ml/cm H2O.


TABLE 1    Baseline characteristics of the patients (n = 12).
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Parameters of end-expiratory and end-inspiratory P-V curves

End-expiratory and end-inspiratory raw esophageal balloon P-V curves were obtained in all patients (Figure 1). An intermediate linear section was identified on the end-expiratory esophageal balloon P-V curve in each of the clinical measurements. The mean VMIN and VMAX were 2.17 ± 0.49 (range, 1.0–3.0 ml) and 6.79 ± 0.83 ml (range, 5.0–9.0 ml), respectively, while the best filling volume was 4.69 ± 0.16 ml (range, 2.0–8.0 ml). The slope of the linear section of the curve, i.e., Ees, was 1.35 ± 0.51 cm H2O/ml (range 0.26–2.38 cm H2O/ml). The estimated Pew at VBEST was 3.16 ± 2.19 cm H2O (range, 0–7.97 cm H2O). Four different patients’ end-inspiratory and end-expiratory P-V curves are shown in Figure 2.
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FIGURE 1
Esophageal balloon pressure-volume curves. Relationship between balloon filling volume and Pes values, both at end-inspiration (PesEI, solid blue triangle) and at end-expiration (PesEE, hollow blue triangle). On the end-expiratory pressure-volume (P-V) curve, the intermediate linear section was graphically detected and analyzed for its lower and upper limits (VMIN and VMAX, respectively). The range between VMIN and VMAX was considered to correspond to appropriate balloon filling, with volumes below VMIN denoting underfilling and volumes above VMAX denoting overdistention. Within the appropriate filling range, we identified VBEST, i.e., the filling volume associated with the maximum difference between PesEI and PesEE. Pes: esophageal pressure. Data are shown as mean value ± standard deviation.



[image: image]

FIGURE 2
Examples of inspiratory and expiratory esophageal balloon pressure-volume curves. The solid blue triangle refers to end-inspiratory esophageal pressure (PesEI); the hollow blue triangle refers to end-expiratory esophageal pressure (PesEE). The solid black triangle refers to VMIN and VMAX, and the red arrow represents the VBEST. (1) A 42-years-old female patient, BMI 21.5 kg/m2, with severe pneumonia (methicillin-sensitive Staphylococcus aureus, MSSA), pulmonary ARDS with focal lesion, VV-ECMO. PC 8 cm H2O, PEEP 10 cm H2O, TV 200.9 ml, Pplat 18 cm H2O, esophageal elastance 1.59 cm H2O/ml, and Pew at VBEST 7.97 cm H2O; VMIN 1 ml; VMAX 6 ml; and VBEST 6 ml. (2) An 18-years-old female patient, BMI 23.4 kg/m2, with infective endocarditis (IE), severe pneumonia (methicillin-resistant staphylococcus aureus, MRSA) and post-operative mitral valve replacement and ARDS with Diffuse lesion; PC 13 cm H2O, PEEP 8 cm H2O, TV 216.5 ml, Pplat 26 cm H2O; VMIN 2 ml, VMAX 6 ml, and VBEST 4 ml, esophageal elastance 1.61 cm H2O/ml, and Pew at VBEST 3.22 cm H2O. (3) A 29-years-old male patient, BMI 38 kg/m2, with severe acute pancreatitis (SAP), abdominal compartment syndrome (ACS), extrapulmonary ARDS with diffuse lesion, VV-ECMO; PC 10 cm H2O, PEEP 15 cm H2O, TV 475 ml, Pplat 25 cm H2O; VMIN 2 ml, VMAX 6 ml, and VBEST 2 ml, esophageal elastance 1.56 cm H2O/ml, and Pew at VBEST 0 cm H2O. (4) A 74-years-old male patient in the prone position, BMI 24.8 kg/m2, with severe pneumonia, septic shock, ARF with diffuse lesion; PC 9 cm H2O, PEEP 9 cm H2O, TV 358 ml, Pplat 18 cm H2O; VMIN 2 ml, VMAX 7 ml, and VBEST 4 ml, esophageal elastance 1.41 cm H2O/ml, and Pew at VBEST 2.81 cm H2O.




Calibration procedure

The calibration procedure is shown in Figure 3.
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FIGURE 3
Bland-Altman limits of agreements analysis for PesVBEST and PesCAL at VBEST. Compared to PesVBEST, bias (mean difference, continuous line) and precision (± 1.96 SD of the difference, dotted lines) of PesVCAL were 9.03 ± 10.33 cm H2O.




Influence factors of the best esophageal balloon filling volume

Patients with a BMI ≥25 kg/m2 had a lower VMIN (1.88 [1.25–2.0] vs. 2.3 [2–3] ml, p = 0.11), a significantly lower VMAX (5.88 [5.25–6] vs. 7.25 [7–8] ml, p = 0.006), and a significantly lower VBEST (3.69 [2.5–4.38] vs. 5.19 [4–6] ml, p = 0.036) than patients with BMI < 25 kg/m2 (Figure 4).
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FIGURE 4
Esophageal balloon pressure-volume curves of different BMI groups. (A) Relationship between balloon filling volume and values of Pes in the BMI ≥ 25 kg/m2 (PesEI, solid blue triangle; PesEE, hollow blue triangle) and BMI < 25 kg/m2 (PesEI, solid purple triangle; PesEE, hollow purple triangle) groups. Patients in the BMI < 25 kg/m2 group had lower Pes than those in the BMI ≥ 25 kg/m2 group. (B) Patients in the BMI < 25 kg/m2 group had higher balloon volume than those in the BMI ≥ 25 kg/m2 group. *P < 0.05 compared with the BMI ≥ 25 kg/m2 group. Pes: esophageal pressure.


Patients with PEEP ≥ 10 cm H2O had a lower VMIN (2.09 [2.0–3.0] vs. 2.23 [2.0–3.0] ml, p = 0.6), VMAX (6.55 [6.0–7.0] vs. 7 [6.5–8] ml, p = 0.29), and VBEST (4.59 [4–6] vs. 4.77 [3.5–6] ml, p = 0.8) than patients with PEEP < 10 cm H2O (Figure 5).
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FIGURE 5
Esophageal balloon pressure-volume curves of different PEEP groups. (A) Relationship between balloon filling volume and values of Pes in the PEEP ≥ 10 cm H2O (PesEI, solid blue triangle; PesEE, hollow blue triangle) and PEEP < 10 cm H2O (PesEI, solid purple triangle; PesEE, hollow purple triangle). Patients in the PEEP < 10 cm H2O group had lower Pes than those the PEEP ≥ 10 cm H2O group. (B) Patients in the PEEP < 10 cm H2O group had higher VMIN, VMAX, and VBEST than those in the PEEP ≥ 10 cm H2O group. Pes: esophageal pressure. No significant difference was observed.


Patients in the supine position had a higher esophageal pressure than those in the prone position with the same balloon filling volume according to three patients’ data (Figure 6).
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FIGURE 6
Examples of inspiratory and expiratory esophageal balloon pressure-volume curves in different positions. Three patients’ relationships between balloon filling volume and values of Pes in the supine position (PesEI, solid blue triangle; PesEE, hollow blue triangle) and the prone position (PesEI, solid purple triangle; PesEE, hollow purple triangle). The red arrow represents the VBEST, while the solid black triangle represents VMIN and VMAX. Patients in the prone position had lower Pes than those in the supine position. (1) An 18-years-old female patient, BMI 23.4 kg/m2, with infective endocarditis (IE), severe pneumonia (methicillin-resistant staphylococcus aureus, MRSA), post-operative mitral valve replacement, and pulmonary ARDS with diffuse lesion. PC 13 cm H2O, PEEP 8 cm H2O; VMIN 3 vs. 2 ml, VMAX 6 vs. 6 ml and VBEST 3 vs. 2 ml. (2) A 74-years-old male patient, BMI 24.8 kg/m2, with severe pneumonia, septic shock and pulmonary ARDS with diffuse lesions. PC 9 cm H2O, PEEP 9 cm H2O; VMIN 2 vs. 2 ml, VMAX 7 vs. 7 ml and VBEST 6 vs. 4 ml. (3) A 74-years-old male patient, BMI 22.9 kg/m2, with severe pneumonia, and pulmonary ARDS with diffuse lesions. PC 12 cm H2O, PEEP 6 cm H2O; VMIN 2 vs. 3 ml, VMAX 8 vs. 8 ml and VBEST 3 vs. 4 ml.


Moreover, the gastric pressure was relatively stable when the esophageal balloon filling volume increased (Figure 7).
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FIGURE 7
The relationship between gastric pressure and esophageal pressure. Solid blue triangles represent PesEI and hollow blue triangles represent PesEE. Gastric balloon pressure of end-inspiration (PgaEI) and end-expiration (PgaEE) are represented by solid purple circles and hollow purple circles, respectively. As the esophageal balloon volume increased, the gastric pressure remained relatively stable. Data are shown as the mean value ± standard deviation.





Discussion

We performed esophageal pressure monitoring in patients with ARF under invasive passive mechanical ventilation. We had three main findings: (1) The best filling volume (VBEST) can be quickly confirmed by the maximum esophageal pressure swing (ΔPes) of the intermediate linear section on the balloon P-V curve; (2) VBEST varies widely in different patients or in different PEEPs, BMIs, and positions; and (3) Mindray catheters are suitable for esophageal manometry in critically ill patients. The gastric pressure was stable when the esophageal balloon filling volume increased.

There have been few clinical studies on esophageal balloon inflation pressure. Mojoli et al. monitored 36 patients under controlled ventilation with 50 series of esophageal pressure measurements. The esophageal pressure data were recorded from 0 to the maximum inflation volume recommended. The study showed that calibrated values of Pes are different from the absolute value of the esophageal pressure and the esophageal wall pressure value. The research steps are cumbersome, but it is of great significance for clinicians to accurately understand the esophageal pressure (9). Their research suggested that the intermediate linear section on the end-expiratory P-V curve was closely parallel to each other (in vitro and in vivo), when pressure generated by the esophageal wall was subtracted from Pes. Although the in vitro study showed that Pes is stable within the VWORK on the P-V curve, the Pes in vivo linearly increased because of esophageal elastance (Ees) (9, 10, 12). Sun et al enrolled 40 patients under passive ventilation and verified the reliability of the method on a Cooper balloon catheter (geometric volume of 2.8 ml) (11). The method of calibrating Pes values was verified again during pressure support ventilation (15). Compared with the in vitro study, VBEST was significantly increased in the in vivo test, suggesting that the pressure of the esophageal wall may have an effect on it. Mojoli et al. (9) showed that VMIN is positively related to the surrounding pressure; that is, the greater the inflation volume is, the higher the esophageal pressure. Their research showed that the VBEST was 3.5 ± 1.9 ml (range, 0.5–6.0 ml), which was larger than the traditional recommended small inflation volume. The study also found that the inflation volume that can pass the validation occlusion test is greater than 0.5 ml, so 0.5 ml may not be able to accurately assess the accurate value of the patient’s esophageal pressure. Sun et al showed that the VBEST for smaller balloons (geometric volume of 2.8 ml) is 1.0 ml (range, 0.6–1.4 ml) and was highly variable among different patients and conditions (11). In this study, an esophageal pressure balloon with an inflation volume of 10 ml was used. VBEST was 4.69 ± 1.36 ml (range, 2.0–8.0 ml), which was larger than that reported by Mojoli et al’s. Our study enrolled patients with lower PEEP and lower BMI compared with Mojoli’s research (9). Our study shows that this method should be used with different balloon catheters to determine the inflation volume for more accurate esophageal pressure measurement (Table 2).


TABLE 2    Balloon filling volumes in different esophageal catheters.

[image: Table 2]

The intrathoracic pressure in critically ill patients can be affected by many factors, such as the accurate measurement of esophageal pressure. Therefore, the following factors may cause different measurement results. The first is body position. Previous studies have suggested that esophageal pressure when patients are in the supine position is higher than that in other positions due to the influence of mediastinal organs and tissues (16, 17). Washko et al. (18) showed that higher Pes in the supine position can be affected by a direct compression artifact and the change in lung relaxation volume in different positions. Yoshida’s study in an animal model and human cadavers showed that esophageal pressure measurement in the supine position as a substitute for Ppl at the mid-chest is suitable (19). Previous research was performed with patients in different body positions (supine with the bed at 20–30 degrees head up, lateral and prone at 45 degrees), while our study was performed with patients in the supine position or prone position without elevating the head of the bed. Our research showed the same results as other studies that esophageal pressure was higher in the supine position than in the prone position (Figure 6).

Our findings also showed that the higher the BMI and PEEP value were, the higher the esophageal pressure was (Figures 4, 5). Although previous studies (9) have suggested that, at increasing Pes, filling volumes should increase, our results on patients with higher PEEP and higher BMI (both having higher Pes) do not confirm such a finding; indeed, filling volumes were, overall, not significantly different from patients with lower PEEP and lower BMI, respectively. This suggests that more work is required in this regard. Next, patients in this study had more severe conditions with higher APACHE II scores and SOFA scores. The same patients at different disease stages had different VBEST values ranging from 3 to 6 ml. Finally, the VBEST was catheter-specific, such as in NutriVent and Marquat catheters, even at the same catheter volume, in an in vitro study (12). Similar conclusions may be drawn in in vivo tests. The results confirmed the accuracy of the current method used to determine VBEST. Therefore, the filling volume of the esophageal balloon catheter should be rechecked for more accurate results when the factors that may affect esophageal pressure change.

Hence, from the perspective of overall evaluation, the vital contribution to this study was that Mindray’s esophageal pressure catheters can be used to guide personalized lung protection strategies. The esophageal pressure will increase as the esophageal balloon volume increases in vivo and we should calibrate the esophageal pressure accordingly. In addition, we also found that different positions and different BMI and PEEP values affected the optimal inflation value. We recommend that when we perform esophageal pressure monitoring, the optimal filling volume of Pes should be routinely reselected to clarify the exact esophageal pressure, and calibration of esophageal pressure is also needed.

It shows that there is an overall bias of 10 cm H2O between raw and calibrated Pes at VBEST, with large limits of agreement (Figure 3). This is higher than Mojoli and Sun’s study, showing that the esophageal wall pressure leads to an overestimation of Pes around 10.33 cm H2O (9, 11). The esophageal pressure catheter used in our study is different from other studies (7). Some of the included patients are either post-thoracotomy or have focal lung involvement disease. The effects of PEEP, BMI, and position on patients require further study. This may be the reason why our study is different from other studies.

To best of our knowledge, this is the first study to use esophageal and gastric balloon catheters to titrate the proper esophageal balloon filling volume and clarify the relationship between esophageal pressure and intragastric pressure. Diaphragmatic pressure (Pdi) can be used to assess breathing, respiratory muscle function, and the presence of diaphragm paralysis (20). It is well known that Pdi can be calculated by Pga minus Pes. Our research showed that the gastric pressure (Pga) is relatively stable, while Pes increased with increased balloon filling volume. So, the value of Pes can have an effect on Pdi.



Limitations of the study

In this study, the supine and prone positions were used to measure esophageal pressure, and the effect of different body positions on esophageal pressure is still inconclusive. This study, based on the method of Mojoli et al. (9), used the calibrated values of Pes to minimize possible factors affecting the accuracy of esophageal pressure and requires further evaluation. The research was performed with only one Mindray esophageal balloon catheter. Although our research and previous studies have confirmed the reliability of the method (9, 11, 15), whether the results can be directly generalized to other esophageal catheters and other patient populations is still in question. The sample size of this study was small, and one patient underwent up to five tests, which may be a factor that led to the overall higher esophageal pressure values in this study than in other studies (9, 11). The esophageal pressure mainly indicates the intrathoracic pressure in the middle of the lung, and whether it can be used to assess post-thoracotomy or focal lung disease needs more research to be confirmed.



Conclusion

In summary, the method to identify the best filling volume of esophageal balloon catheters is feasible. This approach is well validated in Mindary’s intercropping. It might aid in developing personalized mechanical ventilation at bedside, such as different body positions and different intervention methods. Further study is required to validate the clinical applicability of this method.
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Background: General anesthesia is used in the majority of patients undergoing percutaneous nephrolithotomy. To reduce the general anesthesia-related risks and complications, this study evaluated the efficacy and safety of the paravertebral block as a novel and alternative anesthetic method for percutaneous nephrolithotomy.

Methods: This was a retrospective study. A total of 198 patients under percutaneous nephrolithotomy were included. Among them, 76 patients received paravertebral block and 122 received general anesthesia. Patients’ characteristics, surgical outcomes, anesthetic outcomes, and perioperative complications and the visual analog scale (VAS) were recorded to evaluate the efficacy and safety of paravertebral block compared with general anesthesia. Intergroup differences of the parameters were analyzed using an independent t-test and χ2-tests appropriate.

Results: Seventy-six patients who underwent paravertebral block completed the surgery successfully, three patients were supplemented with propofol for discomfort during ureteroscopy, and two patients were supplemented with remifentanil for incomplete nerve blockade. Patients who underwent paravertebral block had a higher American Society of Anesthesiologists grade and heart function grade, including patients with contraindications to general anesthesia. Intraoperative and postoperative adverse events and the anesthesia costs were less in patients who underwent paravertebral block. VAS pain scores during the postoperative period in patients who underwent paravertebral block were lower than those in patients who underwent general anesthesia without the use of patient-controlled intravenous analgesia.

Conclusion: In this retrospective study, paravertebral block was found to be effective and safe in providing intraoperative anesthesia for percutaneous nephrolithotomy, and had less adverse events and anesthesia costs. Paravertebral block is an attractive alternative anesthesia for patients at increased risk of comorbidities following general or neuraxial anesthesia.

KEYWORDS
paravertebral block (PVB), general anesthesia (GA), percutaneous nephrolithotomy (PCNL), postoperative analgesia, the visual analog scale (VAS) pain score


Introduction

Urolithiasis is one of the most common disorders among urinary diseases (1). A review of recent epidemiological studies indicated that the prevalence of urolithiasis is more than 10% (2), and that the recurrence rate approaches 50% after 10 years (3, 4). Approximately 70% of the population affected by this disorder is between 20 and 50 years old. One of the major symptoms is renal colic, a sudden intense flank pain (5). Nephrolithiasis, a subtype of urolithiasis, affects millions of people each year in China (6), and this high prevalence is associated with frequent surgical interventions (7, 8). Percutaneous nephrolithotomy is a widely used surgical procedure for the elimination of large and complex upper renal calculi (9, 10), and is the gold standard for treating nephrolithiasis with fewer complications than open surgery (11, 12). However, even though percutaneous nephrolithotomy is a minimally invasive procedure, the intra- and postoperative pain perceived by patients is intense (13, 14). General and neuraxial anesthesia are commonly used for percutaneous nephrolithotomy (15, 16). However, they are often associated with an increased risk of complications or are contraindicated (17), especially in the elderly or patients with multiple comorbidities.

The paravertebral block is a technique involving the injection of a local anesthetic adjacent to the intervertebral foramina where the spinal nerves exit the thoracic vertebral canal, resulting in ipsilateral segmental sympathetic nerve blockade (18–20). Paravertebral block is a simple and effective technique for unilateral procedures, with minimal incidence of hypotension and urinary retention (7, 21). There are several reports on the use of paravertebral block for percutaneous nephrolithotomy, though it is mainly used for intra- and postoperative analgesia (13, 21–23). Mei et al. presented reports to share their experience with paravertebral block as the main anesthesia used for percutaneous nephrolithotomy (24, 25). Other studies compared paravertebral block combined with moderate sedation with intraspinal anesthesia for percutaneous nephrolithotomy (26). These demonstrate the effectiveness of paravertebral block. However, reports about the application of paravertebral block for anesthesia in percutaneous nephrolithotomy are still few, and available data are limited. Thus, more studies are needed to explore the efficacy and safety of the paravertebral block for percutaneous nephrolithotomy. In the present retrospective study, we aimed to evaluate the effects of ultrasound-guided six-segment paravertebral block to provide anesthesia for percutaneous nephrolithotomy.



Materials and methods

This study was approved by the Institutional Research Ethics Committee of the Shanghai Fourth People’s Hospital (approval number: 202011115-001). As a retrospective study, that is, a re-exploration and utilization of past data, the Ethics Committee approved our waiver of informed consent.


Patients

This retrospective study was conducted on patients who attended the Shanghai Fourth People’s Hospital from January 2019 to October 2020. All data were obtained from the anesthesia system, the anesthesia record, and the postoperative visit record. A total of 198 patients who had large or complex renal calculi and underwent percutaneous nephrolithotomy were included in the study. The patients were assigned to the paravertebral block group (PVB group) or the general anesthesia group (GA group) according to the anesthesia type they received. Seventy-six of the patients underwent paravertebral block and 122 received general anesthesia. Moreover, the patients in the GA group were further divided into two subgroups based on whether a patient-controlled intravenous analgesia (PCIA) was not used (GA-1) or used (GA-2 group). Age, sex, body mass index, and comorbidities were recorded, including hypertension, diabetes, chronic obstructive pulmonary disease, chronic renal failure, and coronary heart disease.



Paravertebral block

The patients were positioned in the prone position, and standard monitoring was performed with non-invasive blood pressure measurement, electrocardiography, and pulse oximetry. The ultrasound-guided paravertebral block was performed using a linear array 5–10 MHz probe (Sonosite, Bothell, WA, USA). The probe was positioned on the lumbar spine, parallel to the ribs. The probe was moved cephalad until the 12th rib was visualized. Then, the probe was rotated anticlockwise for a standard sagittal slice of the rib. The probe was moved medially to identify the T11 and T12 transverse processes. The T8-L1 transverse processes were also identified by moving the probe cephalad and caudad. The T8-L1 paravertebral spaces were chosen for the procedure, and 5 mL of 0.33% ropivacaine was intermittently injected at each segment, the total dose of ropivacaine was 100 mg (Figure 1). The blocking effect was evaluated 15 min later, and based on the patient’s condition, additional sedatives or analgesics were administered or not. After a successful block, lidocaine gel was injected into the urethra for 2 min before ureteroscopy. Surgery was performed after the patient’s pain was resolved.


[image: image]

FIGURE 1
Illustration of the step-wise technique for paravertebral block. (A) The probe is moved cephalad to determine the position of the 12th (white arrow). (B) The probe is rotated to the sagittal plane and the transverse process of T9, T10, and T11 is in the same visual field. (C) The probe is moved to determine the paravertebral spaces (red arrow), transverse process of T10 and the pleura (green arrow) is identified. R, rib; TP, transverse process.




General anesthesia

The patients induced by sufentanil (0.3 μg/kg), propofol (2 mg/kg), and cisatracurium (0.2 mg/kg), and dexmedetomidine (1 μg/kg) was administered via intravenous pump; tracheal intubation was performed 2 min later. General anesthesia was maintained with propofol (5 mg/kg/h) and remifentanil (10 μg/kg/h). Anesthesia of patient was monitored using the standard anesthetic observation for changes in vital signs, such as heart rate, blood pressure, respiratory effort, EtCO2, and body temperature in response to surgical stimulation. PCIA was provided with sufentanil (2 μg/kg) and butorphanol (1 mg/kg) to 150 mL at the end of surgery.



Surgical procedure

Swabs were used to test the effect of blocking ipsilateral T8 to L1 region anesthesia 15 min later, surgery was performed after the patient’s pain was resolved. Percutaneous nephrolithotomy was performed in two stages: first, the patient was placed in the lithotomy position, ureteroscopy was performed, and the ureteral and urinary catheters were indwelled. Then, the patient was moved into the prone position, and after ultrasonic positioning, nephroscopy and lithotripsy were performed for percutaneous nephrolithotomy.



Evaluation of the effects and safety of paravertebral block and general anesthesia

The American Society of Anesthesiologists (ASA) grade and heart function grade according to the New York Heart Association (NYHA) were recorded to evaluate the tolerance to paravertebral block and general anesthesia in different patients, especially the elderly and patients in poor general condition. Our primary outcome was operative pain as measured by the visual analog scale (VAS, 0–10; 0: no pain, 10: maximum pain) in patients who received the paravertebral block. The secondary outcomes include intra- or postoperative adverse events, such as hypoxia (SPO2 < 90), hypertension (MAP more than 20 percent above baseline), hypotension (MAP less than 20 percent above baseline), postoperative itching, nausea, and vomiting, were recorded to assess the safety of the two types of anesthesia. Moreover, the satisfaction with anesthesia among surgeons and patients, the number of patients who required additional sedation and analgesia, including propofol, and remifentanil, was recorded. Hospitalization days and procedural costs were also analyzed to compare the economic factors between the two types of anesthesia. Other data, including anesthesia duration, the volume of fluid infused, and surgical data, were also recorded and compared.



Statistical analysis

All data are presented as medians, means, or incidence, as appropriate. The categorical and continuous variables were analyzed using χ2-tests and independent t-tests, respectively. Microsoft Excel 2013 (Microsoft Corp., Redmond, WA, USA) was used to record the data, and the analyses were performed using SPSS Statistics for Windows, version 22 (IBM Corp., Armonk, NY, USA). P < 0.05 indicated statistical significance.




Results

A total of 198 patients were included in this study. Among them, 76 patients were anesthetized with paravertebral block and 122 received general anesthesia. The patients’ characteristics are summarized in Table 1. There were no significant differences in sex, age, weight, height, and body mass index between groups. The PVB group had significantly higher ASA (P = 0.005) and NYHA heart function grades (P = 0.001). There were no significant between-group differences in comorbidities, except for hypertension, which was more frequent in the GA group (P = 0.03).


TABLE 1    Characteristics of included patients.

[image: Table 1]

The clinical parameters of surgery are summarized in Table 2. There were no significant differences regarding the duration of surgery between groups. Surgical complications and surgeon satisfaction with anesthesia did not differ between groups (P > 0.05). Among the 76 patients who underwent paravertebral block, three received sedation during ureteroscopy and five in feeble conditions required assistance with repositioning during the procedure.


TABLE 2    Clinical parameters of surgery.
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The anesthesia parameters of the patients are shown in Table 3. The anesthesia duration was longer in patients who underwent paravertebral block than that of patients receiving general anesthesia (99.41 ± 7.79 vs. 88.93 ± 11.80 min, P < 0.001). The fluid infusion volume was less in the PVB group (785.52 ± 99.60 vs. 1,045.08 ± 151.22 mL, P = 0.007). The VAS pain score during the procedure in the PVB group was 1.49 ± 0.90; however, this value could not be compared between groups since patients under general anesthesia could not provide this score. Three patients were supplemented with propofol (1 mg/kg, intravenous injection) because of discomfort during ureteroscopy and 2 patients were supplemented with remifentanil (2 μg/kg/h, intravenous pump) for incomplete nerve blockade. All patients in the GA group also received these medicines. Intraoperative adverse events such as hypotension were less frequent in patients with paravertebral block (P = 0.01), and there were no between-group differences in hypertension and hypoxia.


TABLE 3    Anesthesia parameters of the patients.
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The GA group was subdivided according to the use of PCIA; there were 68 patients in the GA-1 group (general anesthesia without PCIA) and 54 patients in the GA-2 (general anesthesia with PCIA) group. Table 4 shows the postoperative data of the three groups. The patients in the PVB group had a lower incidence of postoperative itching, nausea and vomiting (P = 0.01); PCIA had no significant effect on these symptoms in patients with general anesthesia. No significant differences emerged in hospitalization and patient satisfaction. The anesthesia cost was lower for paravertebral block than that of general anesthesia, without or with PCIA (93.58 ± 27.25 vs. 278.89 ± 29.08 and 387.39 ± 20.44 $, respectively; P < 0.001).


TABLE 4    Postoperative complications and other related indicators.

[image: Table 4]

The PVB group did not receive postoperative analgesia, we compared the VAS scores among the three groups in the postoperative period in Figure 2. The mean VAS scores in the PVB and GA-2 group at the end of the surgery were not significantly different; however, they were both lower than those in the GA-1 group (P < 0.001 and P = 0.01, respectively). Six hours after the procedure, the mean VAS score in the PVB group was higher than that in the GA-2 group and lower than that in the GA-1 group (P < 0.001 and P < 0.001, respectively). At the 24-h time point, the difference between the PVB and the GA-1 group was not significant; patients who received PCIA had a significantly lower VAS score than those in the other two groups (P = 0.047 and P = 0.001, respectively). The mean VAS pain score differences among the three groups were not statistically significant at the 48-h time point.
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FIGURE 2
The visual analog scale (VAS) pain scores in the postoperative period. PVB group, paravertebral block group; GA 1 group, general anesthesia without PICA Group; GA 2 group, general anesthesia with PICA Group.




Discussion

In this retrospective study, paravertebral block was found to be feasible for providing intraoperative anesthesia for percutaneous nephrolithotomy. Three patients experienced severe discomfort and bladder irritation during ureteroscopy; however, the combination of a low dose of propofol and to pical lidocaine gel met the surgical requirements. Since the failure rate of paravertebral block for percutaneous nephrolithotomy in some reports was 6.1–20% (27, 28), VAS scores were assessed after paravertebral block treatment. Analgesia was given to patients with VAS > 3 to ensure their comfort. In our study, the average VAS pain score was <2 in PVB group, suggesting that paravertebral block can meet the operation needs of most patients, except for two patients who were administered remifentanil because the blocking effect was incomplete. Since six-segment injections were applied rather than a single one (29), the failure rate in our study was lower than those of previous reports. All patients, except those who were administered propofol, were awake and satisfied with the level of anesthesia, indicating that this technique is effective and meets the surgery requirements. Achieving adequate analgesia for percutaneous nephrolithotomy requires the blockage of skin and muscle innervation and visceral nerves for the kidney and ureter (30). The tract to block for lithotripsy typically includes the 10th and 11th intercostal spaces (31). Sensory nerves in this area are readily anesthetized by a thoracic paravertebral block, while kidney and ureter nerves originate from T10 to L1 (13, 25). In contrast to previous reports (26), we observed that blocking the homolateral spinal nerves from T8 to L1 led to satisfying sensation reduction and provided effective anesthesia for percutaneous nephrolithotomy.

In our study, there were no significant differences in terms of age, sex, weight, height, and comorbidities between the patients who underwent paravertebral block and general anesthesia. Owing to the aging population in Shanghai (32), the patients treated at our hospital were mainly elderly, although the typical onset age of calculi is in young adulthood (3); the mean age of the patients in our study was >60 years. In elderly patients, the physical conditions often decay (33). The PVB group had higher ASA and heart function scores, including several patients with ASA IV, who were at high risk of receiving general anesthesia; however, nephrolithiasis pain is severe and must be treated promptly and effectively (34). Paravertebral block affects circulation and respiration less than general anesthesia and can be administered to high-risk patients in poor general conditions or with several underlying diseases, in contrast to general or neuraxial anesthesia. Several patients still required sedatives or analgesics, which might have increased the anesthesia risks. However, the small doses of sedatives or analgesics had minimal effect on circulation and respiration (35, 36). Moreover, the percentage of patients requiring propofol or remifentanil was low; all ASA III–IV patients in our study received only the paravertebral block, without additional sedatives or analgesics. The incidence of intraoperative hypotension, a risk factor for malignant cardiovascular and cerebrovascular events (37), was significantly lower in the PVB group compared with the GA group. There was only one patient that had oxygenation decline during surgery in the PVB group due to the additional sedatives or analgesics (38). However, the hypoxemia was promptly corrected with effective treatment. In addition, potential complications of paravertebral block, including bleeding and nerve damage, were not identified. Overall, the incidence of adverse events was low in the PVB group, and this technique was deemed safe for percutaneous nephrolithotomy.

Furthermore, there were no significant differences between groups regarding the surgical data. The anesthesia duration was longer in the PVB group since ultrasound-guided nerve block requires more time to be fully effective. Other differences included the volume of infused fluids, as the patients often needed extra fluids under general anesthesia due to peripheral vasodilation. No significant differences were found in hospitalization and anesthesia satisfaction in both surgeons and patients. The overall cost for the paravertebral block was significantly lower than for general anesthesia, alleviating the economic burden for the patients. Overall, the paravertebral block was similar to general anesthesia in ensuring surgical safety and patient comfort at a lower cost.

As some of the patients in the GA group received PCIA, we compared the postoperative data of the three groups. We found that the incidence of nausea and vomiting was significantly higher in patients who underwent general anesthesia than in the paravertebral block group. Postoperative analgesia had no significant effect on nausea and vomiting in the two general anesthesia groups. Although we did not analysis postoperative throat pain and hoarseness caused by intubation, or adverse reactions such as slow peristalsis and hypothermia caused by general anesthesia, the use of paravertebral block obviously prevented them from occurrence.

Regarding postoperative pain, the scores of the paravertebral block and GA-2 group (with PCIA) were lower than that in the GA-1 group (without PCIA) immediately after surgery. However, after 6 h, the VAS score in paravertebral block patients increased due to the gradual decay of the blocking effect, approaching the pain score of the general anesthesia patients without PCIA (21). The patients with PCIA had a lower VAS score than those in the other two groups at the 24-h time point. Nonetheless, the mean VAS scores of the three groups at this time were <2, suggesting that the postoperative pain was generally limited to the first day after surgery; this finding is consistent with previous reports (13, 23). There was no significant difference in pain scores among the three groups 48 h after surgery. Overall, paravertebral block was more effective than general anesthesia alone in relieving postoperative pain, although it does not play a continuous analgesic role.

There are some limitations both to this study and the application of paravertebral block. First, retrospective studies are prone to data bias, and the intra- and postoperative data were incomplete. Second, VAS scores may be unreliable due to the subjective nature of experiencing and reporting pain (13). Additionally, since paravertebral block is unilateral, patients may feel uncomfortable after bladder flush and expansion during ureteroscopy. Bladder irritation signs are evident after ureter catheter placement; thus, additional sedative and analgesic drugs are sometimes needed. In future clinical practice and research, optimizing this anesthesia method to ensure safe and comfortable operating conditions is necessary. Furthermore, we retrospectively compared the effects of paravertebral block and general anesthesia; however, a prospective randomized controlled trial should be conducted.

In this retrospective study, paravertebral block was effective and safe in providing intraoperative anesthesia for percutaneous nephrolithotomy, and had less adverse events and anesthesia costs. Paravertebral block is an attractive alternative for patients at increased risk of comorbidities following general or neuraxial anesthesia.
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Objective: Analgesia and sedation assessments vary widely in clinical performance. This study investigated the cognition of intensivist and the importance of training for analgesia and sedation through the Chinese Analgesia and Sedation Education & Research (CASER) group training program.

Methods: A total of 107 participants studied the training courses on the “Sedation, Analgesia and Consciousness Assessment of Critically Ill Patients” held by CASER from June 2020 to June 2021. Ninety-eight valid questionnaires were recovered. The content of the questionnaire included the preface, general information of the trainees, students’ awareness of the importance of analgesia and sedation evaluation and related guidelines, and professional test questions.

Results: All respondents were senior professionals engaged in the ICU. A total of 92.86% believed that analgesia and sedation treatment were very important parts of the ICU, and 76.5% believed that they had mastered relevant professional knowledge. However, when evaluating the relevant professional theory and practice of the respondents from an objective point of view, it can be seen that only 28.57% of the respondents could reach the passing line in the specific case analysis scenario. Before participating in the training, 42.86% of the medical staff believed that analgesia and sedation treatment should be evaluated in the daily work of the ICU; after participating in the training, 62.24% of the medical staff believed that the evaluation was necessary and believed that they had improved after the training. Moreover, 69.4% of the respondents affirmed the necessity and significance of jointly undertaking the task of analgesia and sedation in Chinese ICUs.

Conclusion: This study revealed that the assessment of analgesia and sedation is not standardized in the ICU in mainland China. The importance and significance of standardized training for analgesia and sedation are presented. The CASER working group thus established has a long way to go in its future work.

KEYWORDS
analgesia, sedation, assessment, training, China


Introduction

Analgesia and sedation have become very important and indispensable components of intensive care specialist treatment. The correct use of sedative and analgesic therapy can reduce the pain and fear of critically ill patients so that patients do not perceive, pay attention, remember or forget their pain during the severe stages and avoid anxiety, agitation and even delirium caused by the pain, which may improve patient condition and prognostic outcomes. Compared with Western countries, China’s analgesic and sedative treatment started late but has developed rapidly. In 2006, the Intensive Care Medicine Branch of the Chinese Medical Association released the first edition of the Chinese guidelines for analgesia and sedation for critically ill patients in 2006, and the guidelines were updated in 2018 (1). Following the update of the second edition of the Chinese guideline and the publication of the international PIADS guideline (2), domestic critical care colleagues have carried out different forms of study across the country, including self-study by physicians, department teaching, and promotion of related academic conferences. In the process of these studies, a common problem is exposed, and different readers are particularly prominent in the limitations of their own understanding of the guidelines: In actual clinical work, it was found that the theory and application are seriously disconnected. That is, many physicians have good theoretical basic knowledge, but they have subjective cognition and misjudgment about how to operate and implement related analgesia and sedation. To solve this outstanding clinical problem, the Critical Care Medicine Branch of the Chinese Medical Doctor Association established the China Analgesia and Sedation Education and Research (CASER) group and started special training in June 2020, aiming to improve theoretical understanding of analgesia and sedation. The supplement of clinical practice is helpful for the promotion and application of related concepts. Aiming at the contradiction between the significance and role of analgesia and sedation in critically ill patients and the clinical reality, this study investigated the cognition of bedside doctors and the importance of training for analgesia and sedation.



Materials and methods


Training group formation

The CASER group is entrusted by the Critical Care Medicine Branch of the Chinese Medical Doctor Association, with Professor LJ from the Department of Critical Care Medicine, Xuanwu Hospital, Capital Medical University as the project leader. The first batch of four lecturers was identified (YL, RL, SL, and LS). To ensure the consistency of training, the CASER group had conducted training and centralized learning with four fixed lecturers in advance. Before the formal college training of the trainees, three centralized lecturer trainings were organized beginning in March 2020. The training theme, specific training content, course structure organization and teaching methods were discussed and sorted out. After teacher training, the working group organized an assessment of the lecturers and confirmed the qualifications of the lecturers to ensure the homogeneity and consistency of the training.



Investigation objects

From June 2020 to June 2021, the CASER group held training courses on “Sedation, Analgesia and Consciousness Assessment of Critically Ill Patients” in batches. The training course was open to recruiting students from all over the country, and the main groups were doctors and nurses working in the ICU. There were no more than 20 students enrolled in each training session, and registration automatically stopped when 20 students were reached. The main contents of the training were analgesia and analgesia assessment, sedation and sedation assessment, delirium and delirium assessment, and then there were related case simulations and discussions for a total of 10 cases. From February to March 2022, the working group distributed electronic questionnaires to all 107 trainees who participated in the training courses during the above mentioned year and collected them for analysis. The necessity of training was used as an indicator of sample size calculation. It was calculated that a sample of 81 patients would generate a 95% confidence interval estimate (CI), which is a range of likely values for the population proportion with precision (allowable error) of ±10% based on an estimated sample proportion of 70%. Given an anticipated dropout rate of 10%, the total sample size required was at least 90.



Data collection and pilot testing

The questionnaire consisted of four parts (see Supplementary material): (1) Preface, which explained the purpose, significance, sponsoring institution and ethics-related matters of this research to the investigators. (2) General information of the trainees, gender, age, educational background, professional and technical title, work affiliation and medical unit and working years. (3) Students’ awareness of the importance of analgesia and sedation evaluation and related guidelines. (4) Professional test questions, including six theoretical questions about analgesia, sedation and consciousness assessment and six clinical case analysis questions, each with five points for a total of 30 points.

The questionnaire was organized and completed by the expert group according to the purpose of this research. The members of the expert group included five doctors from comprehensive ICUs in different provinces (with more than 15 years of work experience), two nurses and one medical statistician. The pilot testing of the questionnaire was completed by 10 trainees who participated in the training, and various data were collected, including the layout, structure, attractiveness, question setting, tolerance of the respondents, and understanding of the questions. SPSS software 20.0 was used for content validity analysis, and the Cronbach’s alpha value was 0.812, indicating that the questionnaire was effective.




Results


General characteristics

From June 2020 to June 2021, this project held 4 courses and trained a total of 107 trainees. After the questionnaires were distributed, a total of 98 valid questionnaires were returned. Among them, there were 51 males (52.04%) and 47 females (47.96%). Students aged 31–40 accounted for a maximum of 48 (48.98%). There were 86 Chinese doctors (87.76%) and 12 nurses (12.24%) among the trainees. Most of the academic qualifications were master’s degrees (56, 57.14%). Mainly with intermediate and senior titles, a total of 80 people (81.63%). Most of them worked in the comprehensive ICU of the university hospital (65.31%), and their working years were more than 10 years (58.16%) (Table 1).


TABLE 1    The general characteristics of the survey population.
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Cognition of physicians on the clinical assessment of sedative, analgesic, and delirium

This study investigated the familiarity of clinicians with the Sedation and Analgesia Assessment Scale and related guidelines through subjective and objective questions. The results showed that the vast majority of medical workers believed that sedation and analgesia assessment was more important in the daily work of the ICU (n = 91, 92.86%). A total of 76.5% (n = 75) of medical workers believed that they were not satisfied with the PADIS guidelines and the Chinese guidelines for sedation and analgesia (Figure 1).


[image: image]

FIGURE 1
Medical staff’s understanding of the importance of sedation and analgesia assessment scales (A) and related guidelines (B).


To obtain an objective view of the familiarity of medical staff with the assessment of analgesia and sedation, medical staff were surveyed through a test questionnaire. Among them, the theoretical questions and clinical questions were out of 50 points each, with a total score of 100 points. The results showed that 42 people (42.86%) scored more than 30 points on theoretical questions, of which 13 people (13.27%) scored full marks. Twenty-eight (28.57%) of the case analysis questions scored more than 30 points, of which 0 were full marks. A total of 29 students (29.6%) had a total score of more than 60 points, and no student received a full score (Figure 2).
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FIGURE 2
The distribution of scores of students’ test questions. (A) Theoretical assessment and case analysis test score. (B) The total score of the test.




The impact of training on the assessment of analgesia and sedation on the theory and practice of medical staff

The findings showed that training increased medical staff’s awareness of the importance of assessment. Before participating in the training, only 42 (42.86%) of medical staff believed that evaluation of analgesia and sedation treatment was necessary in the daily work of the ICU; after participating in the training, 61 (62.24%) medical staff believed that the evaluation was necessary. Our survey results show that 69.4% of medical staff believe that this work should be done by doctors or led by doctors. Among the 12 nurses who participated in the survey, no one believed that the work could be done independently by nurses, and seven nurses believed that doctors should be the lead and that the nurses should cooperate with them. A total of 57 think it can be done by doctors (Figure 3).
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FIGURE 3
The impact of training on the assessment of analgesia and sedation on the theory and practice of medical staff. (A) Clinical practice of analgesia and sedation evaluation. (B) The effect of training on the doctor’s evaluation of analgesia and sedation before and after training.





Discussion

The study found that the vast majority of medical staff in Chinese ICUs have fully realized the importance of sedation and analgesia for the assessment and treatment of delirium, and the content of analgesia and sedation guidelines is well known. However, the specific content of the evaluation of sedation and analgesia for delirium treatment is generally familiar, and it cannot be used correctly in clinical practice. This is a problem that needs to be considered. In particular, the difference between China and foreign countries is that doctors are involved in more assessments of analgesia and sedation, which puts forward higher requirements for doctors and cooperation between doctors and nurses. Through our training, most doctors further improved their understanding of the importance of analgesia, sedation and delirium treatment evaluation, corrected some blind spots where they lacked understanding, and enriched their theoretical knowledge and clinical practice experience.

In addition to the primary disease, critically ill patients in the ICU also suffer from various painful feelings caused by the special environment of the ICU, treatment and nursing and other related operations and suffer from the double blow of the spiritual level, such as the lack of support from relatives around them and the fear of disease and death. Previous studies have shown that 50% of patients who have been in the ICU have painful memories of their experience in the ICU, and approximately 70% of patients had anxiety, restlessness and fear during their ICU stay (3–5). The Europain study even suggested that our routine movements, such as turning over and sucking sputum, can cause intolerable pain and adverse stimulation to patients (6). As ICU physicians have increasingly recognized the importance of improving the comfort of critically ill patients, analgesia, and sedation are a very important part of the basic treatment in ICU. The American Society of Critical Care Medicine published clinical practice guidelines for adult ICU patients as early as 1995 (7). This guideline was revised in 2002 (8), and the world-renowned PAD Guide was published in 2013 (9). In 2019, the PADIS guidelines were proposed again (2). The publication and update of a series of guidelines fully reflect the understanding of the latest concepts of analgesia and sedation treatment by intensive care physicians, pay more attention to the prevention and assessment of delirium, and further clarify the goal of ICU analgesia-based sedation and general sedation. A light sedation strategy enhances the management of delirium and emphasizes the important role of early activity and sleep. Analgesia and sedation is a subprofessional field, and systematic study and clinical practice are required for this related content to be more accurately grasped and to guide clinical treatment.

Intensive care medicine in mainland China has made great progress in the past 10 years. In particular, COVID-19 has brought some new improvements in the understanding of critical care and changes in clinical behavior. Analgesia and sedation are very important aspects (10). At present, most domestic intensive care physicians have fully realized the importance of analgesia and sedation, and clinical analgesia and sedation have become important treatment methods and means for critically ill patients (11). Through this study, it is believed that the low rate of the correct usage of the sedation and analgesia scale in clinical practice is due to the general familiarity with the assessment of sedation and analgesia treatment. There may be different understandings of the timing of analgesia and sedation, the duration of treatment, and the choice of drugs. The treatment of analgesia and sedation in mainland China is very different and heterogeneous. For example, some ICUs are treated with sedatives only, and some ICUs use deep sedation strategies that cause related complications. Throughout overseas surveys on analgesia and sedation, it was also found that different countries and regions also have very large differences in the choice and use of drugs (12–14). Therefore, the importance of consistent training, especially case-oriented training, and strengthening the application of the clinical application of analgesia and sedation assessment scales for medical staff has important practical significance.

As the saying goes, analgesia and sedation have no evaluation and no treatment. Therefore, the evaluation of analgesia and sedation has become a core issue. Our survey and study found that 75% of the survey respondents indicated that they understood the guidelines for analgesia and sedation, and 91.25% believed that the evaluation of analgesia and sedation was very important. However, the content of analgesia and sedation assessment was generally understood, and only 48.75% were able to achieve basic knowledge. Further examination of the doctor’s practical application ability through case analysis questions found that 22.5% of the people could reach 60 points, and only 1 person (1.25%) was able to judge all the differences in the survey correctly. This fully shows that practitioners have a clear understanding of the problem of analgesia and sedation, but the actual application is not ideal. If the evaluation cannot be accurately evaluated, then we cannot talk about the accuracy of the treatment. Therefore, in the evaluation of analgesia and sedation, relevant training needs to be strengthened, especially related operational practice, which is the cornerstone of analgesia and sedation treatment and the focus of this research.

Relevant training for medical staff was carried out in a targeted manner. After the training, 38.75% of medical staff needed to evaluate analgesia and sedation in their daily work in the ICU, and 60% of medical staff start related clinical practice. A total of 91.25% of the trainees believed that the training improved their awareness of the importance of analgesia and sedation evaluation and enriched their theoretical knowledge and clinical practice experience. In addition, more than 60% of Chinese surveyors for analgesia and sedation believed that the dominance lies with doctors, which is different from foreign nurse-led analgesia and sedation (2). Medical staff in China believe that it should be led by doctors and coordinated by nurses. Therefore, medical staff believe that cooperation between medical staff and nurses is essential in clinical work. Doctors provide feedback with nurses through bedside assessment and adjust strategies for care and treatment, which requires a deeper understanding of both doctors’ and nurses’ cognition of analgesia and sedation and is necessary to strengthen the popularization of relevant knowledge and understanding. The highlight of our training is the establishment of a group, first of all, a unified understanding of the lecturer team, the development of teaching materials, and an audience of doctors and nurses. The practice part is added to the training, especially through the workshop part. The real evaluation process can be seen, and it is no longer a rigid description in the textbook, which avoids misunderstandings. This lays the foundation for future training courses and systems.

In summary, we hope to improve in the following aspects. Firstly, a stable training core tutor team was established to regularly prepare lessons and study, and update new progress of analgesic and sedative treatment. Secondly, the practical courses based on theoretical basis, in addition to providing some standard teaching videos to display the evaluation method, are to build a simulated scenario for offline teaching and learning, or use more advanced virtual reality technology assistance. Third, establishing an assessment and evaluation system. In addition to the assessment of knowledge, we should investigate the form and content of teaching in order to improve the efficiency of teaching. Finally, a training textbook for Chinese national conditions is formed, combining analgesic and sedative teaching with the specific status quo, highlighting practicality, and analyzing common issues in targeted.



Conclusion

Although the survey content is limited, it is not difficult to see from the data that Analgesia and sedation in China still need to strengthen training to unify professional understanding and achieve homogeneity in the management and treatment of analgesia and sedation in patients. The first step in training is to achieve an assessment of analgesia and sedation, which are key to laying the groundwork for subsequent treatment. CASER was established in compliance with this purpose. In the future, it will be committed to the promotion, application and research of knowledge of sedation and analgesia in China and will strengthen international exchanges and cooperation, as well as introduce the latest knowledge and concepts related to analgesia and sedation to China. Of course, more diversified teaching experiments and research will be carried out by CASER in the future.
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Effective leadership is crucial to team performance within the intensive care unit. This novel study aimed to explore how staff members from an intensive care unit conceptualize leadership and what facilitators and barriers to leadership exist within a simulated workplace. It also aimed to identify factors that intersect with their perceptions of leadership. This study was underpinned by interpretivism, and video-reflexive ethnography was chosen as the methodology for the study. The use of both video recording (to capture the complex interactions occurring in the ICU) and team reflexivity allowed repeated analysis of those interactions by the research team. Purposive sampling was used to recruit participants from an ICU in a large tertiary and private hospital in Australia. Simulation groups were designed to replicate the typical clinical teams involved in airway management within the intensive care unit. Twenty staff participated in the four simulation activities (five staff per simulation group). Each group simulated the intubations of three patients with hypoxia and respiratory distress due to severe COVID-19. All 20 participants who completed the study simulations were invited to attend video-reflexivity sessions with their respective group. Twelve of the 20 participants (60%) from the simulations took part in the reflexive sessions. Video-reflexivity sessions (142 min) were transcribed verbatim. Transcripts were then imported into NVivo software for analysis. The five stages of framework analysis were used to conduct thematic analysis of the video-reflexivity focus group sessions, including the development of a coding framework. All transcripts were coded in NVivo. NVivo queries were conducted to explore patterns in the coding. The following key themes regarding participants’ conceptualizations of leadership within the intensive care were identified: (1) leadership is both a group/shared process and individualistic/hierarchical; (2) leadership is communication; and (3) gender is a key leadership dimension. Key facilitators identified were: (1) role allocation; (2) trust, respect and staff familiarity; and (3) the use of checklists. Key barriers identified were: (1) noise and (2) personal protective equipment. The impact of socio-materiality on leadership within the intensive care unit is also identified.
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1. Introduction

Effective leadership in healthcare is important as it is known to optimize team performance (1–3). This is especially crucial in the complex environment of the intensive care unit (ICU) (3, 4). Existing evidence that underpins our understanding of leadership in the ICU is commonly discussed in an individualist fashion, similar to how it is conceptualized in the broader healthcare literature (4). Leadership within the healthcare environment has been conceptualized in different ways, with four discourses of leadership being described: individualist; relational; contextual; and complexity (1). In this way, leadership may be defined by the actions and styles of individuals (individual discourse), the leader-follower relationship (relational discourse), or how a context determines the behavior of leaders (contextual discourse). Finally, an emergent process of leadership can be described within an adaptive system (complexity discourse) (1).

Healthcare leadership has also been described by different dimensions, defined as leadership conceptualizations (1). A recent integrative review of the literature exploring leadership in the ICU identified two dominant discourses (individual and relational) and nine central dimensions (4). Dimensions such as role allocation, clinical skills, and communication skills defined leadership within the ICU as well as leader behaviors such as decision-making, being calm in a crisis, or being approachable, and traditional hierarchies (4). This integrative review highlighted a significant lack of literature relative to leadership and followership within the ICU, recommending that future research fill the gap by exploring ICU members’ experiences of leadership, as well as the key facilitators and barriers of leadership within this environment (4). This research could allow a richer understanding of how leadership is enacted in the context of an ICU. It may also facilitate further research into improving specific patient or staff-related outcomes attributed to leadership within this environment.

The ICU environment is unique, and the leadership dimensions may differ from other environments. Critically unwell patients are cared for by multi-disciplinary teams in an environment which can be very busy and often chaotic due to inadequate staffing or a life-threatening emergency or an elective procedure with adequate staff and time for preparation and planning. The COVID-19 pandemic has also had a significant impact on this environment, through the increased utilization of personal protective equipment (PPE), changes to the physical ICU environment, as well as the need for additional staff training and new team dynamics (5). Leadership within this complex environment is known to also face the challenges of certain historical influences, particularly those of hierarchy and gender (4, 6). Disciplinary hierarchies describe the traditional power imbalance between doctors and nurses or between senior and junior staff within the medical profession, which can make any collaborative approach to leadership more challenging (7). The role of gender in medical leadership has also been broadly discussed in the literature. This has not only been limited to emergency and crisis leadership, but also in formal leadership positions within the ICU (6). Leadership styles of men and women may be different, with male leadership associated with a more traditional authoritative style and female leadership being associated with more inclusiveness (8). The latter may be less likely to be recognized by medical teams as ‘leadership’ (8).

Currently, little is known about how ICU staff conceptualize leadership within the ICU and what dimensions, such as gender and hierarchy, impact leadership and followership in this context. Furthermore, whether particular barriers or enablers to leadership exist within this complex environment is also unknown. To our knowledge, no studies report the impact of the ICU environment on leadership and followership among ICU teams. In particular, how socio-materiality impacts leadership (see Table 1 for a glossary of key qualitative and theoretical terms), whereby socio-materiality describes how human beings, physical objects, and physical environments interact (13).



TABLE 1 Glossary of qualitative and theoretical terms.
[image: Table1]

Ethnography is a qualitative research method which involves the observational study of people in their own environment. Video-reflexive ethnography (VRE) refers to the practice of filming professionals at work and using the footage to allow scrutiny and discussion about their work and behaviors at reflexive sessions (14). This interpretive tool has been shown to improve staff understanding of their behaviors, as well as to allow further improvement in their practice to enhance patient safety (14–16). VRE can therefore be used as an interpretive method to understand the environment and how staff behave. VRE has been used previously in this way to study staff communication in the clinical ICU setting, and as an interpretive research tool exploring leadership within broader healthcare (9, 17). It has yet to be utilized to look at leadership within ICU teams. The use of VRE by ICU teams as a research tool requires video of their practice within the ICU environment. However, in the face of the COVID-19 pandemic, video of real-life situations in the ICU has been challenging.

Simulation can be used as a surrogate to facilitate VRE to better understand staff performance in the ICU. Simulation-based staff training in healthcare has shown improvements in procedural performance, teamwork, and communication (18). Within the ICU, simulation-based team training has been demonstrated to facilitate clinical learning and positively alter staff behaviors (19). During the recent COVID-19 pandemic, the use of simulation-based team-training for airway management in ICU was ubiquitous, with one study demonstrating its use in 97% of Australian and New Zealand ICUs (20). Simulation training often occurs within a designated simulation training center, which aims to replicate the environment of a clinical space. However, in-situ simulation refers to simulation training done within the actual clinical space, potentially providing improved fidelity, cost-effectiveness, and staff familiarity with devices and their environment (21, 22).

This study was designed to video the simulations of airway management within a busy ICU and use VRE to further investigate leadership within the ICU.

It aims to address the following research questions (RQs):

1. How do ICU staff members conceptualize leadership through their reflections on the simulated ICU?

2. What are the ICU staff members’ perceptions of facilitators/barriers to leadership within the simulated ICU?

3. What factors intersect with the ICU staff members’ perceptions of leadership in the simulated ICU?



2. Materials and methods


2.1. Study design

This study was underpinned by interpretivism, understanding that multiple perspectives of reality exist which the research will investigate. VRE was chosen from an interpretive perspective as the methodology for the study to answer the RQs (23). Given that leadership is complex and enacted through dynamic interactions underpinned by communication (24), our research is grounded in social constructionism, where knowledge and experiences of leadership are created through relationships and shared social experiences (25). Therefore, we accept that complex and multiple truths exist, and we aimed to use VRE to understand them to address our RQs.

The use of both video recording (to capture the complex interactions occurring in the ICU) and team reflexivity (which provides further social interactions among participants) provides opportunities for repeated analysis of those interactions by the research team. VRE makes the complex environment of the ICU and the relationships for which leadership depend upon visible to the research team and the participants. It also allows for detailed and repeated analysis by the participants to drive understanding of their environment and work practices (14, 26).

Ethics was obtained from the hospital Human Research Ethics Committee (06–04–03-21).



2.2. Sampling and recruitment

Purposive sampling was used to recruit participants from an ICU in a large tertiary and private hospital in Melbourne, Australia. Simulation groups were designed to replicate the typical clinical teams involved in airway management within the ICU. Twenty-two ICU staff were invited via email to participate in this study. Twenty staff consented (91%) and participated in the four simulation groups (five staff per simulation group). Written consent was obtained by the lead author for: 1. Video recording during simulation; 2. Use of video and photos from the simulation for publication purposes; and 3. Participation in the video-reflexivity sessions. All invited participants were provided with specific participant and relevant ethics information and signed consent forms for participation. All 20 participants who completed the study simulations were invited to attend video-reflexivity sessions with their respective group. Twelve of the 20 participants (60%) from the simulations took part in the reflexive sessions.

Nurses were defined as “senior” when having greater than 7 years of ICU nursing experience, whereas junior nursing staff were categorized as those with less than 7 years of ICU nursing experience. All consultant ICU medical staff had completed fellowship training with the College of Intensive Care Medicine (CICM) of Australia and New Zealand. Trainee medical staff had yet to complete fellowship training. The composition of three groups (in relation to seniority of staff) reflected “in-hours practice” (groups 1, 3, and 4). One team reflected “after-hours” practice (group 2). Descriptions of the individual participants are in Table 2.



TABLE 2 Participant information.
[image: Table2]

Four groups of ICU staff were assembled to complete a total of 12 in-situ simulations, where each group completed simulations of three different contexts/phases of airway management within the ICU.



2.3. Data collection

The first author, who is a practicing intensive care specialist from within the workplace where the study was undertaken, collected all data. Data were collected in two phases: video observation phase and video-reflexivity phase (see Figure 1 for an overview of data collection phases).

[image: Figure 1]

FIGURE 1
 Overview of data collection.



2.3.1. Video-observation phase

Each group simulated the intubations of 3 patients with hypoxia and respiratory distress due to severe COVID-19 (see Supplementary material 1). All participants wore airborne PPE including goggles/glasses, masks, gloves, gowns, and face shields, consistent with normal clinical practice during all simulations. The simulations occurred inside a busy working ICU both outside and inside a negative pressured room. Each group completed simulations involving three phases of airway management representing different clinical activities and contexts:

1. Planning and preparing for airway management (occurring outside the simulated patient’s room).

2. Performance of a routine intubation procedure (occurring inside the simulated patient’s room) immediately following phase 1.

3. Management of an unexpected crisis (occurring inside the room) filmed a few minutes after the start of 1 and 2.

The unexpected crises simulated included one of the following:

1. A power failure inside the room (groups 2 and 3)

2. Conscious collapse of a medical practitioner responsible for intubation during the procedure (prior to its safe completion) (group 4)

3. Failure of a safe completion of the intubation procedure (group 1)

All simulations were recorded on two separate video cameras. One was a fixed camera in the corner of the simulated patient’s room. The other was a roving GoPro camera controlled by the first author. In total, 114 min of simulated activities was recorded. The first author chose 16 video clips (see Table 3) to use for the four VRE sessions, sharing four clips with each group (see Table 3 for details). Clips were chosen by the first author and confirmed after review, by a second author (WB) who is also a senior intensive care clinician-researcher. Clips were chosen in this way to take an interpretive approach to the research study; to maximally understand the data relevant to the RQs. Clips were also chosen to represent diversity across the three activity phases of the scenarios (including different clinical contexts) and were identified as good trigger materials for discussions about leadership, thereby helping to answer the study RQs (see Figures 2–4).



TABLE 3 A summary of video clips used for reflexivity.
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FIGURE 2
 Photo of simulated planning by group 3 (From left to right N7, N8, N9, D6, D5).


[image: Figure 3]

FIGURE 3
 Photo of simulated procedure by group 4 (From left to right: N11, D8, D7).


[image: Figure 4]

FIGURE 4
 Role allocation occurring during clip 2 (referred to in quote 19).




2.3.2. Video-reflexivity phase

The 12 participants at the four discrete reflexive sessions were asked to watch the selected video clips from their simulations and discuss them as a group with respect to the overarching RQs. Due to ongoing COVID-19 restrictions, the video-reflexivity sessions were conducted on Zoom (Zoom Video Communications Inc., California, USA, 2016). The sessions were facilitated by the first author. These reflexivity sessions were audio-recorded. During these semi-structured sessions, participants were asked various questions including:

1. What do you see in this clip?

2. How is leadership / followership enacted and why is it this way? What makes you think that?

3. How do you feel leadership/followership in this clip relates to leadership in the ICU in general?

4. What (if any) were the barriers to leadership in this clip?

5. What (if any) were the facilitators to leadership in this clip?

6. Does this clip relate to any of your past experiences of leadership in the ICU? Please describe.

7. Is there anything else you want to say about leadership in this clip?

Free conversation between participants relevant to the research questions was encouraged. Reflexivity sessions ranged in duration from 30 to 42 min, with an average of 35.5 min across the four groups. This provided a total of 142 min of video-reflexivity sessions that were transcribed verbatim. Transcription was initially conducted by Otter.ai software (Otter.ai, Los Altos California, 2022), then checked (with errors corrected) by the lead author. Transcripts were then imported into NVivo software version 12 (QSR International Pty Ltd, Version 12, 2018) for analysis.




2.4. Data analysis

The study employed a thematic analysis approach drawing on a previously developed coding framework, while maintaining openness to new themes based on the data.

The five stages of framework analysis were used to conduct thematic analysis of the video-reflexivity focus group sessions (27).

Familiarization. All transcripts were read by the first author (DB). One of the transcripts was read by each of four other authors (WB, LG, MS, CR).

Development of coding framework. This study used an abductive approach to develop a coding framework (28). Using a previous inductively developed coding framework as a starting point (4), further development of that coding framework was done (on the basis of the data and our study research questions). The first author (DB) identified additional themes in all transcripts to add to the previously published coding framework specific to leadership within the ICU (4). These themes were recorded and then sorted into codes and added to the coding framework. Four other authors (WB, LG, MS, and CR) read one transcript each to also identify additional themes to allow quality assurance of the new coding processes. This framework (see Supplementary material 2, with new codes highlighted) was imported into the NVivo software to help facilitate the analysis of the VRE transcripts.

Indexing. All transcripts were coded in NVivo by the lead author and a selection of coding was checked by the second author (JB).

Charting. NVivo queries were conducted to explore patterns in the coding. NVivo provides counts of the number of quotations coded to each theme/sub-theme, so it was possible to first identify the dominance of certain themes/sub-themes across the whole dataset, plus identify the dominance of themes based on specific participants’ contributions (junior/trainee versus senior staff, medical or nursing staff) or based on reflection on certain phases of the simulated scenarios (e.g., planning and preparation, versus routine procedures versus unexpected crises). Hierarchical charts demonstrated the distribution of coding frequencies within the coded quotations from the VRE transcripts. This enabled the researchers to identify key themes relevant to our RQs. Analysis of tabulated coding frequencies was done in NVivo with heat mapping. This was used to further explore which themes were identified as more relevant to certain contexts and/or from the responses of specific participants.

The co-occurrence of themes was explored using matrix coding queries, which demonstrated the intersections between coded quotations for themes/sub-themes and different participants or clinical contexts.

Interpretation. Themes were summarized and presented in quotations, hierarchical charts, and tables. Within tables, color coding of frequencies or coded quotations (heat maps) were used. Heat maps show varying density of data when comparing themes/sub-themes by groups. These were discussed among the research team during interpretation. Key themes are presented in narrative form with illustrative quotes, allowing us to answer the RQs.



2.5. Team reflexivity

Team reflexivity acknowledged differences among our six researcher backgrounds, theoretical positioning and experiences. Our team included four males and two females, three intensive care specialists (all with research experience in airway management), one physiotherapist with 10  years of ICU experience. One of us has a background in psychology. Three of us are health professionals and education researchers with expertise in qualitative and/or leadership research. Two of us have previous experiences employing VRE as a methodology and one of us has experience video-recording in-situ simulations. This diversity allowed for rich debate on the meaning of the data that was captured and analyzed, as well diversity contributed to ensuring the rigor of the study.




3. Results

Codes were added to the coding framework (see abductive coding framework in Supplementary material). Most notably, some new codes referred to the role of socio-materiality in the ICU. The significance of these interactions was noted initially by the researchers in their viewing of the simulations, as a theoretical/philosophical construct, and subsequently in their analysis of the transcripts of the reflexivity sessions.

Individual quotations (n = 380) from video-reflexivity session transcripts were coded to various codes across the dataset. These quotations were identified from a relatively evenly distributed number of reflections by medical and nursing staff (47% vs. 53%) and in reference to the three scenario activity phases (phase 1 = 31%, phase 2 = 32% and phase 3 = 37%). Senior staff were responsible for most of the quotations (73%), comprising 10 of the 12 participants in the reflexive sessions.

The following key themes to leadership within the ICU were identified to answer the overarching RQs:


3.1. RQ1: How do ICU staff members conceptualize leadership through their reflections on the simulated ICU?

Leadership within the ICU was conceptualized by the participants in a variety of ways during the reflexive sessions. The most dominant themes are presented below and in Tables 4–7.



TABLE 4 Illustrative quotes (conceptualizations of leadership).
[image: Table4]



TABLE 5 Intensive care unit (ICU) staff members’ perceptions of key facilitators and barriers to leadership.
[image: Table5]



TABLE 6 Illustrative quotes (facilitators of leadership).
[image: Table6]



TABLE 7 Illustrative quotes (barriers to leadership).
[image: Table7]


3.1.1. Leadership is both a group/shared process and individualistic/hierarchical

The two dominant themes identified were leadership as a group process and as hierarchy. We found these leadership dimensions to be context-dependent. Differences in attitudes to leadership were reported from the planning phase before performing intubation, which was often referred to as a group process (quote 1), to the unexpected crisis management, more frequently described as individualistic (quote 2). During discussion of the crisis management, a more hierarchical and individualistic leadership model (of the most senior doctor taking charge) was described (predominantly by nursing participants). Hierarchy occurs most commonly in reference to a doctor leading a team of nursing staff and represents the most common individualistic leadership model described.

The participants described group leadership as a shared and distributive model, whereby multiple team members make decisions (including role allocation and clinical decisions) at the same time to prevent cognitive overload on one individual. This is most commonly described as occurring when a senior nurse and a doctor share the leadership.



3.1.2. Leadership is communication

All groups reflected on communication as a key dimension of leadership. Many participants reflected on the need for communication to be clear and concise (quotes 3 and 4), as well as the need for silence from followers (quote 3). As a dimension, it was the third most abundant theme we identified.



3.1.3. Gender is a key dimension within the ICU

One group (the all-female group) reflected on how their gender impacted past experiences of leadership. Note that gender as a key leadership dimension was not discussed in the other three (mixed-gender) groups. This all-female group discussed their past experiences in the ICU of male staff being perceived as the leader (quotes 5 and 6) in preference to female staff, with female leaders reportedly being more inclusive of other female team members in decision-making processes (quote 7). Further to this, this group acknowledged the struggles of females to be allocated and/or assume leadership roles within the ICU (quote 6).




3.2. RQ2: What are the ICU staff members’ perceptions of facilitators/barriers to leadership within the simulated ICU?


3.2.1. Facilitators of leadership


3.2.1.1. Role allocation

Quote 8 highlights understanding role allocation as both a key leadership behavior and a key facilitator to team performance. The act of allocating roles was seen by many participants as a leadership behavior and usually done by one person (quote 9). Followers also felt more confident in their performance when allocated a clear role.



3.2.1.2. Trust, respect, and staff familiarity

All groups identified team trust and familiarity as key facilitators of leadership in the ICU. Knowing each other, and respecting others’ skills and knowledge was seen to create the platform for leadership (quotes 10 and 11). Respect was also seen as a key facilitator to distributed leadership occurring (quotes 12).



3.2.1.3. Checklists

Participants indicated that the use of checklists to guide clinical decision-making was vital as a facilitator of leadership during airway management within the simulated ICU. Checklists were seen by the staff as a tool for ensuring patient safety (quote 13) and helping to familiarize staff with the correct processes and equipment to use (quote 14). They were also thought to be a tool allowing the team to stop, talk through a procedure, and allow followers to speak up if they had concerns or needed clarification of the process (quote 15).




3.2.2. Barriers to leadership


3.2.2.1. Noise

Participants identified noise as the most significant barrier to leadership, referring to noise from other staff (quote 16), as well as beeping machines and monitors (quotes 16 and 17). Participants in all groups commented on the competing chatter of sub-groups within the simulation scenarios, the ambient noise of ICU and the noise from equipment (such as alarms and the continuous beeping noise of the simulated patient monitor’s pulse oxygen saturation).



3.2.2.2. PPE

PPE was commented on by staff to be a profound barrier to communication and leadership within the ICU. Participants described the distraction of having to put on their PPE during role allocation and planning (quote 18), as well as the clothing being a significant barrier to both verbal and non-verbal communication (quote 19).





3.3. RQ3: What factors intersect with the ICU staff members’ perceptions of leadership in the simulated ICU?

Matrix coding allowed for identification of how the above findings intersected with either the staff involved or the situational context. We found that:

Perceptions of leadership, being a shared or individual process, were context driven. The shared model was most discussed after watching video clips of simulated planning for a procedure, whereas individual and hierarchical leadership was described in reference to video clips of airway management during a crisis.

Role allocation was the most identified facilitator to leadership mentioned across all three phases of the scenarios and by all staff (both medical and nursing participants, as well as senior and junior staff). Role allocation is seen to be the key leadership act in all scenarios that allowed followers to feel confident in their performance.

Calm and clear communication was seen as most important during the performance of a procedure or management of crisis.

In terms of barriers to leadership, noise from other staff as a barrier to leadership was most identified primarily by senior nursing staff. However, all staff (senior, junior, medical, and nursing) referred to the noise of machines as a major barrier to leadership.

PPE was most frequently reported to be a barrier to leadership during reflection on the planning phases of airway management. It seemingly distracted staff during the role allocation process and inhibited them from understanding (both verbal and non-verbal) communication.




4. Discussion

This study used both in-situ simulation and VRE to better understand ICU staff members’ conceptualizations of leadership within the complex environment of their ICU. Through an interpretive lens, we found that participants largely spoke about leadership as group (shared) and hierarchy (individual) processes when triggered by different phases/contexts of the scenario (e.g., during the team planning or time critical performance of airway management respectively). The results of this study, therefore, demonstrate that leadership in the ICU is not viewed in a one-size-fits-all way by ICU staff. Indeed, context varies understandings of leadership. Group or shared leadership was described across all contexts of the simulations but was perhaps more likely to occur during the planning phase and the traditional individualistic hierarchal leadership model became more noticeable in crisis management. Calm and clear communication was also seen as an important leadership dimension within the ICU, especially during the performance of a procedure or in the context of managing a crisis. Female staff also reported that gender was a key underlying dimension to leadership within the ICU, with female doctors finding it more difficult to be perceived as leaders in the presence of male counterparts.

The dichotomy of leadership we have described within the ICU, being both a shared and individual process, is well described in other healthcare literature (1). However, our findings are new and important in the context of the ICU. Gender is known to be a significant issue within the ICU medical workforce (6). Albeit from one group of all-female staff, we also found that gender has been a key theme in some previous negative experiences relevant to leadership among female staff in the ICU, both medical and nursing. In particular, our female staff in this group reported leadership to be more difficult to be granted or accepted in the presence of male medical staff. Furthermore, as suggested in the previous literature based on research within the operating room, this study highlights that some female staff within the ICU have also experienced more inclusive leadership from female leaders (8).

Whichever leadership dimension is at the forefront of ICU clinicians’ minds, participants felt that key facilitators to leadership occurred across individual, relational, and organizational levels. At the individual level, role allocation was the most widely discussed facilitator of leadership. Clear role allocation was seen as a positive leader behavior and gave followers confidence to complete their tasks. Trust, respect, and familiarity with other staff was also reported to be a key relational facilitator to leadership in the ICU setting. Finally, organizational endorsement of checklists was another important perceived leadership facilitator by the staff.

The ICU environment is perhaps the greatest barrier to leadership. Machines and equipment were reported to be key causes of distraction, through noise, as well as the physical environment crowded with so many people. After the COVID-19 pandemic, a new barrier to leadership (i.e., PPE) is significant, especially in its effects on both verbal and non-verbal communication. According to the reflections of our participants, noise was seen as a significant distractor. Noise from machines, the background noise of a busy ICU and noise related to the conversation of other staff are all seen as marked barriers to team performance within the ICU. Noise within the ICU has previously been linked to negative outcomes, in particular poor sleep (29, 30). However, to our understanding, it has not been reported as a barrier to leadership within the ICU. These findings, both the facilitators and barriers to leadership within the ICU, have not to our knowledge been previously described within the literature.


4.1. Methodological strengths and challenges

There are many strengths to the innovative methodology of this study. A rigorous approach to team-based analysis of VRE data was employed using NVivo software. As a working specialist from within the ICU where the study was undertaken, the primary author (and data collector) had insider knowledge of the study environment. This facilitated comfort within the study environment and understanding of the language used by participants (31). The primary author also had the trust of the research participants. This may be reflected in the excellent response rate to the study invitation (91%). The familiarity of the staff with each other may have allowed them to feel safe in sharing their reflections and led to a vigorous discussion, helping the researchers to answer the RQs. The location of the in-situ simulations, being within the actual workplace of the participants, may have optimized the fidelity of the simulations and created a more realistic example of a clinical encounter. Finally, leadership practices were examined in a safe (simulated) setting, so research did not interfere with actual patient care.

There are a few limitations to our study to discuss. First, with this interpretive study, the sample size of the participants, the amount of data and diversity of the sample should be acknowledged as a limitation; influencing adversely the transferability of the findings to other contexts. However, efforts were made to select a sample of participants with a balance of clinical experience and gender that reflects the typical ICU workforce in Australia. Furthermore, the participants invited were aimed to reflect the balance of the allocated roles within the usual clinical workplace. Second, simulation data, despite however many efforts are made to maintain high fidelity, are still not real clinical practice. However, this was unavoidable given the research restrictions placed upon us by the COVID-19 pandemic. Third, our inclusion of pre-existing teams of participants, with established relationships and hierarchies, might mean that our study findings are not transferable to other ICU contexts, whereby airway teams are assembled in an impromptu fashion without established relationships and hierarchies. Fourth, the VRE methodology used for this study was through an interpretative lens only. Viewing the actions of a group by the participants themselves stimulated discussion among that group. Analysis of their reflexive discussions was done by the researchers to better understand leadership within the ICU. Further observations of the simulated videos and discussion by non-participants (ethical approval and participant consent permitting) may have identified additional leadership themes. Finally, as the study was conducted at only one hospital, there will always be concerns for transferability (as mentioned above). Given this study was undertaken at a large, private, metropolitan, and tertiary ICU, transferability of results to smaller or rurally located ICUs may be challenging. However, they should be transferable to other large Australian tertiary hospitals, which make up the majority of ICUs. Also, our participants work in other ICUs (public and private) further adding to the transferability of the results.



4.2. Future research

VRE was used in this study employing an interpretive lens, and further interpretivist research is needed to explore these issues in different contexts (e.g., smaller, rurally located ICUs), and in different countries with different educational systems in critical care. Moreover, further research using VRE in this area may choose to come from a critical inquiry perspective (23). This would allow researchers to determine if the knowledge gained from VRE could lead to changes in outcomes, either through altered staff performance and behaviors or patient-centered outcomes.

The effects of the ICU environment, particularly socio-materiality impacts, on leadership within ICU were significant. Noise, machines, PPE, and checklists all significantly affect leadership practices. A critical inquiry study could look at how to minimize the effect of perceived barriers and enhance the effects of any enablers on leadership.

Different leadership approaches, particularly an individualistic hierarchical style and a distinctly different shared or group interprofessional approach, were reported by participants in this study. This dichotomy of leadership approaches was described in different clinical contexts, including the planning phase prior to undertaking an intubation, as well as during the chaos and stress of an unexpected airway management crisis. The outcomes of either approach within the ICU need further research. Finally, the role of gender and its effects on both leadership approaches and staff confidence in enacting leadership could be further explored within the ICU setting.

This study has highlighted that VRE can enable ICU staff to visualize their leadership practices within their workplace. Simulation was realistic and participants’ experiences were consistent with real life. Future research should adopt a more critical inquiry approach to see if video and reflection could also improve their leadership practices.
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1. Introduction

Hospice and palliative care (HPC) is a novel inter-discipline with a history spanning the last 50 years, during which time, it has become an independent discipline in many countries. In 2000, the American Board of Hospice and Palliative Medicine stated that “palliative medicine is the medical specialty devoted to achieving the best possible quality of life of the patient and the family during the course of a life-threatening illness through the relief of suffering and the control of symptoms” (1). As a discipline focusing on the quality of life of patients with a finite life span, it provides hope in modern medicine, helping illuminate the dark moments of death and providing solutions to many difficult medical scenarios. However, in China, HPC has not yet become a specialized or sub-specialized subject, with a lack of corresponding education for most medical students/nursing students. Accordingly, there is a need to promote the dissemination and popularization of relevant knowledge of HPC in various ways.



2. Ignorance of the demand for HPC in critical care medicine

The therapeutic goal is a “cure” for patients with acute and critical illnesses receiving treatment in the hospital. However, despite a clear diagnosis of diseases with poor prognosis based on the use of assessment tools for prognosis, the need for, and practices of HPC are also seriously ignored in large hospitals guided by the mainstream values of “saving lives” and “resuscitation.” For example, according to a survey of two major acute care hospitals, one-third of the patients had HPC needs (2), suggesting an insufficiency of HPC care for these patients (3).

In critical care medicine, the topic related to end-of-life is a problem that cannot be ignored. ICU is an important place where the hospital provides life sustaining treatment for critically ill patients, so as to rebuild and maintain organ functions. The focus of attention in the ICU is “how to live.” It seems that talking about “death” means “giving up,” which means “medical failure.” Despite the continuous development of medical science and technology, the mortality rate in ICU is still as high as 20%−35% (4). The initial treatment provided to patients in ICU might cause more harm than good when patients start to develop organ failure or have no response to that treatment. Doctors in the ICU also have to consider how to cope with the imminent death of patients.



3. The definition of HPC

In 2000, the American Board of Hospice and Palliative Medicine stated that “palliative medicine is a medical specialty devoted to achieving the best possible quality of life for the patient and the family during the course of a life-threatening illness through the relief of suffering and the control of symptoms” (1). HPC is a discipline that can offer assistance to patients with a finite life span caused by serious diseases and their families. It can provide assistance to patients and their families, helping maintain the best possible quality of life by actively evaluating, discovering, and dealing with the patients' holistic suffering, including physical, psychological, spiritual, and social suffering so that they can live out the final stage of life smoothly. Significantly, HPC is available at any time according to the patient's needs, independent of the patient's age or the type of disease.

HPC is a subject that confronts the limitations of medical science and technology and is a subject that faces death. It can offer active assistance for patients and their families to understand the true meaning of life and death at ease. In other words, life has its limits. Death is not a failure of medicine but the law of life. Human beings cannot change this law. On the premise of conforming to this law, human beings should not only “fight” against disease but also timely reconcile with death. The word “timely” is the core and also the difficulty of HPC. Importantly, medicine has never been a technology based on theory only but a combination of science and humanity. Notably, practice in HPC is the most perfect demonstration of medical humanities.



4. Intimate association between critical care medicine and HPC

Seemingly, critical care medicine and HPC are two opposite disciplines. The former wants to “save life,” while the latter talks about “death.” In addition, in some people's opinion, critical care medicine is “technical medicine” and HPC is “talking medicine.”

Really? It will be apparent in a moment's consideration that the two disciplines are full of commonalities and intertwined so harmoniously. Both critical care medicine and HPC are concerned with the care of patients with serious diseases/life threats. The purpose of critical care medicine is to save lives, without excluding the maintenance of the quality of life and with the emphasis on coping with the topics of “death.” Simultaneously, HPC aims to maintain quality of life of patients, without excluding life extension and with emphasis spent talking about “how to live well.” Both critical care medicine and HPC share consistent values and goals to obtain a higher quality of life and human dignity while maintaining the life cycle. As mentioned in the definition of palliative care (PC) by WHO, all patients shall be provided with PC at the same time when receiving curative treatment. In clinical practice, there is no contradiction between saving/prolonging life and alleviating pain/maintaining the quality of life.



5. Indispensable roles of HPC in ICU

There are many problems to be coped with in ICU, such as patients' painful symptoms, family members' anxiety and depression, difficult decision-making, difficult communication, how to respect patients' autonomy, how to benefit patients rather than injuries, whether to withdraw or not to give a treatment, etc.

The incidence of painful symptoms in critically ill patients reached 27%−75% in ICU, and one-third of patients had delirium (5). In addition to alleviating the physical pain of patients, the medical team should also maintain their dignity and give them respect for life, which can be addressed to some extent by following the concept and practice of HPC. Clinically, besides the suffering of patients, their families are also suffering of which 57% have trauma-related pain and 70%−80% have depression (6).

In addition to coping with all types of suffering of patients and their families, medical staff in ICU also need to distinguish between “death” and “reversible deterioration” in the treatment process, which are generally difficult to discriminate. Medical staff will also have many psychological, moral, and ethical pressures under the aforementioned difficult situations. Medical staff who have not received adequate training for HPC are often powerless. In view of the above, it is important to carry out HPC-related assessments as well as early prediction and intervention for patients entering the ICU to reduce the suffering of many people.

Previous research has confirmed that the involvement of the HPC team can promote the early initiation of family meetings in the ICU, shorten the length of stay in the ICU, and the total length of stay in the hospital (7). As proposed by the latest guidelines for sepsis, it is suggested that PC should be taken into account in sepsis and septic shock according to the patient's situation (8). HPC Medical team in Peking Union Medical University Hospital, established in 2012, has begun and address the HPC of critically ill patients and has achieved good results.



6. The content of HPC in ICU

The core of HPC is to take care of critically ill patients in the ICU, control symptoms, and discuss the goals of care.

Part of the daily work of medical staff in the ICU is to comfort the patients receiving treatment in ICU physically, such as alleviating pain and improving symptoms such as thirst, anxiety, sleep disorders, and dyspnea. However, due to the limited energy of the medical staff and the therapeutic goal of “cure,” this part of the work may not be fully paid attention to and implemented in the clinical practice.

Discussing the goals of care is important for the treatment of critically ill patients. Meanwhile, the therapeutic goal should not be formulated by the medical team unilaterally but is the result of the joint decision-making of the multi-disciplinary team (MDT), the patient, and family members.

It is crucial that the goals of care are discussed with the patient themselves or the patient's family members. Following the principle of autonomy among the four basic principles of medical ethics, it is extremely important to respect the wishes of patients. Hence, patients are allowed to express their wishes and care goals. It is, however, not fully emphasized in China, and there is a long way to go compared with current international practices. The patient's serious illness is frequently not truthfully informed to the patient or their family, and even the medical staff regard this “white deception and lies” as “great love” and “filial piety.” Under the influence of the so-called love and filial piety, even if the patient himself/herself has decision-making ability and willingness, there is no opportunity for the patient to make decisions. In many cases, patients are delivered into ICU unwittingly, with corresponding autonomy completely disrespected. Advance care planning (ACP) is a method widely used abroad to express wishes. In China, there is also the text of “My Five Wishes” of the Living Will Promotion Association and the promotion based on the website, WeChat official accounts, and offline activities of the Association. If there is an opportunity, we can know the wishes of patients by communicating ACP or “My Five Wishes,” which, unfortunately, is extremely difficult to implement.

When patients do not have the opportunity to express their wishes, doctors generally communicate with their families about the therapeutic goals. There will be a great difference between the conclusions drawn by the families from the best interests of patients or their feelings when determining the goals. Some families may make some decisions based on the interests and wishes of the patients, e.g., “My father once said that he should not be intubated, he should go with dignity.” However, at present in China, more family members of patients make decisions from the perspective of “the common practice of the society,” “what others will think of me,” and “I don't want to leave any regrets.” Consequently, the wishes and feelings of patients are ignored to some extent. As reported by previous studies, in some cases, the family members were not really given such decision-making opportunities but were just informed by the medical team that had made decisions already.

Therefore, discussing the therapeutic goals is an important ability of doctors in the ICU. It is the routine work of the ICU and should also be regarded as an important part of the competency of doctors in the ICU. The content of HPC in the ICU should include discussing the therapeutic goals repeatedly at any time, providing patients with physical, psychological, social, and spiritual support, and family members with emotional and decision-making support, as well as self-pressure regulation of team members, in addition to the relief of physical symptoms. In the process of decision-making, it is the basic skill of doctors in the ICU to discuss with patients/families and team members not to give or withdraw a certain treatment.



7. Specific practice of HPC in ICU

It is a great challenge to help patients in the ICU get holistic care. Before the concept of emergence and intervention of HPC, we should make up our minds about the facts that life is limited and death may be coming, which is the biggest difficulty. In addition, it is also a great difficulty to balance the wishes of patients/families, doctors' therapeutic strategies, and patients' wishes.

From the perspective of international practice, there are two modes for ICU to practice HPC. The first is the integration mode (9), which allows medical staff in the ICU to learn the concept and knowledge of HPC, so as to promote a direct application of the concept of HPC to the specific practice such as the control of patients' painful symptoms, psychological, social, and spiritual support of patients, support of family members, family meetings, and joint decision-making. In other words, this mode allows the medical staff of critical care medicine to be responsible for the work of primary HPC. The other is consultation mode. HPC professionals are allowed to participate in the consultation of the ICU, with symptom control as the main content and with additional attention paid to spiritual care simultaneously. Nevertheless, the disadvantage of this consultation mode is that HPC professionals are insufficient to meet all the needs of HPC in the ICU. Moreover, excessive reliance on HPC consultation may imbalance the therapeutic relationship between doctors and patients in ICU, resulting in a fragmented medical mode. In addition, the implementation of HPC consultation will reduce the demand for doctors in ICU to learn PC skills and knowledge. HPC consultation can be initiated when the HPC concept has not been integrated into the knowledge system of doctors in the ICU.

Therefore, it is recommended currently to combine the integration mode with the consultation mode. It has been documented that the practice of the mixed mode can improve the quality of life of patients, improve the signing rate of ACP and the utilization rate of HPC institutions, and reduce the utilization rate of ineffective life maintenance treatment (10).



8. HPC skills required by doctors in ICU

To provide good services for HPC of critically ill patients, doctors in the ICU need to have the following abilities:


8.1. The ability to improve the professional ability of intensive care to accurately control the disease

Doctors of critical care medicine are required to have professional quality and ability. It not only contributes to the determination of the patient's condition and severity at the first time but also can make an appropriate and accurate judgment on the treatment response. Based on this ability, doctors can apply appropriate treatment according to patients' conditions, rather than “overtreatment.”



8.2. Ability to predict and fully inform

The doctors in ICU should have the ability to predict (e.g., painful symptoms, pain, thirst, anxiety, etc.) what the patients will experience during their stay in the ICU, the state of the patients after entering the ICU, the possible therapeutic effect, possible outcome, the possible cost of treatment in ICU, ways for family members to visit and accompany patients, post-ICU syndrome, and the experience and common reactions of family members such as psychological and physical pain, depression, and post-traumatic syndrome and fully communicate with the patients/families. The key lies in that in addition to communicating with the patients/families about “the necessity and possible benefits of treatment in ICU,” it is important to fully explain “the painful situation of patients in ICU, the proportion of poor prognosis, high costs, and many other unfavorable details.” Based on this, the patient can make the important decision of “whether to stay in the ICU or not.” In many cases, doctors in ICU are busy with their work in emergency situations and fail to inform the patients/families of the latter details.



8.3. Ability to hold family meetings and do shared decision-making

Family meetings are the work that doctors in ICU deal with every day. It is challenging for doctors to make better joint decisions at any time based on a family meeting. Among them, the communication contents and technical points involved generally in the family meetings of critically ill patients include not giving or withdrawing a certain treatment, available options at the end of life, the purpose of treatment, the methods to reduce pain, the wishes of patients, the arrangement of things after death, and the peace of mind of family members are the talking contents and technical points often involved in family meetings for severe patients.



8.4. Ability to communicate well with families

Both patients and their families prefer honest, respectful, and sympathetic communication with the feeling of being listened to. Previous research has revealed that the way the doctors in the ICU guide conversations would affect the therapeutic relationship between doctors and patients and the acceptance of their families (11). A planned communication framework is as important as the specific content of communication, e.g., being able to find out the key family members who can promote communication and the people who are more willing to discuss the end-of-life topics in the family of the patients, being able to detect and deal with the complex emotions of the patients/families, such as anxiety, fear, anger, entanglement, and reluctance, and being able to carry out discussion on the topics related to ethics clearly and methodically, i.e., respecting patients' autonomy, being beneficial, not harmful, patients' decision-making ability, and determining entrusted agents.



8.5. Ability to effectively deal with patients' physical, psychological, social, and spiritual pain

This ability involves non-drug pain relief methods and the use of analgesic and sedative drugs. The ability to pay attention to and care for psychological, social, and spiritual pain is also quite important in ICU, in addition to the ability to control the physical symptoms of the patients. It has been reported that dignity therapy, life review, personal narration, and wish fulfillment (12) are all available methods with significant effects. It is particularly worth emphasizing that the aforementioned contents need to be prepared and intervened as soon as possible. According to multiple clinical cases, it is time-consuming to prepare for death! It needs to be proposed early! It is not recommended to discuss this issue only a few hours or minutes before death.



8.6. Ability to self-learning

Currently, many resources and tools are available to assist doctors in critical care medicine to learn about primary PC (13).




9. Obstacles to the integration of critical care medicine and HPC

Obstacles to the integration of critical care medicine and HPC mainly include the following two parts: (1) it is mistakenly believed that the treatment in ICU and HPC are related in time and thought that HPC can be carried out after there is nothing to deal with in ICU, without recognizing the coexisting and complementary relationship between them; and (2) the medical team and family members have unrealistic expectations for treatment and worry that the implementation of HPC is to give up the patients or even hasten the death. All these views may lead to insufficient training of the medical team in HPC skills.

The aging of the population accelerates the occurrence of death. With the development of the social economy and the improvement of the level of civilization, there is a constant improvement in the public's requirements for quality of life, including the rigid demand for a good ending and peace between life and death. All medical staff should have the ability to help patients die well. In particular, the medical staff of critical care medicine bears a more important mission. It is critical to maintaining the balance between life and death, which embodies the difficulty and responsibility of the clinical practice of the medical staff in critical care medicine more significantly.



10. Prospective future

China's critical care medical treatment has just begun, and much data is still blank. The focus and core of our work lie in how to balance the boundaries of intensive care and palliative care. This requires intensivists to know the content of HPC in the ICU and master HPC skills and perform special practice in the daily work at the same time. In the future, China will accelerate into aging, and the role of HPC in the ICU is about to be highlighted. It is necessary to speed up training and improve the perception of employees.
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PVB group GA group P-value

(n=76) (n =122)
Gender 68/8 108/14 0.84
(males/females)
Age (years) 62.86 £ 11.41 60.48 £ 11.23 0.98
Weight (kg) 75.14 £ 10.22 74.97 £ 9.94 0.99
Height (cm) 1.69 £+ 0.55 1.70 + 0.52 0.88
BMI 26.25 £ 3.04 26.04 £ 3.18 0.78
ASA grade (I/II/III/IV) 3/58/11/4 19/91/12/0 0.01
Heart function grade 4/56/16/0 27/84/11/0 <0.01
of NYHA (I/II/III/IV)
Comorbidity
Hypertension 53 (69.7%) 66 (54.1%) 0.03
Diabetes 45 (59.2%) 58 (47.5%) 0.11
COPD 10 (13.2%) 13 (10.7%) 0.59
CRF 3(3.9%) 3 (2.5%) 0.55
CHD 17 (22.4%) 20 (16.4%) 0.29
The history of stroke 7(9:2%) 6 (4.9%) 0.24

Values are given as n (%) or means &= SD. PVB group, paravertebral block group; GA group,
general anesthesia group; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
CRE, chronic renal failure; CHD, coronary heart disease.
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PVB group GA group P-value
(n=76) (n =122)

Duration of Surgery 75.79 £ 8.94 77.38 £ 10.39 0.27
(min)
Duration of 1442 +2.62 14.18 +2.39 0.51
ureteroscopy (min)
Duration of PCNL 61.37 £9.38 63.20 + 10.42 0.24
(min)
Surgical complications
Pneumothorax 0(0) 0(0) 1.00
Bleed 0(0) 1(0.8%) 0.43
Infection 1(1.3%) 1 (0.8%) 0.73
Organ injury 0(0) 0(0) 1.00
Self-positioning 68 (89.5%) 0(0) <0.01
without assistance
Surgeon satisfaction 9.37 £ 1.08 9.35+ 097 0.91
with anesthesia (0-10
score)

Values are given as n (%) or means &= SD. PVB group, paravertebral block group; GA group,

general anesthesia group.
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PVB group GA group

(n=76) (n =122)
Duration of anesthesia, 99.41 £ 7.79 88.93 +£11.80 <0.01
min
VAS during PCNL 1.49 4+ 0.90 - -

Usage of sedative and analgesic drugs

Propofol 3(3.9%) 122 (100%) <0.01
Remifentanil 2 (2.6%) 122 (100%) <0.01
Volume of fluid 785.52 £ 99.60 1,045.08 = 151.22 <0.01
infused, ml

Intraoperative adverse events

Hypoxia 1(1.3%) 0 (0%) 0.81
Hypertension 10 (13.2%) 13 (10.7%) 0.59
Hypotension 1(1.3%) 13 (10.7%) 0.01

Values are given as n (%) or means &= SD. PVB group, paravertebral block group; GA group,
general anesthesia group. Hypoxia is defined as SPO, < 90, Hypertension is defined as
MAP more than 20 percent above baseline, Hypotension is defined as MAP lower than 20
percent above baseline.
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Balloon volume (ml) Vrec (ml) Vgest (ml)

NutriVent, Sidam, Mirandola, Italy 10 4.0 3.5 £ 1.9 (range, 0.5-6.0)
Cooper, LOT 177405, cooper surgical, United States 2.8 1.0 1.0 (range, 0.6-1.4)
Mindray, SDY-2, AMK Medical, Guangzhou, China 10 5.0 4.69 £ 1.36 (range, 2.0-8.0)

Vrec: factory-recommended inflating volume; Vgsr: balloon volume with the largest difference between end-expiratory and end-inspiratory esophageal balloon pressure.
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Characteristic

Age, years

Male, 1 (%)

Body mass index, kg/m?
APACHE II score

SOFA score

Pa0O,/FiO,, mmHg
Tidal volume/PBW, ml/kg
PEEP, cm H,O

Pplat, cm H,O

Pdriv, cm H,O

Crs, ml/cm H,O

Value
48.9 +£19.9
8 (66.7%)
258 +4.7
208471
124429
228.6 +86.6
59+ 1.1
9.6 +2.8
210439
115428
3414122

APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ

failure assessment; PaO,/FiO,: ratio of partial pressure of a

rterial oxygen to fraction of

inspired oxygen; PBW: predicted body weight; PEEP: positive end-expiratory pressure;

Pplat: airway plateau pressure; Pdriv: airway driving pressure; Crs: respiratory system

compliance; Continuous data are shown as the mean value 4

t standard deviation.
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Study participants, n

Age (y), median (IQR)

Male sex, n (%)

Body mass index, median
(IQR)

Smoking habit, n (%)

ASA physical status n (%)
|

Ml
Surgical characteristics

Surgery, based on
instrumentation, n (%)

Cervical disc arthroplasty
Discectomy and fusion
Corpectomy and fusion
Combined

Level operated on, median
(IQR)

Surgical level, n (%)
above C6/7

at C6/7-T1

Duration (min), median
(IQR)

Surgery

Surgical retraction
Tracheal intubation

GRBAS dysphonia score,
median (IQR) Total score,
preoperative

Control group

40
61
24
26

11
28

21
19

155

100

231
4

(48-69)
(60)
(23.6-27.8)

(13)

(135-214)
(71-158)
(186-287)
(3-4)

Tapered group

40
57
24
26

11
28

22
10

23
17

185
97
215
4

(46-64)
(60)
(24.0-26.7)

(18)

(125-214)
(76-151)
(188-292)
(3-4)

ASA, American Society of Anesthesiologists. The interquartile range (IQR) is the

25th-75th percentiles.
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Variable Comparison Univariable Multivariable

OR (95% Cl) P-value OR (95% CI) P-value
Tapered cuff Control 0.16 (0.05-1.09) 0.001 0.08 (0.02-0.40) 0002
Surgical levels: including C6/7-T1 above C6/7 8.72 (2.79-27.20) <0.001 13.12 (2.37-72.66) 0.003
Cuff pressure before retraction +1 1.06 (0.93-1.21) 0367 1.01 (0.84-1.22) 0.899
Age +1 1.04 (1.00-1.09) 0.068 1.01 (0.95-1.07) 0.790
Male sex Female 1.16 (0.44-3.10) 0.765 098 (0.25-3.88) 0979
BMI +1 1.18 (0.97-1.39) 0.122 1.07 (0.85-1.34) 0554
Smoking habit none 0.18 (0.02-1.46) 0.108 0.10 (0.01-1.39) 0.086
No. of surgical levels +1 205 (1.20-3.49) 0.009 124 (0.54-2.83) 0618

Cl, confidence interval: OR, odds ratio.
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Study population n (%)

Al study participants, n = 80 (100%)
25 mm Hg, n (%)

Surgical level above C6/7, n = 44 (55%)
>25 mm Hg, n (%)

Surgical level at C6/7-T1, n = 36 (45%)
26 mm Hg, n (%)

Cl, confidence interval.

Control group Tapered group P-value Absolute risk reduction

(n=40)
19 (48)
(n=21)
5(24)
(=19
14(74)

% (95% CI)
(n=40)

5(13) 0.001 35 (16-64)
n=23

00 0019 24 (6-42)
=17

5(29) 0018 44 (15-74)

Relative risk reduction

% (95% CI)

74 (36-89)

100

60 (13-82)

Number needed to treat

n (95% CI)

3(2-7)

5(3-18)

3(2-7)
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Control Tapered cuff P-value

group group
Sore throat, median (IQR)

NRS, 2 h after surgery 53-8) 5 (8-7) 0.964
NRS, postoperative day 1 3(1-5) 3.5 (1.5-5) 0.574
Self-assessed hoarseness,

postoperative day 1, n (%)

None 9 (23) 14 (35) 0.324
Obvious 22 55) 21 (83)

Severe 9 (23) 5(13)

GRBAS dysphonia score,

median (IQR)

Total score, postoperative day 1 5.5 (5-7) 4 (3-6) 0.008

The cuff pressure is controlled and set at the pressure > 25 mmHg after the
retractors were set up. The interquartile range (IQR) is the 25th-75th percentiles.
GRBAS, grade, roughness, breathiness, asthenia, and strain for dysphonia; NRS,
numeric rating scale.
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Phase 1: Video-observation ) Phase 2: Video-reflexivity

12 simulations, 114 mins 4 team discussions, 142 mins
4 simulated ICU teams 16 researcher-selected clips (4 per
* 5 members per team (3 nurses & simulated ICU team)
2 doctors, total n=20) 7 x planning & preparation
+ 1 all-female & 3 mixed-gender 5 x routine intubation
teams 4 x unexpected crisis
3 simulated activities per team: * Researcher-facilitated discussion
+ Planning & preparation with 4 simulated ICU teams (n=12
* Routine intubation participants)

* Unexpected crisis * Multiple questions about 4 video-
clips per team answering RQs
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[ Enroliment ]

Assessed for eligibility (n=111)

Excluded (n=29)
-Declined to participate (n=10)
-Suspected difficult intubation (n=4)

-Dysphonia before surgery (n=5)
-Previous cervical spine surgery (n=3)
-Body mass index >35 (n=3)

-No investigator available (n=4)

\ 4

Randomized (n=82)

\ 4

Allocated to the control group
-Received a tracheal tube with a cylindrical

cuff (n=41)

v

\ 4

Discontinued intervention (n=1)
-Surgical complication (n=1)

-Received a tracheal tube with a tapered cuff

Analyzed (n=40)
-Excluded from analysis (n=0)

-Operation cancelled due to anaphylaxis

|

¥
[ Allocation ] Allocated to the tapered group
(n=41)
\4
[ Follow-up J Discontinued intervention (n=1)
(n=1)
[ Arialy=is ] Analyzed (n=40)

-Excluded from analysis (n=0)
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Characteristic Total (n = 98)

Age range (years), n (%)

<25 2
25-30 16
31-40 48
41-50 28
>50 4

Gender, n (%)

Male 51

Female 47

Academic degree, n (%)

Associate’s degree 6
Bachelor’s degree 21
Master’s degree 56
Doctorate degree 15

Profession, n (%)

Doctor 86

Nurse 12

Level of professional title, n (%)

Junior 18
Intermediate 50
Senior 30

Departments, n (%)

General ICU 64
Specialized ICU 30
Emergency department 2
Anesthesiology department 2

Working years, n (%)

<5 15
5-10 26
11-15 33
16-20 11
>20 13

Hospital type, n (%)

Tertiary hospital 93

Secondary hospital 3

Private hospital 2






OPS/images/fmed-10-1081530/fmed-10-1081530-t004.jpg
PVB group GA group (n =122) P-value
(n=76)
GA 1 group GA 2 group
(n = 68) (n = 54)
PONV 1(1.3%) 7 (10.3%) 9 (16.7%) 0.01
Itching 0(0) 1(1.5%) 2 (3.7%) 0.23
Postoperative 0(0) 0(0) 54 (100%) <0.01
analgesia
Hospitalization, days|  7.09 £ 0.61 7.06 +£0.79 7.18 +0.68 0.59
Anesthesia cost, $ 93.58 £27.25 | 278.89 +29.08 | 387.39 4 20.44 <0.01
Patient’s satisfaction 8.78 £1.11 8.81 +£0.97 8.53 £ 1.00 0.30
with anesthesia
(0-10)

Values are given as 7 (%) or means + SD. PVB group, paravertebral block group; GA 1 group,
general anesthesia without PICA Group; GA 2 group, general anesthesia with PICA Group;
PONYV, postoperative nausea and vomiting.
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Study title

An adaptation of the
objective structured
clinical examination to a
final year

medical student course
in anesthesia and
intensive care

Aninnovative course in
surgical critical care for
second-year medical
students

Anaesthesiology
students’
Non-Technical skills:
development and
evaluation of a
behavioral marker
system for students
(AS-NTS)

Assessment of current

Journal

Year

Specialty site: single or
multi-medical schools
Assessment or Education

Anesthesia
1995
Anesthesia/lCM
Single school
Assessment

Academic Medicine
1994

IcM

Single school
Education

BMC Medical Education
2019

Anesthesia/EM

Single school

Education

Saudi J Anesthesia

undergraduate anesthesia 2013

courseina
Saudi University

Evaluation of medical
students’ performance
using the anesthesia
simulator

The lack of construct
valicity when assessing
clinical clerks during
their anesthesia
rotations

High-fidelty patient
simulation: validation of
performance checklists

Quantifying learning in
medical students
during a critical care
medicine elective: a
comparison of 3
evaluation instruments.

The use of
computerized learning
in intensive care: an
evaluation of a new
teaching program

The use of multi-source
feedback in assessing
undergraduate
students in a general
surgery
anaesthesiology
clerkship

Web-based formative
assessment case
studies: role in a final
year medicine 2-week
anesthesia course

Validity and Refiabiity of
undergraduate
performance.
assessments in an
anesthesia simulator

Medical Students can
lear the basic
applcation, analytic,
evaluative and
psychomotor skills of
critical care medicine

Identification of gaps in
the achievement of
undergraduate
anesthesia educational
objectives using high
fidelity patient
simulation

Evidence of virtual
patients as a faciltative:
learning tool on an
anesthesia course

Implementation of a
formal mediical
intensive care unit
curriculum for medical
students

Teaching medical
students complex
cognitive skills in the
intensive care unit

Developing the
eMedical Student
(eMS) - a pilot project
integrating medical
students into the
tele-ICU during the
COVID-19 Pandemic
and beyond
Integrated critical care
curriculum for the
third-year internal
medicine clerkship

Anesthesia/lCM
Single school
Assessment

Medical Education
2000

Anesthesia

Single school
Assessment

Can J Anesthesia
2020

Anesthesia
Single school
Assessment

BJA
2004
Anesthesia
Single school
Assessment

[eeY]
2001

Intensive Care Medicine
Single school
Assessment

Medical Education
1983

Medical ICM
Single school
Education

Medical Education
2010 (abstr)
Anaesthesiology
Single school
Assessment

Anesthesia and Intensive
Care

2009

Anesthesia

Single school
Assessment

CJA

2001
Anesthesia
Single school
Assessment

cCcM

2000

IcM

Single school
Education/Assessment

Anaesth Analges
2003

Anesthesia

Single school
Education/Assessment

AHSE
2015
Anesthesia
Single school
Education
AJRCCM
2019 (@bstr)
Icm

Single school
Education

cCM

1995

IcM
Education/Assessment

Healthcare
2021

IcM
Education

MedEdPortal
2021

Ic™M
Education

Study design
Single arm or not
Main data type(s)

Descriptive account of 4
acadernic years -
observational

Single group having OSCE
(no control)

Quantitative (student
performance and

course feedback)

Description of 12-week
SICU rotation in 1990/91
Single arm, no control group
Quantitative (rudimentary)

4-steps of lterature RV,
focus groups/interviews,
field observation and
implementation/ validation
Quant and qual

Comparison of 3 different
Ax tools (MCQs, portfolios
and OSCEs)

3 Ax tools (quant)

Short essays as well
Student evaluation of
course (quant)

Pilot study, single arm
interventional study, no
control

Faculty training to try to
standardize

Quantitative

inter-rater reliabilty
intra-class coefficient
correlation between different
Ax tools (Pearson)

student evaluation

Observational single arm
study

Quantitative (2 different
numerical exams - anesth
1-10 and MCCQE part 1)

Quantitative

Student scores on Sim
Student feedback
Single am study

One student cohort with
pre-/post- data collection.
Ax tools randomized
Quantitative data only
Marks scored on 3 Ax tools

RCT of computer-assisted
leaming in addition to
standard learning
Quantitative

Qualitative questionnaire

Feasibilty study using MSF
for student Ax

Single arm

Basic quant and qual data

Quantitative
Feedback qualtative

Single arm study - no
control or comparator group
No pre-/post-

data collection

Single arm study of
students doing simulation
Quantitative data (student
performance scores, validity
and reliability calculations)

Pre- and Post- elective
design using 2 clinical
scenarios at 5 OSCE
stations (randomized to be
pre- or post-)

Small randomized control
group (n=3)

Al quantitative

Single arm
No control

One data collection point
Quantitative

Quantitative student scores
Student feedback (Likert)
Non-randomized

2x2 groups

Quantitative
Student feedback

Single group
Pre-/Post- design
Randormized crossover trial
Quantitative

Single group
Non-randomized
Pre-/post-test design

Single group
Non-randomized with
pre-/post-test design

Sample size
Description of intervention
Data collection tool(s)

466 students in 4 years. Learning
curriculum in place

4 week rotation — OSCE adaptation for
skills, knowledge and communication.
Summative (for final exam).
Griterion-based marking

Student survey/OSCE exam results

13 “sophomore” students
12 week SICU rotation

Ax: *A shelf test from SCCM” (postgrad
equivalent - 2format)

Course evaluation by students

98 simulation activities with groups of 3
students (?yr, 2total number)

Study describes the design of AS-NTS
tool and evaluated feasibiity, validity and
inter-rater reliabilty of it

Not summative Ax

164 students on 5-week OR/Anesthesia
rotation described

20 question MCQ (validity and reliability)
OSCE 6 stations.

Portiolio of presentations, logbook and
trainer feedback (marks for each aspect)
Correlation with final mark

2 week anesthesia rotation with
apprenticeship model in OR

24 students had sim assessment (to test
reliability) and to compare with clinical and
written exams for the rotation

6 scripted case scenarios linked to the
leaming objectives and outcomes of the
anesthetic course

205 medical students undergoing 2 week
anesthesia rotation

Daily clinical evaluation (1-10 scale for 8
domains of medical competence)
averaged over the 2 weeks period
(average of 9 total daily evaluations

per student)

135 students
2 week anaesth rotation

1 day of Sim during this.

2 independent raters (0.97)

10 management Sim scenarios based on
ciitical event [See (31)).

Wide faculty RV to decide “expected” and
“critical performance items” (0% cutoff
for inclusion)

Intenal consistency (compared with end
of year clinical and anaes

examination mark)

24 medical student volunteers

1 months ICM placement

Ax using witten exam (MCQs), OSCE and
simulation (pre- and post-elective). Al
Students received all 3 assessments at
both time-points (order randomized)

28 students (14 in each of 2 groups)
Old-fashioned computer programme
MCAQ test pre- and post- learning.

Uncertain size (“groups of 20-24
students”).

MSF using physicians, nurses, peers,
patients and administrators

1-page MSF summary for each student

2 week anesthesia rotation

Ax: 40-item MCQ and 2 written case
reports

149 volunteer students with 6 online FACS
(81% used it)

Use of FACS during 2006-2007, with
milestone MCQs integrated in each case
Login and participation details

MCQ scores in the FACS

140 students
10 day anesthesia rotation with simulator
on Day 8

Faculty “marked” students on sim
performance, each marking 25-34
students

25-point criterion-based marking form
Reliabilty and validity assessed

1 month CCM elective
OSCE Ax tool on D1 and last day of
elective

2 independent assessors of videotaped
OSCEs

Pre-/Post- comparison

136 students — 165 scenarios

2 week anesthesia course. 1 day
simulation during this. Development of 10
Sim scenarios based with 3-8 learning
items for each. Expert opinion about
expected and critical items in these
scenarios (80% minimurn)

Faculty score student performance in
Sim sessions.

VPs used to enhance learning. This is a
study of leaning, NOT assessment

Ax used: MCQs (60-item), SAQ paper, and
“modified essay paper”

4 week MICU rotation
Pre- and Post- rotation tests of knowledge
and attitudes

1 month SICU rotations
33 students

ICU curriculum designed with PbL.
Cognitive learning emphasized.
Written examinations

5 students

4 week rotation

MCQ assessment

4139 year students
Seven sessions, over 4 weeks
16 Written short answer questions

Key messages from
study findings
Miscellaneous

No student failed exam
based on OSCE. Different
domains of learning
assessed in one
examination

Students perceived it a fair
format (equaly with other
formats) but more stressful
Assessment mapped to
learning objectives derived
from curriculum (knowledge
and skills)

No student got <70% in
SCCM test

Student ratings were
“uniformly high”

Good description of range
of teaching and

learning methods
Assessing 3 NTS: planning
tasks, teamwork, and team
orientation

New Ax tool was feasible,
valid and had good
inter-rater reliabilty

No Ax of technical skills

or knowledge

Strong correlation between
3 Ax tools, and between
each Ax tool and the overall
outcome of the examination
(r coeff >0.85 for all 3 tools).
The MOQ exam was the
highest predictor of overall
exam mark, followed by
OSCE and then portfolio.

Strong IRR (CC 0.87)
Poor correlation between
sim & witten exam and
between sim & ciinical
evaluation

Better correlation between
clinical & written exams.
Reliable assessment even if
raters have not seen
students during the rotation
High student evaluation
scores

Authors did not expect
written and sim to be well
correlated but did hope for
this between ciinical and
sim exarms.

No score of 1-4 (5=meets
expectations)

Mean score 7.1

DFA (discrimant function
analysis) showed that anaes
scores could identity
weakest clerks

“Failure to fail” phenomenon
shown. A clear results of
having subjective,
workplace environment Ax
tool

Callfor more valid, reliable
and predictive assessments
85% students
agreed/strongly agreed the
scenarios reflected rotation’s
learning objectives.

Good face and content
validity

5 of 10 scenarios had good
internal consistency

Written test scores did not
correlate with students’
abilty to perform (Sim) or
apply their knowledge
(OSCE).

Scores reduced moving
from knows, to knows how
to does. Knowledge does
notimply skills. Written tests
overestimate achieving
learning objectives

OSCE has “grouping” or
“compartmentalisation” of
learning. Also, they are
presented info rather than
having to collect/deduce it
themselves. Sim applies it all
at once, thereby is harder.
From similar baseline, CAL
showed 2-3 times higher
post-test scores

Computer familiarity
associated with higher
post-test scores

Early study of eLearning/TeL
Study focuses more on the
learning rather than

the assessment

Each student had average
of 25 assessments over 6
weeks.

Concerns raised about
validity of MSF assessments

Wide variation in FACS
usage, time spent on each
FACS.

FACS comparable to
in-class teaching on
feedback

Weak correfation between
FACS usage and summative
MCQs, but stronger
correlation with written
case reports.

High inter-rater reliabilty in
the faculty assessments
Poor comrelation with
students’ final clinical and
written exam results
Concerns about low validity
of assessment

Low internal consistency of
checkiist assessments

40 students doing elective
3 students not doing
elective

Only 27 videos were usable
80% of assessments had
adequate reliability
Consistent improvement in
pre- and post-elective
scores (except OSCE | =
initial patient assessment)
“Expocted performance
criteria” of students vs
“Critical management items”
(p1690).

11 of 18 learning items
performed by 75% of
students.

Sim effectively identified
critical management items
not performed

Minimal focus on how
teaching delivered.

Sim = leaming and
assessment in one =
assessment for leaming.
VPs improved assessment
scores

Knowledge improved
(67%—81%)

“Comfort” taking history and
managing common ICU
scenarios improved but no
demonstration of this.

Knowledge and application
improved

Improved knowledge on
MCQ test

Improved knowledge on
SAQ test

Levels of learning
outcomes assessed
Educational theory if
described
Validity/Reliability?

Miler's “Shows how”
Assesses performance in
simulated environment.

Miler's *Knows how”
Contextual learning theory
Relabilty/Vacity NO but

used an Society of Critical
Care Medlcine “Shelf” test

Miller's “Shows how” for
non-technical skills
Reliabilty YES

Validity YES

Intraclass correlation and
Cohen's kappa

Content valiity index
High valicity and reliabilty
Miller's “Shows how”
Reliabilty/Valicity YES
Cronbach alpha

Cohen's kappa coefficient

Miller’s “Shows how" in
simulated setting correlated
with knows and knows how
Reliabiity YES

Intraclass coefficient

High inter-rater reliability

Miller's “Does” observed in
the workplace

Validity YES

Discriminant Factor Analysis

Miller's “Shows how”
Reliabilty/Valcity YES
Cronbach’s alpha

Item analysis

Variable valicity (50% of
scenarios had satisfactory
validity and

internal consistency)

Miller's “Shows how”
Valiity discussion but
no calculations

A qualified doctor is “a
highly complex blend of
knowledge, attitudes and
skills”(p53)

Miller's “Knows”

Miller's “Does”

Authors contacted but no
response

Validity YES but

1o calculations

Miller's “Knows how"
Low stakes formative

Knowledge vs *hands-on
medical management
problems” (p230)

Miller’s “Shows how"
Validity/reliability YES
Intraclass coefficient
Item-total correlation
coefficient

Acceptable relabilty with
2assessors

Written exams reliable but
not valid (f “we are training
students to perform’)
Reliabiity/Valicity YES
Kappa coefficient

Good relabilty for 80% of
tools used

Miller's “Shows How”

Reliabilty YES;

Inter-rater reliability

High refiabity scores

Sim enables identification of
“discrepancies between
expected and actual
educational outcomes”
(p1694)

Miller's “Shows how”

’s “Knows How”

Miller’s “Knows how™
Contacted author but
no response

Miller’s “Knows How"

Miller's “Knows”

No specific reliabilty/valicity
but used standarcized tests
from American College of
Physicians question bank
Miller's “Knows™

ICM, intensive care medicine; OR, operating room; IRR, interrater reliability; MCCQE, Medical Council of Canada Qualifying Examination; Sim, simulation; OSCE, objective structured clinical examination; MCQ, multiple choice question;
RCT, randomised controlled trial; MSF, multisource feedback; FACS, formative assessment case studies; VPs, virtual patients; MICU, medical intensive care unit; SICU, surgical intensive care unit; SAQ, short-answer question; EM,

emergency medicine.
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Variables Group A Group B P-value 95% Confidence

(n=19) (n=20) interval (CI)

Age Mean + SD 30.94 £ 4.81 31.70 £7.96 0.722 —3.5410 5.05
(Range) (24-42) (18-44)

Systolic BP Mean + SD 121.53 + 11.48 121.60 £+ 13.19 0.985 —7.97 to 8.11
(Range) (97-136) (100-150)

Diastolic BP Mean + SD 71.84 £ 11.31 75.20 £ 13.08 0.398 —4.59t0 11.31
(Range) (47-97) (52-99)

MBP Mean + SD 86.63 £ 12.29 89.35 £ 14.37 0.531 —5.98t0 11.41
(Range) (61-111) (59-119)

HR Mean + SD 87.94 £ 17.27 92.55 £ 14.48 0.372 —5.71to0 14.92
(Range) (56-120) (62-118)

SpO2 Mean + SD 96.84 £ 1.06 97.00 £ 1.29 0.682 —0.615t0 0.931
(Range) (95-99) (93-99)

Group A (who received 10 mg of hyperbaric bupivacaine 0.5%), Group B (who received 12 mg of hyperbaric bupivacaine 0.5%), HR: Heart Rate, BP: Blood Pressure, MBP: Mean Blood Pressure,
SpO2: oxygen saturation.
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MCQs: 7 studies (19, 22, 26, 27, 29, 32, 35)
Written assessment (not including OSCEs,
MCas or correlation with end of year exams): 6
studies (20, 22, 23, 29, 32, 34)

Simulation: 6 studies (21, 23, 25, 26, 30, 31)
OSCEs: 4 studies (6, 22, 26, 36)

Clinical assessment: 3 studies (23, 25, 30)
Other: FACS 1 (29), Portfolio 1 (22), MSF 1 (28),
SAQs 1 (32), Unknown (33)

More than one assessment tool: 7 studies
(22,28, 25,26, 29, 30, 32)

MCQs, multiple choice questions, OSCES, objective structured clinical examinations;
FACS, formative assessment case studies; MSF, multisource feedback; SAQs, short
answer questions.
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Variables Group A Group B P-value
(n=19) (n=20)
Time to reach Mean =+ SD 60.73 £ 11.92 79.00 £ 19.21 < 0.001*
T10 level (min)
Maximum T2 0 3(15)
sensory level T4 2(10.5) 13 (65) < 0.001*
T6 17 (89.5) 4(20)
Time to onset of Mean =+ SD 4.47 £ 0.69 3.38 +0.47 < 0.001*
anesthesia (min)
Sensory block Excellent (%) 19 (100) 20 (100) -
quality
Moderate (%) 0 0
Poor (%) 0 1]
Motor block Complete (%) 19 (100) 20 (100) -
quality
Semi-complete 0 0
(%)
Non-motion 0 0
block (%)
Sensory level in T8 2(10.5) 10 (50) < 0.001*
recovery
T10 8 (42.1) 9 (45)
T12 9(47.4) 1(5)
Ephedrine doses Median (IQR) 0 (0-10) 20 (20-30) < 0.001*
consumed
Ephedrine Yes (%) 6(31.6) 17 (85) < 0.001*
consumed
Atropine Yes (%) 0 6(30) 0.009*
consumed
Apgar score Mean £ SD 8.78 £ 0.71 8.95£0.39 0.387
(1min)
Mean + SD 9.94 + 0.22 9.90 £ 0.31 0.591
(5 min)
Satisfaction rate Low (%) 3(15.8) 13 (65) 0.003*
Moderate (%) 2(10.5) 1(5)
High (%) 10 (52.6) 5(25)
Very high (%) 4(21.1) 1(5)

Group A (who received 10 mg of hyperbaric bupivacaine 0.5%), Group B (who received 12 mg of hyperbaric bupivacaine 0.5%), * statistical significant.
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Group N (1=68) GroupS (n=68) p-value

On arrival to recovery area 0381
PONV SCORE 0 35 (52%) 41(80%)

1 28 (41%) 25 (37%)

2 5(7%) 2(3%)

3 0(0%) 0(0%)
1h post-reversal 0.158
PONV SCORE 0 35 (52%) 38 (56%)

1 26 (38%) 28(41%)

2 5(7%) 2(3%)

3 2(3%) 0(0%)
6h post-reversal 0.013*
PONV SCORE 0 54 (80%) 66 (97%)

1 8(11%) 2(3%)

2 4(6%) 0(0%)

3 2(3%) 0(0%)
12h post-reversal 0500
PONV SCORE 0 66 (97%) 67 (99%)

1 2(3%) 1(1%)

2 0(0%) 0(0%)

3 0(0%) 0(0%)
24h post-reversal 1.000
PONV SCORE 0 68 (100%) 68 (100%)
Timing of first oral intake 0220
Less than 6h 63 (93%) 66 (97%)
More than 6h 5(7%) 2(3%)

0 = no nausea or vomiting, 1 = neuseated, no vomiting 2 = nauseated, one or two
episodes of vomiting, 3 = nauseated, more than two episodes of vomiting.
‘p < 0.05 is statistically significant.
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Parturient candidate of SPA for cesarean
section after the first failed SPA with
Bromage score 0 and no sensory block
after 10 min of first hyperbaric
bupivacaine injection (n=50)

Excluded (n=10)

YV

- Not meeting inclusion criteria (n=6)

- Declined to participants (n=4)

\ 4

Randomized (n=40)

\ 4

[ Allocation ]
v

Y

SPA with 10 mg hyperbaric SPA with 12 mg hyperbaric
bupivacaine 0.5%, (n=20) bupivacaine 0.5%, (n=20)
[ Follow-up ]
4 . 4
Lost to follow-up due to failed of Lost to follow-up (n=0)

SPA for second time (n=1)

[ Analyses ]
\ 4 v

Analyzed (n=19) Analyzed (n=20)
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Group N (1=68) GroupS (n=68) p-value

Age (year) 429+ 136 308+143  0.198
BMI (kg m~?) 25929 250£26 0066
Gender 0732
Male 33 (49%) 35 (51%)
Female 35(51%) 33(49%)
ASA 0863
1 37 (54%) 39 (57%)
1 31 (46%) 29 (43%)
Apfel score 0.678
0 8 (12%) 5(7%)
1 27 (40%) 29 (43%)
2 33 (48%) 34 (50%)
Type of surgery 0543
Ear 10 (15%) 6(9%)
Nose 33 (56%) 39 (57%)
Pharyngeal 20 (29%) 23 (34%)
Duration of surgery (min) 137.9 £70.3 12914626 0441
Morphine consumption (mg) ~ 3.29  1.50 362130  0.180

BMI, body mass index; ASA, American Society of Anesthesiologists.
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Group 1 Group 2 P-value
(n=35) (n=135)

Adverse responses at 1st attempt insertion:

Cough/gag 6(17.1) 401 0495
Body movement 12(34.3) 13(37) 0.803
Laryngospasm 0(00) 00)

Postoperative airway complications:

Sore throat in recovery 8(228) 8(228) 1.000
Sore throat at 24 h 1028) 0(0.0) 0314
Hoarseness in recovery 0(0.0) 1(2.8) 0314
Hoarseness at 24 h 128) 0(0.0) 0314

Values are presented in number (percentage

). P < 0.05
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Complications

Sore throat in recovery
Sore throatat 24 h
Hoarseness in recovery

Hoarseness at 24 h

st attempt

8(14)
0(00)
12
0(0.0)

2nd attempt

4(50)
0(0.0)
0(0.0)
1(12)

3rd attempt

2(67)
0(0.0)
0(0.0)
0(00)

Failed insertion

2(100)
1(50)
0(00)
0(0.0)

P-value

0.001*
0029

1.000
0.186
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Side effects

During operation

Nausea and Vomiting
Headache
Hypotension
Bradycardia

Chills

High spinal

At recovery

Nausea and Vomiting
Pain

After operation

PDPH

Group A (n=19)

5 (26.3%)
0

6 (31.6%)
0

6 (31.6%)
0

1(5.3%)

Group B (n = 20)

14 (70%)
1(5%)
17 (85%)
6 (30%)
6 (30%)
3 (15%)

1(5%)
1(5%)

1(5%)

P-value

0.007*
0.513
0.001*
0.012*
0.915
0.125

0.513
0.513

0.744

Group A: 10 mg of hyperbaric bupivacaine 0.5%, Group B: 12 mg of hyperbaric bupivacaine 0.5%, *, P < 0.05 was considered as significant, PDPH: Postdural puncture headache.
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Variables

Nausea and
Vomiting during
operation (yes
vS. n0)
Headache
during operation
(yes vs. no)
Headache after
operation (yes
vS. n0)

Hypotension
(yes vs. no)

Chills (yes vs.
no)

Ephedrine
consumed (yes
vS. n0)

Logistic regression analysis

OR (95%
CI)

6.533
(1.613-26.469)

0.972
(0.879-1.074)

0.947
(0.055-16.309)

12.278
(2.573-58.589)

0.929
(0.238-3.619)

12.278
(2.573-58.589)

*P < 0.05 was considered as significant.

P-value

0.009*

0.571

0.970

0.002*

0915

0.002*
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Variables/Groups  Pre-  After 2Min 4Min 6Min 8Min 10Min 15Min 20Min 25Min 30Min 40Min 50 60  P-value P-value P-value

SPA SPA Min Min ## #H# #H#H
SBP A 121.52 118.73 107.2 102.7 100.3 104.5 105.42 107.31 108.7 106.94 107.3 110.2 110.1 110.84 0.002 < 0.001 0.362
(11.48) (11.51) (13.9) (11.8) (16.4) (15.4) (9.61) (10.05) (11.8) (11.57) (10.1) (9.17) (8.60) (9.05)
B 121.60 115.95 98.5 87.5 90.5 92.2 104.15 104.65 112.8 113.1 113.9 113.8 112.4 112.5 0.011
(13.19) (12.35) (15.4) (16.1) (19.4) (19.9) (15.48) (23.87) (9.16) (8.40) (8.58) (5.10) (5.26) (4.41)
P-value# 0.985 0.471 0.072 0.002 0.097 0.038 0.761 0.655 0.243 0.069 0.033 0.131 0.298 0.469
DBP A 71.84 68.89 62.63 58.63 55 58.05 56.31 57.94 58.36 58.21 57.15 60.94 60.84 61.36 0.002 < 0.001 0.643
(11.3) (13.9) (10.6) (13.2) (11.3) (10.8) (7.68) (8.42) (8.96) (8.83) (8.43) (7.43) (7.04) (6.72)
B 75.20 74.05 59.2 50.55 53.10 544 57.3 59.9 62.85 62.6 62.3 62.55 63.75 62.6 < 0.001
(13.1) (12.8) (12.5) (9.92) (14.2) (13.1) (10.3) (8.57) (7.84) (7.80) (7.80) {7.13) (7.09) {5.33)
P-value# 0.398 0.236 0.365 0.037 0.649 0.325 0.739 0.478 0.105 0.108 0.053 0.496 0.207 0.513
MBP A 86.63 84.52 75.57 72.63 69.78 72.84 71.31 73.73 73.42 72.84 75.42 75.47 77.21 77.26 0.004 < 0.001 0.973
(14.3) (13.3) (11.1) (12.9) (12.1) (12.2) (8.01) (8.89) (9.44) (8.68) (9.91) (8.77) (6.53) (6.81)
B 89.35 86.85 70.75 61.75 65.10 66.30 75.12 7545 78.55 78.45 78.60 78.95 78.80 78.65 0.005
(14.3) (12.2) (12.9) (12.7) (15.3) (14.7) (12.1) (8.28) (8.04) (8.00) (5.88) (5.88) (4.49) (3.36)
P-value# 0.531 0.573 0.220 0.012 0.299 0.142 0.801 0.537 0.075 0.043 0.267 0.153 0.380 0.422
HR A 87.94 93.47 97.5 102.9 97.94 97.26 95.89 94.84 94.94 94.36 93.89 94.05 93.94 92.73 0.296 0.126 0.067
(17.2) (15.7) (18.3) (16.1) (13.6) (11.4) (12.5) (12.4) (10.6) (10.3) (9.97) (7.26) (8.48) {7.15)
B 92.55 99.40 101.1 93.7 98.10 104.6 106.7 105.2 105.5 104.1 99.90 99.15 95.60 94.80 0.454
(14.4) (28.3) (22.3) (29.2) (20.8) (15.3) (11.9) (10.6) (9.19) (6.64) (7.90) (6.50) (5.26) (4.68)
P-value# 0.372 0.428 0.595 0.232 0.979 0.101 0.009 0.008 0.002 0.001 0.044 0.026 0.467 0.291
SpO, A 96.84 97.42 97.73 97.73 97.47 97.78 97.84 97.63 97.78 97.94 97.94 97.42 97.94 97.47 0.259 0.107 0.036
(1.06) (1.12) (0.99) (0.99) (1.71) (1.27) (1.16) (1.57) (1.18) (1.12) (1.12) (2.06) (1.12) (2.06)
B 97 97.35 96.90 96.65 96.55 96.75 96.80 97 97.10 97.15 97.25 97.25 97.20 97.25 0.287
(1.29) (0.87) (1.41) (142) (1.39) (1.11) (1.01) (1.02) (0.91) (0.98) (0.85) (0.85) (0.89) (0.85)
P-value# 0.632 0.826 0.040 0.009 0.072 0.010 0.005 0.144 0.048 0.024 0.038 0.735 0.027 0.658
Sedation A - 2 2 1.93 .87 93 2.18 2.25 2.25 2.17 2.25 2.18 2 2 B 0.057 0.102
rate (0.25) (0.34) (0.25) (0.40) (0.44) (0.44) (0.39) (0.44) (0.40)
B - 2 1.95 1.75 .70 95 2.05 2.05 2.10 2 2.05 2.05 2.05 2 =
(0.39) (0.55) (0.57) (0.39) (0.22) (0.22) (0.30) (0.22) (0.22) (0.22)
P-value# - - 0.616 0.216 0.288 0.913 0.203 0.089 0.242 0.052 0.089 0.203 0.379 =

Group A: 10 mg of hyperbaric bupivacaine 0.5%, Group B: 12 mg of hyperbaric bupivacaine 0.5%, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: Mean Arterial Pressure, HR: Heart Rate, SpO2: oxygen saturation, P < 0.05 was considered
as significant, # P-value based on independent t-test and analysis of covariance (ANCOVA) adjusted for age between two groups, ##P-value based on paired t-test within group, ### Time main effect based on two way analysis of variance with repeated
measures (RMANOVA), #### Assessing the interaction effect of group and time based on RMANOVA after Greenhouse-Geiser correction (adjusted and non-adjusted models). Bold values are P < 0.05 which was considered as significant.
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Indicator

Highest HR > 105 beats/min
Lac=5.75 mmol/L
PCT241.47 ug/L
CRP=222.5 mg/l.

GCS score <14 points

Total score

HR, heart rate; GCS, Glasgow Coma Scale; Lac, blood lactate; PCT, procalcitonin; CRP, C-

B-value

1.091
1591
1.037
1193
0914

cactive protein; blank repre:

Ratio

1194
1741
1135
1.305
1.000

ented none.

Score
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Age Total
(n=137)

Oct-40 25 (18.2%)

41-60 56 (40%)

>60 56 (40.9%)

Survival

group
(n=47)

10 (21.3%)
20 (42.6%)
17(36.2%)

Death Pvalue

group
(n=90)

15 (16.7%) 0.672
36 (40%)
39 (422%)
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Variable

Age, median (IQR)

Gender

Male

Female

APACHE-II score (IQR)

SOFA (IQR)

Number of organ injuries (IQR)
Mechanical ventilation

Yes

No

Time of use of mechanical ventilation

CRP

Basic diseases
Cardiovascular diseases
Respiratory diseases
Endocrine diseases
Cardiovascular + endocrine
Diseases

Biliary system

Gastric and duodenal diseases
Disease

Chronic discases

Tumor and immune diseases

Basic diseases

Total
(n=137)

55 (45.5-68.5)

91(66.4)
46 (33.6)
17 (12-22)
11(8-13)
1(0-3)

117 (85.4%)
20 (14.6%)
55 (11.5-154)

128 (93.4%)
9(6:6%)
11 (5-17.4)
106 (53-177)
3(031-21.54)
13624 (66.3-220.7)

23 (16.8%)
16 (11.7%)
7 (5.1%)
8(5.8%)

4(2.9%)
2(1.5%)

1(0.7%)
429%)
72 (52.6%)

Survivors
(n=47)

54 (45-67)

30 (21.9%)
17 (12.4%)
13 (9-20)
9(7-11)
0(0-2)

37 27%)
10(7.3%)
63 (4-218)
0.164
82 (59.9%)
1(0.7%)
11(7-15.9)
124/(66-210)
082 (0.16-16.5)
134.61 (51.97-192.66)

9(6.6%)
3(22%)
4(2.9%)
2(1.5%)

0
1(0.7%)
28 (20.4%)

Deaths
(n=90)

55 (45.5-69.5)

61 (44.5%)
29 (21.2%)
17 (13.75-23.25)
11(9-14)
2(1-3)

80 (58.4%)
10 (7.3%0)
51(15.25-144)

46 (33.6%)
8(5.8%)
11.1(623-18)
97.5(38.5-226.9)
5.08(0.59-32.46)

136.24 (68.24-253.13)

14.(10.2%)
13 (9.5%)
3(22%)
6 (4.4%)

4(2.9%)
2(1.5%)

1(0.7%)
322%)
44 (32.1%)

Pvalue

0812

0.705
0589
0.02

013
0427
0.889

0.164
0.037
073
0117
0.042
0.103

0234
0.593
0.142
0.468

0.568
0.191

0303
0.163
0399
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Item Total Shock group Non-shock T/x*/z value P-value

(n=176) (n=53) group
(n=123)

Age (years,icks) 641321467 64.08 % 16.61 641541383 033 0974
Male [cases (%)] 131 (74.40%) 37 (69.80%) 94(76.40%) 0.85 0356
Perforation area 2.13(0.64, 3.09) 2.25(1.00, 3.09) 1.50 (0.64, 3.09) 084 0.399
[em?,M(QL, QU)I
Time interval from 45(237,53.02) 3.49 (2.45,53.02) 5.05(2.19,53.02) 0.12 0.906
perforation to operation
(hM(QL, QU)]
APACHE- 11 score 1730 £7.64 2118 £7.69 15.63%7.02 467 <0.001
(points, %)
SOFA score 8684365 1093 £3.13 7714343 587 <0.001
(points,
=xks)
GCS score 10,50 £ 441 9.37:£424 10.99 £ 4.40 224 0.026
(points,x£s)
Highest HR 103.46 422,29 111852593 99.85 1955 3.02 0.003
(beats/min,x£s)
Fastest RR 2201%559 23024721 2158470 134 0.185
(times/min, )
Minimum MAP 7517 £1658 72.50 % 16,664 76.33 %1648 141 0.161
(mmHg, $2£5)
24-h urine volume 1,418.55  979.06 1,308.93  1,103.11 1465.78 % 92134 0.98 0.331
(ml, zks)
Highest Na* 141,09 £ 497 1418 £ 460 140.78 £ 5.11 125 0215
(mmol/L, %:£s)
Minimum Na+ 13936 487 13952428 13929 512 028 0781
(mmol/L, 5zs)
Highest K+ 4344058 451£061 4264056 262 0.010
(mmolfL, 5zks)
Minimum K+ 4.0640.53 412061 404050 097 0335
(mmol/L, k=)
PLT 17379 £91.10 16321 4 10119 178.35 % 86.43 101 0313
(10°, 5ks)
Alb 2094 £6.54 18.96 %618 21794652 269 0.008
(g/L xeks)
PaO2/FiO2 23372 £ 114.03 2045 £ 11519 246.32 £ 111.65 226 0.025
(mmHg, icks)
pH 7.31(7.29,7.40) 7.30(7.23,7.38) 7.33(7.30,7.41) 277 0.006
(M(QL, QU)
Lac 3,65 (2.10,4.65) 430(2.45,4.77) 320 (1.90,4.65) 207 0.039
[mmol/LM(QL, QU)]
THIL 1740 (11.10,23.77) 17.22(10.79, 24.46) 17.58 (1131, 23.80) 0.16 0877
[umol/L,M(QL, QU))
scr 101,00 (74.25, 149.47 (84.00, 92,00 (71.00, 3 0002
[umol/L,M(QL, QU)] 188.50) 223.00) 151.00)
PCT 3727 (7.82,56.07) 45.41(24.26,109.30) 27.85 (5.64,45.41) 379 <0.001
[ug/L.M(QL, QU)]
CRP 17278 +77.02 200.11 28094 1617248 317 0.002
(mg/L, 5:£5)
Mortality [cases (%)] 20(11.40%) 11(20.80%) 9(7.30%) 6640 001

APACHE-I, acute physiology and chronic health evaluation Il; SOFA, sequential organ failure assessment; GCS, Glasgow Coma Scale; HR, heart rates RR, respiratory rate; MAP, mean
arterial pressure; Na, sodium ion; K, potassium ion; PLT, platelet count; Alb, albumin; Pa02/FiO2, oxygenation index; Lac, blood lactate; TBIL, total bilirubin; SCr, serum creatinine;
procalcitonin; CRP, C-reaction protein; 1 mmH 3kPa.
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Indicator

Highest HR
Lac

scr

PCT

CRP
Highest K+
Alb

pH
PaO2/Fi02
GCS score
SOFA score
APACHE-II score

APACHE-I, acute physiology and chronic heslth evaluation Il
concentration; Alb, albumi

Optimal cut-off

2105 beats/min
>5.75 mmol/L
>116.5 umol/L
>41.47 ug/L
>222.5mg/L
>4.35 mmol/L.
<18.15g/L
<728

<171.75 mmHg
<14 points
>8.88 points
2225 points

, sequential organ failure
procalcitonin; CRP, C-

Assignment

2105 beats/min = 1,<105 beats/min = 0
=5.75 mmol/L = 1,<5.75 mmol/L=0
>116.5 umol/L = 1,<116.5 umol/L = 0
24147 ug/L= 1,<41.47 ug/L=0
22225 mg/l = 1,<2225 mg/L =

>4.35 mmol/L = 1,<4.35 mmol/L =0
<18.15g/L=1,51815g/L=0
<7.28=1,5728=0

<171.75 mmHg=1,>171.75 mmHg =0
<14 points =1,>14 points=0

>8.88 points =1,<8.88 points=0

2225 points =1,<22.5 points=0
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Variable B value

Highest HR > 105 beats/min
Lac 2 5.75 mmol/L

SCr 2 116.5 umol/L

PCT > 4147 ug/L

CRP > 222.5 mg/L

Highest K¥ > 4.35 mmol/L
Alb < 18.15g/L
pH <728
PaO2/Fi02 < 17

5 mmbg
GCS score <14 points

SOFA score 28,88 points
APACHE-I score 225 points

APACHE-II, acute physiology and chronic health evaluation I

fon concentrati

5 Alb, albumin Lac, blood lact

confidence interval.

1238
1631
0.960
1319
1248
1080
0.884
1357
1304
0976
2033
1711

Sx

0368
0538
0340
0352
0388
0394
0340
0374
0357
0360
0410
0.385

X2 value

11332
9171
7.968
14.033
10.368
7531
6774
13.157
13333
7.345
24.607
19.781

EA, sequential organ failure assessment;

OR value

3447
5.107
2,613
3739
3.484
2.944
2421
3.885
3.683
2.653
7.639
5.534

S, Glasgow

95%CI

1.677~7.085
1.778~14.673
1341~5.089
1.875~7.456
1.630~7.450
1.362~6.368
1244~4.712
1.866~8.087
1.829~7.415
1310~5.373
3421~17.058
2.604~11.763

P-value

0.001
0.002
0.005
<0.001
0.001
0.006
0.009
<0.001
<0.001
0.007
<0.001
<0.001

oma Scales HR, heart rates K+, serum potassium

SCr, serum creatinine; PCT, procalcitonin; CRP, C-reaction protein; 1 mmHg=0.133 kPa; OR, odds ra

i0; 95% CI was 95%
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Variable

Highest HR > 105 beats/min
Lac25.75 mmol/L
PCT241.47 ug/L
CRP2222.5 mg/L

GCS score <14 points

HR, heart ra Glasgow Coma S

B value

1.091
1591
1.037
1.193
0914

Lac, blood lactate

PC

Sx

0383
0.608
0387

0437
0.405

X2 value OR value 95%CI
8.101 2977 1405~6311
6838 4907 149~16.165
7172 2821 1.321~6.028
7.467 3298 1401~7.76
5.082 2494 1127~5.522

C-reactive protein; OR, odds rati

C1 was 95% confidence interval.

P-value

0.004
0.009
0.007
0.006
0.024
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Group 1 Group 2 P-value

(n=35) (n=235)
Age (year) 4322+ 1641 45.94 £15.25 0.476
Gender (M/F) 13/22 1124 0615
Weight (kg) 66.14 & 12.31 67.63 £ 13.78 0.636
Height (cm) 161.96 £ 9.28 161.00 £ 9.91 0.710
BMI (kg/m?) 2508 £3.79 25.82£3.72 0412
ASA (1/2) 2213 18/17 0337

+ standard deviation (SD), and number. P < 0.0:
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Group 1

(n=135)
Successful insertion at 28(80.0)
Istattempt
Optimal insertion 21(60.0)

conditions at st
suceessful attempt

Suboptimal insertions conditions

Ist attempt successful 7(20.0)
insertion
2nd attempt successful 5(14.3)
insertion
3rd attempt successful 128
insertion
Failed insertion 1(28)

Values are presented in number (percentage). P < 0.05

Group 2
(n=35)

29(82.8)

20 (57.1)

9(25.7)

3(8.6)

2(57)

P-value

0837

0.808

0789

0789

0789

0789
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Pulmonary infection
Intraperitoneal infection
Urinary infections
Blood flow infection
Intracranial infection
Mixed infection

Other

Total
(n=137)

56 (40.9%)
21 (15.3%)
1(0.7%)
6(4.4%)
3(22%)
34(24.8%)
16 (11.7%)

Survival group
(n =40)

19 (40.4%)
9(19.2%)
1(2.1%)
4
2(43%)
7(14.9%)
9(19.1%)

Death group
(n=97)

37 (41.1%)
12 (13.3%)
0
6(6.7%)
1(1.19%)
27 (30%)
7(7.8%)

Pvalue

0267
0.18
0.083

0999
0115
0.015
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Negative
G-

G+
Fungi
Mixed

infection

Total

(n=137)

30(21.9%)
38(27.7%)
13.(9.5%)
10 (7.3%)
46 (33.6%)

Survival

group
(n=40)

10 (7.3%)
11 (8%)
8 (5.8%)
3(22%)
15 (10.9%)

Death

group
(n=97)

20 (14.6%)
27(19.7%)
5(3.6%)
7(5.1%)
31(22.6%)

Pvalue

0296
0899
0413
030
0.766





OPS/images/fmed-09-968133/fmed-09-968133-t005.jpg
Risk factors M (IQR)  Pvalue OR (95% CI)

APACHE-II score 17 (12-22) 0.002 1.099 (1.036-1.167)
SOFA score 11(8-13) 0 1.198 (1.073-1.338)
Number of organ injuries 1(0-3) 0 1.929 (1.39-2.678)
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N10 (senior nurse, group 4, clip 14)

DS (senior doctor, group 3, clip 10)

N2 (senior nurse, group 1, clip 2)

NI (senior nurse, group 1, lip 2)

“Noise is always a potential barrier to leadership. Obviously, just with all of the beeps of the machines, if

you add in people talking clsewhere, as wel, it can become quite difficult for leadership to be maintained, and
for control of the situation to stay with the leader”

(Quote 16)

“And the same issue with the noise, the phone ringing, lots of distractions i terms of leadership.”

(Quote 17)

I was a bt distracted by trying to get my gloves on."

(Quote 18)

I think one of the big major barricrs, obviously,in that situation is the PPE. [commenting on planning phase
and role allocation - sce Figure 4] It makes it very, it makes it harder to hear, you do not see their (the leaders)
Jacial expressions... you cannot lip read if there’s background noise.”

(Quote 19)
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D3 (trainee doctor, group 2, clip 5)

N5 (experienced nurse, group 2,clp 5)

DI (senior doctor, group 1, lip 1)

D5 (senior doctor, group 3, lip 9)

NI (senior nurse, group 1, clip 1)

N10 (senior nurse, group 4, clip 15)

D5 (senior doctor, group 3, clip 1)

N10 (senior nurse, group 4, clip 13)

“You need to be very clear as the leader and the team gains confidence from clear role allocation. So, it’ your
responsibility as the leader to ensure that that's done properly. There’ no confusion.”

(Quote )

“When it’s done well,its one person allocating”

(Quote 9)

A pretty privileged position, having N1 and N2 (who are) very senior nursing staff that I have worked with a.
lot and trust and know their capabilitis. That really helps as a leader.”

(Quote 10)

“I'would say the familiar environment and familiarity with the staff: Because we have known each other

we know each other’ skills and strengths. So that makes it easier.”

(Quote 11)

“I think respect has a lot to do with enabling multiple leaders.”

(Quote 12)

“Checklists have been very important in making sure things aren't getting missed and that everything is done
as safely as possible for the patient”

(Quote 13)

“So you just go through the checklist, make sure I'e got everything here, and everyone knows what they are
doing”

(Quote 14)

“And there was the checKlist that was read slowly and deliberately, which allowed time for team menibers o
speak up if needed to clarify any issues.”

(Quote 13)
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Key facilitators Role allocation
“Trust, respect and staff familiarity
Checklists

Key barriers Noise
PPE
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D5 (consultant doctor, group 3, clip 10)

N5 (experienced nurse, group 2 final comment, no specific clip)

N5 (experienced nurse, group 2 inal comment, no specific clip)

N2 (experienced nurse, group 1, clip 1)

D3 (trainee doctor, group 2, lip 7)

D3 (trainee doctor, group 2, clip 7)

N5 (experienced nurse, group 2, clip 7)

“But I think at the nitty gritty, it would be a shared role with people bouncing off each other.”
(Quote 1)

“Somebody needs to be leading. It is a collaborative thing, but i’ not a leadership community. Its
one person.”

(Quote 2)

“Obviously, a lo of it s clear communication. And i’ and when I say communication, i’s
Knowing when to shut up as well”

(Quote 3)

“He (D1)is always very clear about what he wants done. In a clear, calm, concise way:"

(Quote 4)

“My experience is that men are naturally perceived as the leader”
(Quote 5)

“In other departments, a junior male will often be sought after over a senior female to lead a
scenario. Gender plays heavily and I think ... fomales must really work on performance in order
o be perceived as the leader”

(Quote 6)

I think sometimes we feel a bit more comfortable with the women team leaders because we feel

like they are more likely to include us.
(Quote 7)
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Group  Clip Clinical phase/  Duration Summary

context (seconds)

1 1 Plnning 8 ‘Team meet outside room and agree to plan an intubation. Roles are allocated by senior doctor (D1) and
senior nurse (N1). Staff attempt to put on PPE.
2 Planning 56 “Team huddle in PPE to read a checklist before entering the simulated patients room.
3 Procedure 0 Intubation is performed by junior doctor (D2) with assistance of senior nurse (N2) and direction of senior
doctor (D1) (allocated role of team leader). Senior doctor (D1) helps complete the intubation task.
PR
(Cri

is management 66 Unexpected failure of intubation by junior doctor (D2). Team advised by senior doctor (D1) for junior doctor

cenario 3)* to abandon attempts at intubation and change to “plan B and insert laryngeal mask airway device to rescue

ventilate the simulated patient.

5 Planning 5 ‘Team meets outside room and agree to plan an intubation. Roles are allocated by junior doctor (D3) and

senior nurse (N4). Checklistis read by group.

6 Planning 35 Role allocation and planning continues to oceur in a group forming a circle around a checklist. Second junior
doctor (D4) speaks up to acknowledge a lack of confidence with the scenario given her perceived lack of
experience.

7 Procedure 52 Difficult procedure where firstattempt at intubation is unsuccessful by the junior doctor. Same junior doctor
(D3) decides to insert laryngeal mask airway (LMA) device to allow time to oxygenate the patient and think

about her next steps.

8 | Crisis management 62 Unexpected power failure within the ICU (lights go out) while team member attempts intubation. Junior
(©

scenario 1)¢ doctor (D3) leads team in assembling batiery powered lighting for the room and completing the task of

intubation and rescue the c

3 9 Planning 66 “Team meets outside oom to plan an intubation. Roles are allocated by senior doctor (D5) only and clarified
by the others. Staff are standing in a circle and all wearing PPE.
10 Planning 2 “Team discuss plan for intubation one more time inside the simulated patients room while setting up

equipment.Senior doctor (D5) answers questions from junior doctor (D6) about tasks required for the

procedure.

11 Procedure 4 Routine intubation procedure commences. Tasks shared between senior doctor (D5) and senior nurse (N7).

12 Crisis management 0 Unexpected power failure within the ICU (lights go out) while team attempting intubation. Senior doctor
(Crisis scenario 1)* (D) and senior nurse (N7) instruct team to assemble battery powered lighting for the room and complete

the intubation task.

4 13 Planning 60 Team huddle in a circle (all in PPE) and read through checklist and discuss procedure. Junior doctor (D8)
begins leading the process but senior doctor (D7) takes over leading the process during the verbalizing of the
plan for the procedure by the junior doctor (DS)

14 Procedure 53 “Team starts the intubation attempt. Lots of dialogue between junior and senior doctors (D8 and D7). Junior
and senior nursing staff are busy preparing equipment (N1 and N12). Team members have to re-position
multiple pieces of equipment either obstructing the action or out of position (including the bed, video
laryngoscope monitors and oxygen apparatus) as they attempt to start oxygenation and make the

environment safer to work in..

15 Procedure 5 “Team pause aftr the start of the procedure to carify one final time the next steps in the procedure. Senior
doctor (D7) dlarifies everyone is ready to continue to the next step. Junior doctor (D8) verbalizes the plan
while simultancously also oxygenating the patient with a self-inflating resuscitation bag and mask.

16 Crisis management 39 Junior doctor (D8) responsible for intubation collapses with chest pain just after patient receives paralyzing
(&

cenario 2)* drugs but before intubation can be attempted. Senior nurse (N11) abandons task to attend to junior doctor
on floor. Senior doctor (D7) takes over the procedure and re-allocates roles to other staff o safely complete

the procedure.

Crisis scenario s scenario 3= failure of intubation,

= power failure; Cri

s scenario 2 = Conscious collapse of a medical practitioner; and Cr
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Profession Seniority Gender

N1 Nurse Senior Female
N2 Nurse Senior Female
N3 Nurse Junior Female
D1 Doctor Consultant Male
D2 Doctor Trainee Male
Group 2

N4 Nurse Senior Female
N5 Nurse Senior Female
N6 Nurse Senior Female
D3 Doctor Trainee Female
D4 Doctor Trainee Female
Group 3

N7 Nurse Senior Female
N8 Nurse Senior Female
N9 Nurse Junior Female
D5 Doctor Consultant Male
D6 Doctor Trainee Female
Group 4

Nio Nurse Senior Female
N1 Nurse Senior Female
NI2 Nurse Junior Male
D7 Doctor Consultant Female

D8 Doctor Trainee Male
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Meaning

ideo-reflexive ethnography (VRE) A research methodology that is both “ethnographic, in that video captures part ‘natural’ working

environment, and is ‘reflexive; in that it involves participants exploring as a group what was captured on the video
footage” (9).

Socio-materiality A *focus on materials as dynamic and enmeshed with human activity in everyday practices” (10).

Interpretivism An understanding through research that “looks for culturally derived and historically situated interpretations of the

social life-world” (11).

Abductive coding A coding process in qualitative rescarch by which rescarchers “start with a deductive codebook and through the process

of coding, build the codebook and, by extension, build theory by develo

ng data-driven inductive codes” (12).
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Variables Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value
Mortality (Yes vs. No)
Age 1.01 (0.97-1.03) 0.741 - -
Gender (Male vs. Female) 1.17 (0.57-2.426) 0.66 - -
Comorbidities (Yes vs. No) 2.90 (1.33-6.29) 0.007* 3.23 (0.82-12.6) 0.092
Comorbidities (>2 vs. 1) 5.60 (2.14-14.66) <0.001* 2.19 (0.37-12.8) 0.385
SOFA 2.05 (1.67-2.52) <0.001* 0.64 (0.23-1.74) 0.385
APACHE IV 1.48 (1.32-1.65) <0.001* 1.50 (0.87-2.58) 0.137
NEWS score 18.58 (8.45-40.86) <0.001* 6.51 (1.81-23.4) 0.004*
MEWS score 12.19 (6.43-23.12) <0.001* 2.62 (0.86-7.95) 0.089
ICU Readmission (Yes vs. No)
Age 1.01 (0.98-1.03) 0.382 - -
Gender (Male vs. Female) 2.17 (1.18-3.97) 0.012* 2.36 (1.18-4.70) 0.015*
Comorbidities (Yes vs. No) 1.50 (0.82-2.71) 0.18 - -
Comorbidities (>2 vs. 1) 1.88 (0.67-5.28) 0.225 - -
SOFA 1.30 (1.13-1.49) <0.001* 1.02 (0.54-1.93) 0.935
APACHE IV 1.14 (1.06-1.22) <0.001* 0.95 (0.68-1.33) 0.798
NEWS score 2.17 (1.52-3.10) <0.001* 2.24 (1.11-5.54) <0.001*
MEWS score 3.43 (2.36-4.99) <0.001* 8.12 (3.71-17.80) <0.001*
Discharge type (Unplanned vs. Planned)
Age 0.93 (0.91-0.97) 0.001* 0.93 (0.90-0.97) 0.002*
Gender (Male vs. Female) 1.05 (0.41-2.73) 0.911 - -
Comorbidities (Yes vs. No) 0.76 (0.29-2.01) 0.588 - -
Comorbidities (>2 vs. 1) 0.87 (0.35-3.54) 0.998 - -
SOFA 0.66 (0.49-0.88) 0.006* 0.67 (0.27-1.65) 0.392
APACHE IV 0.82 (0.71-0.96) 0.013* 1.03 (0.64-1.65) 0.884
NEWS score 0.67 (0.32-1.41) 0.299 — -
MEWS score 1.16 (0.65-2.09) 0.604 = =
Time to readmission (< 4 days vs. >4 days)
Age 1.01 (0.97-1.03) 0.862 = =
Gender (Male vs. Female) 1.62 (0.82-3.19) 0.164 - -
Comorbidities (Yes vs. No) 1.03 (0.52-2.04) 0.916 - -
Comorbidities (>2 vs. 1) 0.87 (0.19-3.84) 0.854 - -
SOFA 1.32 (1.14-1.54) <0.001* 1.15 (0.58-2.27) 0.672
APACHE IV 1.15 (1.06-1.25) <0.001* 0.93 (0.65-1.33) 0.709
NEWS score 1.87 (1.26-2.78) 0.002* 3.21(1.08-6.51) 0.001*
MEWS score 2.84 (1.94-4.17) <0.001* 7.04 (2.95-16.77) <0.001*

*P-value < 0.05 considered significant, Abbreviations: Odds ratio (OR), Confidence Interval (CI), Acute Physiology and Chronic Health Evaluation IV (APACHE-IV), Sequential Organ Failure
Assessment (SOFA), National Early Warning Score (NEWS), Modified Early Warning Score (MEWS).
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Variables

MYV after Readmission (Yes vs. No)
Age

Gender (Male vs. Female)
Comorbidities (Yes vs. No)
Comorbidities (>2 vs. 1)

SOFA

APACHE IV

NEWS score

MEWS score

OR (95% CI)

1.01 (0.98-1.03)
2.02 (1.03-3.96)
1.47 (0.76-2.85)
2.58(0.91-7.31)
1.32 (1.14-1.54)
1.16 (1.07-1.25)
2.28 (1.55-3.35)
3.15 (2.15-4.64)

MVduration after readmission (>6 days vs. <6 days)

Age

Gender (Male vs. Female)
Comorbidities (Yes vs. No)
Comorbidities (>2 vs. 1)
SOFA

APACHE IV

NEWS score

MEWS score

Multiple organ failure after readmission (Yes vs. No)

Age

Gender (Male vs. Female)
Comorbidities (Yes vs. No)
Comorbidities (>2 vs. 1)
SOFA

APACHE IV

NEWS score

MEWS score

1.00 (0.97-1.04)
2.98 (1.19-7.49)
1.23(0.52-2.90)
2.62 (0.72-9.55)
1.25(1.03-1.51)
1.12(1.02-1.24)
1.90 (1.17-3.08)
2.92 (1.87-4.56)

1.01 (0.98-0.03)
2.43 (1.31-4.53)
1.37 (0.75-2.51)
1.98 (0.71-5.57)
1.29 (1.12-1.48)
1.13 (1.05-1.22)
2.17 (1.51-3.11)
3.33(2.29-4.84)

Univariate

P-value

0.493
0.039
0.252
0.074
<0.001*
<0.001*
<0.001*
<0.001*

0.771
0.020*
0.637
0.143
0.020*
0.016*
0.009*
<0.001*

0.485
0.0058
0.304
0.191
<0.001*
<0.001*
<0.001*
<0.001*

Multivariate

OR (95% CI)

0.98 (0.51-1.90)
0.98 (0.69-1.38)
1.35 (1.10-4.78)
538 (2.42-11.96)

3.01 (1.14-7.95)

0.67 (0.29-1.53)
1.25 (0.81-1.95)
2.18 (1.10-4.78)

12.39 (3.36-45.67)

2.67 (1.32-5.40)

1.09 (0.57-2.06)
091 (0.65-1.27)
327 (1.12-8.59)
7.44 (3.39-16.36)

P-value

0.967
0.917
0.011*
<0.001*

0.026*

0.350
0.313
0.011*
<0.001*

0.006*

0.784
0.594
0.001*
<0.001*

*P-value < 0.05 considered significant. Odds ratio (OR), Confidence Interval (CI), Acute Physiology and Chronic Health Evaluation IV (APACHE-IV), Sequential Organ Failure Assessment
(SOFA), National Early Warning Score (NEWS), Modified Early Warning Score (MEWS).
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Outcomes

AUC (95% CI) p-value

SN (95% CI)

SP (95% CI)

LR + (95% CI)

LR- (95% CI)

PPV (95% CI) NPV (95% CI) YoudenIndex Cut-point

NEWS score

MEWS score

LOS: Length of stay, MV: Mechanical ventilation, CI: Confidence interval, SN: Sensitivity; SP: Specificity; LR + : Positive likelihood ratio; LR-: Negative likelihood ratio; PPV: positive predictive value; NPV: Negative predictive value, *p-value < 0.05

Mortality (Yes vs.
No)

ICU Readmission
(Yes vs. No)

Discharge type
(Unplanned vs.
Planned)

Time to
readmission

(>4 days

vs. < 4 days)

MYV Readmission
(Yes vs. No)

Duration of MV
readmission

(=6 days

vs. < 6 days)
Multiple organ
failure readmission
(Yes vs. No)

Mortality (Yes vs.
No)

ICU Readmission
(Yes vs. No)

Discharge type
(Unplanned vs.
Planned)

Time to
readmission
(>4 days vs.
<4 days)

MYV Readmission
(Yes vs. No)

Duration of MV
readmission
(=6 days vs.

<6 days)

Multiple organ
failure readmission
(Yes vs. No)

considered significant.

0.916 (0.885-0.941)

0.711 (0.665-0.755)

0.561 (0.512-0.610)

0.676 (0.628-0.721)

0.720 (0.674-0.763)

0.675 (0.628-0.720)

0.710 (0.664-0.754)

0.881 (0.846-0.911)

0.839 (0.799-0.873)

0.545 (0.495-0.593)

0.826 (0.786-0.862)

0.829 (0.789-0.864)

0.813 (0.772-0.849)

0.833 (0.794-0.868)

<0.0001*

<0.0001*

0.318

<0.0001*

<0.0001*

0.0008*

<0.0001*

<0.0001*

<0.0001*

0.561

<0.0001*

<0.0001*

<0.0001*

<0.0001*

71.87 (53.3-86.3)

88.00 (75.7-95.5)

5556 (30.8-78.5)

83.78 (68.0-93.8)

87.18 (72.6-95.7)

81.82 (59.7-94.8)

87.50 (74.8-95.3)

68.75 (50.0-83.9)

80.00 (66.3-90.0)

38.89 (17.3-64.3)

81.08 (64.8-92.0)

79.49 (63.5-90.7)

7727 (54.6-92.2)

79.17 (65.0-89.5)

95.50 (92.9-97.4)

50.00 (44.7-55.3)

55.10 (50.0-60.1)

48.26 (43.1-53.5)

48.79 (43.6-54.0)

46.91 (41.9-52.0)

49.72 (44.5-55.0)

98.94 (97.3-99.7)

88.61 (84.9-91.7)

81.12 (76.9-84.9)

86.33 (82.4-89.6)

86.52 (82.6-89.8)

83.51 (79.4-87.1)

88.12 (84.3-91.3)

15.98 (9.57-26.68)

1.76 (1.52-2.04)

1.24 (0.81-1.90)

1.62 (1.36-1.92)

1.70 (1.46-1.99)

1.54 (1.24-1.92)

1.74 (1.50-2.02)

64.97 (23.84-177.1)

7.02 (5.10-9.67)

2.06 (1.11-3.81)

5.93 (4.40-7.99)

5.90 (4.36-7.99)

4.68 (3.41-6.44)

6.66 (4.86-9.14)

0.29 (0.17-0.51)

0.24 (0.11-0.51)

0.81 (0.48-1.36)

0.34 (0.16-0.70)

0.26 (0.12-0.60)

0.39 (0.16-0.95)

0.25 (0.12-0.54)

0.32 (0.19-0.53)

0.23 (0.13-0.39)

0.75 (0.52-1.09)

0.22 (0.11-0.43)

0.24 (0.13-0.44)

0.27 (0.13-0.59)

0.24 (0.14-0.41)

57.5 (44.7-69.3)

19.7 (17.5-22.0)

5.4 (3.6-8.0)

13.8 (11.9-16.0)

15.2(13.3-17.3)

8.1 (6.6-9.9)

18.7 (16.6-21.1)

84.6 (66.9-93.7)

49.4 (41.5-57.3)

8.7 (4.9-14.9)

37.0 (30.3-44.2)

38.2 (31.4-45.6)

21.1 (16.3-26.9)

46.9 (39.2-54.8)

97.6 (95.8-98.6)

96.8 (93.4-98.5)

96.4 (94.1-97.8)

96.8 (93.5-98.4)

97.3 (94.1-98.8)

97.8 (94.9-99.1)

96.8 (93.4-98.5)

97.4 (95.7-98.4)

97.0 (94.8-98.2)

96.6 (95.2-97.7)

97.9 (95.9-98.9)
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Outcomes

Mortality

ICU Readmission
Discharge type

Time to readmission

MV Readmission

MV readmission duration

Multiple organ failure

*P-value based on DeLong test to compare AUCs between NEWS and MEWS score for each outcome.

AUC

0.916
0.711
0.561
0.676
0.720
0.675
0.710

NEWS score

95% CI

0.885-0.941
0.665-0.755
0.512-0.610
0.628-0.721
0.674-0.763
0.628-0.720
0.664-0.754

p-value

<0.0001
<0.0001
0.318
<0.0001
<0.0001
0.0008
<0.0001

AUC

0.881
0.839
0.545
0.826
0.829
0.813
0.833

MEWS score

95% CI

0.846-0.911
0.799-0.873
0.495-0.593
0.786-0.862
0.789-0.864
0.772-0.849
0.794-0.868

p-value

<0.0001
<0.0001
0.561
<0.0001
<0.0001
<0.0001
<0.0001

P-value*

0.082
<0.0001
0.899
<0.0001
<0.0001
<0.0001
<0.0001
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Variables Frequency

Age (years) Median (IQR) 59 (49.75-69)
Gender Male (%) 223 (56.8)
Female (%) 177 (43.2)
Comorbidities Yes (only one 160 (39)
disease,%)
Yes (more than two 25(6.1)
diseases,%)
No (%) 225 (54.9)
Types of comorbidities CVA (%) 26 (6.3)
Malignancy (%) 14 (3.4)
IHD (%) 51 (12.4)
HTN (%) 43 (10.5)
DM (%) 32(7.8)
CHEF (%) 33(8)
HLP (%) 7 (1.7)
MI (%) 3(0.7)
ESRD (%) 1(0.2)
Reasons of admission Medical (%) 102 (24.9)
Surgical (%) 272 (66.3)
Emergency (%) 36(8.8)
APACHE IV Median (IQR) 23.5 (21-26)
SOFA Median (IQR) 9(6-13.25)
Multiple organ failure Yes (%) 286 (69.8)
No (%) 124 (30.2)
Type of multiple organ failure Respiratory (%) 173 (42.2)
Cardiovascular (%) 57 (13.9)
Neurologic (%) 92 (22.4)
Renal (%) 67 (16.3)
ICU length of stay (LOS) Median (IQR) 9 (6-13.25)
Mechanical ventilation Yes (%) 273 (66.6)
(MV) No (%) 137 (33.4)
MYV duration (days) Median (IQR) 8 (5-12)
NEWS score Median (IQR) 4(3-4)
MEWS score Median (IQR) 3(3-3)

Cerebrovascular accident (CVA), Ischemic heart disease (IHD), Hypertension (HTN),
Diabetes mellitus (DM), Congestive heart failure (CHF), Hyperlipidemia (HLP), Myocardial
infarction (MI), End-stage renal disease (ESRD), Acute Physiology and Chronic Health
Evaluation IV (APACHE-IV), Sequential Organ Failure Assessment (SOFA), National Early
Warning Score (NEWS), Modified Early Warning Score (MEWS).
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Variables

Reasons of readmission

Time to readmission

Re-mechanical ventilation

MV duration readmission

Multiple organ failure readmission

Type of multiple organ failure

Embolism (%)
Consciousness disorder (%)
Cardiovascular (%)
Renal (%)

Brain (%)

Pneumonia (%)
Respiratory failure (%)
Median (IQR) days
Yes (%)

No (%)

Median (IQR) days
Yes (%)

No (%)

Respiratory (%)
Cardiovascular (%)
Neurologic (%)

Renal (%)

Frequency

1(2)
9(18)
6(12)
4(8)
3(6)
3(6)
24 (48)
4(3-6)
39 (78)
11(22)
6 (5-6)
48 (96)
2(4)
20 (40)
9(18)
12 (24)
9(18)
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Outcomes

Mortality (n = 410)

Discharge type of ICU (n = 410)

ICU Readmission

Time to readmission (1 = 50)

MVReadmission (n = 50)

MVreadmission duration (1 = 50)

Multiple organ failure readmission (1 = 50)

Yes
No
Planned

Unplanned

Frequency
(%)

32(7.8)
378 (92.2)
392 (95.6)

18 (4.4)
50 (12.2)
360 (87.8)

37 (76)

13 (24)

39(78)

11(22)

22 (44)

28 (56)

48 (96)

2(4)

NEWS score MEWS score
Median Mean P-value Median Mean P-value
(IQR) Rank (IQR) Rank
5 (4-6) 362.7 <0.0001 5 (4-5) 193.3 <0.0001
4(3-4) 1922 3(3-3) 349.5
3(3-4) 206.6 0.332 3(3-3) 204.7 0.447
4(3-4) 1815 3(2-4) 222.9
4 (4-4.25) 2815 <0.0001 4 (4-4) 327.4 <0.0001
3.5 (3-4) 194.9 3(3-3) 188.5
4(3-4) 198.9 <0.0001 3(3-3) 193.4 <0.0001
4 (4-4) 2712 4 (4-4) 327.2
4 (4-5) 287.1 <0.0001 4 (4-4) 327.4 <0.0001
4(3-4) 196.9 3(3-3) 192.6
4 (4-5) 2735 0.002 4(3.7-4) 326.8 <0.0001
4(3-4) 201.6 3(3-3) 198.6
4 (4-4.75) 2816 <0.0001 4 (4-4) 326.2 <0.0001
4(3-4) 195.4 3(3-3) 189.5

P-value < 0.05 considered significant. The p-value was evaluated based on the Mann-Whitney test.
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Clinical evaluation
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Patient is cooperative, oriented and tranquil
Patient responds to commands only

Patient exhibits brisk response to light glabellar
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Drug

Dexmedetomidine
L (low)

H (High)
Remifentanyl

L (low)

H (High)

Propofol

Initial dose Increasing and

decreasing
dose
02-0.7 pg/kg/h by continuous 0.1 pg/kg/h
intravenous infusion
0.2 pg/kg/h by continuous intravenous
infusion
0.6 g/kg/h by continuous intravenous
infusion
0.03-0.1 pg/kg/h by continuous 0.025 pg/kg/h

intravenous infusion

0.03 pg/kg/h by continuous intravenous

infusion

0.06 ug/kg/h by continuous intravenous

infusion

0.3 mg/kg/h by continuous intravenous 0.1 mg/kg/h

fusion
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Gender F/M ()
Age (year)”

BMI (kg/m?)*

EF%*

APACHE II score”
Comorbidity™

DM

HT

CAD

AR

Obesity 30 < BMI

e (hour)*
IMV time (day)”
ICU LOS (day)”
Hospital LOS (day)*
NIV comp™

NIV

Intubation®

Mortality®

Side effect”

Hypotension

Bradycardia

Apnea

Nausea

‘Thorax rigidity

Mouth dry

Hypotension + bradycardia

E, female; M, male; BMI, body mass index (kg/m?); EE, ejection fraction (%); APACHE I score, Acute Physiology and Chronic Health Evalus
fon; AR, atrial fibrillation; NIV time, noninvaz
length of intensive care unit stay (days); Hospital LOS length of hospital stay (days):NIV comp, noninva

COPD, chronic obstructive pulmor

Different superscri

P Results are ex

ressed as 1 (%).
sults are expressed as median (IQR).

DEXp,
n:23

14/9*
66 (60-82)
264 (24.6-34.3)
60(57-67)
12(10-18)
10 (43.5)
1(43)*
1(4.3)
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3013)
8(34.8)
12 (10-14)*
0(0-0)*
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0(0.0)
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0(0.0)

s among groups indicate a satistically

DEXy
n:23

e
74 (59-80)
264(25.6-29.3)
60 (58-66)
12 (8-16)
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287"
3(13)
3(13)
5(21.7)
5(17)
12(8-16)
0(0-5)*
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9(7-16)"
0(0.0)
3137
287"
303"
0(0.0)
2(87)
0(0.08*
0(0.0)
0(0.0)
0(0.0)
1(43)

ry disease; DM, diabetes mellitus; HT, hyperter
tilation time (days); ICU LOS
erquartile range; D, standard deviation (P < 0.05, $P > 0.005).
ignificant difference between groups

DEXy
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71(67-77)
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60 (55-66)
1(10-15)
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0(0.00
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ificant results are shown in bold.

PRO
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