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Different perspectives for monitoring
nociception during general anesthesia
전신마취 중 통각 모니터링에 대한 다양한 관점
Pablo Martinez-Vazquez1,2, Erik Weber Jensen2,3
1

Review Article
Korean J Anesthesiol 2022;75(2):112-123
https://doi.org/10.4097/kja.22002
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Functional Imaging Laboratory, German Primate Center (DPZ), Goettingen, Germany,
R&D of Quantium Medical/Fresenius Kabi, Barcelona, 3Automatic Control and Information
(ESAII) Department, The Research Center for Biomedical Engineering (CREB), UPCBarcelonatech, Barcelona, Spain
2

안전한 마취는 수술의 각 단계에 따른 환자의 상태를 평가하는 객관적인 방법을 통해 얻어진
다. 마취 하의 환자의 상태는 투여된 마취체의 종류(최면제, 진통제, 근육 이완제)에 따라 크게

3가지 양상으로 특징지을 수 있다. 신경근 차단제로 유도되는 근육이완 평가가 그 사용과 해
석(4연속 자극: train-of-four)에 대해 높은 수준의 표준화와 이해도를 지니면서 추정 기법에
Received: January 2, 2022
Revised: February 15, 2022
Accepted: February 15, 2022

대한 상대적으로 긴 역사를 가지고 있는 반면, 최면의 깊이에 대한 평가는 뇌의 복잡성 때문에
모니터 표준화와 해석이 낮은 수준에 머물러 있다. 중추신경계와 자율신경계 등 많은 시스템
들이 개입할수록 진통 및 통각에 대한 모니터 표준화와 해석의 문제점은 상당히 증가한다. 이
사실은 통증 자극 처리과정에 대한 서로 다른 해석과 생리적 기반으로부터 통각 모니터 개발
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Goettingen, Germany
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과정에 선험적이고 유효한 접근법이 다양한 이유를 설명한다.

Keywords: Autonomic nervous system; Central nervous system; Electroencephalography;
Galvanic skin response; Heart rate; H-Reflex; Nociception; Plethysmography.
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How general anesthetics work:
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Review Article
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전신마취는 다양한 처치와 수술에 있어서 필수적이다. 마취가 널리 사용됨에도 불구하고 그
정확한 기전은 잘 알려지지 않았다. 마취는 필연적으로 뇌에 작용하며, 일차적으로는 목표 수
용체의 조절을 통해 이루어진다. 마취작용이 특별히 개별 신경세포에서 이루어진다 해도, 신
경세포 활동의 수많은 내부 연결로 인해 넒은 범위 효과(long range effect)가 일어날 수 있다.
이 연결성의 강도는 신경세포 연결성의 변화를 연구할 수 있는 수학적 모델을 통해 이해할 수
있다. 이 모델들은 또한 연구자들이 서로 다른 유형의 마취 작용 기전에 대해 가능성 있는 가
설들을 개발할 수 있도록 기여한다. 본 리뷰는 마취제의 작용기전 연구와 관련된 이론적 배경
을 조명하며, 나아가 마취제가 일반적으로 뇌와 의식에 작용하는 방식을 기술하는 유력한 체
계를 제안하고자 한다.

Keywords: Anesthetics; Consciousness; Deep sedation; General anesthesia; Hypnotics and
sedatives; Unconsciousness.

The principles of presenting statistical
results using figures
그래프를 사용하여 통계 결과를 제시하는 원칙
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표와 그래프는 특정 자료나 통계 분석 결과를 제시하기 위해 흔히 사용된다. 그래프는 시각적
이고 직관적인 형태로 자료의 분포를 표현하며, 통계 결과를 이해하기 쉽게 한다. 그래프로 표
현할 때 얻을 수 있는 장점을 극대화하며, 연구자가 표현하고자 하는 내용을 정확하게 전달하
기 위해서는 적절한 그래프의 형태와 내용을 구성하기 위한 필수적인 요소들을 갖추어야 한
다. 이 글은 이전 “통계 결과 제시의 원칙: 표”에 이어, 논문에서 흔하게 사용되는 여러 가지
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그래프들과 필수적인 요소들의 작성 방법을 예제와 함께 설명한다.
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경피적 대동맥 판막 치환술을 받은 중증 대동맥 판막
협착증 환자의 경우, 비침습성 심박출량 측정의 정확성이
입증되지 않았다
Musashi Yahagi1, Kyuma Omi1, Takuma Maeda2
Department of Anesthesiology, 1Hitachi General Hospital, Hitachi, 2National Cerebral and
Cardiovascular Center, Suita, Japan

™

배경: ClearSight 는 동맥내 카테터 삽입을 하지 않고 비침습적으로 심박출량(cardiac out-

put, CO)을 측정할 수 있는 장치이다. 이 연구의 목적은 중증 대동맥 판막 협착증 환자(aortic
valve stenosis, AS)에서 ClearSight를 이용한 심박출량 측정의 정확도를 살펴보는 것이다.
방법: 경피적 대동맥 판막 치환술(transcatheter aortic valve implantation, TAVI)을 시행 받
기로 예정된 28명의 환자를 전향적으로 모집하였다. 심박출량(CO)은 환자별로 판막 거치 전
후 각각 두 번씩(총 4번) ClearSight (COClearSight) 및 폐동맥 카테터(pulmonary artery catheter, PAC) 열희석법(thermodilution, COTD)을 사용해 동시에 측정하여 비교하였다. 두 방식
사이의 백분율 오차를 비교하기 위해 블랜드-앨트만 분석(Bland-Altman analysis)을 사용하
였다.
결과: 측정을 통해 총 112개의 데이터 쌍을 얻었다. COClearSight와 COTD 사이의 백분율 오차는

43.1%였다. 데이터 쌍은 혈관저항지수(systemic vascular resistance index, SVRI)에 따라 지
수값이 낮은 군(< 1,200 dyne s/cm5/m2)과 정상군(1,200–2,500 dyne s/cm5/m2)으로 나뉘
었다. 백분율 오차는 각각 44.9%와 49.4%였다. COClearSight와 COTD 사이의 심박출량 차이는
SVRI값과 유의한 상관관계를 보이지 않았다(r = −0.06, P < 0.001). 극좌표 분석에서 인공 판
막 거치 후 COClearSight의 추세 추종율은 51.1%로, 허용 기준치(92%)보다 낮았다.
결론: ClearSight를 이용한 심박출량 측정은 정확도와 추세 추종율 면에서 중증 AS 환자에게
사용하기 적합하지 않았다. 그러므로 ClearSight 시스템은 이러한 환자군에서 PAC 열희석법
을 대체할 수 없다.

Keywords: Aortic valve stenosis; Cardiac output; Pulse wave analysis; Thermodilution;
Transcatheter aortic valve replacement; Vascular resistance.
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대장암 환자에서 의식 소실을 위한 프로포폴의 효과처
농도에 대한 항암 요법의 영향
Seunghee Ki1, Yongwon Cho1, Youngkyung Choi2, Sehun Lim1,
Myounghun Kim1, Jeonghan Lee1
Departments of 1Anesthesiology and Pain Medicine, Busan Paik Hospital, 2Pharmacology
and Pharmacogenomics Research Center, Inje University College of Medicine, Busan, Korea

배경: 수술 중 마취의 깊이는 수술 후 환자의 예후에 영향을 끼친다. 항암제의 신경독성 효과
는 마취제에 대한 감도에 영향을 준다고 알려져 있다. 이 연구의 목적은 의식 소실(loss of
consciousness, LOC)에 필요한 프로포폴(propofol)의 효과처 농도(effect-site concentration, Ce)가 항암 요법을 받은 환자와 그렇지 않은 환자에서 차이가 있는지 알아보는 것이다.
방법: 본 연구는 전신마취 하 대장암 수술이 예정된 60명의 환자를 대상으로 하였다. 12개월
이내에 항암치료를 받은 적이 있는 환자는 실험군(C), 한번도 항암치료를 받지 않은 환자는 대
조군(N)으로 배정되었다. 프로포폴은 목표 효과처 농도 조절 주입방식으로 투여되었고,
MOAA/S 진정척도(Modified Observer’s Assessment of Alertness/Sedation scale)를 사용
하여 진정심도를 평가하였다. 혈장 농도와 Ce가 같아졌을 때, MOAA/S 점수가 변하지 않으
면 프로포폴의 목표 Ce값을 증가시키고, MOAA/S 점수가 감소하는 경우(진정심도가 깊어진
경우)에는 2분간 목표 Ce를 유지한 후 0.2 μg/ml 증가시켰다.
결과: 구두 반응 소실(loss of verbal contact, LVC)을 일으키는 프로포폴의 Ce 값은 그룹 C에
서 2.40 ± 0.39 μg/ml, 그룹 N에서 2.29 ± 0.39 μg/ml (P = 0.286)이었다. LOC를 일으키
는 프로포폴의 Ce 값은 그룹 C에서 2.69 ± 0.43 μg/ml, 그룹 N에서 2.50 ± 0.36 μg/ml (P
= 0.069)이었다. LVC와 LOC에 필요한 프로포폴의 Ce는 두 집단에서 통계적으로 유의한 차
이를 보이지 않았다.
결론: 본 연구의 결과, 대장암 환자에서 항앙요법 치료의 유무는 LVC와 LOC에 필요한 프로
포폴의 Ce에 영향을 주지 않았다. 항암 요법 후 수술을 받는 대장암 환자에서 LOC 유도를 위
한 프로포폴의 목표 Ce는 감량할 필요가 없을 것으로 생각된다.

Keywords: Adverse effects; Antineoplastic agent; Colorectal neoplasms; Neurotoxicity
syndromes; Propofol; Unconsciousness.
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아시아 여성 전문 종합병원에서의 델파이 기법을 사용한
미국마취학회 신체 상태 분류법
Tarig Osman1, Eileen Lew2, Ban L. Sng2, Rajive Dabas2,
Konstadina Griva1, Josip Car1,3
1

Centre for Population Health Sciences, Lee Kong Chian School of Medicine, Nanyang
Technological University, 2Department of Women’s Anaesthesia, KK Women’s and Children’s
Hospital, Anaesthesiology and Perioperative Sciences Academic Clinical Programme,
Singhealth DukeNUS Academic Medical Centre, Singapore, 3Global eHealth Unit,
Department of Primary Care and Public Health, School of Public Health, Imperial College
London, London, UK
배경: 미국마취학회(The American Society of Anesthesiologists, ASA) 등급은 환자의 임상
상태에 근거한다. 정확한 ASA 분류법은 수술 전후의 위험들과 자원 계획에 관한 의사소통에
있어서 필수적이다. 기존의 문헌들에서 ASA 분류의 자동화는 일관성 및 시간 효율성에 기여
할 수 있음을 제시한 바 있다. 자동화된 ASA 분류법을 위한 규칙 기반의 알고리즘을 개발하
기 위해 이 연구에서는 여성전문 종합병원에서 경험할 수 있는 임상 조건들에 대한 합의를 세
우려고 한다.
방법: 37명의 마취과 의사가 ASA 점수에 할당된 문항에 대한 의견을 4점 리커트 척도
(4-point Likert scale)로 평가한다. 1차 설문 후 평가집단의 집합적인 반응과 각각의 문항 점
수는 2회차 반응을 개선하기 위해 참가자들과 공유되었다. 각각의 문항에 대해 백분율 합의
(‘동의’와 ‘매우 동의’는 하나로 합쳐짐), 중간 값(사분위수[inter quartile range, IQR]) 및 표
준편차(SD)가 계산되었다. 각 문항의 합의는 백분율 합의 70% 이상, IQR ≤ 1.0, 및 SD < 1.0
로 정의하였다.
결과: 모든 참가자가 결측값 없이 연구를 완료하였다. 합의에 도달한 문항들의 수(특별히 3과

4의 ASA 점수에 할당된 문항의 경우)는 두 번째 회차의 델파이 결과에서 25 (51.0%)에서 37
(75.5%)로 증가하였다. 알코올 섭취량, 천식, 갑상선 질환, 제한된 운동 역치 및 안정된 협심증
과 관련된 9문항은 2회차 델파이 과정 후에도 합의에 도달하지 못하였다.
결론: 델파이 합의는 총 49개의 연구 문항 중 37개 문항에서(75.5%) 도출되었으며, ASA 분류
예측의 자동화를 위한 규칙 기반의 임상 지원 시스템에 대한 접목에 있어서 도움이 되었다.

Keywords: Algorithm; Classification; Clinical decision-making; Consensus; Preoperative
care; Risk assessment.
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배경: 마취역하 용량의 정맥주입 케타민(ketamine)은 진통제로 작용하며 특히 수술 후 급성
통증에서 마약성 진통제의 사용을 감소시키는 효과가 있다. 그러나 소아에서의 효과는 많이
연구되지 않았다. 이 연구의 기본 목적은 배꼽밑 수술(infra-umbilical surgeries)을 받은 소아
에서 마취역하 용량의 정맥주입 케타민의 수술 후 진통 효과가 미추 부피바카인(caudal bupi-

vacaine)에 비해 비열등성을 보임을 평가하는 데에 있다.
방법: 본 단일맹검 연구는 6세 미만의 소아들을 대상으로 하였고, 전신마취와 함께 무작위 배
정으로 마취역하 용량의 정맥주입 케타민(0.3 mg/kg)이나 미추 부피바카인 0.125% (1 ml/
kg)를 투여받았다. 수술 후 통증은 FLACC 척도를 사용해 수술 후 30분, 1, 2, 3 그리고 6시간
에 평가되었다. 수술 중 또는 수술 후의 마약성 진통제 사용량, 발관 시점, 수술 후 구토(postoperative vomiting, POV), 수술 후 불안, 진정 그리고 염증 지표를 평가하였다.
결과: 연구에 참여한 총 141명의 소아(케타민군 71명; 미추 부피바카인군 70명) 중, 수술 후
처음 6시간 동안 현저한 수술 후 통증이 없는 소아의 누적 비율은 케타민군이 45.1% 미추 부
피바카인군이 72.9%였다. 케타민군에서 수술 중 펜타닐(33.8% vs. 5.7%; P < 0.001)과 트라
마돌(54.9% vs. 27.1%; P < 0.001)이 추가된 소아의 수가 더 많았다. 그러나 수술 후 불안
(4.3% vs. 9.9%; P = 0.197), 진정(32.8% vs. 22.5%; P = 0.170), 그리고 다른 이차 평가변수
의 결과는 두 군 간에 비슷하였다.
결론: 배꼽밑 수술을 받은 6세 미만의 소아에서 수술 중 투여된 마취역하 용량의 정맥주입 케
타민은 미추 부피바카인에 비하여 수술 후 진통 효과가 열등하다. 그러나 통증 외 다른 술 후
결과들은 두 군 간에 비슷하다.
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Cancer is a leading cause of death not only in Korea but worldwide [1,2]. Colorectal
cancer, in particular, is one of the most commonly diagnosed cancers, ranking third in
terms of incidence and second in terms of mortality [2]. The incidence rate of colon cancer is highest in Europe, while the incidence rate of rectal cancer is highest in Eastern
Asia [2]. The prevalence of colorectal cancer is expected to continue to increase with socioeconomic development, reflecting lifestyle changes, such as increased meat intake, excess body weight, and decreased physical activity [2]. Therefore, the number of patients
with colorectal cancer that anesthesiologists encounter in clinical practice are expected to
continue to increase.
Propofol, a γ-aminobutyric acid (GABA) receptor agonist, is one of the most used intravenous anesthetics due to its rapid induction and recovery rate and lower rate of adverse effects resulting from its favorable pharmacokinetic (PK) and pharmacodynamic
(PD) profiles [3]. However, complications, such as hypotension and apnea, do occur. Previously, the Korean Journal of Anesthesiology (KJA) reported that fetal complications resulting from propofol administration occurred in 69.2% of all Korean medical disputes
involving anesthesia, especially in cases of diagnostic gastrointestinal endoscopy and esthetic surgery [4]. Moreover, little is known about the PK/PD of propofol in patients with
cancer who undergo chemotherapy. Chemotherapeutic drugs can cause hepatorenal or
cardiopulmonary side effects and can alter sensitivity to anesthetics as a result of neurotoxic effects, which may cause changes in the PK/PD of propofol [5]. There is also a possibility of increased proliferation or metastasis of cancer cells by propofol through GABA
or nuclear factor activation even though propofol is known to have antitumor and protective properties against cancer metastasis [6,7]. Such contradictory results may result
from differences not only in cancer cell types but also propofol concentrations [7]. However, anesthesiologists use propofol for sedation and not for its anti-cancer effects. Therefore, it is worth investigating pharmacologic considerations of the effect-site concentration (Ce) of propofol for patients receiving colorectal cancer chemotherapy treatment
based on an accurate PK/PD model. Increased knowledge regarding the appropriate
amount of propofol to be administered for anesthetic depth in cancer patients will improve patient safety and outcomes.
The current edition of the KJA includes a study conducted by Ki et al. [8] investigating
the Ce of propofol for loss of verbal contact and loss of consciousness (LOC) using the
Modified Observer’s Assessment of Alertness/Sedation scale (MOAA/S) score. During
anesthesia induction, the Ce of propofol was increased by target-controlled infusion
(TCI) using the Schnider model until the MOAA/S score reached zero. No differences
were seen in the Ce of propofol in terms of the MOAA/S score, sedation time, or bispectral index in patients with colorectal cancer receiving chemotherapy. Based on non-linear
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mixed-effects modeling, the predicted propofol concentrations
that would produce a 50% probability of moderate sedation
(MOAA/S ≤ 3) and deep sedation (MOAA/S ≤ 1) in patients receiving chemotherapy (2.25 and 3.11 μg/ml, respectively) and not
receiving chemotherapy (2.12 and 2.66 μg/ml, respectively) were
proposed.
Some studies have shown increased sensitivity to propofol in
patients receiving chemotherapeutic agents for breast cancer;
however, these studies either focused on the neurotoxicity of neoadjuvant agents or did not include population PK/PD analyses
[9,10]. In addition, Ki et al. [8] suggested that the primary explanations for the differences in the study results were that the main
therapeutic agents for breast cancer (docetaxel or doxorubicin)
and colorectal cancer (oxaliplatin + leucovorin + 5-fluorouracil
combination) and the treatment durations are different. However,
the incidence of neurotoxicity after the use of chemotherapeutic
drugs for colorectal cancer is as high as 84.3% [11]. This means
that the Ce of propofol for adequate sedation depends not only on
sensitivity but also on PK/PD properties influenced by numerous
factors, including certain patient characteristics and conditions
(e.g., sex, age, weight, or cardiac output) [12,13]. Patients with
cancer usually experience significant weight loss and complications of chemotherapy, such as anemia, hypoalbuminemia, and
hepatorenal or cardiac dysfunction [12]. In clinical practice, the
TCI model of propofol is based on the PK/PD profiles of healthy
individuals. Therefore, for the safe use of propofol in the colorectal cancer population, a PK/PD model should be adequately evaluated for this population [14].
According to the population PK/PD model for cancer patients
undergoing major lung surgery, no modification of the propofol
dosage was necessary when the Schnider model was used for the
TCI of propofol [12]. In other words, the changes in covariates do
not significantly affect the PK/PD profiles of propofol, even with
chemotherapy, and the existing model can be used for TCI. Similarly, Ki et al. [8] found no significant differences in the Ce of
propofol in terms of LOC using the Schnider model between patients who received chemotherapy and those who did not. The
only factor that showed some differences in terms of the Ce of
propofol was gender (men, 2.67 ± 0.41 vs. women, 2.45 ± 0.37
μg/ml) according to the PD analysis, and the authors thus recommended that the dose of propofol not be reduced in patients with
colorectal cancer undergoing chemotherapy.
In conclusion, there are no significant differences in the Ce of
propofol between the patients with colorectal cancer who are and
are not receiving chemotherapy. These findings, which were determined using scientific population PK/PD analysis, may be used
to improve the safe clinical application of the TCI of propofol.
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Safe anesthesia is achieved using objective methods that estimate the patient’s state during
different phases of surgery. A patient’s state under anesthesia is characterized by three major aspects, which are linked to the main effects produced by each of the families of anesthetic agents administered: hypnosis, analgesia, and muscular relaxation. While quantification techniques designed to assess muscular relaxation under neuromuscular blocking
agents have a relatively long history with a high degree of standardization and understanding (e.g., the train-of-four), the knowledge and techniques used to the depth of hypnosis
assessment suffer from a lesser degree in both standardization and interpretation due to
brain complexity. The problem of standardization and interpretation in the analgesia and
nociception assessment increases since it involves more systems, the central nervous system, and the autonomic nervous system. This helps to explain why there are multiple a
priori valid approaches to develop nociception monitoring from different interpretations
and physiological bases of noxious stimuli processing. Thus, in this review, the current
monitoring technologies clinically available for estimating a patient’s nociception under
general anesthesia are described.
Keywords: Autonomic nervous system; Central nervous system; Electroencephalography;
Galvanic skin response; Heart rate; H-Reflex; Nociception; Plethysmography.

Introduction
Monitoring anesthesia
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Despite the benefit of the administration of general anesthetics in patients undergoing surgery, their high risks have been recognized, with numerous potential adverse
effects [1].
Multi-modal and balanced anesthesia methods refer to all agents and techniques that
interact with different components of anesthetics, from hypnosis and analgesia to muscular relaxation, while maintaining homeostasis and preventing undesirable autonomic reflexes [1]. For procedures involving anesthesia to be safe, it is crucial that objective methods exist that estimate the state of each anesthesia component along the different phases
of the surgical context to provide the practitioner with adequate information for deciding
the appropriate actions to take to achieve the desired state for a given patient.
Hypnosis, analgesia, and muscular relaxation depict distinct aspects of a patient’s state,
although none are fully independent. Although anesthetic drugs specifically target an anesthetic component, they might also influence other components either alone or through
interaction with other agents (Fig. 1) [1–3]. For example, the hypnotic effect of propofol
Online access in http://ekja.org
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is potentiated by μ-agonist opioids, lowering the propofol effect-site concentration needed to achieve loss of consciousness
and a loss of response to commands and pain [4,5]. Monitoring
technologies for hypnosis and nociception should reflect such
synergy to help practitioners balance anesthesia.
Fig. 1 shows the close and commonly synergistic relationship
between hypnosis and analgesia as a translucent intersection,
while the relationship between muscular relaxation and hypnosis
and analgesia is pretty different. While hypnotic and analgesic
agents promote some muscle relaxation, muscular activity per se
has no significant effect on hypnosis or analgesia. In addition to
the practical benefits of neuromuscular blocking agents (NMBAs)
during surgical procedures, the drawbacks of muscular relaxation
reside in the suppression of the patient’s movement response, hindering a full assessment of the hypnotic and analgesic effects. This
effect of muscular relaxation masking the assessment of other
components is shown in Fig. 1, with superimposed opaque intersections over the other components.

Neuromuscular monitoring
The study of muscular relaxation induced by NMBAs has a
comparatively long history, with many quantification techniques
and a relatively high standard of agreement regarding their use,
extensions, and limitations. Neuromuscular monitoring (NMT) is

crucial every time NMBAs are used, especially to estimate when
the neuromuscular blockade is sufficiently reversed [6]. The principle of NMT relies on peripheral nerve stimulation-response
quantification. Stimulation patterns and measurements can vary
from single-twitch to train-of-four, tetanic and post-tetanic
counts, and double-burst stimulation. Despite the variety of modalities, all approaches rely on the same principle.

Hypnosis monitoring
Hypnosis monitoring has been increasingly used since the mid1990s. Hypnosis assessment technologies rely on electroencephalography (EEG) analysis; however, they lack a gold-standard definition. Most of these technologies rely on correlating distinct EEG
patterns to the concentrations of different agents and qualitatively
evaluating clinical signs using sedation scales, such as the observer’s assessment of alertness/sedation scale (OASS). These technologies are more complex than NMT owing to the increased complexity of such estimations. Several EEG features and algorithms
have been used to define depth of hypnosis indices [7,8], and despite the variety of estimation methods, their concordance is high
[9]. Indeed, these indices have been used to enhance an optimization of anesthesia drug consumption [10–12], prevent awareness
with recall events due to underdoses [13–15] and excessive concentrations (overdoses), and improving patients’ outcomes [16–
21].

The need for nociception assessment

Hypnosis

Analgesia

Muscular
Relaxation

Fig. 1. General anesthesia components relationship scheme. The close
relationship between hypnosis and analgesia, which is commonly
synergetic, is symbolized by a translucent intersection. However, the
undesired effect of muscular relaxation masking and hindering the
assessment of hypnosis and analgesia is symbolized with an opaque
color covering a complete observation (assessment) of the other two
components.
https://doi.org/10.4097/kja.22002

Assessing the level of analgesia in the perioperative context essentially refers to an analysis of physiological neural encoding and
processing of noxious stimuli. The goal of monitoring nociception
(from Latin noci, meaning harm or injury) is to objectively quantify the responses induced by surgical stress to help to maintain a
nociceptive-anti-nociceptive balance [22,23].
From the arsenal of anesthetic agents available for general anesthesia (GA) and in the intensive care unit, opioids play an essential role in the management of nociception. Opioids have several
benefits, including a reduction in preoperative pain and anxiety,
decreased somatic and autonomic responses to airway manipulations, improved hemodynamic stability, lower dose requirements
for inhaled agents, and immediate postoperative analgesia [1].
However, opioids are also associated with many well-known adverse effects. Excessive administration of opioids increases the
frequency of side effects, such as nausea, vomiting, respiratory depression, opioid-induced hyperalgesia, and the potential for opioid addiction [24–27].
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Anatomy and physiology of nociception in a
nutshell
The complexity of nociception processing comes from the multiple complex systems involved in the processing of noxious stimuli, including both the autonomic nervous system (ANS) and the
central nervous system (CNS), see Fig. 2. Nociception involves
four major processes: transduction, transmission, modulation,
and perception.
The complexity of nociception begins with the nature of the
stimuli, where differences in nociception processing depend on
the type of sensory modality involved (Fig. 2), meaning whether
stimuli are mechanical (pressure, pitch), thermal (heat), or chemical, and their specific pain receptors or nociceptors. In addition,
processing depends on the location of the stimuli, from the cutaneous nerves to the visceral or deep musculoskeletal tissues.
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Fig. 2. Simplified illustration of the general pathway of nociception.
Anterolateral ascending spinothalamic nociceptive transmission path
(black line) and descending modulatory path (blue line). Locations
of action of the nociception processes (transduction, transmission,
modulation, and perception) and most noteworthy related substances.
NSAID: non-steroidal anti-inflammatory drug, NMDA: N-Methyl-Daspartate receptor.
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These differences in sensory modalities and locations at the transduction level influence nociceptive processing and perception.
Focusing on the ascending pain pathway, the nociceptive message
is coded in the pattern and frequency of action potentials triggered by different chemicals released by injured cells (e.g., prostaglandins) and transmitted to the spinal cord through the axon of
the primary afferent nociceptor (first-order cell). This neuron has
its cell body in the dorsal root ganglion, with one axon branching
out to the periphery and another into the spinal cord, ending near
second-order nerve cells in the dorsal horn of the gray matter
(substantia gelatinosa) that project over the anterolateral quadrant
of the spinal cord to the brain stem and thalamus. Primary afferent nociceptors release transmitter substances to the spinal terminals (substance P), stimulating second-order pain transmission
cells. Despite this, there is a variable relationship between nociceptor input and perceived pain intensity. In general, the intensity
of the stimuli is proportional to the frequency of the nociception
discharges along the ascending pathway. Once nociceptive signaling reaches the thalamus, it is projected to widespread areas of the
forebrain through third-order neurons, from the somatosensory
cortex and limbic system to the frontal cortex.
Nociceptive signal transmission is regulated by the activity
transmitted through the descending pathway through the midbrain, crossing the medulla and ending at the dorsal horn, at a serotonergic-noradrenergic neuron that inhibits the release of substance P between the first-order and second-order neurons of the
ascending path, and stimulating a nearby opioid-interneuron that
additionally releases an endogenous opioid (enkephalin), which
helps inhibit the pre- and post-synaptic exchange of substance P.
Opioids act on both the brain and the spinal cord, stimulating
the activity of the descending inhibitory pathway from the midbrain to the dorsal horn. For instance, remifentanil, a µ-receptor
agonist [28], modulates nociceptive transmission and processing
where this receptor is distributed, which may be in the brain at
the cerebral cortex (upper part of layer V–VI) or throughout the
spinal cord (primarily confined to laminae I–II, dorsal horn) and
the peripheral nervous system [29].
This brief summary of the nociception system disregards a
much deeper description of the mechanisms involved in nociception processing, such as differences in sensory cell types and characteristics, other relevant neurotransmitters, and interactions
among various other factors [30–32]; however, this summary is
meant as a brief explanation of the physiological basis for the a
priori adequacy of the different existing nociception monitoring
technology approaches.
Nociceptive information is communicated to the ANS and CNS
via the spinal cord, brainstem, and thalamus. It is important to
https://doi.org/10.4097/kja.22002
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note that the different monitoring technologies are not explicitly
related to direct measurements at certain points of the pain pathway, but rather to the responses to noxious stimuli at the level of
the ANS and CNS, such as heart rate, blood pressure, skin conductance, and EEG.

Nociception monitoring
Traditional cardiovascular parameters and clinical signs under
some circumstances provide valid clinical criteria for inadequate
anesthesia, such as systolic blood pressure 15 mmHg above baseline and heart rate > 90 beats/min as well as other autonomic
signs (e.g., sweating, flushing, or lacrimation) and somatic responses (e.g., body movements, swallowing, coughing, grimacing,
or eye movements) [33]. However, these parameters and signs
generally have low sensitivity and specificity for nociception because they can also be affected by anesthetics (e.g., propofol affects
blood pressure, ephedrine affects heart rate) and other factors related to the surgical procedure (e.g., absence of heartbeat under
cardiopulmonary bypass). Therefore, nociception monitoring
technologies are needed that complement the traditional clinical
criteria.
Just as with hypnosis, there is no gold standard to measure nociception given the many interacting complex systems and mechanisms involved [30,33,34] along with inherent subject variability.
However, some crude but objective approaches for estimating nociception may be sufficiently valid to help practitioners in clinical
decision-making.
In the following sections, we will describe the main features of
the monitoring systems that are available targeting nociceptive
state inference according to the physiological system targeted
(CNS, ANS, spinal reflex) and their related biosignals (EEG, electrocardiography [ECG], electromyography [EMG], plethysmography, pupillometry, and skin conductance). The following technologies will be described:
CNS-based monitoring
- Conox monitoring: qNOX
- Entropy monitoring: response entropy
ANS-based monitoring
- Pupillometry
- Analgesia nociception index monitor
- Surgical pleth index
- Nociception level index
- Skin conductance
Spinal reflex-based monitoring
- Nociceptive flexor reflex (NFR)
https://doi.org/10.4097/kja.22002

CNS-based monitoring
The important role of nociception assessment from brain activity measurements has been shown by Lichtner et al. [35], who reported that in patients administered remifentanil nociceptive-related activations, observed under fMRI, persist despite a lack of
clinical responses. Furthermore, those dose-dependent bold-fMRI
signals evoked by noxious stimuli have been described in multiple
brain regions, especially in frontal areas.
Using current anesthesia depth monitoring technologies, EEG
signal information can be used to evaluate the patient’s hypnotic
state under GA. Additionally, multiple studies have shown distinct
EEG components modulated by noxious stimuli-related information that can be used to detect situations of stress and help in the
management of intraoperative analgesia administration, such as
beta and delta arousals and alpha dropouts, among other changes
[36–39].
However, EEG analysis and interpretation, either for monitoring hypnosis or nociception, may be hampered by the presence of
EMG signals. Depending on the operative context, the presence
of EMG on EEG may produce a potential bias of EEG-derived indices; however, modern EEG processing algorithms offer improved suppression of EMG signals compared to those implemented in earlier monitors. With EEG monitoring, it is important
to interpret the EEG indices along with EMG signals, as EMG signals can also be an early indicator of arousal or nociception.

Entropy monitoring: response entropy index

The spectral entropy monitor (GE Healthcare, USA) is a two-index EEG-based monitor. One index focuses on describing the
state of hypnosis (state entropy, [SE]) and the other evaluates the
patient’s response to noxious stimuli (response entropy, [RE]). Essentially, the spectral entropy is computed over the frequency
range of 0.8 to 32 Hz to define the SE (EEG-dominant part) and
from 0.8 to 47 Hz to define the RE, which includes the EEG-dominant and EMG-dominant parts of the spectrum [40]. The entropy measurements are then scaled into two different unitless
scores, from 0 (very deep anesthesia) to 91 (awake state) for SE
and from 0 to 100 for RE.
Under GA with propofol and remifentanil, high RE values ( >
55) before stimulation increase the risk of a motor response. However, lower values do not prevent a response when the opioid concentration is insufficient, despite adequate hypnosis [41].
Entropy-guided anesthesia during propofol-remifentanil GA
has resulted in fewer unwanted patient responses compared to
standard practice along with a reduction in opioid consumption
[42]; however, no differences have been seen regarding recovery,
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hemodynamic parameters, or postoperative outcomes.
The SE-RE difference appears to be a potential proxy for facial
EMG activity, and thus might be useful for assessing nociception
during surgery [43]. Its use for controlling the remifentanil dose
has been suggested [44].

Conox monitoring: qNOX index

Similar to the spectral entropy monitor, the Conox monitor
(Fresenius Kabi AG, Germany) integrates two EEG-based indices.
The qCON index is an indication of the patient’s level of consciousness, and the qNOX index can be used to gauge the probability that a patient will respond to noxious stimuli. Similar to the
qCON index, which links different EEG spectral components to
distinct aspects of hypnosis (loss of consciousness event, hypnotic
concentrations, level of alertness/sedation scales) using a quadratic model, the qNOX index integrates the spectral components
into an equivalent model that best predicts whether a patient will
respond to noxious stimuli [45]. The likelihood of movement response to external stimuli is described on a scale ranging from 0
to 100. The recommended qNOX index values for GA are between 40 and 60, where a value > 60 corresponds to a high probability of response to external noxious stimuli and a value < 40
corresponds to a low likelihood of response. If the qCON and
qNOX values equal 0, this indicates an isoelectric EEG signal, and
consequently, a burst suppression ratio of 100%.
In one study of 60 patients, significant increments in the qNOX
values pre-and post-noxious stimuli (LMA insertion, tracheal intubation, and laryngoscopy) were found; however, the remifentanil or propofol effect-site concentrations were not correlated
with whether the patient moved in response [45].
The qCON and qNOX indices behave differently for detecting
loss of consciousness and loss of response to nociceptive stimulation. In a study of 140 patients scheduled for propofol-remifentanil GA, the qCON index was found to be better for predicting
loss of consciousness, such as loss of verbal command and eyelash
reflex, than the qNOX index, while the qNOX index had a better
predictive value for response to noxious stimuli [46]. Furthermore, the qNOX index increased faster at the end of surgery, leading to the hypothesis that the response to stimuli is recovered faster than the consciousness recovering. Thermoregulatory processes are essential for the activation of analgesic mechanisms, given
the physiologically strong negative association between nerve
conduction velocity and temperature, in addition to having significant repercussions on the pharmacological dynamics of analgesic
drugs (decreased clearance rates with a subsequent increase in effect-site concentrations). Based on the hypothesis that deep hypothermia produces considerable effects on a patient’s analgesia and
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hypnosis levels, in one study, 39 patients who underwent elective
on-pump coronary artery bypass graft surgery under hypothermia were monitored using the bispectral index (BIS) and Conox
monitors. While the hypnotic indices (BIS, qCON) showed significant but weak correlations with respect to the temperature, the
qNOX index showed the strongest correlation [47] not only for
population behavior, but more importantly, for the prediction of
each individual patient using a linear mixed-effect model for temperature with the patient as a random factor (BIS: R2 = 0.06, P <
0.05; qCON: R2 = 0.29, P < 0.001; qNOX: R2 = 0.74, P < 0.001).

ANS-based monitoring
Pupillometry

The pupillometric assessment of analgesia and nociception relies on portable measurements of pupil diameter response systems
that are based on the idea that pupil constriction and dilation is
controlled by a sympathovagal balance, since the pupillary muscles are innervated by both the sympathetic and vagal nerves [48].
Of the different infrared pupillometers used for assessing nociception, such as the ANeurOptics PLR-100 (NeurOptics, USA), the
Algiscan system (IDMed, France) is unique in that it has an integrated electrical stimulation unit, which allows for easy operation
under four different modes. In the first operation mode, changes
in pupil size are evaluated in response to noxious stimuli (such as
incision or electrocautery) over a 60 s time frame. The second
mode is used to measure the changes in diameter after exposure
to a 1-s flash of light (320 lux). The third and fourth modes,
named the tetanus and pupillary pain index (PPI) modes, correspond to the elicited pupil changes after distinct controlled electrical stimulations are applied to the ulnar nerve. Each mode is
different in terms of the stimulation frequency pulse, duration
time, and type of amplitude stimulus (constant or variable; rate
change 10 mA/s to a maximum of 60 mA). The PPI mode is defined as a dimensional index ranging from 0 to 10, where lower
values represent lower pupil reactivity and thus deeper analgesia,
and higher values (PPI > 7) indicate insufficient analgesia.
Pupil diameter reactivity has been shown to correlate with
remifentanil effect-site concentrations [49], intraoperative nociception response predictions [50–53], and postoperative pain assessments [54–56]. Pupillometry has been shown to demonstrate
a faster response to stimuli than heart rate and arterial pressure
and allows for the prediction of the analgesic state before stimulation [49,57]. In one study, pupillary dilation after standardized
tetanic stimulation was influenced by propofol concentrations in
patients with constant effect-site infusion of 1 ng/ml of remifentanil. This suggests that pupil reactivity (in this case, the stimulus
https://doi.org/10.4097/kja.22002
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elicited) appears to also be influenced by the hypnotic level [58].
Further research is required to evaluate the effects of hypnotics
on pupillometry and other potential confounding factors. The
main drawbacks are the discontinuous monitoring and need for
careful corneal care, opening the eyelid in each of the multiple
perioperative measurements required to follow patient changes.
Measurements might also be affected by neostigmine, pupillary
diseases (Horner and Holmes-Adie syndromes), and blindness.
Additionally, care must be taken regarding ambient light conditions.

Analgesia nociception index monitoring

The analgesia nociception index (ANI) monitor (MDoloris,
France) evaluates the parasympathetic response reflected in the
ECG during GA. This dimensionless index based on heart rate
variability measures the influence of the parasympathetic system
on cardiac rhythm during respiration calculated using high-frequency band-pass filtered R-R series (between 0.15 and 0.4 Hz).
It ranges from 0 (maximal nociception) to 100 (maximal analgesia) [59,60]. The ANI mean normal values fluctuate between 50
and 70, where an ANI < 30 for longer than 5 min indicates analgesia underdosing and an ANI > 70 indicates analgesia overdosing.
The ANI has been investigated in both conscious and anesthetized subjects. Boselli et al. [61] reported that dynamic variations
in the ANI in patients under desflurane-remifentanil GA, rather
than static ANI values, were significantly predictive of hemodynamic reactivity. The ANI, pupillometry, and surgical pleth index
(SPI) were superior at detecting painful stimulation compared
with traditional hemodynamic parameters, and the performance
was attenuated by increasing remifentanil dosages. However,
baseline values showed significantly lower prediction probabilities
for nociceptive responses [62].
An observational study of children aged 2 to 12 years showed
changes in the ANI 5 min before and after the surgical incision,
where hemodynamic parameters were found to be of low or no
predictive value for detecting noxious stimuli [63]. Further research using the ANI is needed to evaluate its relationship to opioid concentrations, as well as its applications outside of GA, such
as regional blocks or conscious sedation. Caution must be taken
when using the ANI monitor or other ANS-based monitors; since
agents acting on the ANS, such as ephedrine and atropine, may
affect the index score [64]. The ANI is thus not reliable for approximately 10 min after ephedrine administration and 20 min
after atropine administration. This raises concerns about other
agents and drug combinations that affect the ANS, such as beta-blockers. Further study is therefore necessary.
https://doi.org/10.4097/kja.22002

While the ANI indicates noxious stimulations during GA anesthesia, its interpretability might be limited given the large associated interindividual variability and low reproducibility [22,65]. Finally, the ANI index may also not be useful during intubation
when the patient is apneic.

Plethismography-based monitoring

The SPI (GE Healthcare, Finland) relies on plethysmography
pulse-wave changes provoked by noxious stimuli: a sympathetic
response to peripheral vasoconstriction and cardiac autonomic
tone. The SPI is computed as the normalized heartbeat interval
(HBI norm ) and plethysmographic pulse wave amplitude
(PPGAnorm): SPI = 100 – (0.7 × PPGAnorm + 0.3 × HBInorm) [66].
This unitless score ranges from 0 to 100, with lower values indicating deeper analgesia. An SPI > 50 is considered inadequate
analgesia.
The SPI responds to remifentanil concentration changes and is
higher at lower remifentanil concentrations. Additionally, the SPI
reacts to surgical nociceptive stimuli and analgesic drug concentration changes during propofol-remifentanil anesthesia, where
the SPI increases at skin incision and remains high during surgery
than before surgery [66]. SPI-guided anesthesia has been reported
to result in lower opioid [67] and propofol [16] consumption with
more stable hemodynamics, a lower incidence of unwanted
events, and shorter arousal times.
The physiological basis for the SPI is generally not valid because
the SPI is not interpretable for postoperative pain assessment in
conscious subjects [68]. Furthermore, this biosignal might be significantly affected by agents that act on hemodynamics as well as
inotropic and chronotropic agents, among other factors. Surprisingly, SPI also does not appear to be valid in children, where
SPI-guided analgesia leads to less fentanyl consumption but more
postoperative agitation and higher analgesia requirements compared to conventional practice [69]. This may be due to both
blood vessel distensibility and the higher heart rates at baseline in
children versus adults, or it might suggest that opioid levels used
in standard practice in children are closer to the minimum acceptable concentration threshold than the levels used for adults.
This situation suggests a need to redefine the index for children.
While the margin for reduction in the consumption of some
agents may be larger in adults, this is not only related to nociception, but also to the influence of anesthetic agents on hemodynamic variables. In this sense, neither skin conductance nor SPI
monitoring reliably predicts changes in plasma stress hormone
levels (adrenaline, noradrenaline, adrenocorticotrophic hormone,
and cortisol) throughout the intraoperative period [70].
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Nociception level index

The PMD100 monitor (Medasense Biometrics, Israel) includes
the nociception level (NOL) index. The NOL index is a score that
integrates different parameters from multiple biosignals, reported as a function of heart rate variability (at the 0.15 to 0.4 Hz
band power), plethysmograph wave amplitude, and skin conductance [71,72]. All biosignals are collected with a finger probe
placed on the index finger of the right hand containing photoplethysmographic and galvanic skin sensors, a skin temperature sensor, and a three-axis accelerometer. The NOL is a unitless
index, updated every 5 s, that ranges from 0 to 100, where lower
values indicate lower sympathetic activation, deeper analgesia
(recommended values are between 10 and 25 for maintenance).
Under GA, the NOL index has been reported to have a higher intraoperative sensitivity and specificity than heart rate and mean
arterial pressure (MAP) in predicting responses to noxious stimuli, such as intubation, incision, and tetanic stimulation [72,73].
NOL-guided analgesia during major abdominal surgery has been
reported to result in 30% less remifentanil consumption [74].
Peristimulus changes in the NOL have also been reported to correlate with the remifentanil dosage [75]. In abdominal surgery
with fentanyl/sevoflurane, despite the non-significant differences
in fentanyl and morphine consumption after surgery, an improvement in the postoperative pain scores has been seen in patients receiving NOL-guided fentanyl administration compared
to patients receiving the standard heart rate and MAP-guided
fentanyl administration [76]. However, in this study, no clear differences were observed between the NOL values during
NOL-guided administration and standard care [76], as essentially
all were within or below the recommended maintenance values
of 10–25. This suggests that the NOL index scale definition is not
very well-adjusted for NOL-guided administration because the
recommended value range (10–25) is relatively narrow and largely not centered within the whole dynamic range (0–100). Thus,
the NOL index should be rescaled to offer greater sensitivity and
dynamics.
The role of temperature and accelerometry as side parameters
or modulators of the NOL index in the PMD100 monitor is also
not clear. Furthermore, research on the NOL index under other
important settings, including regional anesthesia, combined regional anesthesia and local analgesia, and sedation, is needed.

Skin conductance

The skin conductance algesimeter (Med-Storm, Norway) system monitors the skin galvanic response as a proxy for sympathetic nervous system activity, where increments in sympathetic
activity result in filling of the palmar and plantar sweat glands.
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Skin conductance measurements rely on sympathetic terminals
encircling sweat glands that are innervated by postganglionic
sympathetic neurons, which are connected to preganglionic neurons projected from the sweat nucleus of the hypothalamus [77].
The skin conductance algesimeter measures micro-fluctuations in
skin conductance in peaks per second (PPS) from a delivered micro-current in the palmar and plantar areas. The skin conductance increases transiently before the sweat evaporates, decreases
again with sweat, and the consequent fluctuation is observed. Skin
conductance is commonly measured in the hands for adults and
in the feet for neonates. According to the manufacturers, the PPS
parameter should be interpreted using the visual analogue scale
(VAS) as follows: PPS within 0–0.07, no pain; PPI within 0.13–
0.21, no pain or VAS less than 40; PPS to 0.26, patient is active
and VAS around 40–50; PPS to 0.33, patient probably in pain with
VAS around 60–80; and PPS within 0.40–0.7, patient probably in
pain with VAS within 80–100.
Perioperative correlations to nociception stimuli have been reported [78,79], while skin conductance, measured as PPS, has
shown moderate sensitivity and specificity at identified time
points, with moderate to severe pain defined based on hormone
plasma levels [70].
Skin conductance, however, does not reliably predict changes in
stress hormone plasma levels during the intra-operative period
[70]. Clinically relevant benefits of using skin conductance are
unclear, which might rely on the nature of the biosignals, potential
confounding effects, or the selected characterization used to describe this biosignal (i.e., PPS). According to the manufacturer,
from a physiological perspective, the advantages of skin conductance monitoring are as follows: it is unaffected by temperature
(22–42°C), general hypoxia, low or high blood volume, beta-blockers, or epinephrine, among other factors [68,78]. However, further research is needed to confirm these claims.

Spinal reflex-based monitoring
Nociceptive flexor reflex monitoring

The NFR, also known as the RIII reflex, system (Dolosys
GmbH, Germany) describes the threshold electrical intensity required to elicit a spinal polysynaptic withdrawal reflex quantified
by changes in electromyographic activity as a proxy of the analgesia level [80]. The electrical stimulus is applied to the sural nerve,
and its effect is measured using biceps femoris muscle EMG. The
amount of current required increases with analgesia [81–83]. The
RIII reflex has also been used in studies of central sensitization
and chronic pain [84]. Under propofol/remifentanil GA, the RIII
threshold increases with remifentanil [82], with a higher predichttps://doi.org/10.4097/kja.22002
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tive power of movement response to noxious stimulus (such as laryngeal mask airway insertion and skin incision) than other indices, such as the BIS, noxious stimulation response index, or composite variability index [83].
The NFR depends on sex, age, weight (obesity), and distinct
physiologic factors [80]. Its limitations include the degree of neuromuscular blockade, skin impedance, peripheral nerve alterations, and muscular diseases.

Discussion
Intraoperative prediction of pain in the post-anesthesia
care unit
Recently, several studies have aimed to evaluate the performance of different nociception monitoring index values at a single
time during the intraoperative period (mainly during arousal before extubation) to predict postoperative pain upon arrival to the
post-anesthesia care unit (PACU), using pain scores such as a
0-10 numerical rating scale (NRS) around 5–10 min after extubation. These research studies were not included in the individual
descriptions of each nociception index of this review due to the
contradictory results and the ground arguments against such a research approach.
For example, Boselli et al. [60], in their study on inhaled GA
with remifentanil, reported excellent predictions of pain within 10
min of arrival in PACU from a single ANI measurement before
extubation, with 86% sensitivity and 92% specificity to discriminate between patients with an NRS ≤ 3 and those with an NRS >
3. However, very different results were reported under sevoflurane-fentanyl anesthesia, when comparable single pre-extubation
ANI measurements did not reflect different states of acute postoperative pain using the same NRS scale at 5 min intervals
post-intubation in the PACU [85]. Similarly, pre-extubation SPI
values (SPI > 30) were reported to predict postoperative NRS
scores with a sensitivity and specificity of 50% and 89.7%, respectively [86]. However, in another study, despite the best SPI values
for sensitivity/specificity to predict moderate-to-severe pain in the
PACU (SPI values around 30), its predictive accuracy was poorer
overall [23].
Furthermore, the severity of postoperative pain significantly
influences skin conductance. Using cutoff values, the PPS may
prove to be a useful tool for pain assessment in the postoperative
period [87,88]. However, it is difficult to link such predictions
when skin conductance does not reliably predict changes, for instance, in stress hormone plasma levels, throughout the intraoperative period [70]. There is a contradiction between index-inhttps://doi.org/10.4097/kja.22002

sensitive behavior for short-term predictions versus longer-term
predictions.
The possibility of single-value postoperative pain predictions,
with a longer prediction horizon, has been recently reported [89],
where only low NOL index values after skin incision significantly
excluded moderate-severe pain in the PACU, with a negative predictive value of 83%, while other intraoperative NOL values, including at the end of the surgery, showed no significant prediction. This result conceptually invalidates all post-incision NOL
estimations, with low sensitivity to detect a potential subjacent
problem from an incision event that emerges later in the PACU.
This result contradicts the forecasting principle, where the more
in advance the forecasting, the more uncertainty.
Independent of the research type (surgery, anesthesia, nociception index, etc.), the expectation to predict pain assessments in
the PACU from a single perioperative value seems unrealistic.
Some of the main arguments are as follows:

Monitoring reflects only time-local conditions

Any monitoring system aims to continuously estimate the state
of the system (patient) and track its changes. In fact, while maintaining the estimation power, the faster the better. If the system
state varies, the monitor must reflect such variations, replacing
previous single estimations. The validity of single estimations lasts
as long as the system remains unchanged and the transitions the
need for newer updates. Although the patient state transition
from the intraoperative period to the PACU is short in time, it is
very large in magnitude, invalidating pre-PACU single short-term
estimations to predict PACU state.

Lack of trends

Based on the previous argument, any statistical forecasting
method requires a minimum number of consecutive measurements (at least a few historical samples) to pick up some sort of
trend for short-term prediction. For longer-term predictions and
more complex systems and transitions, the historical data needs
to be larger [90]. In general, the longer the prediction horizon, the
larger the required information.

Lack of concomitant factor analysis

The patient’s pain perception in the PACU might depend on
multiple factors, including patient demographic and historical
data and surgery type and duration. Factors not included in the
statistical analysis of the mentioned papers, as well as a lack of
control groups and statistical post-hoc techniques for better noise
level assessments may affect pain perception.
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Conclusions
The latest development of better monitoring technologies for
different aspects of the patient’s state under anesthesia has led to
novel methods that focus on monitoring nociception. Nociception monitors can be based on ANS or CNS parameters; however,
CNS-based methods focus on the cortex and subcortex of the
brain, which is the target organ for analgesics. Therefore, in the
future, CNS monitoring is likely to be the most prevalent method
for monitoring analgesia and nociception during GA.
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General anesthesia is critical for various procedures and surgeries. Despite the widespread
use of anesthetics, their precise mechanisms remain poorly understood. Anesthetics inevitably act on the brain, primarily through the modulation of target receptors. Even if the action is specific to an individual neuron, however, long-range effects can occur due to the
tremendous interconnectedness of neuronal activity. The strength of this connectivity can
be understood using mathematical models that allow for the study of neuronal connectivity dynamics. These models also allow researchers to develop hypotheses on the candidate
mechanisms of action of different types of anesthesia. This review highlights the theoretical background associated with the study of the mechanisms of action of anesthetics. We
propose a candidate framework that describes how anesthetics act on the brain and consciousness in general.
Keywords: Anesthetics; Consciousness; Deep sedation; General anesthesia; Hypnotics and
sedatives; Unconsciousness.

Introduction
General anesthesia is critical for surgical and invasive procedures. In Korea, more than
one million anesthetic cases are performed annually. However, the concept of general anesthesia remains somewhat vague. A prevailing opinion likens general anesthesia to sleep,
assuming that general anesthesia is equivalent to ‘sleeping anesthesia’. Another belief is
that general anesthesia is similar to unconsciousness. However, general anesthesia is not a
lack of consciousness, since unconsciousness is not a phenomenon induced solely by
general anesthesia.
The concept of consciousness is vague and difficult to describe. A conscious state is
frequently associated with wakefulness, awareness, and consciousness. General anesthesia
is associated with a reversible loss of consciousness, sensory function, and autonomic reflexes. It includes hypnotic, antinociceptive, immobility-related, and reflex block components. Among these components, hypnosis is the main one characterizing a general anesthetic state and is closely interwoven with consciousness. In clinical practice, monitors
used to quantify the depth of hypnosis are widely used to maintain an acceptable range of
general anesthesia. For example, bispectral index monitors can titrate the proper anesthetic depth to improve outcomes during the perioperative period. Despite the wideOnline access in http://ekja.org
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spread use of hypnotic monitors in clinical practice, the mechanisms by which hypnosis serves as an anesthetic are not well understood. In this review, we briefly review the hypotheses that describe the underlying candidate mechanisms of anesthesia, focusing on the hypnotic component of general anesthesia.

Microscopic view of anesthetic mechanism:
how anesthetics alter microscale functions at
the receptor level
All general anesthetics enter the systemic circulation and,
hence, the cerebrovasculature. For an anesthetic to have an effect,
it must interact with the brain. Meyer-Overton predicted that the
potency of anesthetics correlates with lipid solubility [1]. According to the lateral pressure hypothesis, the lipophilicity of an anesthetic allows for it to affect the lipid membrane environment in
which protein receptors reside, leading to a perturbation of receptor activity [2]. In terms of maintaining consciousness, receptors
can be divided into two classes that are either inhibitory or excitatory to neuronal activity. Augmenting inhibitory receptors or inhibiting excitatory receptors can lead to the impairment of consciousness and other functional activities (perception and memory). Among the receptors in the brain, the gamma-aminobutyric
acid (GABA) receptor is the representative inhibitory receptor.
Many subtypes of GABA have been identified. Despite the difference in subunits, this receptor is common in heteromeric transmembrane protein complexes that respond to GABA binding,
which increases postsynaptic inhibitory currents [3]. Many anesthetics augment the affinity of GABA to its receptor and reduce
the possibility of postsynaptic membrane excitation. These inhibitory actions may be associated with behavioral actions (e.g., sedation, amnesia, and anesthesia), which are commonly observed after anesthesia administration. In contrast, glutamate receptors are
associated with fast excitatory neurotransmission. N-methyl-d-aspartate (NMDA), alpha-amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid (AMPA), and kainite are representative examples
of glutamate receptors. These receptors are closely associated with
behavioral activities, such as perception, memory, and learning,
which represent cognitive functional activity [4,5].
General anesthetics are broadly classified into two administration routes: intravenous and inhalation. Unlike inhaled anesthetics, intravenous anesthetics have hypnotic effects involving less
muscle suppression. In addition, each category of anesthesia exerts different actions on receptors. For example, most intravenous
anesthetics, such as propofol, etomidate, and barbiturates, act almost exclusively on GABA type A receptors, and rarely act on
glycine receptors or potassium channels. Most intravenous aneshttps://doi.org/10.4097/kja.22078

thetics also involve less muscle suppression compared to inhaled
anesthetics.
However, one exception is ketamine, an intravenous anesthetic
that mainly acts on NMDA along with other types of receptors.
This difference in the primary receptor may explain the unique
action of ketamine as an anesthetic.
In contrast to intravenous anesthetics, inhaled anesthetics exhibit different pharmacological actions with greater muscle-suppressing activity. Inhaled anesthetics modulate various types of
receptors [6], for example, many inhaled anesthetics augment glycine interactions with its receptor, conferring immobility even in
the presence of noxious stimulation. Like intravenous anesthetics,
inhaled anesthetics act on the GABA A receptor to produce a
hypnotic effect.
The inhibitory actions of anesthetics on receptors are not
limited to individual neurons since each neuron is closely connected to other neurons by design so that information can be
quickly relayed throughout the nervous system. Hence, anesthetics that affect the receptor activity of a specific neuron will,
in turn, modulate both local and long-range connections in the
brain (Fig. 1).

Neural substrates for consciousness
General anesthetics have a global effect on the brain. Hence, every brain region could play a role in overall consciousness. The
breakdown of consciousness resulting from anesthesia may be
due to functional alterations of neural substrates in specific regions. The brain regions that have been studied as potential neural
correlates of consciousness include the cerebral cortex, thalamus,
brainstem, and basal forebrain (Fig. 2).

Cerebral cortex
A concrete definition of consciousness remains elusive. Two
components, arousal and awareness, are deemed essential to describe consciousness [7]. Awareness, which is associated with
frontoparietal brain regions, is related to the content of consciousness.
The frontal cortex plays a crucial role in cognitive and executive
control. The role of the frontal lobe can be interpreted from lesion
data. Massive frontal cortex damage encompassing the majority of
the left and right hemispheres impairs cognitive function. Interestingly, even with such damage, perceptions and consciousness
are maintained [8]. Other lesion data suggest that even with extensive damage to the bilateral frontal lobe, consciousness is preserved despite a disturbance in cognitive function [9]. These find125
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Fig. 2. Schematic diagram of neural substrates for consciousness.
The blue triangle indicates how much the brain network is involved
in wakefulness, while the red triangle indicates how much the brain
network is involved in awareness. The DMN is more involved in taskfree awareness than external awareness responding to the stimuli.
RAS: the reticular activating system, DMN: default mode network.

B

Connection between
A and B area

Anesthetics
Administration

Time

Fig. 1. Schematic view of cortico-cortical circuitry. After an anesthetic
is administered, it binds to specific receptors and modulates the
synaptic function. Consequently, it inevitably affects the transmission
of neural signals either downstream or upstream (in this illustration, it
acts downstream). On a large scale, even if the anesthetics act on only
a single receptor, this leads to the disturbance of interactions between
brain areas (in this illustration, the connection between areas A and
B is impaired through the impedance of the relay of information).
The numbers from I to VI indicate the different cortical layers. The
magnified inset indicates the region denoted by the small blue box.

ings suggest that the frontal lobe acts to modulate rather than directly participating in consciousness.
Meanwhile, most patients with extensive bilateral parietal damage, including the corpus callosum, enter a vegetative state [10].
After cardiopulmonary resuscitation, the lesions in this area are
closely linked to a permanent coma [11]. Additionally, lesions in
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the parietal cortex inhibit the perception or recognition of this
deficit [12,13].
The default mode network (DMN) and executive control network (ECN) play critical roles in cognitive activities. These networks may be essential for attention and working memory, among
other activities. The DMN comprises several brain areas encompassing the prefrontal and parietal areas, such as the anterior and
posterior cingulate cortex and the inferior parietal lobe [14]. Interestingly, the DMN is most active when the brain is in a resting
state, indicating that the DMN is suppressed by the cognitive activities necessary to facilitate information processing [15–17]. The
DMN may be involved in task-negative functions such as self-referent thoughts [18,19]. However, recent studies have suggested a
link between this network and various cognitive activities [20].
The ECN is closely related to executive functions that are critical
for cognitive functions of daily living. The ECN is also implicated
in the integration of sensory and memory information and the
processing of working memory [21]. The main component of the
ECN is located at the gyri and spreads from the frontal to the parietal area, such as the prefrontal, post-parietal, and anterior cingulate cortices [22]. The ECN is also connected to the DMN and
frontoparietal network and plays a crucial role in behavioral functions [21]. Interestingly, disturbances in the DMN and ECN are
related to the pathophysiology of impairment that results from
cognitive diseases [21,23].

https://doi.org/10.4097/kja.22078
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Thalamus
The thalamus is located in the forebrain, which is superior to
the midbrain. With connections to the cerebral cortex, midbrain,
and brain stem, the thalamus receives sensory information from
the periphery and relays those signals to the cortex. Given its
widespread connections throughout the brain, the thalamus has
been implicated in other behavioral functions, such as maintaining consciousness.
A considerable body of thalamic lesion data supports this implication that the thalamus plays a critical role in consciousness.
Thalamic neuronal death is the most common cause of entering a
vegetative state after multiple brain injuries [24], and a permanent
vegetative state persists in the presence of bilateral thalamic damage. In addition, the pathological rhythms produced in the thalamus may be associated with global cerebral dysfunction [25].
These lesion data suggest that the thalamus plays a vital role in the
conscious state [26,27]. Electrical activation of the thalamus disrupts the synchronization of anesthesia-related slow waves, suggesting that thalamic activation may reverse anesthesia-related
electroencephalogram (EEG) signatures. Given the widespread
connectivity of the thalamus to other brain areas, the modulation
of thalamic activity may lead to a disturbance of local and global
thalamocortical and thalamic-subcortical interactions, leading to
impaired consciousness.

Brainstem and basal forebrain
A crucial element of consciousness is arousal at the level of
vigilance. The brainstem and forebrain are associated with the
brain arousal system. The cholinergic system of the brainstem is
implicated in regulating the activities of thalamocortical and cortical neurons. The pedunculopontine/laterodorsal tegmental nuclei are connected to thalamic neurons via projections of the
cholinergic pathway. The nucleus basalis projects cholinergic fibers to the cortex and thalamus. This cholinergic system activates
the thalamic and cortical neurons closer to the threshold, increasing the probability of switching on these neurons. Collectively, these observations suggest that the brainstem affects consciousness by regulating upstream thalamic and cortical activity.
In the brainstem, the reticular formation also plays a role in
consciousness, as it is connected to the intra-thalamic nuclei,
which are critical for thalamocortical connections. In a classic
experiment, electrical stimulation of the reticular formation elicited EEG patterns in both an awake and attentive state. Additionally, lesions in this region have been shown to diminish consciousness [28]. Indeed, the reticular formation constitutes the
https://doi.org/10.4097/kja.22078

core of the reticular activating system responsible for maintaining an alert state.
The forebrain, which consists of both a non-cholinergic and
cholinergic neural population, is also implicated in cognitive behavior and wakefulness [29–33]. Basal forebrain cholinergic neurons regulate cortical activity through connections with cortical
pyramidal cells [34]. The inhibition of forebrain neurons resulting
from antagonists induces behavioral unresponsiveness, followed
by EEG changes that are distinct from wakefulness [35,36]. Additionally, damage to this region is linked to disorders associated
with cognitive impairment and attention deficits. Additional evidence suggests a link between forebrain lesions and Alzheimer’s-related dementia [37].

Mathematical modeling of consciousness and
the brain
The brain regions implicated in consciousness have close physical connections that are unidirectional or bidirectional. This suggests that through modifying and strengthening connections and
iteratively tuning into the signals, the information relayed from
the outside world is interpreted by referencing it to the relevant
area. According to the receptor theory of anesthetic action, the
simple up- or downregulation of receptor activity does not directly modulate consciousness.
Considerable research on anesthesia mechanisms of action has
focused on how anesthesia integrates or breaks down functional
connections between brain regions. Analytical techniques have
been introduced to explain the mechanism of general anesthesia,
with a primary focus on general anesthesia-induced disturbances
in intracerebral communications.
A primary analytical technique is the information integration
theory proposed by Tononi [38]. As previously mentioned, consciousness may require the local and global integration of neurons within the brain. Tononi proposed a mathematical model to
quantify the information integration of subsets within the consciousness system. In brief, if subset A has causal effects on subset B, regardless of independent noise sources, the measured entropy shared by the source (A) and the target (B) is necessarily
due to the causal effects. Therefore, sufficient information on the
reciprocity of entropies between subsets A and B can be obtained.
In this sense, after searching out bi-partitioned subsets with the
least effective information, each subset has more causal interactions. Thus, for each subset, information integration is defined as
mutual information for bipartition with minimal information
shared between them, which is called minimum information bipartition. For more information on the mathematical calcula127
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tions involved in information theory, see the review conducted
by Tononi [38].
To identify the causal interactions between two information
brain regions of interest, cognitive binding and unbinding have
been studied. This line of research attempts to explain consciousness and mechanisms associated with general anesthesia using
principles that are different from information integration theory,
and is based primarily on the theory of Granger causality [39]. In
brief, if X1 is known to cause X2, knowledge of past information
regarding both X1 and X2 should lead to an improvement in the
prediction of X2 compared to the inclusion of only the past information of X2. From a mathematical perspective, if the prediction
errors of a model that incorporates past information of both X1
and X2 are significantly lower than those of a model that incorporates only past information of X2, then X1 is causally linked to X2.
Such an analysis is performed not only in time series, but also in
the frequency domain.
Previous studies have demonstrated that neural oscillations
play a critical role in coordinating brain function [40]. Synchronized oscillations characterize the rhythmic activations of local
neural ensembles [41] and facilitate information transfer by promoting long-range synchronization within the connected brain
network [42]. The approaches are essentially subdivided into directed and non-directed approaches. Non-directed connectivity
metrics do not consider the direction of influence; instead, they
only capture the coordination between signals, while directed
connectivity metrics first establish a statistical inference to identify causation preceding the activity of other areas. Representative analytical approaches include Granger causality, transfer entropy, and dynamic causal modeling for directed analyses (Fig.
3A) and the coherence and phase lag index for non-directed
analyses (Fig. 3B).
Despite the differences in the mathematical assumptions and
approaches, both methods employ analytical methods to quantify
the causal interactions between two regions of interest. Metrics
for evaluating these causal interactions are well-summarized in
the review conducted by Bastos and Schoffelen [43].
Neural systems have features analogous to phase transitions associated with thermodynamic changes. The framework of criticality, observed as phase transitions in systems, offers functional
benefits from which information transmission and dynamic
range are optimized in a cortical network [44]. Researchers have
recently focused on critical dynamics that are not fully captured
by other analytic approaches to decipher state features of the
brain [45,46]. The perturbation of a dynamic system close to criticality, which enables long-range communication within the system, does not lead to instability. In contrast, in a dynamic system
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that is far from criticality, information integration does not occur
beyond the point at which the perturbation becomes too dampened. Neuronal activity in the awake state is marginally stable,
close to the bifurcation point of a dynamic neural system. However, the dynamic system becomes more stable with the onset of
anesthesia [47].
The brain can be considered a well-organized, massive neural
network. Hence, some studies have reported the use of network
theory to explain the mechanisms of anesthesia. However, it is incredibly challenging to predict how complex networks behave because of the myriad of connections and uncertainties that make
explaining causative effects difficult. Complex network theory, a
branch of statistical analysis for highly disordered and heterogeneous systems, is an effective tool for understanding macroscopic
behavior through analyzing interactions at the microscale [48].
For example, graphical analyses have been used to explore the
properties of the brain as a complex network [49]. Within the
framework of a network system, the brain can be studied as a vast
collection of microscopic and macroscopic connections. Graph
theory does not consider the anatomy of the brain; instead, it considers the topology as element sets with some relationship. The
edge subsets connect sets of nodes in graph models. Some brain
network features can be calculated from edge properties, such as
strength and direction (Fig. 3C). Compared to random graphs,
the brain has a short path length defined by the number of steps
necessary to travel between two nodes across a network, giving
rise to high global efficiency. In addition, the brain is associated
with considerable clustering, which is defined as the proportion of
motifs with triangular shapes connecting three nodes. Unlike a
random graph, the brain has a hub structure with highly dense
connections [50–53]. Thus, the application of graph theory allows
us to investigate the mechanism of general anesthesia by comparing changes in network topology.
Another approach to explain the integration of peripheral
stimuli is evoked response potentials. Visual and auditory stimuli
play a critical role in maintaining an alert state among other
stimuli within our environment. Such stimuli may be important
contributors to the neural substrate of consciousness. Although
many evoked potentials (EP) have been developed and applied in
clinical practice for diagnostic purposes, the auditory evoked potential is widely used in studies of anesthetic mechanisms.
During anesthesia, the response to auditory stimuli is well preserved [54], and it is straightforward to apply auditory stimuli to
patients. Auditory evoked potentials with short latencies indicate
brainstem function, while those with long latencies ( > 10 ms)
reflect cortical function. The event-related potential (P300 or P3
component) is widely used to evaluate cortical function (Fig.
https://doi.org/10.4097/kja.22078
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Fig. 3. Representative scheme of mathematical brain modeling. (A) Granger causality (GC) was obtained between a prediction model with a signal
including X1 and X2 and a model only including X2. If you assume the inclusion of X1 improves the prediction of X2, the error will be reduced, so
an increase in the value of GC would be expected from the equation. (B) Phase lag index. Time signals are transformed into the frequency domain
by applying a Fourier transform. The frequency-domain signals can be displayed in the complex plane, enabling calculation of the amplitude,
defined as vector distance, and phase, defined as the angle in relation to the real axis. Two signals from one trial were compared to obtain phase
difference (phase lag) with a specific frequency. The phase lag index between the two signals can be calculated by adding up all the trials. If the two
signals are phase-coherent, the sum of the phase difference will be augmented without canceling out. (C) Complex network system. The complex
network system can be displayed by specific edge relations between two nodes. The brain is represented as nodes and the connections between
the nodes. There are many ways to obtain edge relations between two brain nodes. The node differences in a person who is awake (left) vs. under
anesthesia (right) can create different networks that explain the differences in information content. The number of edges from red-to-red dots
increases on the right side (lower left: the shortest path length is 4 [A → B]; lower right: the path length increases from 4 to 6 [C → D]). (D) Evoked
response potential. As event-related potentials accumulate, the signal-to-noise ratio increases because the random noise is canceled. (Left figure)
Target stimuli are inserted between the background to obtain twitch responses in the brain signal. The P300, implicated in cognitive processing,
shows a different pattern between awake and sedation [see figure in ref 96, which has been approved for reproduction].

3D). By examining the components of late EP, estimates of how
the brain interacts with and processes stimuli in an integrated
manner can be made.
Thus, if we can investigate anesthetic-related changes in late
EPs, we can study how the integration and processing of sensory

https://doi.org/10.4097/kja.22078

input to the brain is disturbed under general anesthesia. As expected, EPs are significantly altered in the presence of cognitive
impairment [55,56], suggesting that the capability of the brain as
an information integrator is also impaired as consciousness is disturbed.
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Proposed mechanism of general anesthetics
based on perturbations of brain interactions
(Fig. 4)
Propofol
Propofol impairs the cerebral response to incoming stimuli and
alters the topology of the brain network

To explain the modulation of consciousness induced by propofol in primates, some authors utilize the concept of a dynamically
critical regime, describing the change in conscious states as a
physical phase transition. The brain is considered a nonlinear system with an inherent instability given the quasi-equilibrium that
temporarily attracts dynamics [57]. Propofol makes this system
more stable and, hence, less responsive to perturbations [58].
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Fig. 4. Proposed mechanism of action of anesthesia.
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Additionally, cortico-cortical interactions, especially frontoparietal interactions, have gained attention as neural signatures of
consciousness [59,60]. As propofol induces loss of consciousness,
it selectively impairs feedback frontoparietal connectivity while
preserving forward connections [61]. The decrease in connectivity in the frontoparietal network correlates with an increasing concentration of propofol. Some brain networks are called resting-state consciousness networks that are active even when specific tasks are not being performed. Propofol affects the DMN implicated in unconstrained cognitive activities, including self-awareness [62]. The default mode and executive control networks are
impaired during propofol-induced loss of consciousness within
the frontoparietal network [63]. Additionally, some studies have
suggested that frontal network disconnections are the most prominent, resulting in loss of responsiveness [64].
In contrast to the decrease in long-range interactions caused by
propofol, local inhibitory connections (self-connections) are enhanced with propofol. For example, as propofol induces loss of
consciousness, effective connectivity from the temporal lobe to
the frontal lobe is significantly decreased in the presence of an auditory task, presumably due to increased local inhibitory connections in the temporal lobe. Propofol-induced disintegration within the brain has been observed from a temporal (rather than spatial) viewpoint. Propofol-induced local network alterations precede changes in long-range connections, and propofol prolongs
the timescales of local interactions, thus impairing connections
between distant brain regions.
The breakdown of functional connectivity is not limited to cortico-cortical interactions during propofol-induced unconsciousness, as cortico-thalamic connectivity is also reduced in proportion to the propofol concentration. A decrease in connectivity between the thalamus and the DMN and ECN has been observed in
neuroimaging studies [65]. This decrease could be attributed to
the reduction of thalamic metabolism that occurs during general
anesthesia [66]. However, thalamic connectivity between lower-order networks is preserved during propofol-induced unresponsiveness [67].
In addition to the thalamus, propofol-induced unconsciousness
affects the connectivity between the brainstem and the cortex
[65,67]. During propofol-induced anesthesia, a significant decrease in connections between the posterior cingulate cortex and
precuneus, which are critical areas comprising the DMN, and the
brainstem were observed [65]. Considering the importance of the
brainstem as a critical element of the reticular arousal system, the
anesthetic effect of propofol may be partially due to the inhibition
of the arousal mechanism.
Some studies have investigated how propofol disrupts the tohttps://doi.org/10.4097/kja.22078
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pology of the brain network. In the awake state, the brain can be
modeled as a set of hub structures with high disassortativity, defined as a preference for connections between high-degree and
low-degree nodes. Propofol reduces the degree of disassortativity
and disrupts the hub structure of the brain, thus randomizing the
connections between the nodes and impairing the efficiency of
information transfer [68,69]. Propofol-induced unconsciousness
is associated with increased clustering and characteristic path
length, resulting in a less efficient network. Clustering increases
the localization of processing rather than information integration
across the brain, thus impairing the efficiency of the brain network [70]. In addition, disturbances in network properties are accompanied by alterations in activity in different frequency bands
and states of consciousness [71]. During the transition between
responsive states, beta power plays a crucial role. At the same
time, delta-band changes are prominent during the fading of consciousness. As consciousness transitions towards an unconscious
state, connectivity in the low-frequency band increases, while
connectivity in high-frequency bands decreases.

Propofol inhibits the integration of information during sedation

Sedation differs from general anesthesia. As the level of sedation deepens, it eventually leads to a transition from wakefulness
to an unconscious state. However, subjects appear to be awake
under light sedation, but they are likely not fully responsive to
stimuli. Data from numerous studies suggest that sedation is associated with functional states that differ from the states of wakefulness and anesthesia [55,56,72,73]. As the sedation depth increases,
functional connectivity patterns are more tied to anatomical connectivity and more rigid functional dynamics with fewer smallworld properties and information capacity [72].
Some studies have focused on what changes occur within the
brain during the transition from consciousness to unconsciousness or vice versa. As the sedation depth increases, especially
when transitioning from moderate to deep sedation, loss of consciousness occurs. Instead of sedation depth preserving wakefulness, deep sedation accompanying loss of consciousness represents a different repertoire of consciousness. Propofol-induced
moderate sedation is a different state from either the awake or unconscious states.
The resultant effect of using an established local-global deviant
scheme [55] with auditory stimulus during propofol sedation is
narrower compared to the anesthetic state in both the non-core
and core auditory cortex. In the anesthetized state, the distribution is much wider. Thus, sedation represents a limited repertoire
for auditory processing compared to wakefulness, despite a more
flexible processing capability from the perspective of novel audihttps://doi.org/10.4097/kja.22078

tory sound processing and perception [56]. The degree to which
the stimulus response is impaired increases with an increasing
depth of sedation. During moderate sedation, while in a conscious
state, long-range communication is preserved with some impairment [73]. Thus, although propofol blocks information integration in a state of sedation, the overall effect of propofol is considerably decreased during sedation than during general anesthesia.

Ketamine
Unlike other types of general anesthetics, ketamine has a
unique mechanism of action, as it interacts with the NMDA receptor. As a result, it possesses strong antinociceptive activity and
stimulates both the respiratory and cardiovascular systems.
Despite this different mechanism of action, ketamine shares
similar features with other hypnotics in terms of functional connectivity disintegration. Ketamine disturbs the connection from
the frontal to the parietal lobes, similar to other hypnotics [58,74].
Additionally, ketamine dissociates the frontal lobe from the other
components of the DMN [75], while the executive network and
other sensory networks are minimally impaired [75]. Preservation
of the executive network during ketamine infusion is a crucial difference from propofol, which usually impairs this network [61].
Interestingly, ketamine also preferentially decreases cortico-cortical interactions, but not thalamocortical interactions. Studies have
even shown that ketamine increases thalamocortical interactions
[76]. Ketamine can also reorganize the within-brain network, resulting in a psychomimetic effect [75].
Many studies have suggested that criticality is the main feature
of resting-state brain networks [77], and ketamine perturbs the
topology of a brain network at criticality. Ketamine-induced disruption of the topographic structure is similar to that of other anesthetics and conditions involving impaired consciousness [78];
however, ketamine induces a different EEG response to external
stimuli. When transcranial magnetic stimulation is elicited, a series of recurrent, fast-activated waves are generated, which contrasts with the local positive-negative wave (characterized by a
rapidly faded low amplitude and no propagation) that exists
during propofol anesthesia [79]. Considering that the local positive-negative wave indicates the presence of inhibitor gates for
cortico-cortical interactions, this may suggest that ketamine is ineffective at thoroughly disrupting cortico-cortical interactions.
When ketamine is being administered as an anesthetic, frontal-to-parietal connectivity is significantly reduced, especially at
the alpha frequency band; however, during ketamine sedation,
this connectivity is preserved, although the spectral power is shifted from the alpha to the theta frequency band [80]. The same re131
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search group also determined that subanesthetic ketamine reduces the power contained within the alpha frequency band in the
precuneus and temporoparietal junction, which is implicated in
sensory integration and consciousness [81]. From the viewpoint
of information integration, the signals in the theta and alpha frequency bands comprise the bidirectional information flow between the anterior and posterior regions [82,83]. Thus, the ketamine anesthetic effect may originate from the disruption of the
breakdown of the resting-state brain network, and the psychomimetic effect may be due to disrupted sensory integration.

Dexmedetomidine
Unlike other hypnotics, dexmedetomidine acts on the alpha-2
adrenergic receptor. Its hypnotic effect resembles natural sleep,
with an EEG pattern associated with stage 2 non-rapid eye movement sleep (N2) arising from the inhibition of noradrenergic
transmission from the locus coeruleus to the ventral preoptic nucleus, leading to cortical arousal system inhibition.
During dexmedetomidine administration, the network topology is disturbed. Dexmedetomidine significantly reduces the efficiency of local and global networks within the brain network,
suggesting that information transfer is impaired during sedation
with dexmedetomidine [84]. In addition, auditory processing is
significantly impaired [85], which is consistent with the alterations in network properties that are observed. From the viewpoint of connectivity, during dexmedetomidine sedation, functional connectivity within higher-order networks (e.g., the DMN
and ECN) and between the thalamus and higher-order networks
decrease [65]. However, unlike propofol, the connectivity between
the anterior cingulate cortex/prefrontal area, thalamus, and mesopontine area are preserved. Given the importance of these regions
for enabling quick recovery of the brain, this connectivity could
explain why patients respond to stimuli quicker during dexmedetomidine sedation compared to propofol sedation.

Inhaled anesthetics
Intravenous and inhaled anesthetics are the two primary types
that are widely used in clinical practice. Inhaled anesthetics allow
for control of hypnosis, sensory/motor blocks, and autonomic reflexes in a dose-dependent manner. To meet the anesthesia demands of surgery, anesthesiologists modulate the anesthetic concentration levels by controlling the vaporizer. Despite its widespread use, the mechanism of action of inhaled anesthetics remains unclear.

132

Isoflurane

Classic experiments exploring the mechanisms of inhaled anesthetics have focused on isoflurane. Inhaled anesthetics are classified as GABA agonists because they enhance the interaction of
GABA with its receptors. Although some differences have been
noted, inhaled anesthetics in general act on the GABA receptor,
similar to hypnotics such as propofol. Isoflurane inhibits metabolism in the thalamus and disrupts both thalamocortical connectivity [86,87] and connectivity between the anterior and posterior
cortical areas [88]. Additionally, during isoflurane anesthesia, the
brain tends to be in an overall state that is less complex and efficient, with a decreased sensitivity to external stimuli [78]. Since
GABAergic interneurons play a significant role in modulating
cortico-cortical connections [89], GABAergic effects may disrupt
functional connectivity.

Sevoflurane

During sevoflurane anesthesia, feedback connectivity from the
anterior to posterior regions is inhibited (as with propofol) and
feedforward connectivity is preserved [58]. Sevoflurane at a 2–3
vol% concentration is associated with a significant reduction in
directed anterior-to-posterior functional connectivity in the frontal and anterior parts of the DMN and a reduction in thalamocortical functional connectivity [90]. During sevoflurane-induced
unconsciousness, disruptions of the phase relationship between
the anterior and posterior regions have been noted [91]. Despite
consistent results for the concentrations of sevoflurane used for
general anesthesia, results are contradictory among studies involving sevoflurane sedation. Even at sub-anesthetic sevoflurane
concentrations, intracortical functional connectivity is disturbed.
However, functional connectivity within the DMN is either unaltered [92] or reduced [93] during sevoflurane sedation.
Sevoflurane has a significant effect on EP. Auditory and taskevoked brain activities are disturbed in various brain areas (auditory, visual, and motor cortex) [94,95]. This perturbation has also
been seen at subanesthetic concentrations, at which the brain’s
ability to discriminate odd stimuli from background stimuli is
disturbed [96]. This finding indicates that sevoflurane disturbs
the processing of external stimuli, which may be attributed to the
disturbance of cerebral networks, making the brain less reactive to
stimuli-induced perturbations.

Nitrous oxide

Compared to other inhaled anesthetics, nitrous oxide has distinctive features. First, instead of the GABA receptor, it acts on the
NMDA receptor. Additionally, its potency is insufficient for use as
the sole agent in general anesthesia. Instead, nitrous oxide has
https://doi.org/10.4097/kja.22078
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been widely used for sedation, especially in dental practice. The
low blood-gas partition coefficient of nitrous oxide leads to rapid
induction and recovery, making it widely applicable as a sedative.
Like other inhaled anesthetics, nitrous oxide impairs intracortical
connectivity, primarily at the alpha frequency bands implicated in
cognition [97]. During nitrous oxide sedation, the efficiency of
information transfer is significantly disturbed owing to alterations
in the network topology [64]. Similar to other anesthetics, the sedation effect inevitably accompanies changes in functional interactions as well as the capacity for global and local information integration.

Emerging issues
The cognitive binding/unbinding paradigm expands our understanding of consciousness [38,39]. This paradigm is based on
the concept that consciousness can respond to external stimuli
through iterative integration within the brain. Traditionally, many
attempts have been made to understand anesthesia in a simplified
manner. For example, it is widely known that general anesthetics
change the spectral power at both low-and high-frequency bands.
As the depth of anesthesia increases, the power of low-frequency
bands, such as delta and theta, increases, while that of high-frequency bands decreases. Many devices for monitoring the depth
of anesthesia are based on anesthetic-related spectral power
changes, especially in the frontal area [98]. However, spectral
changes in localized brain regions do not fully describe how anesthesia works. These changes provide only a fraction of the information on whole-brain interactions. Studying the dynamic interactions between different brain areas during general anesthesia
has substantially advanced our understanding of the mechanism
of action of anesthetics. Several topics should be considered when
interpreting the findings of previous studies on anesthetic mechanisms.

Issues regarding analytical and data acquisition methods
As described above, regardless of the type of anesthetic agent,
disturbances in functional connectivity between regions of interest are observed as anesthetic effects occur. However, the possibility of other sources affecting these disturbances cannot be excluded. For example, most anesthetics disturb the functional
connections between the anterior and posterior brain areas;
however, these areas are connected to other brain areas. If other
areas outside the analyzed regions of interest have a real effect on
both sides, the observed causal interactions might be spurious.
Researchers have used mathematical analytical methods with a
https://doi.org/10.4097/kja.22078

directed approach to identify causal interactions related to anesthetic effects to eliminate such spurious interactions [43]. Network or state-based approaches can be used to observe either
connections or system features as they change in the brain as a
whole and may help circumvent this limitation. Manipulating
specific brain sites with optogenetics in a precisely controlled
manner may also help us understand the role of specific areas in
anesthetic mechanisms [99].
In addition, considerable effort should be made to avoid the acquisition of signals contaminated by external artifacts when acquiring data. For example, noise sources (e.g., electrical noise and
muscle artifacts), which are more prominent during general anesthesia in the operating room, must be minimized during EEG acquisition. If such artifacts are not correctly identified, the likelihood of spurious causal interactions increases.
Brain measurements typically involve EEG and/or neuroimaging modalities, such as magnetic resonance imaging and positron
emission tomography. Due to the high spatial resolution of neuroimaging data, we can easily detect which regions are related to anesthetic activity. Regions of interest with changes during anesthesia compared to baseline can be easily tracked by applying relevant mathematical approaches. However, neuroimaging modalities have a low temporal resolution, making it challenging to detect time-varying signals. Furthermore, routine neuroimaging in
patients under general anesthesia in real-time is extremely difficult to perform.
In contrast, EEG has a high temporal resolution, allowing practitioners to identify rapidly changing brain states and apply it to
patients in the operating room. However, due to its poor spatial
resolution, it is difficult to localize the changes in activity associated with anesthetic changes to specific regions of interest. Although mathematical approaches, such as inverse source modeling [100] have been developed to circumvent the limitations of
poor spatial resolution, they remain susceptible to various contaminants, such as muscle artifacts. In this regard, a multimodal
approach can be utilized to search for neural correlates in both
space and time.
Functional near-infrared spectroscopy (fNIRS) may be viable
with sufficient spatiotemporal resolution. This technique utilizes
infrared light, which is selectively absorbed by oxy- and deoxyhemoglobin and minimally absorbed by other tissue constituents.
Oxyhemoglobin has a stronger absorption of light at wavelengths
longer than 790 nm, while deoxyhemoglobin has a stronger absorption at wavelengths shorter than 790 nm. Cerebral metabolic
activity affects the relative proportions of oxy- and deoxyhemoglobin. A rapid reduction in oxyhemoglobin occurs with local
metabolic activity, followed by an increase in total hemoglobin
133
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due to a local increase in blood flow. This cerebral response is
known as neurovascular coupling [101]. Like EEG, fNIRS can be
easily applied to patients under anesthesia; however, with the
placement of multiple optical sources and detectors on the scalp
surface, a spatial sampling feature can be added. The utility of
fNIRS has been well-described in peer-reviewed literature, as
previous studies have demonstrated that fNIRS can monitor the
depth of anesthesia [102,103]. Combining this modality with
EEG may enable a detailed spatiotemporal study of the mechanisms of anesthesia [104].

Future directions
The mechanism of general anesthesia appears to be a simple
phenomenon that results in loss of consciousness. However, in
this review, we have described the complexity of the cerebral response to anesthesia. Put simply, we cannot easily distinguish between deep sedation and light general anesthesia. The mechanisms of action differ according to anesthesia type, and the response to anesthetic drugs shows considerable variation even with
similar administered drug concentrations. Furthermore, the demographics of patients entering the operating room for anesthesia
are extremely heterogeneous. Additionally, there are many clinical
situations that present similar to general anesthesia. For example,
patients that are asleep, in a vegetative state, and in a coma, all resemble an anesthetic state because the subjects are poorly responsive to external stimuli.
It is reasonable to consider whether there is a common pathway
leading to unconsciousness for hypnosis. Numerous studies have
not supported the concept of a unitary pathway to loss of consciousness irrespective of the type of impaired consciousness
[105,106]. Although loss of consciousness is phenomenologically
simple, various pathways to modulate consciousness exist. Additionally, few studies have compared the anesthetic mechanisms
between healthy subjects and those with neurological conditions,
such as intellectual disability, traumatic injury, and those in a
coma. It is likely that the onset of and recovery from anesthesia
differ depending on the neurological status. For example, bispectral index values differ between patients with and those without
intellectual disabilities [107,108]. Additionally, intellectually disabled patients exhibit different patterns of recovery from general
anesthesia [109]. Since the algorithm embedded in depth of anesthesia monitors is primarily based on changes in spectral power
compared to healthy patients, the values may be abnormal when
the monitors are applied to patients with neurological conditions
that affect baseline EEG data.
Spectral power measured solely in one region does not repre134

sent functional brain status on a global scale. Hence, spatially localized measurements may not fully reflect anesthesia-induced alterations in functional configurations. To obtain a deeper understanding of the mechanisms of anesthesia, researchers must better
understand the spatiotemporal relationships of cerebral activity at
different stages of anesthesia. For example, a new quantitative index incorporating the phase relationship between the frontal and
prefrontal areas may enable the application of functional connections to measure the depth of anesthesia [110].
General anesthesia induces loss of sensory processing and motor functions, in addition to hypnosis. Antinociception and muscle block are fundamental aspects of any surgical procedure. The
effect of neuromuscular blockers can be easily measured using a
neuromuscular stimulator. However, the mechanism of anesthesia-induced antinociception remains poorly understood, and
monitors to measure the extent of antinociception objectively are
not widely available.
Commercially available monitors for antinociception are mainly based on changes in autonomic nervous system function due to
sympathetic system inhibition. Anesthetics may affect functional
connections between the thalamus and sensory cortex, which
changes with anesthetic depth [87]. Given that the psychomimetic
effects of ketamine seem to arise from a reorganization of sensory
processing within other regions [75], it seems plausible that the
alterations of sensory networks could give rise to antinociception
during anesthesia. However, further studies are required to clarify
this issue.

Conclusions
Countless resources have been put into exploring what the
brain is and how it is structurally and functionally organized.
General anesthesia can be a powerful experimental tool. The
identification of regions that are missing or impaired during general anesthesia can help in the identification of functional configurations that are critical for cognitive activities.
Considering that procedures requiring general anesthesia are
ubiquitous worldwide, the potential for multimodal data collection using technologies such as EEG and fNIRS could lead to the
accumulation of large datasets that could then be used to search
for neural correlates of cognitive activities. Hence, anesthesiologists could play a significant role in improving our overall understanding of the brain. The development of objective markers to
measure changes in hypnotic and nociceptive levels will, in turn,
lead to innovative analytical tools and techniques that are expected to impact studies of brain function and health.
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Tables and figures are commonly adopted methods for presenting specific data or statistical analysis results. Figures can be used to display characteristics and distributions of data,
allowing for intuitive understanding through visualization and thus making it easier to interpret the statistical results. To maximize the positive aspects of figure presentation and
increase the accuracy of the content, in this article, the authors will describe how to choose
an appropriate figure type and the necessary components to include. Additionally, this article includes examples of figures that are commonly used in research and their essential
components using virtual data.
Keywords: Comparative study; Figures; Guidelines; Publication formats; Research report;
Statistics.

Introduction
All studies based on scientific approaches in anesthesia and pain medicine must involve an analysis of data to support a theory. After establishing a hypothesis and determining the research subjects, the researcher organizes the data obtained into specific categories. In most cases, data are composed of numbers or letters, but can also be stored as
photos or figures, depending on the type of research. After researchers classify and index
the data, they must decide which statistical analysis method to use. In general, data composed of numbers or letters are stored in tables with rows and columns. This can easily be
accomplished using spreadsheet-based computer programs. The simple functions provided by spreadsheet programs, such as classification and sorting, facilitate the interpretation of the essential characteristics of the data, such as structure and frequency. In addition, some spreadsheet programs can show the results of these simple functions as graphs
(such as dots, straight lines, or bars) such that the structure and characteristics of the data
can be grasped quickly through visualization.
Graphs can be used to present the statistical analysis results in such a way as to make
them intuitively easy to understand. For many research papers, the statistical results are
illustrated using graphs to support their theory and to enable visual comparisons with
other study results. Even though presenting data and statistical results using visual graphs
have many advantages, representative values of variables are not presented as exact num139
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bers. Therefore, it is essential to follow some basic principles that
allow for graphical representations to be both transparent and
precise so information is not misinterpreted. A previous Statistical
Round article has covered the general principles of presenting statistical results as text, tables, and figures [1]. The current article
provides further examples of how to present basic statistical results as graphs and essential aspects to consider to prevent distorted interpretations.

0.025

Common considerations
In this section, general considerations for presenting graphs are
described. Although not all aspects are essential, we have summarized the key points to improve accuracy and minimize errors
when using graphs for information transfer and interpretation.

Axes
When data are expressed using dots, lines, diagrams, etc., the
axes of the graph should have ticks on a scale sufficient to identify
the value corresponding to the position of each mark. Both major
ticks and minor ticks can be used to indicate the scale on an axis;
however, a corresponding value should at least be presented as a
major tick. The axis title should include the name of the measurement variable or result and the unit of measurement. If the scale
of the axis is an arithmetic distribution, the interval between the
marks should be displayed uniformly. When the value of a variable is transformed during analysis or if the measured value has
already been transformed, the interval between the marks should
be adjusted according to the characteristics of the data. In this
case, the type of transformation or measurement scale used
should be included in the graph legend (Fig. 1).
If a part of the axis is removed, it is recommended that a break
be inserted into the axis and the scales before and after the break
be the same (Fig. 2). If the numbering of an axis has to start from
a non-zero value, or if the scales before and after the break must
be different, an explanation should be included.
Each axis should have an appropriate range to distinguish between the data presented in the graph. In the case that the range is
too large or too small for the displayed data values, the visual
comparison of the data may appear exaggerated or the difference
may not be recognizable.
Two-dimensional graphs with orthogonally oriented horizontal
and vertical axes (x-axis and y-axis, respectively) that cross at a
reference point of zero are most commonly used. However, an additional vertical axis can be included on the opposite side of the
existing vertical axis if necessary to represent two variables with
140
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Fig. 1. Histogram and accompanying density plot of baseline BNP.
The baseline BNP shows a right-skewed distribution. The X-axis scale
is logarithmic, and an explanation regarding the x-axis scale should
be included in the footnote. Note the difference between the most
frequently observed value and the representative value (dashed line).
BNP: B-type natriuretic peptide, hsTnI: high-sensitivity troponin
I, POD: postoperative day. From the previously-published article:
"Moon YJ, Kwon HM, Jung KW, et al. Preoperative high-sensitivity
troponin I and B-type natriuretic peptide, alone and in combination,
for risk stratification of mortality after liver transplantation. Korean J
Anesthesiol 2021; 74: 242-53."

different measurement units in a single diagram.1)

Representative values
The preferred type of graph should be chosen based on the representative value of the data (absolute value, fraction, average,
median, etc.). Choosing the most-commonly used graph type for
a specific representative value helps the reader to interpret the
data or statistical results accurately. However, in the case that the
use of an uncommon type of graph is unavoidable, an explanation
of the representative value and error term must be provided to
prevent misunderstanding.

Symbols, lines, and diagrams for representative values
When a symbol, line, or diagram is used to indicate the representative value of the data, the size or thickness of the line should
be adjusted appropriately. Additionally, the degree of adjustment
1)

In addition to a two-dimensional graph consisting of a horizontal (x-axis)
and a vertical axis (y-axis), a three-dimensional graph using a third axis
(z-axis) perpendicular to both axes is also widely used in specific fields. In
this article, we will focus on two-dimensional graphs.

https://doi.org/10.4097/kja.21508
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Fig. 2. An example of a line and dot plot. Note that there is a break on the y-axis, which is inserted to reduce the white space. The measured
value at each time point is on those at the adjacent time points. The interpolated line between dots (markers) indicates their changing trend. The
statistical method used was the two-way mixed ANOVA with one within- and one between-factor, and post-hoc Bonferroni adjusted pairwise
comparisons. There was statistical intergroup difference (F[1,112] = 6.542, P = 0.012) and a significant interaction between group and time (F[3,
336.4] = 3.535, P = 0.015). *P < 0.05 between groups, †P < 0.05 between groups at each time point.
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should be uniform so that different sizes or thicknesses are not
misunderstood as large or small values. In addition, the size and
thickness should be adjusted to indicate real values. When symbols or lines are expressed in overlapping or very close proximity,
they must have an appropriate size and thickness to allow for an
accurate comparison of the values (Fig. 2). A statistical program
or other types of program that draws a professional graph rather
than a picture-editing tool should be used to accurately represent
the positions of symbols, lines, and diagrams with the corresponding values. The graph tools provided by most statistical programs offer user-selected symbols and lines that can be accurately
marked according to the corresponding values.
It is recommended that the same symbols be used every time a
representative value is represented. However, to distinguish between different groups, different symbols can be used to improve
discrimination. The use of different symbols to present the representative values of the same group is not recommended.
A line can be used either when every point represents a specific
value or when it visually indicates a change between two symbols
(Fig. 3). In the latter case, adding lines between symbols can make

60
50
40
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20
10
0

Manual

Cuff pressured at 25 mmHg

Cuff pressured manipulations
Fig. 3. An example of a dot-line graph. Dots and error bars indicate the
means and SDs. The interpolated line allows for enhanced estimation
of the changing trend. Bar plots could also be used to represent this
kind of statistical result.

the interpretation difficult if the change is not meaningful. Different lines should be used for different groups or situations (Fig. 2).
Sometimes, it may be difficult to distinguish between different
141
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dashes owing to the line thickness, the size of the graph, or overlapping lines. Therefore, different line types should be adjusted to
allow for easy discernability. One option may be to use a color
graph; however, this is recommended only when it is impossible
to express the information accurately in black and white. Because
some readers may have difficulty distinguishing colors, care must
be taken regarding color selection.
The representative value can also be presented using a shape. If
the area or form of the shape is proportional to the value, an explanation of this fact should be included. For a diagram expressed
at regular intervals where the height or length corresponds to the
value (such as a histogram), precautions similar to those regarding symbols or lines should be applied.
Various colors or specific patterns can be used inside the diagram to facilitate interpretation. It is good practice to set different
colors or patterns for each group or to use them differently to allow for data before and after an event to be distinguishable. However, such a graph may become complicated as a result of too
many colors and patterns or a lack of unified notation.

Legend
A description of the variable or situation, represented by lines,
symbols, or shapes, should be included in the graph legend. The
legend can be located inside or outside the graph, as long as it
does not interfere with interpretation. Explanations of values that
the symbols, lines, and/or diagrams represent should be included.
If abbreviations are used, their definitions should be included in
the figure legend. Borders of the legend box can be added as needed around the legend to make it easier to read, and it may be helpful to match the order of data as it appears in both the legend and
the graph.

backward slightly; however, an explanation of this should be included in the figure legend. For example, if it is difficult to distinguish between the means and standard deviations of blood
pressure measured at 5 sec after medication in two groups, the
representative values of each group can be displayed at 4.9, and
5.1 sec. It is recommended to describe an explanation that the
blood pressure values of the two groups measured at specific
time point are displayed separately in the figure legend (Fig. 2).
For representative examples, refer to the previous Statistical
Round article [1].

Annotation
Annotations can be added to the graph to explain specific values or statistically significant differences. Annotations are also
used to highlight visible differences in the graphs (in which case,
instead of an annotation, an explanation should be included in the
figure legend). Symbols can be used for annotations that explain
statistical differences and should be consistent in type and order
throughout the paper. As specified in the instructions to the authors for the Korean Journal of Anesthesiology, it usually follows
the order: * (asterisk), † (dagger), ‡ (double dagger, diesis), § (silcrow), and ¶ (pilcrow) [2,3].

Figure legend
In order for readers to know what is contained in a figure and
the results of any statistical analysis conducted, a figure legend
should be included. A figure legend usually consists of a graph title, a brief description of the graph content, statistical methods,
and results. Definitions of any abbreviations and/or symbols used
should also be included to facilitate interpretation.

Errors

Commonly used graphs

Statistically inferred representative values and their corresponding errors can be indicated on the graph in various ways.
Most commonly, whisker-shaped symbols are used to express
errors. Depending on the type of graph, it is typically expressed
by the length of a line or an area. When there are many representative values or considerable overlap, the symbols used to express the error will also overlap, making it difficult to distinguish
between them. If the spread of data is equal on both sides, such
as with a normal distribution, it can be presented in only one direction; however, both errors should be presented when the data
are skewed to one side. Alternatively, to avoid overlap, the positions of the corresponding values may be moved forward or

Scatter plots

142

A scatter plot shows the associations between two numerical
variables measured from one subject (Fig. 4). By adding another
variable, three-dimensional expression is also possible. Scatter
plots can also be used for ordered categorical variables, at the expense of reduced readability. A scatter plot displays the coordinates of the measured values on an orthogonal plane with two
variables as axes using specific symbols, such as dots. The two
variables may be independent of each other or may have a
cause-effect relationship. Scatter plots are primarily used in the
data exploration stage to examine the relationship between two
https://doi.org/10.4097/kja.21508
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Fig. 4. An example of a scatter plot. This plot presents the cardiac
output value for the same patients using two different measurement
methods: EDCO (esophageal doppler cardiac output) and TDCO
(continuous thermodilution method). From the previously-published
article: “Shim YH, Oh YJ, Nam SB, et. al. Cardiac output estimations by
esophageal Doppler cannot replace estimations by the thermodilution
method in off-pump coronary artery bypass surgery patients. Korean J
Anesthesiol 2003; 45: 456–61.”

variables, and a trend line2) can be added to indicate a statistically
significant relationship between the two variables. Scatter plots
help the reader to understand the relationship between two variables and contribute considerably to the visual expression and understanding of correlation or regression analyses.
As described above, a scatter plot usually demonstrates the relationship between the actual values between two variables. In addition, however, a scatter plot is used for interpretation in some statistical methods. One example is the Bland-Altman scatter plot,
which is a method used to analyze the agreement between two
measurements (Fig. 5). In addition, scatter plots are often used to
evaluate residuals in regression analyses or visually check the fit of
a statistically estimated model.

Line plot
A line plot is a graph that connects a series of repeatedly measured data points using a straight or curved line, based on a scatter plot. This type of graph is used in several fields to represent
various statistical results. A commonly used example is any case
in which the data are measured at a set time interval. A run chart
(run-sequential plot) is a line plot that displays the data in chronological order. When applying a continuous variable on one axis,

2)

The trend line is a type of regression graph that provides useful information
regarding the relationship between two variables and can be fitted as linear,
quadratic, or cubic formulas.
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Fig. 5. Bland-Altman scatter plot comparing the standard frontal
position with an alternative mandibular position. The dotted
horizontal line represents the mean difference between the two
measures. The dashed horizontal lines represent the 95% limit of
agreement between the two measures. The 95% limit of agreement is
drawn at the mean difference +/– 1.96 times the standard deviation of
the difference. The solid line is the line of equality which indicates the
exact same value between two measures.

such as time, caution must be taken regarding the scale interval.
Ordered categorical variables are also candidates for line plots.
With scatter plots, measured values are mainly used to examine
the data distribution; however, line plots are used primarily for
averages, which are representative values of the measured data
under specific conditions in the relevant group. As previously
mentioned, the errors (such as the standard deviation) must be
displayed on a line plot with the representative values.

Bar chart
For bar charts, the height or length of each bar represents the
value of the variables, and the ratio between them makes it easy to
visualize the differences between categorical variables. On either
the horizontal or vertical axis, the values are presented as scale
values, whereas on the other axis, the values are presented by other measurement parameters. This type of graph can also be used
to express continuous variables, and it is possible to express multiple measured values as cumulative or grouped values using different bar appearances.

Histogram
A histogram is a graph used to represent the frequency distribution of the data (Fig. 1). Each column’s height indicates the
number of samples corresponding to each bin, divided by a fixed
143
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interval. Because the variable corresponding to the bin has the
characteristics of a continuous variable, the bins are adjacent to
each other but do not overlap. Bar plots differ from histograms.
In a bar plot, the bars are separated from each other because they
represent the values of categorical variables. Each column’s height
in a histogram can also be normalized in the form of the frequency of the samples for the total sample size. In this case,
mathematical methods, such as kernel density estimation, can be
used to smooth the overall shape (smoothing) and estimate a
density plot that can be used to represent the distribution of the
data.

Boxplots and box-and-whisker plots
A boxplot is a graph that is used to express the median and
quartiles of data using a box shape. It is often used to represent
nonparametric statistics (Fig. 6, Supplementary R code). A whisker, which is represented by a line extending from each box, can
be used to indicate the range of the data (box-and-whisker plot).
The range of data defined using whiskers can be set according to
the researchers’ needs. For example, the ends of both whiskers can
be the maximum and minimum values or values corresponding
to 10% and 90% of the entire data range. If both ends of the whiskers are set to values that correspond to the first quartile minus 1.5
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Q3

1.0

Median
Q1

0.5

0.0

Min

Fig. 6. An example of a box-whisker plot. Estimated median (Q1,
Q3) [min:max] from the sample data is 1.1 (0.8, 1.3) [0.1:2.1]. This
graph includes explanations of the components of the box-whisker
plot. These are not necessary for the general purpose of publication.
A significance marker can be added, though it was not used in this
graph. If a significance maker is added, it should be located on the
shoulder or alongside the whisker. If markers are located over the midtop of the whiskers, these could be interpreted as outliers if no detailed
explanation is provided. The limits of the whiskers can be varied
depending on the purpose.
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times the interquartile range (IQR) and the third quartile plus 1.5
times the IQR, data outside this range can be defined as outliers.
The box-and-whisker plot enables recognition of the distribution
of data without a specific distribution assumption and displays
data dispersion and kurtosis. Depending on the data spread, one
of the quartiles and the median may overlap. In this case, the location of the median should be clearly expressed. Violin and beeswarm plots are improved versions of the box-and-whisker plot
and can be used to represent the frequency of data at specific values along with the spread of data.

Other commonly used graphs
In addition to the basic graphs previously introduced, various
graphs have also been used to present the results or evaluate the
analysis process for a specific statistical method. Some examples
include receiver operating characteristic (ROC) curves [4], survival curves, regression curves by linear regression analysis, and
dose-response curves. These graphs deliver information on a specific relationship between interpreted statistical results or indicate
the trend of independent and dependent variables expressed as
functions. These graphs have predetermined components that reflect the characteristics of the data and analysis, and these components must be included in the graph. Additional information must
also be included with these graphs to facilitate interpretation, such
as corresponding statistics, tables, trend lines, and guidelines. The
graph output from a statistics program includes most of the basic
requirements, but some parts may need to be added or removed
in some cases. In addition, the graph should be composed according to the guidelines of the target journal because the requirements may vary.

Graphs for specific statistical analysis methods
In general, statistical analyses begin with the selection of a specific statistical method according to the characteristics of the collected variables and the expected relationship between them.
Most statistical methods require particular features and relationships between variables, and the estimated results are formalized.
The following sections include graphs that express specific statistical results. The following graphs are only examples, and other
graph types may be appropriate, depending on the characteristics
of the data collected.
All of the example graphs were created using R software 4.1.0
for Windows (R Development Core Team, Austria, 2021). The
ggplot2 package used in the R software provides various options
for creating graphs in the medical field and a user-centered graph
https://doi.org/10.4097/kja.21508
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Independent t-tests
For the first example, data on the time from administration of a
neuromuscular blocking agent antagonist to the patients’ first
movement after general anesthesia between two different agents
are compared (Supplementary material 2; reverse.csv). In total,
218 patients were included in this study. Both groups satisfied the
assumption of normal distribution but violated the equality of
variance; therefore, an unequal variance t-test was performed (Table 1). Fig. 7 shows a graph of the results in the form of a vertical
bar graph (Supplementary material 1; R code).3)

Paired t-tests
The next example includes virtual data on the required air volume to ensure endotracheal cuff sealing during general anesthesia
(Supplementary material 3; cuff_pressure.csv). After tracheal intubation with an adequately sized tube, cuff sealing was achieved
through either an arbitrary volume that prevented end-inspiratory
leak or by a volume resulting in a cuff pressure of 25 mmHg. The
two alternative volumes necessary for the two cuff sealing methods were measured for each patient, and a total of 100 patients
were included. A paired t-test was performed because the two
methods were conducted on each patient. The results are presented in Table 2. Fig. 3 shows a graphical representation of the results
(Supplementary material 1; R code).

Comparisons between more than three groups
For the following example, information on the amount of opioids administered for pain control after three types of surgery
were obtained (Supplementary material 4; opioid_surgery.csv).
The total number of patients was 171 (57 in each group).
One-way analysis of variance (ANOVA) was performed, and
there was a statistically significant difference in the opioid dose

3)

When the range of error has both positive and negative values, like a continuous variable, the histogram contains the possibility of error in a strict sense.
This is because, when expressed as a bar graph, the error range on one side
does not appear on the graph (as shown in Fig. 7). While there is a way to express both sides when the range of error is different, it is not commonly used.
In most medical papers, they are used without distinction given the general
perception that the error range expressed in the bar graph is naturally distributed equally on both sides.

https://doi.org/10.4097/kja.21508

Table 1. Time to Movement After Two Neuromuscular Reversal Agents
Reversal agent
Anticholinergic (n = 109)
New drug (n = 109)

Time (s)
70 ± 11
58 ± 8

P value
< 0.001*

Values are presented as mean ± SD. *Welchi’s t-test (unequal variance
t-test).
90

*

80
Movement time (sec)

editing function. All examples are fictitious data assuming clinical
or experimental conditions and should not be interpreted as actual data. All virtual data and R codes are provided in the Supplementary Materials (Supplementary material 1; R code).

70
60
50
40
30
20
10
0

Anticholinergic

Reversal agents

New drug

Fig. 7. An example of a horizontal bar plot with an error bar. Positivesided error bars are marked because the SDs are located at the same
distance from the mean. The recommended legend for this figure is:
“The elapsed time from administration to first movement for two
different reversal agents: an anticholinergic (n = 109) and a new drug
(n = 109); *two-sided P value < 0.05 with the unequal variances t-test”.
Table 2. Cuff Inflation Volume to Prevent End-inspiratory Gas Leakage
Cuff inflation methods
Manual
Pressure at 25 mmHg

Required volume (ml)
55.1 ± 20.4
25.3 ± 7.8

P value
< 0.001*

Values are presented as mean ± SD. *Mean difference (95% CI) = 29.8
(27.3, 32.4), t(99) = 23.263; paired t-test.

administered according to the surgery type. Tukey’s test was performed for post-hoc testing. The results showed that the opioid
dose administered after operation C was significantly higher than
that administered after operations A or B (Table 3).
A graph of the statistical results is shown in Fig. 8. As the three
groups were not related to each other, they are expressed as bar
graphs. The results of the statistical tests are presented in the Supplementary material 1; R code.

Comparisons for repeatedly measured data
In the following example, virtual data on the effect of an antihypertensive drug on diastolic blood pressure were used (Supple145
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Table 3. Postoperative Opioid Requirements according to Three Different
Types of Surgery

Table 4. Changes in Diastolic Blood Pressure after Antihypertensive
Treatment

Surgical type
A
B
C

Time point
Initial
5s
10 s
15 s
20 s
25 s

Opioid dose (μg)
541 ± 158
561 ± 102
724 ± 121*

P value
< 0.001

Values are presented as mean ± SD. *Two-sided P value < 0.05 vs. A
and B; post-hoc Tukey test after one-way analysis of variance.

900

*

Administered dose (mg)

800
700
600
500
400
300
200
100
0

Surgery A

Surgery B
Surgical types

Surgery C

Fig. 8. An example of a vertical bar plot. The asterisk (*) is used to
represent a comparative statistically significant result.

mentary material 5; dbpmedication.csv). A total of 114 patients
were included, and the control and treatment groups were equally
allocated. Data were measured six times at 5-second intervals, including the time of drug administration. For statistical analysis,
two-way mixed ANOVA with one within-factor and one between-factor was used. There was a statistically significant difference between the treatment and control groups (F[1,112] = 6.542,
P = 0.012), and there was a statistically significant interaction between the treatment and the time (F[3, 336.4] = 3.535, P =
0.015). The treatment group showed significant differences at 15,
20, and 25 s after administration (adjusted P = 0.004, P = 0.003,
and P = 0.006, respectively; Table 4). The detailed statistical analysis process was omitted, but a graph of the results is shown in
Fig. 2. The graphs are slightly shifted to the left and right so that
they can be distinguished from each other, and a gap is set on the
y-axis. These methods make the results easier to visualize by preventing the graphs from overlapping and reducing the whitespace
(Supplementary material 1; R code).

Categorical data comparisons
For the following example, two categorical variables (endotra146

Control (n = 57, mmHg) Treatment (n = 57, mmHg)
71.1 ± 11.6
73.0 ± 12.2
±
70.8 11.9
73.5 ± 12.1
71.4 ± 13.7
76.2 ± 13.4
70.2 ± 14.0
78.1 ± 14.2*
68.5 ± 13.8
76.6 ± 14.8*
69.2 ± 12.2
76.2 ± 14.5*

Values are presented as mean ± SD. Two-way mixed analysis of
variance with one within factor and one between factor. A statistically
significant intergroup difference (F[1,112] = 6.542, P = 0.012) and a
significant interaction between group and time (F[3, 336.4] = 3.535, P
= 0.015) are seen. *Adjusted P < 0.05, after post-hoc Bonferroni test.

cheal intubation success and sore throat occurrence) were assessed in relation to two different intubation techniques (Supplementary material 6; sorethr.csv). The data included two observations from 106 patients (53 patients in each group). The chisquare test with Yate’s correction showed that the success rate of
the new tracheal intubation technique was significantly higher
than that of the conventional technique (P = 0.018), whereas
there was no statistical difference in sore throat occurrence (Table
5). The results are represented using a bar graph classified by observation (Fig. 9). Because the 95% CIs are not symmetrically distributed with respect to the representative values, both error bars
are presented and statistical significance is indicated using symbols. To better represent the data, the sample size may also be displayed (Supplementary material 1; R code).

Other commonly used statistical graphs
Correlation analyses, linear regression

As an example of correlation analysis, the blood concentrations of three intravenous anesthetic adjuvants were measured
during propofol general anesthesia (Supplementary material 7;
pretxlevel.csv). All three adjuvants (A, B, and C) showed a positive correlation with exposure time (correlation coefficient r =
0.71, r = 0.65, and r = 0.42, respectively), but only the coefficient of adjuvant A was statistically significant (P = 0.014, P =
0.117, and P = 0.132, respectively; Fig. 10). Various diagrams
can be used to show these correlations. However, in this article,
a scatter plot with a trend line for the group, and the statistical
analysis results are presented (Supplementary material 1; R
code).
A scatter plot with a trend line clearly represents the data and is
used more often in linear regression analyses than in correlation
analyses. For the linear regression example graph, blood glucose
https://doi.org/10.4097/kja.21508
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Table 5. Observed Intubation Success and Presence of Sore Throat after
the Conventional and New Intubation Technique
Event
Control (n = 53) New (n = 53)
Successful intubation
32 (60.4)
44 (83)
Sore throat
20 (37.7)
11 (20.8)

concentrations and the degree of glucose deposition in the mitral
valve node were used in patients with type 2 diabetes with rheumatic mitral valve insufficiency (Supplementary material 8; dmmvi.csv). Linear regression analysis was performed with blood
glucose concentration as the independent variable and the degree
of glucose deposition in the mitral valve as the dependent variable. The regression equation was estimated to be “Glucose in
nodule = 0.048 × Blood glucose concentration + 32.98 (P <
0.001)”. The graph in Fig. 11 shows the observed values with a regression line and other necessary information (Supplementary R
code).

P value
0.018*
0.088

Values are presented as numbers (percentiles). *P < 0.05, using the chisquared test.

100%

*

Intubation technique
■ Conventional (n = 53)
■ New (n = 53)

Incidence rate (%)

80%

Logistic regression

For the following example, virtual data showed the influence of
five factors on specific test results (Supplementary material 9;
five_factors.csv). The test result is a yes/no dichotomous variable,
whereas all five factors (F1 to F5) are continuous variables. Although logistic regression analyses involve various assumptions
that must be verified before statistical analysis to obtain accurate
results, the contents of such verification processes have been
omitted. The model estimated by logistic regression provides the
odds ratio (OR) for each independent variable (Table 6). A
graphic representation of ORs allows for a clearer interpretation
than a table in the case of multiple independent variables or ORs
with many numbers (Fig. 12, Supplementary material 1; R code).

60%

40%

20%

0%
Successful intubation

Events

Sore throat

Fig. 9. An example of a grouped bar plot. The height of each bar
indicates the observed rate. If the CIs of the rate are not distributed
symmetrically from the observed rate, both sides of the error bar
should be presented. The asterisk indicates statistical significance.

40

Pre-treatment

  A ρ = 0.71, P = 0.014
  B ρ = 0.65, P = 0.117
  C ρ = 0.42, P = 0.132

Blood level (pg/ml)

30

20

*
10

0

1

2

3
4
Exposure time (h)

5

6

7

Fig. 10. An example of a scatter plot with a linear trend line for the correlation analysis. The asterisk indicates statistical significance.
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60

Glucose in nodule (mg/mg)

50

40

30

20

Glucose in nodule = 0.048 × Blood glucose concentration + 32.98
R2 = 0.603, F[1,198] = 300.2, P < 0.001

10
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20

40

60

80

100

120

140

160 180 200 220 240
Blood glucose level (mg/dl)

260

280

300

320

340

360

Fig. 11. An example of a scatter plot with a trend line for the linear regression. Around the regression line, the shadowed area indicates the range
of the 95% CI of the estimated coefficient. The estimated regression line formula is also presented in the graph with statistics.
Table 6. Estimated OR and 95% CI of Logistic Regression Model
OR (95% CI)
1.24 (1.12, 1.38)*
1.76 (1.26, 2.51)*
1.10 (0.80, 1.50)
1.00 (0.98, 1.02)
1.09 (0.99, 1.20)

P value
< 0.001
0.001
0.557
0.810
0.083

OR: odds ratio. *Two-sided P < 0.05.

*

f1

*

f2
Factors

Factor
F1
F2
F3
F4
F5

f3
f4
f5

Survival analysis

Survival analysis is a statistical method that can be applied to
mortality data and various types of longitudinal data. There are
various methods, from the nonparametric Kaplan-Meier method
to more complex methods involving different parametric models.
Kaplan-Meier survival analysis and Cox regression models are
widely used in the medical field. Survival analysis results usually
accompany the survival curve, which can increase the reader’s understanding of the results through visualization. For details on the
survival curve, refer to the previous Statistical Round article [5,6].
An example of a survival curve is shown in Fig. 13. In addition to
several important pieces of information that should be included,
the survival table must be attached to the survival curve because
the number at risk is reduced at the end of the observation. This
can minimize the likelihood of misinterpretation.
148

0.0

0.5

1.0
1.5
Odds ratio (95% CI)

2.0

2.5

Fig. 12. An example of a dot plot with an error bar. For each level
of factors (y-axis), corresponding odds ratio (OR) and 95% CIs are
presented using dots and accompanying horizontal error bar. The
dotted line indicates the reference value of 1. The estimated OR
would not be different from 1.0 statistically if its error bar crossed this
reference line.

Dose-response curve

For this example, various concentrations of two antibiotics
were assessed by measuring the absorbance of a specific light
known to be proportional to the normal bacterial flora amount
in a culture medium (Supplementary material 10; antiobsorp.
csv). The data were fitted using a 4-parameter log-logistic modhttps://doi.org/10.4097/kja.21508
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50

el; the estimated parameters are summarized in Table 7. A graph
of the fitted model is presented in Fig. 14 (Supplementary material 1; R code). The absorbance values for the doses of the two
antibiotics are expressed using symbols, and a dose-response
curve was drawn. Compared to a table that includes only numbers, using a graph is more intuitive and easier to interpret.

25

Table 7. Dose-response Curve Model Fit Result

Survival probability (%)

100

Antiemetics
Drug A
Drug B
P = 0.0091

75

0

Drug A
Drug B

0

4

Number at risk
51
47
53
39

8

12
Time (h)

16

20

24

32
21

19
16

16
12

9
8

3
7

Fig. 13. An example of a survival curve. Two survival curves with 95%
CIs are presented. The median survival time is also indicated for each
curve. Because the number at risk decreases at the end of observation,
the survival table should be incorporated with curves to clarify the
statistical inference process. From the previously-published article:
"In J, Lee DK. Survival analysis: part II - applied clinical data analysis.
Korean J Anesthesiol 2019; 72: 441-57."

0.8

Parameters
Slope
Lower limit
Upper limit
ED50
Estimated ED ratio
(A/B)
ED10
ED50
ED90

A
2.57 (1.79, 3.36)
0.11 (0.09, 0.13)
0.56 (0.54, 0.59)
17.20 (15.06, 19.33)

B
5.41 (3.74, 7.07)
0.11 (0.09, 0.13)
0.56 (0.54, 0.59)
7.32 (6.55, 8.09)

1.50 (1.06, 1.95)
2.35 (2.01, 2.68)
3.67 (2.55, 4.80)

-

P value
< 0.001
< 0.001
< 0.001
< 0.001

Dose-response curve fit using a 4-parameter log-logistic model. Values
are presented as estimates (95% CI). ED: effective dose at a certain
response level indicated by the following number as the percentile.

Antibiotics
  A
  B

Absorption rate

0.6

0.4

0.2

0.0

2.5

5.0

10.0

20.0
Log (Dose [mg])

40.0

80.0

160.0

Fig. 14. An example of multiple dose-response curves. Observed values are plotted using dot symbols: filled circles and triangles. The straight solid
and dashed lines indicate the ED50 value of each curve. Be aware that the x-axis is log scaled.
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Conclusions

Supplementary Materials

There are many types of graphs for various statistical methods
that can be used to represent data and results, depending on their
characteristics. Trying out a few types of graphs that show the
characteristics well and then choosing the best one among them is
recommended. Presenting results with a table and a figure simultaneously takes up space and can distract readers. Therefore, it is
recommended to use graphs and discuss significant results in the
body of the manuscript, and tables of granular information can be
moved to the supplementary material or vice versa.

Supplementary Material 1. R code
Supplementary Material 2. reverse
Supplementary Material 3. cuff pressure
Supplementary Material 4. opioid_surgery
Supplementary Material 5. dbpmedication
Supplementary Material 6. sorethr
Supplementary Material 7. pretxlevel
Supplementary Material 8. dmmvi
Supplementary Material 9. five factors
Supplementary Material 10. antiobsorp
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Background: Noninvasive cardiac output (CO) measured using ClearSight™ eliminates
the need for intra-arterial catheter insertion. The purpose of this study was to examine the
accuracy of non-invasive CO measurement in patients with severe aortic stenosis (AS).
Methods: Twenty-eight patients undergoing elective transcatheter aortic valve implantation were prospectively enrolled in this study. The CO was simultaneously measured twice
before and twice after valve deployment (total of four times) per patient, and the CO was
compared between the ClearSight (COClearSight) system and the pulmonary artery catheter
(PAC) thermodilution (COTD) method as a reference. The Bland-Altman analysis was
used to compare the percentage errors between the methods.
Results: A total of 112 paired data points were obtained. The percentage error between the
COClearSight and COTD was 43.1%. The paired datasets were divided into the following
groups according to the systemic vascular resistance index (SVRI): low (< 1,200 dyne
s/cm5/m2) and normal (1,200–2,500 dyne s/cm5/m2). The percentage errors were 44.9%
and 49.4%, respectively. The discrepancy of CO between COClearSight and COTD was not significantly correlated with SVRI (r = −0.06, P < 0.001). The polar plot analysis showed the
trending ability of the COClearSight after artificial valve deployment was 51.1% which below
the acceptable cut-off (92%).
Conclusions: The accuracy and the trending ability of the ClearSight CO measurements
were not acceptable in patients with severe AS. Therefore, the ClearSight system is not interchangeable with the PAC thermodilution for determining CO in this population.
Keywords: Aortic valve stenosis; Cardiac output; Pulse wave analysis; Thermodilution;
Transcatheter aortic valve replacement; Vascular resistance.
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For patients who are undergoing transcatheter aortic valve implantation (TAVI), obtaining cardiac output (CO) before and after artificial valve deployment is beneficial for
determining its therapeutic effect on aortic stenosis (AS) [1].
The development of a noninvasive CO measurement system using ClearSight™ (Edwards Lifesciences, USA) eliminates the need to insert an intra-arterial catheter. ClearSight is a noninvasive finger cuff pulse contour hemodynamic monitoring system proposed for clinical use in perioperative patients. It consists of a model-based method that
provides beat-to-beat measurements of CO by analyzing plethysmography from the arte151

Yahagi et al. · Non-invasive cardiac output measurement

rial pulse form. The main advantage of the finger cuff device is
that it is completely noninvasive [2–6]. Therefore, using ClearSight would reduce the number of catheter insertions during
TAVI and thus improve patient comfort. Continuous hemodynamic monitoring using the finger cuff should also be considered
in patients with contraindications to vascular access (e.g., arteriovenous fistula for hemodialysis) or in those who have scarring
due to multiple previous arterial punctures and thus more difficult vascular access. It can also be used during anesthesia induction as a bridge until the arterial catheter is inserted [7,8].
In previous studies, CO measurements using ClearSight were
found to be acceptably similar to those using pulmonary artery
catheter (PAC) thermodilution in patients with heart failure [2,3].
However, the accuracy and reliability of ClearSight in patients
with heart failure have not been evaluated in detail since previous
studies have excluded patients with severe valvular disease [3,7,8].
Concerns regarding the precision and accuracy of ClearSight CO
measurements in patients with severe AS have been raised and
therefore need to be investigated.
This study aimed to compare the CO obtained using ClearSight
with that obtained using PAC thermodilution as the reference
method in patients undergoing TAVI. We hypothesized that the
ClearSight noninvasive pulse contour CO measurements would
be an acceptable substitute for invasive CO measurements in patients with severe AS.

Materials and Methods
Patient population
This prospective study was approved by the Institutional Review
Board of the Hitachi General Hospital in Japan (Registration No.
2020-48). It was conducted in accordance with the ethical principles
for medical research involving human subjects based on the Helsinki Declaration of 2013. Written informed consent was obtained
from all patients. Between September 2020 and June 2021, 30 patients undergoing elective TAVI using a PAC (Swan-Ganz Pacing-TD catheter, 7.5 Fr; Edwards Lifesciences, USA) were included.
We excluded patients undergoing emergency surgery ( < 24 h),
those with an intracardiac shunt, and those with conditions requiring mechanical circulatory support. Patients who required temporary pacing until the end of surgery due to complete atrioventricular block resulting from valve implantation were excluded.

Intraoperative management

nous propofol (1–2 mg/kg) and fentanyl (1.0–1.5 μg/kg). Endotracheal intubation was performed after rocuronium administration (0.6–1.0 mg/kg). For each enrolled patient, a 32-mm 22 G
tipped catheter (Terumo Corporation, Japan) was inserted into
the left or right radial artery. The ClearSight device with a wrist
unit connected to a finger cuff was attached to the arm of the patient on the same side as the catheter and connected to the
EV1000 Clinical Platform™ (Edwards Lifesciences, USA). A triple
lumen 16-cm 8.5 Fr central venous catheter (Arrow International
Inc., USA) and PAC were inserted into the right internal jugular
vein, which was connected to the Monitor KitTM (Edwards Lifesciences, USA). All pressure transducers were placed on the
mid-axillary line, fixed to the operation table, and zeroed to atmospheric pressure and were connected to the Life Scope G7TM (Nihon Kohden, Japan). The signal quality of the intra-arterial pressure and ClearSight arterial waveform was checked by visually inspecting the waveform. Correct positioning of the tip of the PAC
in the peripheral pulmonary artery at west zone 3 was assessed
using transesophageal echocardiography. Anesthesia was maintained with a continuous infusion of propofol (3–5 mg/kg/h) and
remifentanil (0.2–0.3 μg/kg/min), and mechanical ventilation was
used to maintain end-tidal carbon dioxide at 35 to 40 mmHg.
Phenylephrine was administered to avoid a 20% decrease in initial
mean blood pressure. The inotropic infusion that was initiated
before induction was continued. There were no restrictions regarding the start or use of other inotropes during the procedure.
The positive end-expiratory pressure was set between 3 and 5 cmH2O by the attending physician.

Study protocol
For each patient, four consecutive sets of CO measurements
were recorded during the operation using the ClearSight device
(COClearSight) and the PAC thermodilution (COTD). For the first (T1)
and second (T2) time points, one measurement using each method was recorded after the PAC was inserted and before the TAVI
under stable hemodynamic conditions, defined as blood pressure
and heart rate changes within ± 10% 1 min before the measurements. At the third (T3) and fourth (T4) time points, measurements were obtained with each device after artificial valve deployment under stable hemodynamic conditions, defined as
blood pressure and heart rate changes within ± 10% 1 min before measurements. Other hemodynamic parameters (i.e., heart
rate, mean arterial pressure, and central venous pressure) were
also measured at each time point.

Induction of general anesthesia was performed using intrave152
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Determining COTD
We used thermodilution with ice-cold saline (10 ml bolus injection) to obtain the reference CO measurements. Saline injections were initiated at the end of exhalation. For all patients, six
consecutive CO measurements were taken, and the mean of the
six measurements was recorded as the COTD at that time point.

Determination of COClearSight
The methodology of the ClearSight system for CO monitoring
is based on the finger arterial pressure measured using an appropriately-sized finger cuff around the middle phalanx of the middle
or index finger, as described previously. Briefly, the finger blood
pressure was obtained by changing the cuff pressure using an algorithm called the “physiocal method” [3–5]. Next, the finger arterial pressure waveform was reconstructed into a brachial arterial
pressure waveform. Finally, using the area under the systolic portion of the ClearSight blood pressure curve, the CO was estimated
from the stroke volume based on the pulse contour method (i.e.,
based on the cardiac afterload individualized from the Windkessel model) [9]. This model includes age, sex, height, and weight.
The COClearSight corresponding to the measured COTD was defined
as follows: the average of the two CO values displayed on the
EV1000 monitor at the beginning and end of the ice-cold saline
injection.

Statistical analysis
Data are presented as the mean ± standard deviation or number. The patients’ hemodynamic data were compared at each time
point with the previous measurement using the paired t-test and
Wilcoxon signed-rank test. The Shapiro-Wilk test was used to analyze the normality of the data. Statistical significance was set at P
< 0.05, and all P values were two-tailed. Repeated measures analysis of variance (ANOVA) was used to compare hemodynamic
values at the four time points.
Based on a previous report conducted in cardiac surgery and because patients with AS often have low CO, we considered that a
mean difference of 0.2 L/min in invasive CO and pulse contour CO
would be acceptable. The power analysis showed that 99 comparative data points of mean arterial pressure (MAP) (25 patients) were
necessary to detect a difference between sample means of 0.2 L/min
(5% type I error rate, 10% type II error rate, expected standard deviation [SD] at 0.5 L/min for both methods). We postulated that the
overall success rate of finger cuff CO monitoring would be nearly
80%. Therefore, we decided to include 30 patients in this study
https://doi.org/10.4097/kja.21324

[10–13].
We used the Bland-Altman analysis with multiple observations
per individual to compare the bias, precision (SD of bias), and
limits of agreement (LOA) of each CO technique (COClearSight versus COTD) [14–16]. The percentage error (defined as two SDs of
the bias divided by the mean of the reference measurements) was
calculated to determine the acceptable LOA between each CO
measurement technique. Based on previously published results,
we determined the percentage error to be < 30%, and the test
method was considered interchangeable with the reference measurement method [17–19].
A four-quadrant plot analysis was performed to assess the concordance rate, which was defined as acceptable at > 92% [17–19].
The concordance rate was defined as the percentage of data points
lying in the upper right or lower left quadrant after excluding the
exclusion zone, which was defined as 5%, as described previously
[17,18]. This analysis was performed before and after the TAVI
(between T1, T2 and T3, T4). In addition, a polar plot analysis
was performed to assess whether the COClearSight was calibrated in
relation to the COTD. The polar plot analysis revealed agreement
between the two methods based on the angle from the line of
identity (y = x) and the magnitude of change of the vector length.
Agreement was assessed using the following variables: mean angular bias (the mean angle from the axis), radial LOA (radial sector containing 95% of all the data points), and angular concordance rate (the percentage of data within a ± 30° radial zone).
The trending ability was defined as excellent based on the following criteria: mean angular bias < ± 5°, angular concordance rate
> 95%, and radial LOA < ± 30°, as described previously [17,18].
In addition, the effect of the systemic vascular resistance index
(SVRI) on the discrepancy between the CO measurements (COTD
and COClearSight) was investigated using Pearson’s coefficient. The
SVRI was calculated from the CO obtained using the PAC thermodilution method. The formula is as follows: SVRI = (MAP –
central venous pressure)/CITD × 79.92 (dyne s/cm5/m2), where
CITD = COTD/body surface area (L/min/m2).
Statistical analyses were performed using the EZR statistical
software (Saitama Medical Center, Jichi Medical University, Saitama, Japan; Available at http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html) [20].

Results
In total, 28 patients were enrolled, and 112 paired data points
were obtained for analysis. Two of the first 30 patients enrolled in
the study were excluded from the analysis because we were unable
to obtain a reliable photoplethysmographic signal due to an incor153
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rectly-sized finger cuff. None of the patients required additional
inotropic medications during the procedure. Table 1 presents information related to the patients’ baseline characteristics, history,
echocardiographic parameters, procedure data, and hemodynamic support received during the operation. Table 2 shows the hemodynamic data at each time point. The repeated measures
ANOVA for heart rate, MAP, and SVRI showed significant differences between the time points (F[3,108] = 4.91, P < 0.001;
F[3,108] = 9.37, P < 0.001; F[3,108] = 6.32, P < 0.001, respectively).
The Bland-Altman analysis was used to compare the MAP and
CO derived from the noninvasive ClearSight method and the invasive reference method for all measurements. The bias and LOA
between the MAPClearSight and the MAP were 0.4 ± 7.0 (95% CI
[−13.5, 14.3] and [−13.3, 14.1] mmHg, respectively). The percent-

Table 1. Patient Characteristics
Age range (yr)
Sex (M/F)
Height (cm)
Body weight (kg)
BSA (m2)
Cardiac rhythm (sinus/AF)
Hypertension (yes/no)
Diabetes (yes/no)
COPD (yes/no)
CKD (yes/no)
Anemia (yes/no)
Echo parameters
EF (%)
AR (mild/trivial/none)
Mean pressure gradient (mmHg)
Peak pressure gradient (mmHg)
Aortic valve area (cm2)
Procedural data
Procedure time (min)
Bleeding > 50 ml (yes/no)
Transfusion (yes/no)
PVL (mild/trivial/none)
Hemodynamic support
Patients receiving phenylephrine
Mean dose (µg/kg/min)
Patients receiving dobutamine
Mean dose (µg/kg/min)

All patients (n = 28)
75–91
14/14
152.7 ± 8.8
52.8 ± 10.6
1.48 ± 0.2
25/3
18/10
8/20
5/23
9/19
9/19
48.3 ± 6.9
7/13/8
48.8 ± 15.8
88.7 ± 26.8
0.7 ± 0.2
97 ± 20
3/25
2/26
1/20/7
28
0.4 ± 0.1
2
2.5 ± 0.5

Values are presented as mean ± SD or number. BSA: body surface
area, AF: atrial fibrillation, COPD: chronic obstructive pulmonary
disease, CKD: chronic kidney disease, EF: ejection fraction, AR: aortic
regurgitation, PVL: paravalvular leakage.
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age error was 16.2%. The bias and LOA between the COClearSight
and COTD were −0.58 ± 0.80 (95% CI [−2.17, 1.01] and [−2.14,
0.98] L/min, respectively) (Fig. 1A). The percentage error was
43.1%, indicating that the COClearSight had a wide LOA with the
COTD. Next, we performed a subanalysis of the measured CO sets
divided into two SVRI groups as follows: SVRI < 1,200 (dyne s/
cm5/m2) (59 sets; low group) and 1,200 (dyne s/cm5/m2) ≤ SVRI
< 2,500 (dyne s/cm5/m2) (51 sets; normal group). The bias and
LOA between the COClearSight and COTD were −0.70 ± 0.92 (95%
CI [−2.56, 1.17] and [−2.49, 1.12] L/min) in the low group and
−0.46 ± 0.80 (95% CI [−2.08, 1.16] and [−2.03 to 1.11] L/min) in
the normal group. The percentage errors in the low and normal
groups were 44.9% and 49.4%, respectively (Figs. 1B and 1C).
The discrepancy in CO (COTD and COClearSight) was not significantly correlated with the SVRI (r = –0.06, P < 0.001) (Fig. 2). A
weak positive correlation was noted between the COTD and the
percent difference (COTD – COClearSight) / COTD (r = 0.24, P <
0.001) (Fig. 3).
The concordance rate of the four-quadrant plot analysis showed
a poor trending ability for the COClearSight measurement (60.3% after artificial valve deployment) (Supplementary Digital Content
Fig. 1). Similarly, the polar plot analysis showed a poor trending
ability for the COClearSight after artificial valve deployment, with a
mean angular bias of 2.4°, a radial limit of agreement of 39.1°, and
an angular concordance rate of 51.1% (Fig. 4). The angular concordance rate was below the acceptable limit ( > 95%).

Discussion
The main finding of the present study was that the CO derived
from ClearSight is not as accurate as that measured by PAC thermodilution. Thus, ClearSight cannot provide a valuable alternative to invasive CO measurement techniques in patients with severe AS who require TAVI.
Some previous studies referring to the inaccuracy of ClearSight
CO measurements have reported that ClearSight had an accuracy
below the clinically acceptable level for low or high SVRI ( < 1,200
or > 3000 dyne s/cm5/m2) and a low CO [3,13]. The data obtained in this study were analyzed by dividing the dataset into two
groups according to the SVRI (low and normal groups), in accordance with previous studies. The percentage errors obtained for
both groups did not meet Crichery’s criteria. In addition, no correlation was found between the SVRI and the difference between
the COTD and COClearSight. Our results indicate that the accuracy of
the ClearSight CO measurements in patients with severe AS is
poor, even with a normal SVRI. Previous studies have shown that
the inaccuracy of COClearSight is caused by the bias between the achttps://doi.org/10.4097/kja.21324
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Table 2. Changes in Hemodynamic Data according to Time Course
HR (beats/min)
MAP (mmHg)
CVP (mmHg)
PAP mean (mmHg)
PCWP (mmHg)
SVTD (ml)
COTD (L/min)
COClearSight (L/min)
SVRITD (dyne s/cm5/m2)
PE (TD vs ClearSight) (%)

T1
56.2 ± 7.6
[41–71]
94.3 ± 13.4
[65–126]
5.6 ± 1.6
[3–9]
23.5 ± 3.9
[17–31]
13.7 ± 3.5
[8–25]
62 ± 12
[38–93]
3.5 ± 0.7
[2.5–4.8]
2.1 ± 0.8
[1.4–6.1]
1,471 ± 459
[835–2,628]
0.493

T2
55.8 ± 8.2
[39–75]
91.3 ± 13.5
[65–116]
5.5 ± 1.6
[4–9]
NA

T4
62.1 ± 8.9
[49–87]
78.4 ± 14.2
[60–114]
4.8 ± 2.3
[1–9]
NA

NA

T3
62.3 ± 9.0†
[49–87]
79.8 ± 13.5‡
[40–115]
4.6 ± 2.3*
[1–9]
19.8 ± 4.2‡
[12–29]
NA

66 ± 13
[42–92]
3.7 ± 0.7
[2.8–5.0]
2.5 ± 0.9
[1.6–4.3]
1,327 ± 404‡
[893–2,880]
0.571

61 ± 14
[30–101]
3.7 ± 0.8
[2.2–5.6]
2.8 ± 1.1
[1.7–4.8]
1,174 ± 426‡
[610–2,096]
0.49

64 ± 14
[30–94]
3.9 ± 0.8
[2.5–5.0]
2.7 ± 0.9
[1.9–4.4]
1,090 ± 414‡
[519–2,171]
0.328

NA

All (n = 112)
59.1 ± 8.9
[39–87]
85.9 ± 15.3
[40–126]
5.1 ± 2.1
[1–9]
21.6 ± 4.4
[12–31]
13.7 ± 3.5
[8–25]
63 ± 13
[30–101]
3.7 ± 0.7
[2.2–5.6]
3.1 ± 0.8
[1.4–6.1]
1,265 ± 451
[519–2,628]
0.431

RM-ANOVA
F = 4.91
P < 0.01
F = 9.37
P < 0.001
F = 1.90
P = 0.13
NA
NA
F = 0.84
P = 0.47
F = 2.11
P = 0.10
F = 1.11
P = 0.35
F = 6.32
P < 0.001
NA

Values are presented as mean ± SD, range or number. HR: heart rate, MAP: mean arterial pressure measured using radial artery catheter, CVP:
central venous pressure, PAP: pulmonary artery pressure, PCWP: pulmonary capillary wedge pressure, SVTD: stroke volume from pulmonary
artery catheter measurement, COTD: cardiac output measured by pulmonary artery catheter thermodilution, COClearSight: cardiac output measured
with ClearSight, SVRITD: systemic vascular resistance index calculated from pulmonary artery catheter thermodilution, PE: percentage error, PE
(TD vs ClearSight): percentage error between COTD and COClearSight, T1: immediately after pulmonary artery catheter insertion, T2: 5 min after T1,
T3: immediately after artificial valve implantation, T4: 5 min after T3, RM-ANOVA: repeated measures analysis of variance, NA: not available.
*P < 0.05, †P < 0.01, ‡P < 0.001 as compared with the previous measurement. F-values and P values are shown as a result of the comparison of
hemodynamic values at the four time points using repeated measures analysis of variance.

tual arterial blood pressure and ClearSight-measured arterial
blood pressure under abnormal SVRI conditions, which affects
the accuracy of CO measurements [13]. COClearSight was calculated
using the pulse contour method based on the assumption that the
systolic waveform area of the arterial line corresponds to the single-beat volume. If a variation in SVR occurs, the arterial pressure
waveform changes, and the calculated CO becomes inaccurate
[3,13,21].
In this study, the discrepancy between the COClearSight and the
COTD occurred because of factors unrelated to the SVRI. These
findings therefore differ from those of previous studies that have
claimed the SVRI to be the cause of discrepancies in COClearSight
measurements. The inaccurate COClearSight measurements in this
study occurred because the evaluated patients had AS heart failure with a relatively low ejection fraction and CO. The cutoff for
inaccurate COClearSight measurements has been reported in previous
studies to be a cardiac index < 2.5 (L/min/m2). In this study, 60
(53%) datasets had a cardiac index < 2.5, which may have contributed to the discrepancy between the CO measurement methhttps://doi.org/10.4097/kja.21324

ods [21,22]. We predicted that CO would increase after AS was
released during TAVI, and the accuracy of the ClearSight would
be within acceptable limits at T3 and T4. However, the CO measurements before and after valve deployment were not significantly different. This was because the rapid pacing caused a temporary
loss of cardiac contractility in this study, which was not restored
for several hours after valve implantation, not even after the decrease in body vascular resistance from T1 to T4, causing the CO
to be low for some time [23]. However, for all datasets, we found
only a weak positive correlation between the COTD and COTD –
COClearSight percent change, and the COClearSight was found to be inaccurate based on the COTD measurements. This is related to the
poor CO tracking ability of ClearSight. Previous studies have reported that ClearSight is generally good at tracking CO changes,
with levels of agreement between 84% and 100%, but that it loses
its tracking ability during rapid hemodynamic events, such as aortic clamping [21,23–26]. Those studies used pre-specified hemodynamic interventions such as phenylephrine administration or
fluid challenge to assess the trending ability of ClearSight against
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CO or when rapid hemodynamic changes occurred during surgery [2–6,27]. In this study, we did not provide instructions for
the administration of vasoactive drugs or inotropic agents but
observed the ability of ClearSight to follow trends before and after TAVI. The time points for comparison were every few tens of
seconds in previous studies, but every few tens of minutes in this
study, which was more gradual than in previous studies
[13,21,22]. However, in the present study, the rate of agreement
after prosthetic valve deployment according to the four-quadrant
plot analysis was 60.3%, which was much lower than the cutoff
value for acceptable trending ability (92%) [17]. The angular
concordance rate for the polar plot analysis was 51.1%, which
also indicated a low rate of agreement (Fig. 4). Thus, we can reasonably assume that the large bias between the COTD and COClearSight for all datasets in this study affected the ability of ClearSight
to follow CO trends.
This study had several limitations. First, we marked the timing
of the thermodilution intermittent CO measurements in the
ClearSight recording, as it proved difficult to obtain absolutely
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Fig. 1. (A) Bland-Altman plot (112 paired data points) between the
pulmonary artery catheter thermodilution cardiac output (CO) and
the noninvasive finger cuff pulse contour CO. The Bland-Altman plot
shows the mean bias (right line) and LOA (dashed lines). (B) BlandAltman plot (59 paired data points, SVRI < 1,200 dyne s/cm5/m2)
between pulmonary artery catheter thermodilution cardiac output
(CO) and noninvasive finger cuff pulse contour CO. The BlandAltman plot shows the mean bias (right line) and LOA (dashed
lines). (C) Bland-Altman plot (51 paired data points, 1,200 dyne
s/cm5/m2 ≤ SVRI < 2,500 dyne s/cm5/m2) between pulmonary artery
catheter thermodilution cardiac output (CO) and noninvasive finger
cuff pulse contour CO. The Bland-Altman plot shows the mean bias
(right line) and LOA (dashed lines). CO: cardiac output, SD: standard
deviation, CO ClearSight: cardiac output measured with ClearSight,
COTD: cardiac output measured with pulmonary artery catheter
thermodilution, SVRI: systemic vascular resistance index.

synchronized CO measurements. This was circumvented by averaging the ClearSight measurements before and after the cold
saline bolus. Second, all patients received continuous infusions
of phenylephrine for hemodynamic stability, which might have
affected the accuracy of the CO measurements using ClearSight. Some studies have reported that the use of vasoconstrictors affects the accuracy of ClearSight [3,13,21,26]. Third, some
of our patients had aortic regurgitation, which might have affected our results. Since the ClearSight pulse contour analysis
method used was based on the afterload determined from the
Windkessel model, it was designed based on an ideal condition
with no aortic regurgitation, which might have affected our results [3,9].
In conclusion, in this study, the present study revealed that COClearSight is not as accurate as transpulmonary thermodilution for
measuring CO. Therefore, ClearSight cannot be used in patients
with severe AS undergoing TAVI.
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Fig. 3. Correlation between COTD and percent difference ([COTD
− CO ClearSight] / COTD). CO ClearSight: cardiac output measured with
ClearSight, COTD: cardiac output measured with pulmonary artery
catheter thermodilution.

Fig. 2. Correlation between systemic vascular resistance index (SVRI)
and bias in cardiac output (CO). COClearSight: cardiac output measured
with ClearSight, COTD: cardiac output measured with pulmonary
artery catheter thermodilution, SVRI: systemic vascular resistance
index.
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Background: The depth of anesthesia is an essential factor in surgical prognosis. The neurotoxic effect of chemotherapeutic drugs affects the sensitivity to anesthetics. This study
was conducted to determine whether the effect-site concentration (Ce) of propofol for loss
of consciousness (LOC) differs in patients undergoing preoperative chemotherapy.
Methods: A total of 60 patients scheduled for surgery for colorectal cancer under general
anesthesia were included in this study. Patients who had received chemotherapy comprised the experimental (C) group, and those without a previous history of chemotherapy
comprised the control (N) group. Propofol was administered as an effect-site target-controlled infusion, and the Modified Observer’s Assessment of Alertness/Sedation (MOAA/
S) scores were evaluated. When the plasma concentration and Ce were similar, and if the
MOAA/S score did not change, the target Ce was increased by 0.2 μg/ml; otherwise, the
Ce was maintained for 2 min and then increased.
Results: The Ce values of propofol for loss of verbal contact (LVC) in groups C and N were
2.40 ± 0.39 and 2.29 ± 0.39 μg/ml (P = 0.286), respectively, and those for LOC in groups C
and N were 2.69 ± 0.43 and 2.50 ± 0.36 μg/ml (P = 0.069), respectively. No significant difference was observed in Ce values between the two groups.
Conclusions: Chemotherapy had no effect on the Ce of propofol for LVC and LOC in patients with colorectal cancer. We do not recommend reducing the dose of propofol for the
induction of LOC in patients with colorectal cancer undergoing chemotherapy.
Keywords: Adverse effects; Antineoplastic agent; Colorectal neoplasms; Neurotoxicity
syndromes; Propofol; Unconsciousness.
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Colorectal cancer is the third most diagnosed malignancy and the second leading
cause of cancer-related death in the world [1]. Advances in chemotherapy, surgery, and radiotherapy have improved the outcomes for patients with colorectal cancer [2]. Nevertheless, the toxicity of chemotherapeutic drugs to healthy tissues can cause a variety of side effects in various systems in the body, including the nervous, hepatorenal, and pulmonary
systems [3]. The systemic toxicity of chemotherapy has important implications for general
anesthesia. Studies have reported that chemotherapy induces neurotoxic effects on both
the central and peripheral nervous systems, including peripheral and autonomic neuropathy [3–5]. Moreover, there are studies related to changes in sensitivity to anesthetics due to
Online access in http://ekja.org
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the neurotoxicity of chemotherapeutic drugs [4]. Du et al. [6] reported that the minimum alveolar concentration (MAC) required
for 50% blockade of the adrenergic response (BAR) [MAC-BAR]
value of sevoflurane in patients with gastric cancer was 2.2% for
the chemotherapy group and 3.0% for the control group (P <
0.05). They concluded that chemotherapy reduced the MAC-BAR
value of sevoflurane by enhancing the inhibitory effect of sevoflurane on the stress response. Wu et al. [7] also reported that neoadjuvant chemotherapy can enhance the sensitivity of patients with
breast cancer to the anesthetic effect of propofol. The drug 5-fluorouracil (5-FU) is the most used chemotherapeutic agent for colorectal cancer, and additionally, leucovorin (LV), irinotecan, oxaliplatin, cetuximab, and capecitabine are frequently used [8,9].
5-FU has been described as being potentially neurotoxic in patients; however, these side effects are quite rare in clinical practice
[10]. Oxaliplatin, a platinum derivative currently used in combination with 5-FU to treat colorectal cancer, induces an acute neurotoxicity manifested as distal dysesthesias as well as chronic sensory
peripheral neuropathy [11]. The incidence of chemotherapy-related neurotoxicity in patients with colorectal cancer has been extensively investigated. For instance, Peng et al. [12], reported a neurotoxicity incidence of 69.7% in the case of the XELOX regimen
(oxaliplatin + capecitabine), and Petrioli et al. [13] reported that
the incidence of neurotoxicity was 84.3% in the case of the FOLFOX-6 regimen (5-FU + oxaliplatin + LV).
Propofol, which is currently the most widely used drug for the
induction of anesthesia may cause side effects such as hypotension and apnea when administered in excess [14,15]; hence, it is
preferable to administer an appropriate amount according to the
desired anesthetic depth based on the exact pharmacology. Moreover, as drugs with nonblood action sites such as propofol exhibit
a time delay phenomenon between blood concentration and drug
effect, it is important to estimate the effect-site concentration (Ce)
that can represent the effect of the drug based on an accurate
pharmacodynamic (PD) model.
The primary purpose of this study was to determine whether
the Ce of propofol for loss of consciousness (LOC) differs in patients who had previously undergone chemotherapy. The secondary purpose was to estimate the PD parameters, the Ce of propofol with a 50% probability of a given sedation level (Ce50), and the
Hill coefficient (γ) by PD modeling.

Materials and Methods
Study design
This observational cohort study was reviewed and approved by
https://doi.org/10.4097/kja.21327

the Institutional Review Board (IRB No. 2019-01-015) and a Clinical Research Information Service (CRIS No. KCT0003769). The
study was conducted in accordance with the Helsinki Declaration-2013. We explained the study method and obtained a written
informed consent from the hospitalized patients on the day before
surgery. We recruited patients scheduled to undergo surgery for
colorectal cancer or colostomy reconstruction under general anesthesia, considering the following inclusion criteria: age 18–29.9
kg/m2, and American Society of Anesthesiologists physical status
1–2. The exclusion criteria were as follows: a history of neurological or neuropsychiatric treatment, medication of sedatives, chronic alcoholics, difficulty in communicating, difficulty in maintaining airway during induction of anesthesia, and a history of chemotherapy of ≥ 13 months before surgery (Fig. 1). As a result of
the pilot study, the mean Ce values of propofol for LOC were 2.57
μg/ml in the experimental (C) group and 2.93 μg/ml in the control (N) group, with a common standard deviation (SD) of 0.35.
To calculate the number of samples, set G*Power (version 3.1.9.2,
Franz Faul, University Kiel, Germany) to ‘t-test, mean: difference
between two independent means (two groups), tails: two, effect
size: 1.02, power: 0.95, alpha: 0.05, allocation ratio: 1:1’ Based on
the calculation of the number of samples, there were 26 patients
in each group, and 30 patients in each group were enrolled in consideration of dropout during the study. The study methods for
groups C and N were similar. Upon entering the operating room,
vital signs (blood pressure, electrocardiography, heart rate, and
pulse oximetry) and Bispectral IndexTM (BIS; Covidien, USA)
were monitored. For airway management, 100% oxygen was supplied at 6 L/min using a facial mask with end-tidal CO2 (capnography) monitoring. For the induction of anesthesia, propofol was
administered as an effect-site target-controlled infusion (Effect-site TCI, Orchestra® Base Primea, Fresenius Kabi Company,
France) using the Schnider model [16], and the initial target of Ce
was 1.0 μg/ml. The Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) scores (Table 1) were evaluated every 30 s
Enrollment

Analysis

Experimental
group
: with history of chemotherapy
(C, n = 30)

23 males
7 females

Control group : without history of chemotherapy
(N, n = 30)

16 males
12 females

≤ 12 months

Operation

Time

Fig. 1. Description about the participants. The experimental (C)
group, who have received chemotherapy for colorectal cancer within
12 months of the date of surgery, the control (N) group, who have
never received chemotherapy; 30 patients were recruited in each
group.
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Table 1. Modified Observer’s Assessment of Alertness/Sedation (MOAA/
S) Scores
Score
5
4
3
2
1
0

Description
Responds readily to name spoken in normal tone
Lethargic response to name spoken in normal tone
Responds only after name is called loudly and/or repeatedly
Responds only after mild prodding or shaking
Responds only after painful trapezius squeeze
No response after painful trapezius squeeze

[17], and the BIS value at that time point was recorded. When the
plasma concentration (Cp) and Ce became similar, and if the
MOAA/S score did not change, the target of Ce was increased by
0.2 μg/ml, or if the MOAA/S score decreased, the target Ce was
not increased immediately but was maintained for 2 min and then
increased. This process was repeated until the MOAA/S score became zero.

Statistical analysis
An MOAA/S score of 2 or 3 is defined as ‘loss of verbal contact
(LVC),’ and an MOAA/S score of 0 or 1 is defined as ‘LOC.’ Statistical analyses were performed using the software MedCalc (version 18, MedCalc Software Bvba, Belgium) and GraphPad Prism
(version 9, GraphPad Software, USA). T-test was performed to
compare the mean values of two independent samples (e.g., experimental vs. control group, male vs. female), and one-way analysis of variance (ANOVA) was performed to test the difference
between the mean values of several subgroups of a variable (multiple testing). Data were expressed as mean ± SD or median ±
95% CI. P values of < 0.05 were considered to be statistically significant.

PD modeling
We performed PD modeling to determine the Ce of propofol
for each MOAA/S score using the nonlinear mixed-effects modeling software (NONMEM® 7.5, ICON Development Solution,
Ireland). The relationship between the probability of response
(MOAA/S score) and the Ce of propofol was analyzed using the
following sigmoid Emax model:
(1)
P (MOAA/S ≤ n) =        
where P (MOAA/S ≤ n) was the probability of the sedation
level that would be equal to or less than a given MOAA/S score
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(n), Ce50 (n) was the Ce of propofol with a 50% probability of
MOAA/S score (n), and γ (Hill coefficient) was the slope steepness of the Ce versus the response (MOAA/S score) curve. We defined the likelihood (L) of the observed response (R; 0 or 1) on
the MOAA/S score (n) using the following equation:
(2)
L = R × P (MOAA/S ≤ n) + (1 – R) × (1 – P (MOAA/S ≤ n))
The values of interindividual variability (η) of Ce50 (4), Ce50
(3), Ce50 (2), Ce50 (1), Ce50 (0), and γ were fixed at zero; this indicated that no interindividual random variability was assumed.
The model parameters were estimated using the option in NONMEM of ‘LIKEHOOD LAPLACE METHOD = conditional.’ A
nonparametric bootstrap procedure was performed for internal
validation of the model using Pirana Modeling Workbench 3.0
(Certara, USA), and the original data set was randomly sampled
to generate 1000 bootstrap replicates. The final model parameter
estimates were compared with the 2.5%–97.5% CIs of the model
parameters from the bootstrap.

Results
We enrolled 60 patients in this study, of whom 2 were excluded
due to a mistake in propofol dose adjustment during the study.
Hence, the data of 58 patients were analyzed. Group C consisted
of 23 male and 7 female, and group N consisted of 16 male and
12 female. The characteristics of the participants are summarized
in Table 2. In Group C, the 30 patients who received chemotherapy were divided into four subgroups according to the type of
chemotherapy drug as follows: 14 patients (11 male/3 female)
treated with xelobig (capecitabine), 3 patients (3 male) treated
with FOLFIRI (irinotecan + LV + 5-FU), 11 patients (8 male/3
female) treated with mFOLFOX (oxaliplatin + LV + 5-FU), and 2
patients (1 male/1 female) treated with oxaliplatin and capecitabine. The median duration of chemotherapy for patients in
Group C was 44.5 (range: 16–437) days, the median duration
from the last chemotherapy to surgery was 48.5 (range: 1–146)
days, and among them, 12 patients had a duration of < 30 days.
The changes in vital signs and BIS values are depicted in Figs. 2
and 3 shows the Ce of propofol for LVC, LOC, and each MOAA/
S score of groups C and N. The comparison of Ce and BIS values
at LVC and LOC between groups C and N is summarized in Table 3. No significant difference was observed in Ce and BIS values between the two groups. However, the Ce of propofol for
LOC showed a significant difference depending on gender (2.67
± 0.41 μg/ml for male, 2.45 ± 0.37 μg/ml for female, P = 0.04).
https://doi.org/10.4097/kja.21327
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Table 2. Characteristics of Participants

Sex (M/F)
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)
TNM stage
0
1
2
3
4

Experimental (C)
group (n = 30)
23/7
60.33 ± 8.47
165.33 ± 7.36
62.94 ± 8.89
22.99 ± 2.64

Control (N)
group (n = 28)
16/12
60.54 ± 7.60
161.50 ± 9.51
61.23 ± 9.02
23.46 ± 2.75

1
3
12
11
3

1
8
6
13
0

P value
0.005
0.924
0.091
0.471
0.513
-

200

150

150

100

DBP (mmHg)

SBP (mmHg)

Values are presented as number or mean ± SD. Experimental (C)
group: who received chemotherapy for the treatment of colorectal
cancer in the past 12 months, Control (N) group: who have never
received chemotherapy, BMI: body mass index, TNM stage: TNM
classification of malignant tumors, T describes the size of the tumor
and any spread of cancer into nearby tissue; N describes spread of
cancer to nearby lymph nodes; and M describes metastasis.

Time spent on LOC was 14.28 ± 2.57 min for male and 12.41 ±
2.49 min for female (P = 0.01). BIS values at LOC were 68.00 ±
7.53 for male and 71.84 ± 7.99 for female (P = 0.08). Supplementary Table 1 shows the comparison of Ce and BIS values at
LVC and LOC according to whether chemotherapy was administered in male and female. Supplementary Table 2 shows the differences in Ce and BIS values at LVC and LOC according to gender in groups C and N, respectively. Table 4 summarizes the PD
parameter estimates, along with the standard error of the nonparametric bootstrap replicate of the final PD model and the median parameter with the ranges of 2.5, 97.5% for each MOAA/S
score. The probability of reaching ‘MOAA/S ≤ n’ and ‘MOAA/S
= n’ as a function of predicted Ce for propofol based on the final
PD model is shown in Fig. 4. The predicted propofol concentrations producing a 50% probability of moderate sedation (defined
as ‘MOAA/S ≤ 3’) and deep sedation (defined as ‘MOAA/S ≤ 1’)
were 2.25 and 3.11 μg/ml in group C and 2.12 and 2.66 μg/ml in
group N, respectively.

100

50

0

50
5

4

3
2
MOAA/S

1

0

150

5

4

3
2
MOAA/S

1

0

5

4

3

1

0

100

80

100
BIS

HR (beats/min)

90

50

70
60
50
40

0
5

4

3

2
MOAA/S

1

0

30
2
MOAA/S

Fig. 2. Changes in vital signs and value of BIS during study period. Gray circle and red line: experimental (C) group (those who had received
chemotherapy), white circle and blue line: control (N) group (those who did not receive chemotherapy), middle bold line and error bar: median
and 95% CI. MOAA/S: Modified Observer’s Alertness/Sedation scale, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate,
BIS: bispectral index.
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3
Ce

Ce

4
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2

1

1
LVC

LOC

A

4

3

2
1
MOAA/S

0

B

Fig. 3. Comparison of the Ce of propofol for LVC, LOC and each MOAA/S score between the experimental (C) group and the control (N) group. (A)
Ce of propofol for LVC and LOC, gray circle and red line: experimental (C) group (those who had received chemotherapy), white circle and blue
line: control (N) group (those who did not receive chemotherapy), middle bold line and error bar: median and 95% CI, (B) Ce of propofol for each
MOAA/S score, red: group C, blue: group N. In this box-and-whisker plot, the center line of the box represents the median value, whiskers are
2.5–97.5 percentiles, plus sign (‘+’) represents the mean value. Ce: effect-site concentration of propofol, MOAA/S: Modified Observer’s Alertness/
Sedation scale, LVC: loss of verbal contact (when the MOAA/S score was 3 or 2), LOC: loss of consciousness (when the MOAA/S score was 1 or 0).

Table 3. Comparison of Ce and BIS Values at LVC and LOC according to Whether Chemotherapy Was Administered
LVC

LOC

Ce
Time taken (min)
BIS
Ce
Time taken (min)
BIS

Experimental (C) group (n = 30)
2.40 ± 0.39
9.91 ± 2.49
75.57 ± 8.00
2.69 ± 0.43
14.43 ± 2.91
66.93 ± 8.82

Control (N) group (n = 28)
2.29 ± 0.39
9.65 ± 2.05
77.39 ± 8.12
2.50 ± 0.36
12.86 ± 2.17
71.75 ± 5.77

P value
0.286
0.673
0.392
0.069
0.025
0.018

Values are presented as mean ± SD. LVC: loss of verbal contact (when the Modified Observer’s Alertness/Sedation [MOAA/S] score was 3 or 2),
LOC: loss of consciousness (when the MOAA/S score was 1 or 0), Ce: effect-site concentration of propofol, BIS: Bispectral Index, C group: who
had received chemotherapy for the treatment of colorectal cancer in the past 12 months, N group: who have never received chemotherapy, Time
taken: represents the time in minutes from start to LVC or LOC.

Table 4. PD Modeling Results of Experimental Group and Control Group
Parameters
Ce50 (4)
Ce50 (3)
Ce50 (2)
Ce50 (1)
Ce50 (0)
γ

Estimate (RSE)
85 (3.82)
2.25 (3.49)
2.62 (3.16)
3.11 (3.34)
3.97 (4.99)
7.08 (14.41)

Experimental (C) group
Median (2.5%, 97.5%) of bootstrap
1.85 (1.71, 1.97)
2.24 (2.08, 2.38)
2.63 (2.45, 2.77)
3.10 (2.89, 3.30)
3.94 (3.58, 4.39)
7.30 (5.50, 9.94)

Estimate (RSE)
1.8 (3.41)
2.12 (3.67)
2.38 (3.47)
2.66 (3.80)
3.74 (6.42)
7.68 (14.84)

Control (N) group
Median (2.5%, 97.5%) of bootstrap
1.82 (1.70, 1.94)
2.12 (1.97, 2.27)
2.39 (2.24, 2.56)
2.67 (2.48, 2.89)
3.69 (3.31, 4.15)
7.87 (5.96, 10)

Estimates of population PD parameters and median parameter values (2.5%, 97.5%) of the nonparametric bootstrap replicates of the final PD
model for each sedation level (MOAA/S score). No interindividual random variability was assumed. Nonparametric bootstrap analysis was
repeated 1000 times. Experimental (C) group: who had received chemotherapy for the treatment of colorectal cancer in the past 12 months,
Control (N) group: who have never received chemotherapy. PD: pharmacodynamic, MOAA/S: Modified Observer’s Alertness/Sedation scale,
MOAA/S ≤ n: MOAA/S score being equal to or less than a given level n, Ce50 (n): effect-site concentration of propofol associated with 50%
probability of MOAA/S (n), γ: the slope steepness for the relationship of the effect-site concentration vs. MOAA/S (n), RSE: relative standard error
= SE/mean × 100 (%).
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Fig. 4. Probability curve on reaching a given sedation level of the experimental (C) group and the control (N) group based on the final PD model.
(A) Probability of reaching each MOAA/S scale being equal to or less than a given level (MOAA/S ≤ n), (B) Probability of reaching each MOAA/
S scale being equal to a given level (MOAA/S = n), left: experimental (C) group (those who had received chemotherapy), right: control (N) group
(those who did not receive chemotherapy). PD: pharmacodynamic, MOAA/S: Modified Observer’s Alertness/Sedation scale.

Discussion
Due to an increase in the number of patients receiving preoperative chemotherapy, the number of patients with potentially dangerous and undesirable side effects when using intravenous anesthetics may also increase. Therefore, it is valuable and important
to consider the pharmacological interactions between chemotherapeutic drugs and anesthetics. Moreover, studies have demonstrated that the neurotoxicity of chemotherapeutic agents affects
sensitivity to anesthetics, reduces the MAC of inhaled anesthetics,
and reduces the Ce of propofol required for LOC. Several studies
have already been conducted to examine the correlation between
chemotherapy and anesthesia for breast cancer, hepatic cancer,
and gastric cancer [6,15,18]. However, the types of chemotherahttps://doi.org/10.4097/kja.21327

peutic agents used for treatment differ according to the type of
cancer [19]. Our results showed that chemotherapy had no effect
on the Ce of propofol for LOC in patients with colorectal cancer.
In contrast, previous studies on patients with breast cancer reported different results from those of our study. According to the
study of He et al. [18], the Ce of propofol at LOC in patients with
breast cancer who received chemotherapy with taxol and CAF
therapy (cyclophosphamide + adriamycine + 5-FU) was significantly lower than that in patients who did not receive chemotherapy. Wu et al. [7] also reported that patients with breast cancer who received neoadjuvant chemotherapy (docetaxel + epirubicin + cyclophosphamide) had a significantly shorter duration
of propofol infusion and a lower mean propofol dosage for LOC.
The differences in results between our study and other studies
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are believed to be due to the difference in the types of chemotherapy drugs. Our study patients had received chemotherapy
with xelobig (capecitabine), FOLFIRI (irinotecan + LV + 5-FU),
mFOLFOX (oxaliplatin + LV + 5-FU) or oxaliplatin + capecitabine.
We suspected that chemotherapy drugs could enhance the action of propofol by causing neurotoxicity. However, the present
study failed to validate our suspicion, and we found that chemotherapy drugs did not influence the PDs of propofol in these patients. Standard chemotherapy for breast cancer is administered
by injection every 3 weeks for 3–6 months. The most effective anticancer drugs for breast cancer are anthracyclines (doxorubicin)
and taxanes (docetaxel), which are among the drugs with relatively several neurotoxic side effects [20]. On the other hand, standard chemotherapy for colorectal cancer is to administer the
FOLFOX combination therapy by injection every 2 weeks for a
total of 12 times for about 6 months [21]. In general, surgery is
performed approximately 6–10 weeks after the completion of chemotherapy [21]. Differences in the therapeutic agents used for
chemotherapy for breast cancer and colorectal cancer and differences in the treatment duration may be the reasons for the difference in the results of propofol sensitivity between previous studies
and our study.
However, in our study, there were differences in the Ce of
propofol for LOC depending on gender. The Ce of propofol for
LOC was higher in male than in female (2.67 ± 0.41 μg/ml for
male and 2.45 ± 0.37 μg/ml for female, P = 0.04). Kodaka et al.
[22] compared the Ce of propofol at LOC in male and female and
found that it was significantly higher in male than in female (2.9
± 0.2 μg/ml for male and 2.7 ± 0.1 μg/ml for female). A difference existed in the susceptibility to propofol between male and female. As shown in Supplementary Table 1, the Ce of propofol at
LOC did not differ according to whether chemotherapy was administered in male and female. Moreover, according to Supplementary Table 2, there was no statistical difference in the Ce of
propofol at LOC according to gender in groups C and N. In a previous study, Adachi et al. [23] investigated the factors that affect
the Cp of propofol required for sleep induction among patient
characteristics. The Cp of propofol until LOC was found to be
significantly affected by cardiac output, age, and weight. They
found no significant difference in age, but the mean weight of
male was significantly higher than that of female. In our study, the
average height and weight of male were higher than those of female, but there was no difference in age and BMI.
Our study has some limitations. First, we did not directly measure the Cp of propofol in a laboratory, and it was only deduced
by the TCI machine system. The two values could have certain
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differences. Second, the chemotherapy regimens used in our
study were diverse, and the number of subjects for each chemotherapy regimen was not sufficiently large. Therefore, in further
studies, it is necessary to increase the number of patients for each
chemotherapy regimen and determine whether a difference exists
in the Ce of propofol for LOC according to the regimen. Third,
there was a difference between the sex ratios of group C (male:
female = 23:7) and group N (male:female = 16:12). Such difference in the sex ratio between these two groups may have affected
our study results.
In conclusion, under the conditions of this study, we found that
the Ce values of propofol for LOC were 2.69 ± 0.43 and 2.50 ±
0.36 μg/ml for patients undergoing elective colorectal surgery in
the presence and absence of chemotherapy, respectively. We do
not recommend reducing the dose of propofol for the induction
of LOC in patients with colorectal cancer undergoing chemotherapy. Moreover, we found that the Ce of propofol for LOC showed
a significant difference between male and female (2.67 ± 0.41 for
male and 2.45 ± 0.37 μg/ml for female, P = 0.04). We do recommend reducing the dose of propofol for the induction of LOC in
female patients with colorectal cancer.
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Background: The American Society of Anesthesiologists (ASA) score is generated based
on patients’ clinical status. Accurate ASA classification is essential for the communication
of perioperative risks and resource planning. Literature suggests that ASA classification
can be automated for consistency and time-efficiency. To develop a rule-based algorithm
for automated ASA classification, this study seeks to establish consensus in ASA classification for clinical conditions encountered at a tertiary women’s hospital.
Methods: Thirty-seven anesthesia providers rated their agreement on a 4-point Likert
scale to ASA scores assigned to items via the Delphi technique. After Round 1, the group’s
collective responses and individual item scores were shared with participants to improve
their responses for Round 2. For each item, the percentage agreement (‘agree’ and ‘strongly
agree’ responses combined), median (interquartile range/IQR), and SD were calculated.
Consensus for each item was defined as a percentage agreement ≥ 70%, IQR ≤ 1.0, and SD
< 1.0.
Results: All participants completed the study and none had missing data. The number of
items that reached consensus increased from 25 (51.0%) to 37 (75.5%) in the second Delphi round, particularly for items assigned ASA scores of III and IV. Nine items, which pertained to alcohol intake, asthma, thyroid disease, limited exercise tolerance, and stable angina, did not reach consensus even after two Delphi rounds.
Conclusions: Delphi consensus was attained for 37 of the 49 study items (75.5%), facilitating their incorporation into a rule-based clinical support system designed to automate the
prediction of ASA classification.
Keywords: Algorithm; Classification; Clinical decision-making; Consensus; Preoperative
care; Risk assessment.
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Introduction
Pre-anesthesia assessment is the process of clinical evaluation that precedes the delivery of anesthesia for surgical and non-surgical procedures [1]. Upon completing this assessment, it is standard practice to assign an American Society of Anesthesiologists (ASA)
score based on the patient’s clinical status [2]. The ASA classification system is most widely
used in the pre-anesthesia assessment for surgical patients and aids in resource planning
Online access in http://ekja.org
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[3], reimbursement of anesthesia services [4] and prediction of
complications [5].
Despite its widespread use, studies suggest poor inter-rater
agreement on ASA classifications [6–10]. Interpretations of ASA
definitions may be influenced by the patient case-mix [11,12],
rater expertise [9,11], and healthcare funding model [6]. However, consistency in ASA classification is vital for accurate risk prediction and resource planning. With the establishment of outpatient pre-anesthesia evaluation clinics, discrepancies between the
ASA classification assigned by preprocedural and day-of-surgery
anesthesiologists could lead to day-of-surgery cancellations,
which are associated with decreased operating room efficiency,
low staff morale, increased patient anxiety, and increased costs
[13,14].
Traditional models of in-person pre-anesthesia assessments
have transitioned to digital formats, administered by health care
providers or self-administered by patients [15–23]. Electronic
pre-anesthesia assessment platforms often incorporate clinical
decision support systems (CDSS) that improve quality of care
through the standardization of practice [24,25]. We previously
reported the development and validation of a web-based Pre-AnaesThesia Computerized Health (PATCH) assessment application through a mixed-methods approach [22]. The PATCH application allows patients to self-administer a pre-anesthesia
health screening questionnaire on a mobile device at the time,
place, and pace most convenient to them. Patient responses gathered online generate a comprehensive health report that is as reliable and accurate as that of nurse-led assessment [23]. However,
in its current form, the application does not automatically generate the ASA score. Therefore, we aimed to build a CDSS for automated ASA classification for integration into the PATCH application.
As part of the ongoing research to develop a CDSS for automated ASA classification, the present study was undertaken with the
aim of establishing Delphi consensus in ASA classification for a
spectrum of clinical conditions encountered in our tertiary women’s hospital setting. As is typical of the Delphi technique, experts’
opinions were sought to determine the extent of agreement between them, and discrepancies were resolved through a series of
anonymized sequential rounds, interspersed with controlled feedback and an opportunity for respondents to modify their responses [26]. Items that attained consensus could then be incorporated
to build decision rules for the program algorithm to automate
ASA classification.

https://doi.org/10.4097/kja.21426

Materials and Methods
Study participants
Ethics approval of the study (2017/3002) was provided by the
SingHealth Centralized Institutional Review Board of the Singapore Health Services Private Limited. The study was conducted at
the Department of Women’s Anesthesia of the KK Women’s and
Children’s Hospital, Singapore from 2 January to 28 February
2021. The 830-bed hospital provides tertiary care for women and
children. Eligible experts contacted for the Delphi study were anesthesia providers of the department who staffed the outpatient
pre-anesthesia evaluation clinics and operating rooms and had a
minimum of two years’ experience providing supervised or independent anesthesia care. Purposive sampling was performed to
ensure that the participants met eligibility criteria.

Study design
To assess Delphi consensus, two rounds of structured questionnaires were administered. Questionnaire items were formulated
by three members of the study team (EL, BLS, and RD), each of
whom have more than 20 years of clinical experience. The items
covered patient conditions commonly encountered in our clinical
setting and included examples adapted from the ASA-approved
examples [2]. Conditions that are typically classified as ASA V
(e.g., moribund patient) and VI (e.g., brain death) were excluded
from the study, as they are not considered controversial in nature.
The first version of the questionnaire was evaluated for clarity and
relevance by two consultant anesthesiologists not affiliated with
the hospital. No changes were deemed necessary after their review.

Round 1
After providing written informed consent, participants accessed
a web-based questionnaire (https://form.gov.sg/5fb48cb93a3ec7001128173b) to rate their agreement (on a 4-point Likert scale)
to ASA scores assigned to 49 items in the ASA questionnaire
framework. The participants had the option to provide free-text
comments on individual items. The participants were also asked
to provide information on gender and clinical experience.
Participants were instructed to indicate their level of agreement
on a 4-point Likert scale (strongly disagree ‘1’, disagree ‘2’, agree ‘3’,
and strongly agree ‘4’) to ASA scores assigned to the 49 items. The
‘neutral’ option was removed to move the group towards consensus [27] and produce stable findings in the Delphi [28].
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Round 2

Statistical analysis

Four weeks after completion of the first Delphi round, participants received an individualized questionnaire in Excel format via
email denoting their individual scores, the group median, distribution of responses, and the free-text comments collected in
Round 1. Participants were then asked to reconsider their responses for Round 2, taking into consideration the group’s collective responses (i.e., median ASA score for each item) and comments obtained in Round 1. The method of providing feedback
along with the distribution of responses per item has been previously described in similar Delphi studies [29]. For Round 2, participants were allowed to review their ratings in order to potentially achieve a level of consensus for the group rating. Free-text
comments were not elicited for any of the items in Round 2. Fig. 1
summarizes the process of the Delphi technique used for this
study.
We had aimed to conduct two Delphi rounds, making an a priori decision to proceed with Round 3 if consensus was not
achieved by Round 2.

Data were analyzed using IBM SPSS Statistics for Windows
(IBM Corp., USA) at the conclusion of each round. Demographic
data and Likert item responses were analyzed using descriptive
statistics. The median (IQR) score was calculated for each item.
The categories ‘strongly agree’ and ‘agree’ were combined to compute the percentage agreement of each item. Variability in responses was measured using the SD, where a decrease in the SD
between rounds indicated increasing homogeneity of the response. Regardless of whether the level of consensus was obtained
in Round 1, all items were re-introduced in Round 2 of the Delphi
survey to give every item the same opportunity to gain the highest
rating and level of consensus.

Defining consensus
For the present study, consensus for each item was determined
by a combination of the percentage agreement, interquartile range
(IQR), and standard deviation (SD). Although using the percentage level setting based on the majority may be considered subjective [30], adding the IQR and SD increased the rigor regarding
consensus since they are a measure of the stability of responses
between rounds and level of convergence in the participants’ assessment [31,32].
To measure consensus in this study, the following criteria were
used in combination a priori:
1. Percentage agreement ≥ 70%, meaning ≥ 70% of participants must either agree or strongly agree (Likert scale ≥ 3)
with an item in Round 2 for it to be included in the ASA
score assignment framework. This level of agreement has
been described in previous studies using the Delphi technique [33].
2. IQR ≤ 1.0, meaning the IQR lies within one unit of the median on a 4-point Likert scale [31].
3. SD < 1.0, which indicates homogeneity in the participants’
responses [32].
Failure to achieve consensus in Round 2 on all three measures
resulted in the item being excluded.
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Research team meeting
Development of Questionnaire of Items
Three investigators collate items for ASA
classification
Pre-testing of Questionnaire
Two external anesthesiologists assess relevance,
clarity and relevance of questionnaire
Recruitment
Written informed consent from 37 eligible
participants
First Delphi Round
ASA rating of 49 items by 37 participants
Item Analysis

Research team meeting

Median, IQR, percentage agreement & SD
Second Delphi Round
Re-evaluation of 49 items after feedback
Research team meeting

Final Analysis
Response rate and Consensus measure
Consensus
37 items

No Consensus
12 items

Fig. 1. Flow diagram illustrating the Delphi method used. ASA:
American Society of Anesthesiologists, IQR: interquartile range, SD:
standard deviation.
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Results

items assigned ASA scores III and IV. Consensus was obtained for
77.3% of items assigned ASA III (Table 4) and 100% of items assigned ASA IV (Table 5). Three items (age > 75 years, dissemi-

All 37 eligible staff members of the anesthesia department (excluding the three study team members) consented to the study
and completed both Delphi rounds with no missing data (100%
response rate). Table 1 shows the demographic characteristics of
the 37 participants, comprising 15 consultant anesthesiologists,
two anesthesia nurse practitioners, 14 residents, and six resident
physicians. The majority (75.7%) of participants had ≥ five years
of experience in providing anesthesia care.
Tables 2–5 shows the Delphi consensus levels of items at the
end of two rounds. The number of items that reached consensus
increased from 25 (51.0%) in the first round to 37 (75.5%) in the
second round. The greatest increase in consensus occurred for the

Table 1. Demographic Characteristics of Respondents (n = 37)
Sex (M/F)
Job position
Consultants
Non-consultants
Years of experience
1 to < 5
≥5

Frequency
17/20

Percent
45.9/54.1

15
22

43.2
56.8

9
28

24.3
75.7

Table 2. Consensus Levels Achieved for Clinical Items Assigned an ASA I Score
Items
ASA I
Age > 75 yr
No or minimal alcohol use
BMI 28

PA*
59.5
100
83.8

Round 1
Median†
IQR
3
1.0
4
1.0
3
1.0

SD
0.90
0.48
0.79

PA*
54.1
94.6
70.3

Round 2
Median†
IQR
3
1.0
4
1.0
3
1.0

Outcome‡

SD
0.80
0.58
0.82

No
Yes
Yes

*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, IQR: interquartile range, PA:
percentage agreement, SD: standard deviation.
Table 3. Consensus Levels Achieved for Clinical Items Assigned an ASA II Score
Items
ASA II
Current smoker of 10 pack-years
Alcohol intake of 1–2 pints twice a week
Pregnancy with twins
Obesity with BMI 32
Chronic schizophrenia, on medications
Diabetes and HbA1c 6.5%
Hypertension and BP readings < 150/90 mmHg
Asthma with attacks once a month managed by home therapy
Anemia with Hb 10 g/dl
Aged > 75 yr
Exercise tolerance of 2 flights of stairs
Obstructive sleep apnea with STOP BANG score of 3
Active thyroid disease with abnormal levels of free thyroxine but
not in thyroid storm
Disseminated intravascular coagulation
Obstetric hemorrhage with Hb 6 g/dl

PA*
86.5
56.8
81.1
81.1
89.2
97.3
89.2
75.7
97.3
59.5
45.9
78.4
45.9
2.7
16.2

Round 1
Median† IQR
3
1.0
3
1.0
3
1.0
3
1.0
3
1.0
3
1.0
3
1.0
3
1.5
3
1.0
3
1.0
3
2.0
3
0
2
1.0
1
1

1.0
1.0

SD
0.69
0.79
0.76
0.71
0.65
0.56
0.71
0.87
0.51
0.66
1.11
0.66
0.87

PA*
81.1
62.2
86.5
78.4
89.2
94.6
94.6
73.0
91.9
75.7
21.6
81.1
27

0.51
0.55

2.7
2.7

Round 2
Median† IQR
3
1.0
3
1.0
3
0
3
0
3
1.0
3
1.0
3
1.0
3
1.5
3
0.5
3
0.5
2
0
3
0
2
1.0
1
1

0.5
1.0

SD
0.70
0.62
0.60
0.71
0.67
0.57
0.57
0.83
0.55
0.55
0.60
0.48
0.57
0.51
0.55

Outcome‡
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No

*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, BP: blood pressure, IQR:
interquartile range, PA: percentage agreement, SD: standard deviation.
https://doi.org/10.4097/kja.21426
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Table 4. Consensus Levels Achieved for Clinical Items Assigned an ASA III Score
Items
ASA III
Poorly controlled diabetes with HbA1c 10%
Hypertension and BP readings 160/105 mmHg
Chronic obstructive lung disease with daily exacerbations
BMI 42
BMI 38
Active hepatitis by clinical presentation and diagnostic results
Effort tolerance of one flight of stairs
Atrial fibrillation, rate 150 bpm
Myocardial ejection fraction 40%
End stage renal disease undergoing regularly scheduled peritoneal dialysis
End stage renal disease undergoing regularly scheduled hemodialysis
Myocardial infarct 6 months ago
Cerebrovascular accident or transient ischemic attack 4 months
ago
Coronary stenting 6 months ago
Implanted pacemaker
Chest pain exacerbated by exertion and resolved with rest
Mitral stenosis with valve area 1.5 cm2
Obstructive sleep apnea with STOP BANG score 5–6
Active thyroid disease with abnormal levels of free thyroxine and
in thyroid storm
Disseminated intravascular coagulation
Obstetric hemorrhage with Hb 6 g/dl
Alcohol intake of > 1–2 pints twice a week (1 pint = 500 ml)

PA*
91.9
91.9
62.2
89.2
59.5
70.3
64.9
64.9
83.8
56.5

Round 1
Median† IQR
3
1.0
3
1.0
3
2.0
4
1.0
3
1.5
3
2.0
3
1.0
3
2.0
3
1.0
3
1.0

SD
0.72
0.72
1.1
0.77
0.85
0.8
0.69
1.04
0.71
0.86

PA*
97.3
100
78.4
94.6
75.7
81.1
78.4
75.7
97.3
94.6

Round 2
Median† IQR
3
1.0
3
1.0
3
1.0
4
1.0
3
0.5
3
0
3
0
3
0.5
3
0
3
0

SD
0.61
0.45
0.88
0.58
0.72
0.65
0.42
0.85
0.46
0.59

Outcome‡
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

86.5

3

1.0

0.88

94.6

3

0

0.57

Yes

83.8
78.4

3
3

1.0
1.0

0.69
0.8

91.9
86.5

3
3

0
0.5

0.52
0.68

Yes
Yes

86.5
83.8
51.4
73
83.8
27.0

3
3
3
3
3
2

1.0
1.0
1.5
1.0
1.0
2.0

0.63
0.79
0.83
0.66
0.76
1.04

94.6
97.3
51.4
81.1
86.5
24.3

3
3
3
3
3
2

0
0
1.0
0
0
1.5

0.46
0.44
0.68
0.58
0.65
0.97

Yes
Yes
No
Yes
Yes
No

40.5
35.1
32.4

2
2
2

2.0
1.0
1.0

1.07
0.96
0.62

27.0
29.7
24.3

2
2
2

1.5
1.0
0.5

1.00
0.88
0.64

No
No
No

*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, BP: blood pressure, IQR:
interquartile range, PA: percentage agreement, SD: standard deviation.
Table 5. Consensus Levels Achieved for Clinical Items Assigned an ASA IV Score
Items
ASA IV
Atrial fibrillation, rate 180 bpm
Myocardial infarct 2 months ago
Cerebrovascular accident or transient ischemic attack
3 months ago
Coronary stenting 2 months ago
Effort tolerance ≤ 1 flight of stairs
Mitral stenosis with valve area 0.8 cm2
Myocardial ejection fraction 20%
Disseminated intravascular coagulation
Obstetric hemorrhage with Hb 6 g/dl

PA*
100
75.7
64.9
67.6
59.5
81.1
83.8
94.6
73.0

Round 1
Median† IQR
4
1.0
3
1.5
3
2.0
3
3
3
4
4
3

2.0
1.0
1.0
1.0
1.0
2.0

SD
0.48
0.83
0.91

PA*
100
89.2
83.8

0.88
0.82
0.79
0.76
0.61
0.89

81.1
70.3
89.2
91.9
100
84.8

Round 2
Median† IQR
4
0
4
1.0
3
1.0
3
3
3
3
4
3

0
1.0
0
1.0
1.0
1.0

SD
0.40
0.65
0.66
0.65
0.65
0.57
0.63
0.45
0.99

Outcome‡
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, IQR: interquartile range, PA:
percentage agreement, SD: standard deviation.
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nated intravascular coagulation, and obstetric hemorrhage with
Hb < 6 g/dl) did not achieve consensus in one assigned class but
achieved consensus when assigned another ASA class.
After two Delphi rounds, consensus was not achieved for nine
items, which pertained to alcohol intake of 1–2 pints twice a week,
asthma with monthly attacks managed on home therapy, thyroid
disease, exercise tolerance of one flight of stairs, and stable angina.
As consensus was attained for at least 75% of the items after round
two, it was deemed unnecessary to proceed with another consensus round and the study was concluded.

Discussion
Delphi consensus was attained for 37 of the 49 clinical items
(75.5%), facilitating their inclusion in a rule-based clinical support
system designed to automate the prediction of the ASA classification. We postulate that the moderate level of consensus obtained
could reflect the similarity in training background among anesthesia providers at our setting of predominantly obstetric and gynecological cases. The literature also suggests an increased inter-rater agreement in ASA classification when raters share common training backgrounds and experience [11].
However, three clinical items (age > 75 years, disseminated intravascular coagulation [DIC], and obstetric hemorrhage with Hb
< 6 g/dl) did not achieve consensus in one allocated ASA class
but did in another class.

Aged > 75 years
Age alone is not a criterion for ASA classification, although
chronic diseases are more prevalent with advanced age. Advanced
age is also a risk factor for increased morbidity and mortality.
Technically, ASA classification should be based on the assessment
of underlying organ function resulting from deterioration associated with age or disease and not simply by an age cut-off. However, anesthesiologists have been known to apply an ASA score of II
to otherwise healthy patients based on an arbitrary age criterion
that ranges from 60 to 75 years [34], which was confirmed by participants in this study.

Disseminated intravascular coagulation
DIC is a condition characterized by macro- and microvascular
thrombosis and progressive consumption coagulopathy. In pregnancy, it can be triggered by placental abruption, placenta previa,
amniotic fluid embolism, intrauterine death, eclampsia, and the
hemolysis, elevated liver enzymes, low platelet count syndrome.
https://doi.org/10.4097/kja.21426

The mortality rate for DIC is reported to be 20% to 50% [35].
Hence, it is not surprising that the consensus rating of ASA IV
was attained for DIC in this study.

Obstetric hemorrhage with Hb < 6 g/dl
Obstetric hemorrhage is a leading cause of maternal mortality,
accounting for 27% of all maternal deaths [36]. As our institution
is an obstetric tertiary referral center, anesthesia providers have
had first-hand experience managing life-threatening obstetric
hemorrhages, including placenta accreta spectrum disorders [37].
We postulate that clinical experiences had likely influenced the
group consensus of an ASA score of IV for acute obstetric hemorrhage complicated by severe anemia.
After both Delphi rounds, the nine items that did not achieve
consensus in ASA rating were alcohol consumption of 1–2 pints
twice a week, asthma with monthly attacks managed by home
therapy, thyroid disease with and without thyroid storm, exercise
tolerance of one flight of stairs, and stable angina.

Alcohol intake
Participants could not reach a consensus on whether to assign
an ASA score of II or III for alcoholic consumption of 1–2 pints
twice a week. Based on the latest ASA guidelines, ‘minimal alcohol intake’ is an example of ASA I while ‘social drinking’ is considered ASA II [2]. The ASA definitions do not define differential
volumes and alcohol concentrations. However, the U.S. Department of Agriculture defines social drinking as limited to ≤ 2
drinks a day in men and ≤ 1 drink a day in women [38]. Accordingly, the intake of 1–2 pints of alcohol twice a week would be
considered minimal and should warrant an ASA I classification.
Our results suggest that participants were likely to be up-to-date
with current guidelines on alcohol consumption and of the opinion that the consumption of 1–2 pints twice a week warranted an
ASA I classification.

Asthma
No consensus was achieved regarding an ASA II classification
for a patient with asthma with monthly attacks that could be controlled by home therapy. The ASA definitions have previously
been criticized for their subjective nature [6–9], and this is a case
in point. ‘Asthma with exacerbation’ is an approved example for
ASA III; however, it is vague and does not quantify frequency and
severity, thus making it difficult to differentiate between ASA II
and III. Therefore, participants likely had mixed opinions on
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whether to assign an ASA II or III classification, thus accounting
for the results obtained.

Thyroid disease
The ASA classification does not provide approved examples of
thyroid disease [2]. The item description, which states ‘active thyroid disease with abnormal levels of thyroid hormone,’ is vague
and does not provide details regarding the symptomatology or serum thyroid hormone levels. Without the benefit of clinical examination and laboratory thyroid measurements, we postulate that
the majority of participants chose to adopt a more conservative
approach in assigning
ASA III to cases of active thyroid disease in the absence of thyroid storm. This failure to achieve consensus among participants
could be explained by the fact that the presence of a thyroid
storm is associated with a mortality of 10% [39], and an ASA IV
classification would have been the appropriate option in that
case.

Exercise tolerance
Exercise tolerance is an important predictor of cardiovascular
complications after non-cardiac surgery [40]. In the preoperative
setting, exercise tolerance can be estimated from activities of daily
living using metabolic equivalents (METs), where 1 MET is the
resting oxygen consumption of a 40-year-old, 70 kg man [41,42].
Exercise tolerance for one flight of stairs or ≥ 4 METs [40] is usually used as a discriminator for further preoperative cardiac testing [41]. In the present study, participants agreed that an exercise
capacity of one flight of stairs constituted an ASA III classification
but could not agree that an exercise capacity of two flights of stairs
constituted an ASA II physical status classification.
Few authorities have argued that exercise tolerance may be better utilized as an indicator for further cardiac testing [43]. In one
study, exercise tolerance < 4 METs was used to further stratify a
broad category of ASA III vascular patients for more accurate risk
prediction [44].

Stable angina
Stable angina is characterized by chest pain that is precipitated
by exertion but relieved with rest or medication. In the ASA
guidelines and approved examples [2], myocardial infarction is
listed as an approved example, with onset ≤ 3 months as a discriminator between ASA III and ASA IV classifications. Besides
this temporal relationship, stable and unstable angina are not
174

provided as approved examples for ASA classification. Hence,
participants likely drew upon their own varied clinical experience for interpretation, resulting in the lack of consensus.
The findings of this study provide a preliminary platform to
establish decision ‘rules’ for the automated prediction of ASA
classification scores, with the benefit of improved productivity
and consistency in classification. A CDSS can either be knowledge-based and implemented as a conditional logic, or nonknowledge-based using artificial intelligence to derive patterns
from clinical data sets [45]. CDSSs aid clinical decision making
[46] and have been implemented for direct patient care [47] or to
improve protocol compliance and quality measures [48]. More
recently, CDSSs incorporating the automated prediction of a patient’s ASA classification have been reported [24,49]. In one
study, data from a web-based preoperative assessment system
were processed using decision logic to provide automated computation of ASA scores [24]. Except for 159 cases (or 1.1%), the
computed ASA scores showed close agreement with ASA scores
estimated clinically by a heterogeneous group of anesthesia providers. Machine learning approaches have also been developed to
predict ASA classification [49]; however, the quality of the algorithm’s output is highly dependent on the quality and size of the
data sets. A simple and basic CDSS based on the ‘IF THEN’ rule
could be designed using data from the present study. For example, a patient aged > 75 years would automatically be assigned an
ASA class of II based on the consensus attained, unless it is superseded by another condition that warrants a higher ASA classification score.
This study has a number of strengths and limitations. Although
the sample size was only 37, a 100% response rate was obtained
for both Delphi rounds. To ensure the robustness of the Delphi,
all items in Round 1 were maintained in Round 2 to give every
item an equal opportunity of attaining consensus in each round.
The re-circulation of items also made it possible to compare the
IQR, which indicated whether consensus was present throughout
or only developed between rounds. However, the study was conducted at a single institution with its unique case-mix; therefore,
external validity of the results is limited. The level of consensus
could also vary in another population of anesthesia providers or
even in the same population at another time. Additionally, controversial items could have been repeated under other ASA classes
to give participants the chance to achieve consensus in these ASA
classes. To develop an accurate and robust system for automated
ASA classification, consensus should ideally be achieved for all
items. This can be achieved by training participants in ASA classification. Future research should also evaluate consensus on a wider range of clinical conditions (including clinical and laboratory
https://doi.org/10.4097/kja.21426
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data) to improve the internal validity of the system. Consensus
could also be evaluated through clinical vignettes oriented to local
practice, as this has been shown to improve the internal consistency of ASA classifications [50].
In the present study, Delphi consensus in ASA classification
was attained for 37 of the 49 (75.5%) example cases commonly
encountered at our tertiary women’s hospital. This facilitated the
development of a rule-based CDSS for the automated prediction
of ASA classification in a pre-anesthesia health assessment application. Future research should seek consensus in ASA classification on a wider range of clinical conditions and vignettes to improve internal validity.
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Subanesthetic intravenous ketamine
vs. caudal bupivacaine for
postoperative analgesia in children
undergoing infra-umbilical surgeries:
a non-inferiority randomized, singleblind controlled trial
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Background: Subanesthetic intravenous (IV) ketamine acts as an analgesic and has opioid-sparing effects, particularly for acute postoperative pain; however, its effectiveness in
children is understudied. The primary aim of this study was to evaluate the non-inferiority
of subanesthetic IV ketamine vs. caudal bupivacaine for postoperative analgesia in children undergoing infra-umbilical surgery.
Methods: Children aged < 6 years were enrolled in this single-blind study and randomized
to receive either subanesthetic IV ketamine (0.3 mg/kg) or caudal 0.125% bupivacaine (1
ml/kg) along with general anesthesia. Postoperative pain was assessed using the FLACC
scale at 30 minutes and 1, 2, 3, and 6 h post-operation. Intra- and postoperative opioid
consumption, time to extubation, postoperative vomiting, agitation, sedation, and inflammatory markers were also assessed.
Results: Altogether, 141 children completed the study (ketamine group: n = 71, caudal
group: n = 70) The cumulative proportion of children without significant postoperative
pain (FLACC score < 4) in the first 6 h post-surgery was 45.1% in the ketamine group vs.
72.9% in the caudal group (P < 0.001). More children in the ketamine group required an
additional dose of intraoperative fentanyl (33.8% vs. 5.7%, P < 0.001) and postoperative
tramadol (54.9% vs. 27.1%, P < 0.001). However, postoperative agitation, sedation, and
other secondary outcomes were similar between the groups.
Conclusions: Subanesthetic ketamine is inferior to caudal bupivacaine for postoperative
analgesia in children aged < 6 years undergoing infra-umbilical surgeries; however, other
postoperative outcomes are similar.
Keywords: Caudal anesthesia; Interleukin-6; Ketamine; Pain measurement; Pediatrics;
Postoperative pain; Tumor Necrosis Factor-alpha.
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Introduction
Caudal epidurals are commonly performed for postoperative pain management in
children undergoing abdominal and lower limb surgeries [1,2]. However, apart from procedural failures, potential complications include inadvertent dural punctures, infections,
and local anesthetic systemic toxicity. Moreover, in children with coagulopathy, pilonidal
Online access in http://ekja.org
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cysts, spinal dysraphism, or local site infections, caudal epidurals
are contraindicated [2,3]. Caudal epidurals are also not recommended for some surgeries, such as hypospadias repair, since it
can cause penile vasodilation, which increases blood loss and may
result in fistula formation [4].
Various clinical studies support the use of subanesthetic intravenous (IV) ketamine as an analgesic, particularly for acute pain
in the perioperative setting [5]. Ketamine has been added to local
anesthetics in caudal epidurals to prolong postoperative analgesia
in pediatric patients; however, this does not eliminate procedural
risks, and concerns have also been raised that additives in the epidural or intrathecal space may cause neurotoxicity [5]. One previous study found that the efficacy of caudal bupivacaine and caudal
ketamine were comparable for postoperative analgesia in children
undergoing inguinal hernia surgery, with better postoperative recovery profiles in the caudal ketamine group [6]. However,
whether IV subanesthetic ketamine provides a level of postoperative analgesia that is similar to that of caudal bupivacaine in children is unknown.
Hence, we hypothesized that the analgesic effect of subanesthetic IV ketamine is non-inferior to that of caudal bupivacaine in
children undergoing infra-umbilical surgeries. If confirmed, the
results of this study would provide evidence for an easier method
of postoperative analgesia in children without the risk of complications associated with caudal epidurals. In addition, it may obviate the need for multimodal analgesia and polypharmacy, such as
non-opioid and opioid analgesics in children who are unable to
receive caudal epidurals [7]. The primary aim of this study was
thus to evaluate the efficacy of a subanesthetic dose of IV ketamine (0.3 mg/kg) vs. caudal 0.125% bupivacaine (1 ml/kg) for
postoperative analgesia in children. The secondary aims of this
study were to evaluate the differences in intra- and postoperative
opioid consumption and the safety of ketamine vs. caudal bupivacaine through assessing the time to extubation, postoperative
vomiting (POV), postoperative agitation, and sedation and comparing the baseline and postsurgical inflammatory markers between the two groups.

Materials and Methods
Study design
The study was a prospective, single-blind, non-inferiority, randomized controlled trial conducted in a tertiary care teaching
hospital for two years. Children who were aged < 6 years; with
American Society of Anesthesiologists physical status (ASA-PS)
classification I & II; and scheduled for elective infra-umbilical, inhttps://doi.org/10.4097/kja.21373

guinoscrotal, or lower limb surgery were enrolled. The exclusion
criteria were as follows: children with cardiovascular diseases,
clotting disorders, a known drug allergy to either ketamine or bupivacaine, those with contraindications to caudal anesthesia, and
those whose parents/guardians refused to provide consent.

Study approval and trial registration
The Institutional Ethics Committee approved the study (AIIMS,
Bhubaneswar, T/IM-F/17-18/16; Chairman: Dr. Suresh Chandra
Dash; date of approval 9th January 2018), and written informed
consent was obtained from each participant’s parent or guardian.
The study was registered prospectively in the Clinical Trials Registry of India (CTRI) (trial registration number: CTRI/2018/
02/011822; Principal Investigator: Dr. Alok Kumar Sahoo; study
start date 1st March 2018) and the procedures were conducted in
accordance with the Helsinki Declaration-2013.

Randomization and allocation concealment
The children were randomized into two groups (Caudal and
Ketamine) using computer-generated randomization codes. Allocation concealment was performed using opaque sealed envelopes, which were opened by the attending anesthesiologists once
the patients were received in the preoperative holding area on the
day of the surgery. Since a sham caudal group was not planned,
the anesthesiologists were not blinded to group allocation.

Anesthesia protocol
Monitoring, anesthesia, fluid, and temperature management
were standardized for both groups. Children with a previous IV
line were given inj. midazolam (0.1 mg/kg) IV 5 min before parental separation, and children without an IV line were given oral
midazolam (0.5 mg/kg) 30 min before parental separation.
Anesthesia was induced with inj. glycopyrrolate (10 μg/kg), fentanyl (2 μg/kg), and propofol (2 mg/kg), IV. Muscle relaxation was
achieved using inj. atracurium (0.5 mg/kg), IV. The airway was
secured using an appropriately-sized tracheal tube or supraglottic
airway device. Anesthesia was maintained using a mixture of oxygen in air and sevoflurane at 1 minimum alveolar concentration.
After induction, 2–3 ml of blood was collected to measure interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) levels (baseline) since both cytokines are markers of inflammation and are
associated with the pro-nociceptive activity.
Following the induction of anesthesia, children randomized to
the ketamine group received a sub-anesthetic dose of inj. ket179
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amine (0.3 mg/kg) IV, and those randomized to the caudal group
were administered a caudal epidural using the loss of resistance
technique containing 1 ml/kg of 0.125% bupivacaine to a maximum dose of 2 mg/kg. Inj. fentanyl (0.25 μg/kg) IV was supplemented if the heart rate and/or blood pressure responses increased > 20% from baseline. In addition, all children received 15
mg/kg of inj. acetaminophen IV at induction, which was scheduled every 8 h for the first 24 h post-operation.
After surgery, inj. glycopyrrolate (10 μg/kg) and neostigmine
(50 μg/kg) IV were administered to antagonize the neuromuscular blockade. The time to extubation after the neuromuscular
blockade antagonists were administered, and the incidence of
postoperative agitation (measured using the Watcha scale) in the
first 30 min after extubation were recorded. A Watcha scale score
≥ 2 was used to indicate the presence of emergence agitation [8].
A second blood sample was drawn 3 h post-surgery to determine
postoperative inflammatory marker levels.
In the postoperative anesthesia care unit (PACU), the pain was
assessed using the Face, Legs, Arm, Cry, Consolability (FLACC)
scale at 30 min and 1 and 2 h, and subsequently in the surgical
ward at 3 and 6 h post-operation [9]. The license to use the
FLACC scale was obtained from the University of Michigan Office of Technology (License Agreement #9709-umich). Children
with FLACC scores ≥ 4 at any point in the first 6 h post-operation were reported as having a positive pain response. Children
with a positive pain response received IV rescue analgesia with
inj. tramadol (1 mg/kg) IV.
The Ramsay sedation score (RSS) was used to assess sedation in
the PACU, with an RSS > 3 signifying excessive sedation. POV
was another adverse effect considered. All postoperative outcome
assessments were performed by trained nursing personnel who
were blinded to the groups. The study period lasted from induction of anesthesia to 6 h post-operation.

Primary aim and outcome parameters
The primary aim was to evaluate the non-inferiority of subanesthetic ketamine (0.3 mg/kg) vs. 0.125% caudal bupivacaine (1
ml/kg) for postoperative pain. The primary outcome was the cumulative proportion of children with a FLACC score ≥ 4 at 6 h
post-operation.

Secondary aims
The secondary aims were to evaluate the differences in intra-and postoperative opioid requirements and the safety of ketamine vs. caudal bupivacaine in children. The secondary out180

comes assessed were the time to extubation after neuromuscular
block antagonism, POV, postoperative agitation, sedation, and
baseline and postsurgical inflammation.

Statistical analysis
A sample size of 72 was required for each group to prove
non-inferiority with a margin of 5% (beyond which it is not considered clinically meaningful). The response rate in the caudal analgesia group (i.e., the proportion of children with a FLACC score
< 4 at 6 h post-operation) was set at 96% [10], and the response
rate in the IV ketamine group was set at 90%, since this would be
clinically significant for pain relief. The sample size was powered
at 80%, allowing for an alpha error of 0.05, and a drop-out rate of
10% was considered.
The Shapiro-Wilk test was used to assess the normality of the
data. The parametric data were analyzed using unpaired t-tests,
while the non-parametric data were analyzed using the MannWhitney U test. Categorical data were analyzed using the chisquare test. Regression techniques were used to determine the association between the variables. Statistical significance was set at
P < 0.05 (two-tailed). Data were analyzed using R software (version 3.5, R studio, Switzerland).

Results
A total of 159 children were considered over a 1.5 yr period,
141 of which completed the study. A total of 71 children were finally included in the ketamine group and 70 in the caudal group
(Fig. 1). We excluded two children from the caudal group due to a
change in the surgical plan and one from the ketamine group due
to inaccurate data collection.
Baseline characteristics, including age, sex, and weight, were
comparable between the groups (Table 1). Most of the surgeries
had a short duration, and the durations were similar between the
groups. The infra-umbilical surgeries conducted were as follows:
inguinal hernia repair, hypospadias and chordee correction, undescended testis correction, and various other surgeries (Table 1).

Primary outcome
The proportion of children with a FLACC scale score < 4 in
the first 6 h post-operation was 45.1% in the ketamine group and
72.9% in the caudal group (P < 0.001) (Fig. 2, Table 2). The mean
FLACC scale score in the caudal group was significantly lower at
30 min and at 1, 2, and 3 h post-operation (P < 0.001) (Fig. 3).
The lower limit of the confidence interval (–0.47) for the differhttps://doi.org/10.4097/kja.21373
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Enrollment

Assessed for eligibility (n = 159)
Excluded (n = 15)
• Not meeting inclusion criteria (n = 9)
• Declined to participate (n = 6)
Randomized (n = 144)

Allocation
Allocated to ketamine (n = 72)
• Received allocated intervention (n = 72)
• Did not receive allocated intervention (n = 0)

Allocated to caudal (n = 72)
• Received allocated intervention (n = 70)
• Did not receive allocated intervention (change in plan) (n = 2)
Follow-up

Lost to follow-up (n = 1)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Analysis

Analyzed (n = 71)
• Excluded from analysis (n = 0)

Analyzed (n = 70)
• Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram.
Table 1. Baseline Characteristics
Category
Age (months)
Weight (kg)
Sex (M/F)
Duration of surgery (min)
Type of surgery
Inguinal hernia repairs
Hypospadias & chordae correction
Undescended testis
Others

Caudal group (n = 70)
39.7 ± 22.4
13.4 ± 5.2
62/8
95.1 ± 48.8

Ketamine group (n = 71)
41.4 ± 22.8
14.2 ± 5.0
59/12
83.6 ± 50.5

19
17
10
24

25
14
11
21

P value
0.642
0.401
0.110

Values are presented as mean ± SD or number of patients.

Number of children (%)

80

■ FLACC < 4
■ FLACC ≥ 4

70
60
50

at various time points with the groups as covariant showed a significant difference in the response trends between the two groups
across all time points (P < 0.05).

40

Secondary outcomes

30
20
10
0
Caudal

Ketamine

Fig. 2. Cumulative Face, Legs, Activity, Cry, Consolability (FLACC)
scale scores between the groups for the first 6 h post-operation.

ence between the groups crossed the non-inferiority limit of
–0.05, suggesting that subanesthetic IV ketamine was inferior to
caudal analgesia. Mixed effect modeling of the FLACC responses
https://doi.org/10.4097/kja.21373

The proportion of children requring an additional dose of intraoperative fentanyl in the ketamine group was 33.8% compared
to 5.7% in the caudal group (P < 0.001). The mean dose of fentanyl was also significantly higher in the ketamine group (Table 2).
The standardized mean difference between the two groups for
fentanyl consumption was 0.56. The proportion of children requiring postoperative tramadol was also significantly higher in
the ketamine group in the first 6 h post-operation (54.9% vs.
27.1%, P < 0.001) (Table 2).
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Table 2. Primary and Secondary Outcome Parameters
Parameters
FLACC < 4 for first 6 h post-operation (cumulative)
Time to extubation (min)
Additional fentanyl requirement (intraoperative)
Additional fentanyl dose (intraoperative, μg/kg)
Additional tramadol requirement (postoperative)
Preoperation IL-6 (µg/ml)
Postoperation 3 h IL-6 (µg/ml)
Preoperation TNF-α (μg/ml)
Postoperation 3 h TNF-α (µg/ml)
RSS > 3
Emergence agitation

Caudal group (n = 70)
51 (72.9)
7.3 ± 3.5
4 (5.7)
1.0 ± 3.4
19 (27.1)
9.8 ± 14.8
32.1 ± 35.5
17.4 ± 12.2
25.4 ± 18.7
23 (32.8)
3 (4.3)

Ketamine group (n = 71)
32 (45.1)
7.2 ± 2.8
24 (33.8)
3.7 ± 5.8
39 (54.9)
9.6 ± 14.3
27.7 ± 31.4
15.8 ± 11.6
21.9 ± 16.1
16 (22.5)
7 (9.9)

95% CI
–1.2, 0.9
1.1, 4.3
–5.1, 4.7
–6.9, 15.7
–2.9, 6.03
–3.1, 10.04

P value
< 0.001
0.751
< 0.001
< 0.001
< 0.001
0.943
0.442
0.493
0.302
0.170
0.197

Values are presented as number of patients (%) or mean ± SD. FLACC: Face, Legs, Activity, Cry, Consolability scale, IL-6: interleukin-6, TNF-α:
tumor necrosis factor-α, RSS: Ramsay Sedation scale.

3.5

Mean FLACC score

3

*

■ Caudal ■ Ketamine
*P < 0.001

*

*

2.5
*

2
1.5
1
0.5
0

30 min

1h

2h

3h

6h

Time (h)

Fig. 3. Mean Face, Legs, Activity, Cry, Consolability (FLACC) scale
scores over time according to group.

The time to tracheal extubation was comparable between the
groups (Table 2). Postoperative agitation and sedation were also
similar between the groups (Table 2). Only four children, three in
the ketamine group and one in the caudal group, experienced
POV in this study. Serum TNF-α and IL-6 levels were lower in the
ketamine group than in the caudal group, although the difference
was not statistically significant at any of the time points (Table 2).

Discussion
The main finding of this study was that sub-anesthetic ketamine was inferior to caudal epidural analgesia with bupivacaine
for postoperative pain relief measured using the FLACC scale
score for the first 6 h post-operation in children undergoing infra-umbilical surgery under general anesthesia. The FLACC scale
182

score at 6 h post-operation was similar between the groups, possibly due to the caudal effect wearing off. However, the degree of
early postoperative inflammation and other secondary outcomes,
such as POV, sedation, and postoperative agitation, were similar
between the groups.
Ketamine causes spinal inhibition of nociceptive transmission
[11]. Subanesthetic ketamine has been widely used for postoperative pain relief, but controversy still exists regarding the optimal
dose, duration, and timing of administration [12,13]. Our results
are different from those reported by Naguib et al. [6] in their
study of 50 children in which they found comparable analgesic efficacy of low-dose caudal ketamine (0.5 mg/kg) with caudal 0.25%
bupivacaine (1 ml/kg). In their study, the analgesic efficacy of caudal ketamine was observed until 24 h post-operation. Significantly, a greater number of the children in the caudal ketamine group
were calm and cheerful postoperatively at 60 and 90 min compared to the caudal bupivacaine group. Differences between our
study results vs. those of Naguib et al. could have been due to the
route of administration and the dose of ketamine (0.3 mg/kg in
our study vs. 0.5 mg/kg in the study by Naguib et al. [6]). The lack
of difference in postoperative recovery profiles in our study could
be similarly explained by differences in the pharmacodynamics
between the two routes. Thus, the equivalence of the two routes
for ketamine likely does not exist.
Our study findings were similar to those of Dix et al. [14],
wherein 75 children were given an IV pre-incisional bolus (0.5
mg/kg) either alone or in combination with a postoperative infusion of ketamine (4 µg/kg/min) vs. saline placebo during appendicectomy. The authors did not find any improvement in pain
score (at rest or with movement) or a decrease in morphine consumption in the ketamine group. They concluded that ketamine
might not have the same opioid-sparing effect in children as in
https://doi.org/10.4097/kja.21373
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adults [14]. Another explanation for the lack of effect in our study
could be that the patients received pre-emptive ketamine. It has
been suggested that ketamine may block N-methyl-D-aspartate
receptors more effectively in adults if it has been previously
opened by an intense or noxious stimulus or the so-called foot-inthe-door blockade phenomenon [15]. A similar phenomenon
may occur in pediatric patients. Thus, the timing of administration, that is, pre-emptive vs. postsurgical, may lead to different responses.
IL-6 and TNF-α are major proinflammatory acute-phase proteins that are secreted in response to the tissue damage caused by
surgery. These cytokines are known to modulate inflammation
and nociception and possibly contribute to pain intensification.
Increased levels of these cytokines are associated with increased
inflammation and pain [16]. Previous studies have shown that
ketamine has an anti-inflammatory effect and reduces the levels
of proinflammatory cytokines TNF-α and IL-6 by immunomodulation [17–20]. This regulatory action was more pronounced
when ketamine was administered before the noxious stimulus. In
our study, the similar postsurgical cytokine levels between the
ketamine and caudal groups suggest that even though ketamine
was inferior to caudal bupivacaine for postoperative analgesia, the
anti-inflammatory response was similar. The 3-hour postoperative window for the sampling of postoperative inflammatory
markers used in this study is consistent with previous studies,
since TNF-α decays by the third hour after exposure to toxins/
surgery, while IL-6 levels are detected in the blood by the second
hour and peak at 12–24 hours post-surgery [21,22]. We are unable
to comment on the apparent dissociation of the inflammatory and
nociceptive action, but it is possible that the peak effect may have
been missed in the two groups due to differences in the time of
rising and peak between the markers.
The adverse effects were comparable between the groups, indicating that IV subanesthetic ketamine is safe. Ketamine can cause
excessive sedation and agitation; however, this effect is more pronounced at an anesthetic dose [23]. In our patients, we found
that extubation time, sedation, and postoperative agitation scores
were similar between the groups. Our findings are similar to
those of Sinha and Sood [24], who found that caudal ketamine
does not increase or cause agitation. Thus, sub-anesthetic ketamine appears to have a good safety profile in this patient population.
The main limitation of our study was the absence of a placebo
group; however, our aim was not to show the superiority of ketamine versus placebo for postoperative analgesia but rather to
show the non-inferiority of the intervention with caudal epidurals
to test our hypothesis. Second, we only followed the patients’
https://doi.org/10.4097/kja.21373

FLACC scale scores for the first 6 h post-operation, as the effects
of even “kiddie” caudals wear off in a sizeable proportion of children after this time [25]. The action of a bolus dose of subanesthetic ketamine is unlikely to have a long duration, which is also a
potential limitation of this study. However, in children, there is
very limited evidence regarding the postsurgical administration of
subanesthetic ketamine, and thus, we are unable to comment on
whether the timing of ketamine administration would be more
appropriate after surgery in this patient population. Another limitation was that some of the outcomes, such as intraoperative opioids and time to extubation, were not blinded.
In conclusion, a subanesthetic dose of IV ketamine is inferior
to caudal analgesia with bupivacaine in children aged < 6 years
undergoing infra-umbilical surgeries. Unless there is a specific
contraindication, children in this age group should continue to
receive caudal epidurals for postoperative analgesia for these surgeries. Further studies to evaluate the effect of ketamine infusions
or post-surgery subanesthetic administration should be considered.
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During major thoracic spinal surgery, available regional anesthetic techniques may impinge on the surgical site [1,2] and interfere with postoperative neurological evaluation
[1,2]. With this letter, we aim to propose the use of the continuous bilateral parascapular
sub-iliocostalis plane (PSIP) block, which has been recently evaluated for posterior rib
fractures [3], for thoracic spinal surgery given its safer profile [4]. The patient authorized
the publication of this letter with anonymized details. The study was conducted in accordance with the 2013 Helsinki Declaration.
A 25-year-old male with no past medical history presented with thoracic vertebral
fractures (spinous processes and laminae of T5 and T6) caused by a motorcycle crash. He
was 179 cm tall and weighed 73 kg. He underwent percutaneous transpedicular fixation
of the thoracic spine (from T4 to T7) (Fig. 1A) in the prone position under general anesthesia. The intraoperative period was uneventful. Since postoperative pain was anticipated, multimodal intravenous (IV) analgesia (paracetamol 1,000 mg, metamizole 1,000 mg,
parecoxib 40 mg, tramadol 150 mg, and morphine 6 mg) was administered 30–45 min
before emergence from anesthesia. Nevertheless, in the post-anesthesia care unit, his pain
was 9/10 on the numeric pain rating scale [NPRS] despite the administration of rescue
analgesia (total of 10 mg of IV morphine boluses). In this context, contralateral decubitus
PSIP blocks were performed. A high-frequency linear ultrasound probe (Acuson P300®;
Siemens®, Germany) was placed in a parasagittal plane orientation 2 cm from the medial
scapular border at the level of the edge of the scapular spine (fourth rib level) under sterile conditions. From the superficial to deep muscular layers, the trapezius, rhomboid major, iliocostalis, and intercostal muscles were visualized (Figs. 1B and 1C). A sonovisible
100 mm 18 G needle (SonoLong Echo NanoLine®; Pajunk®, Germany) was inserted in a
caudal-to-cranial orientation using the in-plane technique and advanced in the iliocostal-intercostal plane to the vicinity of the fourth rib. The needle location was confirmed
using a 2 ml saline solution, after which 25 ml of 0.375% ropivacaine (Kabi-Fresenius®,
Portugal) was administered. A catheter was then inserted 6 cm beyond the needle tip and
tunneled under the skin. Fifteen minutes after the local anesthetic (LA) was administered, the patient reported 2/10 pain on the NPRS. The techniques were performed laterally to the surgical dressing/drapes. The patient did not report any sensory or motor
changes after receiving the blocks. The analgesic protocol consisted of 0.2% ropivacaine
(20 ml boluses) administered through each PSIP catheter every 6 h, and IV paracetamol
(1 g every 8 h), IV metamizole (1 g every 12 h), IV parecoxib (40 mg every 12 h), and IV
tramadol (100 mg every 8 h), with IV morphine (3 mg every 6 h) prescribed for rescue
analgesia. The patient was discharged to the intermediate care unit in the same day,
where significant pain control was maintained (NPRS 1–2/10 at rest and 1–3/10 during
movement) and no rescue analgesia was necessary. The patient did not report any ther185
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Fig. 1. Presentation of patient’s post-operative X-ray and description of the parascapular sub-iliocostalis plane (PSIP) block (ultrasound image
and schematic representation). (A) Postoperative X-ray showing a transpedicular T4 to T7 transpedicular spine fixation. (B) Description of the
PSIP block. With the patient in the left lateral decubitus position, a high-frequency linear ultrasound probe is placed at a parasagittal orientation
2 cm from the medial scapular border at the level of the edge of the scapular spine (fourth rib level). The ultrasound depth is 3 cm. The PSIP
block relies on the identification of the lateral border of the iliocostalis muscle (ILCM). To avoid confusion with the other muscles (such as the
longissimus, rhomboid, or posterior-superior serratus muscle), the injection is performed medial to this border. The tendinous insertion of the
ILCM at the rib is in the superolateral direction (it should not be confused with the insertion of the levatores costarum muscles, whose insertion is
in the inferior-lateral direction). We chose to perform the PSIP block at the T4 level to take advantage of the gravity effect when the patient is in a
sitting position or during ambulation. No significant lateral spread was seen to the lateral border of the ILCM. (C) A schematic representation of
the relevant anatomy for a PSIP block. The injection is performed superficially to rib in the sub-iliocostalis plane. At the upper levels, the serratus
posterior-superior muscle may be observed below the rhomboid major or rhomboid minor muscles. Of note, at the thoracic level, the iliocostalis
dorsi muscle does not have any insertion site at any component of vertebrae in opposition to the longissimus dorsi or spinalis dorsi muscles. TM:
trapezius muscle, RMM: rhomboid major muscle, LA: local anesthetic.

mal changes or any other sensitive alterations and did not require
supplemental analgesia. On postoperative day 1, the patient was
able to start ambulating. During this period, no complications related to the PSIP block were reported. After three days, the patient
was transferred to the general ward, where systemic analgesia was
maintained. On postoperative day 3, the PSIP catheters were removed, after which the pain rating increased to 4/10 with movement and 3/10 at rest (NPRS) for the next 3 days.
The posterior components of the vertebrae, namely the laminae
and pedicles, to a large extent, are innervated by the branches of
the posterior rami of the spinal nerves [1,2,5]. Safe regional analgesia depends on the ability to block these branches and minimize
the impact on the ventral rami of the spinal nerves [5]. The most
commonly implemented techniques for thoracic spinal surgery to
date are epidural analgesia or intrathecal morphine, but these may
be associated with significant adverse effects [1]. In the last decade, retrolaminar blocks, erector spinae plane (ESP) blocks, and
different types of paraspinal intra-fascial blocks have been evaluated for lumbar spinal surgery [3]. While ESP blocks may theoretically provide good quality analgesia at the thoracic level, they
may also cause several undesirable effects. These effects, which
include weakness of the chest wall and risk of falls during ambulation, are particularly evident during bilateral techniques (such as a
central sympathetic blockade) since thoracic ESP blocks may
spread easily toward the paravertebral space through the costotransverse foramina [5]. Notably, a frequent concern with lami186

nectomies or trauma patients is the disruption of the epidural
space. This means that the risk of spreading large volumes of anesthetics into the paravertebral space and epidural space may outweigh the benefits of ESP blocks during thoracic spinal surgery
[2]. Thoracolumbar or paraspinal inter-fascial plane blocks have
only been assessed for lumbar spinal surgery. Since their primary
target is specific to the dorsal spinal ramus and its branches, they
may be safer than ESP blocks; however, they are still performed in
close proximity to the retrolaminar plane adjacent to the surgical
site [2].
During a PSIP block, the LA will primarily spread medially, because the costal insertions of the iliocostalis muscle, which is often
a barrier for the dispersion of rhomboid intercostal block, will
limit the lateral dispersion of the LA [4]. We propose the use of
bilateral PSIP blocks for patients with thoracic vertebral fractures
or those undergoing thoracic spinal surgery for the following reasons: it does not compete with the surgical site; the risk of involving the anterior rami of the spinal nerves is dramatically reduced
(leading to less of a motor and/or sensation block); the risk of
masking epidural hematoma symptoms is lowered; and it allows
for rapid ambulation post-operation, reducing the risk of falls
compared to the thoracic ESP block. Additionally, compared to
other regional analgesia techniques, it is associated with less of a
sympathetic block, fewer epidural-like effects, and less thoracic
wall weakness [3]. However, anatomical studies are needed to
prove confirm its advantages and clinical applicability.
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Ureteroneocystostomy is one of the primary methods to treat vesicoureteral reflux
(VUR) in children. Although less invasive methods, such as laparoscopic or robotic surgery, have been developed, open surgeries are still commonly performed. Various medical treatments and regional anesthesia techniques have been used to treat post-surgical
pain in children. The transversalis fascia is a structure that covers the inner plane of the
abdominal muscles that includes the preperitoneal fat layer posteriorly. The transversalis
fascia plane (TFP) block, which was first defined in 2009 to provide local anesthesia to
this region, has been used to effectively manage pain in lower abdominal surgery [1,2].
The TFP block procedure, defined by Hebbard, aims to block the iliohypogastric and ilioinguinal nerves, which are the proximal branches of the T12 and L1 spinal nerves that
run between the transversus abdominis muscle and the transversalis fascia [1]. The Face,
Legs, Activity, Cry, Consolability (FLACC) scale is an observational pain rating method
that was developed by Merkel et al. [3] in 1997 that is used to evaluate pain in children
aged two months to seven years.
We present the efficacy of the TFP block in five pediatric patients who underwent bilateral or unilateral ureteroneocystostomy surgery. Written informed consent from the
patients and their parents was obtained to both administer the block and publish the report.
Five pediatric patients aged 4–7 years without any history of other systemic diseases
were admitted to the operating room for open ureteroneocystostomy surgery. General
anesthesia induction was performed with 2 mg/kg propofol, 2 μg/kg fentanyl, and 0.6
mg/kg rocuronium, and the patients were intubated. Anesthesia was maintained with
1−2% sevoflurane, 50% O2, and 0.125–0.25 µg/kg/min remifentanil. A TFP block was
planned preoperatively to provide perioperative and postoperative analgesia to the patient. While the patient was in the supine position, the operation area and the linear ultrasound (US) probe were prepared under sterile conditions. The US probe was placed
on the anterior abdominal wall in the transverse plane, and the oblique externus, oblique
internus, and trasversus abdominis muscles were visualized. The US probe was then directed laterally, and the fascia transversalis and preperitoneal adipose tissue were visualized. Using the in-plane technique, a 50 mm block needle was passed through the posterior tail of the transversus abdominis muscle, and the fascia transversalis plane was entered. After confirming needle placement using saline, 0.5 ml/kg of 0.25% bupivacaine
was injected. The same procedure was repeated on the opposite side for patients with bilateral VUR. Paracetamol (10 mg/kg) was administered intravenously to all patients 30
min before the end of the operation and was repeated every 6 h for 24 h. Postoperatively,
0.06 mg/kg neostigmine and 0.03 mg/kg atropine were administered to antagonize the
Online access in http://ekja.org
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Table 1. Demographic Data and Postoperative Pain Scores of the Included Patients
Demographic data
Age (yr)
Sex (M/F)
Weight (kg)
Surgical area
Duration of surgery (min)
FLACC score
1h
2h
4h
12 h
24 h

Case 1

Case 2

Case 3

Case 4

Case 5

7
M
24
Bilateral
150

6
F
20
Right
90

4
F
13
Right
75

7
M
25
Bilateral
120

6
M
18
Left
90

3
2
1
3
0

1
0
0
3
2

0
2
2
3
0

3
1
1
3
2

0
0
1
2
1

FLACC: Face, Legs, Activity, Cry, Consolability scale.

muscle relaxant effect, and the patients were awakened. Pain assessments were conducted using the FLACC scale at 1, 2, 4, 12,
and 24 h post-operation. Oral ibuprofen (10 mg/kg) was available as a rescue analgesia for patients with a FLACC score ≥ 4.
The patients’ demographic data and postoperative pain scores
are presented in Table 1. None of the patients had a FLACC score
≥ 4 in the first 24 h postoperatively, and therefore no additional
analgesics were necessary.
Currently, there are limited medical treatments available for
managing postoperative pain in children undergoing ureteroneocystostomy surgery, particularly since the use of opioids is restricted in children [4]. Additionally, the use of non-steroidal anti-inflammatory drugs increases the risk of potential renal damage
in this patient group. This highlights the importance of using regional anesthesia techniques to provide postoperative analgesia
for these children. Caudal analgesia is one available method that
provides adequate postoperative analgesia. However, it is associated with risks, such as dural punture, drug administration to the
subarachnoid space, constipation, and hypotension [4]. In addition, the patient must be in a lateral decubitus position for administration and the hiatus sacralis may close prematurely in some
children.
The use of plane blocks to prevent postoperative pain in patients undergoing ureteroneocystostomy surgery is currently uncommon, with very few studies particularly regarding pediatric
patients undergoing ureteroneocystostomy. One previous report
of a single pediatric case found that administering a TFP block
effectively reduced postoperative pain after ureteroneocystostomy surgery [2]. The TFP block is a regional anesthesia technique
that has been found to provide effective analgesia in the postoperative period after other lower abdominal surgeries. Specifically,
it has been successfully used as intraoperative or postoperative
https://doi.org/10.4097/kja.21425

analgesia for cesarean sections, inguinal hernias, and iliac crest
grafts [5]. Efficacy may be increased in this population since the
surgical procedures are located at the iliohypogastric nerve and
ilioinguinal nerve dermatome areas. Compared to a caudal block,
this regional anesthesia technique is less invasive and it is ergonomically easier to apply while the patient is in the supine position.
The FLACC scale includes five behaviors children exhibit in response to pain, which are graded from 0 to 2 points. The total
score ranges from 0 to 10 points and is interpreted as follows: 0
points, comfortable; 1–3 points, mild pain; 4–6 points, moderate
pain; 7–10 points, severe pain. None of the patients’ pain scores
increased above four during follow-up in this case series, and
therefore, no additional analgesic agents were necessary. These results indicate that TFP blocks may significantly reduce early postoperative pain in children who undergo ureteroneocystostomy
surgery.
In conclusion, administering a TFP block before surgery provides effective postoperative analgesia in pediatric patients undergoing ureteroneocystostomy. However, an extensive series of randomized controlled studies is needed to confirm the efficacy and
safety of this method in this patient population.
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The loss of upper airway tone is inevitable following the administration of intravenous
anesthetic agents [1]. Hence, a manual jaw thrust maneuver has been vital for maintaining the upper airway patency. However, a jaw thrust device can alleviate the need for a
manual jaw thrust maneuver thereby providing a hands-free technique during the conduct of electroconvulsive therapy (ECT).
The LUBO airway collar (Inovytech Medical Solutions, Israel) is a novel tool that has
been recently used in trauma services to provide cervical spine immobilization. This airway collar has the advantage of simultaneously providing a jaw thrust maneuver and
neck-free cervical spine control. The collar is simple to operate and consists of a mandibular arc, chin holder, and a gliding knob. Once placed, the gliding knob is pushed forward, thereby lifting the mandible, imitating a manual jaw thrust. The LUBO airway collar effectively maintains upper airway patency without oxygen desaturation following the
administration of intravenous anesthetic agents [2]. The standard anesthetic technique
for ECT involves bag and mask ventilation with manual jaw thrust following the administration of a short-acting intravenous anesthetic agent and a short-acting muscle relaxant. Applying a manual jaw thrust can be cumbersome for the attending anesthesiologist.
Therefore, we have begun to use the LUBO airway collar along with trans-nasal humidified rapid insufflation ventilatory exchange (THRIVE) in the majority of patients who
undergo ECT in our institution from the past six months. While awake, the LUBO collar
is applied and the patients are pre-oxygenated with 30 L/min of high-flow nasal oxygen
(Fig. 1). Subsequently, intravenous thiopental is administered, and the gliding knob is
pushed forward. THRIVE flows are maintained between 50 and 70 L/min throughout
the procedure. None of the 150 patients who have undergone this new technique experienced any desaturations.
Very limited evidence currently exists that describes the utility of the LUBO airway
collar in anesthesia practice. This collar is very simple to use and can effectively maintain upper airway patency. THRIVE safely sustains apnea in short procedures like ECT
by the provision of 100% oxygen along with dynamic positive airway pressure. Hence,
the LUBO airway collar in conjunction with THRIVE effectively maintains upper airway patency in patients undergoing ECT, making it a total hands-free anesthetic technique.
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Fig. 1. Application of the LUBO airway collar in conjunction with
THRIVE during ECT. A: THRIVE, B: LUBO airway collar. THRIVE:
trans-nasal humidified rapid insufflation ventilatory exchange, ECT:
electroconvulsive therapy.
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Interfascial plane blocks have become popular in daily anesthesia practice in the field
of acute and chronic pain management [1]. Owing to the use of ultrasound (US), novel
plane blocks are increasingly being developed. To reduce controversy regarding the
names and properties of these novel blocks, American Society of Regional Anesthesia
and Pain Medicine (ASRA)-European Society of Regional Anaesthesia and Pain Therapy
(ESRA) consensus published a nomenclature study [2]. Despite this, new descriptions of
novel techniques continue to be defined. Kose et al. [3] has proposed that the deep supraspinatus muscle plane block (DSMPB), which involves the administration of local anesthetic (LA) into the plane between the supraspinatus muscles (SMs) and the posterior
scapula, is a safer and easier novel technique. Recently, Teles et al. [4] called the DSMPB,
a “new old technique” since the block is basically an indirect anatomical landmark-guided suprascapular nerve block (SNB) verified by US. In contrast, Ciftci et al. [5] emphasized the different injection points used for the two blocks, namely, the needle is inserted
approximately 2.5 cm away from the suprascapular notch for an SNB, while the insertion
point for a DSMPB is 4 cm away and therefore likely to act under the principles of interfacial plane blocks. Given this controversy, we performed a cadaveric study to directly test
whether the US-guided DSMPB and landmark-guided (US-verified) SNB would result in
a similar anatomical area of coverage.
This study was performed after obtaining ethical approval from the Istanbul Medipol
University Ethics and Research Committee (decision No. 715). One fresh male human
cadaver was obtained by the Anatomy Department of Istanbul Medipol University. Since
the study was approved by the ethics committee of our university and all rights of the cadaver belong to the anatomy department, no permissions were required for the use of the
cadaver for our study. All injections were performed by two investigators with experience
(at least 10 years’ experience) administering US-guided fascial plane blocks. The cadaver
was placed in the prone position and the cadaver’s back, especially around the scapula,
was fully inspected for anomalies. On the right side of the cadaver’s back, US-guided
(B-Braun, XperiusTM, B. Braun Melsungen AG, Germany) DSMPB was performed with a
multifrequency 11–12 MHz linear probe covered with a protective plastic sheath. The
probe was placed at the base of the spinae scapula in the transverse plane and was slowly
moved cranially to visualize the trapezius and SM on the medial side of the scapula. A 22
gauge (G), 100 mm needle (Stimuplex® Ultra 360, B-Braun, B. Braun Melsungen AG,
Germany) was punctured medially to laterally using the in-plane technique. The needle
was inserted below the SM and in contact with the supraspinous fossa. Twenty ml of
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0.25% methylene blue dye was injected here. On the left side of
the cadaver’s back, a landmark-guided SNB was performed. The
scapula was separated into quadrants using a vertical line that
passed along the length of the scapular spine. The point in the upper outer quadrant (2.5 cm lateral to the vertical line) was targeted. In order to verify the injection point, an US probe was placed
on the targeted point over the scapular spine. After visualizing the
suprascapular notch, a 22 G, 100 mm needle (Stimuplex® Ultra
360, B-Braun, B. Braun Melsungen AG, Germany) was inserted
using the in-plane technique. A total of 20 ml of 0.25% methylene
blue dye was injected at this location.
Anatomic dissections were performed by the same anatomists
using a standardized method 20 min after the procedures. A midline skin incision was made from the protuberantia occipitalis externa to the coccyx. A second incision was made from the acromion through the spinae scapula. After the incisions were combined, the skin was retracted laterally to visualize the posterior
thoracic wall and scapula. The trapezius muscle was reflected
from the spinous processes and spinae scapula, after which the
scapula, supraspinatus muscle, and infraspinatus muscle were visualized. The supraspinatus and infraspinatus muscles were dissected from the medial margin of the scapula and spinae scapula.
On the left side (SNB), the dye had spread to the supraspinous
fossa, with minimal dye spread around the shoulder joint capsule
from the view of the quadrangular space. Methylene blue was also
observed around the suprascapular nerve (Fig. 1A). On the right
side (DSMPB), the dye had spread densely in the supraspinous
fossa region (Fig. 1B). Methylene blue was observed on both the
anterior and posterior sides of the SM. There was also dye visualized on the spinae scapula, but no methylene blue could be seen
in the infraspinous fossa.
We agree with Teles et al. [4] on the point that, given the abundance of novel nerve block approaches, significant heterogeneity
exists in the nomenclature. Recently, an ASRA-ESRA Delphi
consensus study was conducted to standardize the nomenclature
and anatomical descriptions of paraspinal, chest wall, and abdominal wall blocks [2]. However, our findings suggest that it
would be incorrect to describe DSMPB as a reinterpretation of
the classical technique. Although the SNB and DSMPB covered
some common areas over the scapula, the DSMPB provided a
denser spread of dye in the supraspinous fossa than the SNB,
while the SNB covered a larger area over both the supraspinous
and infraspinous fossa. Our results suggest that SNBs may be
used for pain control after major surgeries involving the shoulder
joint or for chronic pain management, while DSMPBs may be
better suited for chronic pain treatment or management after minor shoulder surgeries.
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B

Fig. 1. (A) Dissection of the SNB (black arrow indicates the
suprascapular nerve). (B) Dissection of the DSMPB. SS: spina scapulae,
DSMPB: deep supraspinatus muscle plane block, SNB: suprascapular
nerve block.
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KJA published monthly until 2014 and now publish bimonthly in
2015. Its abbreviated title is “Korean J Anesthesiol.” The KJA publishes definitive articles that can improve clinical care or guide
further research in the field of anesthesiology. Additionally, KJA
gladly reviews and publishes negative results for which publication will benefit clinical practice and promote further research activity. Manuscripts for submission to the KJA should be written
according to the following policies. The KJA follows the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Writing and Editing for Biomedical Publication, available at:
www.icmje.org/, if otherwise not described below.

Editorial Policy
The Editor assumes that all authors listed in a manuscript have
agreed with the following policy of the KJA on submission of
manuscript. Except for the negotiated secondary publication,
manuscript submitted to the KJA must be previously unpublished
and not be under consideration for publication elsewhere. Under
any circumstances, the identities of the referees will not be revealed. If a new author should be added or an author should be
deleted after the submission, it is the responsibility of the corresponding author to ensure that the author concerned are aware of
and agree to the change in authorship. The KJA has no responsibility for such changes. Minimum publication charges and additional fee for reprints will due on every manuscript. Color illustrations are charged to the authors. All published manuscripts become the permanent property of the KSA and may not be published elsewhere without written permission.

General information
1. Publication types

The KJA focuses on Original articles (Clinical trial/Experimental research, Meta-analysis), Case reports, Reviews, Letters to
the editor, Statistical round, and Editorials.
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2. Language

Manuscripts submitted to the KJA should be compiled in English. Spellings should abide by American spellings. Medical
terminology should be written based on the most recent edition
of Dorland’s Illustrated Medical Dictionary. Accepted manuscripts are requested to be proofread by professional English
editors.

3. Submission of manuscript

In addition to members of the KSA, any researcher throughout
the world can submit a manuscript if the scope of the manuscript is appropriate. Authors are requested to submit their papers electronically by using the online manuscript submission
system, available at: https://www.editorialmanager.com/kja/default.aspx. Authors, reviewers, and editors send and receive all
correspondences through this system.

4. Peer review process

Under any circumstances, the identities of the reviewers will
not be revealed and the reviewers will be blinded to the names
of the authors and the institutions from which the manuscripts
have been sent. Submitted manuscripts will be reviewed by 2 or
more experts in the corresponding field. The Editorial Board
may request authors to revise the manuscripts according to the
reviewer’s opinion. After revising the manuscript, the author
should upload the revised files with a reply to each item of the
reviewer’s opinion. The author’s revisions should be completed
within 30 days after the request. If it is not received by the due
date, the Editorial Board will not consider it for publication
again. To extend the revision period to more than 30 days, the
author should negotiate with the Editorial Board. The manuscript review process should be finished the second review. If
the authors wish further review, the Editorial Board may consider it. The Editorial Board will make a final decision on the
approval for publication of the submitted manuscripts and can
request any further corrections, revisions, and deletions of the
article text if necessary. Statistical editing is also performed if
the data need professional statistical review by a statistician.
The review and publication processes that are not described in
the Instructions for Authors will be incorporated into the Editorial Policy Statements approved by the Council of Science Edi

itors Board of Directors, available at: www.councilscienceeditors.org/.

5. Article processing charge and publication fee

There is no charge for submitting and processing a paper until
policy change. But, the KJA charges a publication fee for each
printed page of KRW. Publication fees are waived if the affiliation of corresponding author is outside Korea.

6. Copyrights

Copyrights of all published materials are owned by the KSA.
On behalf of co-author(s), corresponding author must complete
and submit the journal’s copyright transfer agreement, which
includes a section on the disclosure of potential conflicts of interest based on the recommendations of the International
Committee of Medical Journal Editors, “Uniform Requirements
for Manuscripts Submitted to Biomedical Journals” (http://
www.icmje.org/recommendations/). A copy of the form (https://
ekja.org/authors/copyright_transfer_agreement.php) is made
available to the submitting author within the Editorial Manager
submission process.

7. Open access

KJA is an open access journal. Accepted peer-reviewed articles
are freely available on the journal website for any user, worldwide, immediately upon publication without additional charge.
Articles are distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. To use
the tables or figures of KJA in other periodicals, books or media for scholarly, educational purposes, the process of permission request to the publisher of KJA is not necessary. This is in
accordance with the Budapest Open Access Initiative definition of open access. It also follows the open access policy of
PubMed Central at United States National Library of Medicine
(http://www.ncbi.nlm.nih.gov/pmc/). All the content of the
journal is available immediately upon publication without embargo period.

Research and publication ethics
For the policies on research and publication ethics that are not
stated in these instructions, the Good Publication Practice Guidelines for Medical Journals, available at: https://www.kamje.or.kr/
board/view?b_name = bo_publication&bo_id = 13, or the Guideii

lines on Good Publication, available at: publicationethics.org/, can
be applied.

1. Conflict-of-interest statement

Conflict of interest exists when an author or the author’s institution, reviewer, or editor has financial or personal relationships
that inappropriately influence or bias his or her actions. Such relationships are also known as dual commitments, competing interests, or competing loyalties. These relationships vary from being negligible to having a great potential for influencing judgment. Not all relationships represent true conflict of interest. On
the other hand, the potential for conflict of interest can exist regardless of whether an individual believes that the relationship
affects his or her scientific judgment. Financial relationships
such as employment, consultancies, stock ownership, honoraria,
and paid expert testimony are the most easily identifiable conflicts of interest and the most likely to undermine the credibility
of the journal, the authors, or of the science itself. Conflicts can
occur for other reasons as well, such as personal relationships,
academic competition, and intellectual passion (http://www.icmje.org/conflicts-of-interest/). If there are any conflicts of interest, authors should disclose them in the manuscript. The conflicts of interest may occur during the research process as well;
however, it is important to provide disclosure. If there is a disclosure, editors, reviewers, and reader can approach the manuscript
after understanding the situation and the background of the
completed research.

2. Statement of informed consent and Institutional
Review Board approval

If the study in the article is on human subjects or human-originated material, informed consent for the study and the Institutional Review Board (IRB) approval number needs to be provided. Copies of written informed consents and IRB approval
for clinical research should be kept. If necessary, the editor or
reviewers may request copies of these documents to make potential ethical issues clear.

3. Statement of human and animal right

Clinical research should be done in accordance of the Ethical
Principles for Medical Research Involving Human Subjects,
outlined in the Helsinki Declaration of 1975 (revised 2013)
(available from: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/). Authors should indicate whether the
procedures were conducted in accordance with the Helsinki
Declaration-2013 in the Text. Clinical studies that do not meet
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the Helsinki Declaration will not be considered for publication.
Human subjects should not be identifiable, such that patients’
names, initials, hospital numbers, dates of birth, or other protected healthcare information should not be disclosed. For animal subjects, research should be performed based on the National or Institutional Guide for the Care and Use of Laboratory
Animals, and the ethical treatment of all experimental animals
should be maintained.

4. Registration of the clinical trial research

Any researches that deals with clinical trial should be registered
with the primary national clinical trial registration site such as Korea Clinical Research Information Service (cris.nih.go.kr/) or other sites accredited by WHO or International Committee of Medical Journal Editor such as ClinicalTrials.gov (clinicaltrials.gov/).

attribution. The KJA editorial office screens all submitted manuscripts for plagiarism, using a sophisticated software program,
prior to peer review. When plagiarism is detected at any time
before publication, the KJA editorial office will take appropriate
action as directed by the standards set forth by the Committee
on Publication Ethics (COPE). For additional information,
please visit http://www.publicationethics.org. It is mandatory
for all authors to resolve any copyright issues when citing a figure or table from a different journal that is not open access.

8. Secondary publication

It is possible to republish manuscripts if the manuscripts satisfy
the condition of secondary publication of the Uniform Requirements for Manuscripts Submitted to Biomedical Journals, available at: www.icmje.org/.

5. Reporting guidelines

9. Feedback after publication

6. Authorship

9-1. Process to manage the research and publication misconduct
When the Journal faces suspected cases of research and publication misconduct such as a redundant (duplicate) publication,
plagiarism, fabricated data, changes in authorship, undisclosed
conflicts of interest, an ethical problem discovered with the
submitted manuscript, a reviewer who has appropriated an author’s idea or data, complaints against editors, and other issues,
the resolving process will follow the flowchart provided by the
Committee on Publication Ethics (http://publicationethics.org/
resources/flowcharts). The Editorial Board of KJA will discuss
the suspected cases and reach a decision. KJA will not hesitate
to publish errata, corrigenda, clarifications, retractions, and
apologies when needed.

The KJA recommends a submitted manuscript to follow reporting guidelines appropriate for various study types. Good sources for reporting guidelines are the Enhancing the QUAlity and
Transparency Of health Research (EQUATOR) Network (www.
equator-network.org/) and the U.S. National Library of Medicine’s (NLM’s) Research Reporting Guidelines and Initiatives
(www.nlm.nih.gov/services/research_report_guide.html). The
appropriate checklist (and flow diagram, if applicable) must be
included with each submission.

Authorship credit should be based on: 1) substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data; AND 2) drafting the article or revising it critically for important intellectual content; AND 3) final
approval of the version to be published; AND 4) agreement to
be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved. Authors should
meet these 4 conditions. If the number of authors is equal to or
greater than 2, there should be a list of each author’s role in the
submitted paper. Authors are obliged to participate in peer review process. All others who contributed to the work who are
not authors should be named in the Acknowledgements section. KJA has a strict policy on changes to authorship after acceptance of the article and will only consider changes in the
most extraordinary situations once the article is accepted.

7. Plagiarism and duplicate publication

Plagiarism is the use of previously published material without
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If the authors or readers find any errors, or contents that should
be revised, it can be requested from the Editorial Board. The
Editorial Board may consider erratum, corrigendum or a retraction. If there are any revisions to the article, there will be a
CrossMark description to announce the final draft. If there is a
reader’s opinion on the published article with the form of Letter
to the editor, it will be forwarded to the authors. The authors
can reply to the reader’s letter. Letter to the editor and the author’s reply may be also published.

9-2. Policy of Article withdrawal, retraction, and replacement
1) Article withdrawal
Articles in Press (articles that have been accepted for publication but which have not been formally published and will not
yet have the complete volume/issue/page information) that include errors, or are discovered to be accidental duplicates of
iii

other published article(s), or are determined to violate our journal publishing ethics guidelines in the view of the editors (such
as multiple submission, bogus claims of authorship, plagiarism,
fraudulent use of data or the like), may be “Withdrawn”.
2) Article retraction
Errors serious enough to invalidate a paper’s results and conclusions (Infringements of professional ethical codes, such as multiple submission, bogus claims of authorship, plagiarism, fraudulent use of data or the like) may require retraction.
3) Article replacement
Replacement (retraction with republication) can be considered
in cases where honest error (e.g., a misclassification or miscalculation) leads to a major change in the direction or significance of the results, interpretations, and conclusions. If the error is judged to be unintentional, the underlying science appears valid, and the changed version of the paper survives further review and editorial scrutiny, then replacement of the
changed paper, with an explanation, allows full correction of
the scientific literature.
See also the National Library of Medicine’s policy on retractions
and the recommendations of the International Committee of
Medical Journal Editors (ICMJE) concerning corrections and retractions, or https://publicationethics.org/resources/guidelines.
9-3. Appeals and complaints
KJA adheres to COPE guidelines regarding appeals to editorial
decisions and complaints. For additional information, please
visit https://publicationethics.org/core-practices.

Data sharing statement
KJA accepts the ICMJE Recommendations for data sharing statement policy (http://icmje.org/icmje-recommendations.pdf). All
manuscripts reporting clinical trial results should submit a data
sharing statement following the ICMJE guidelines from 1 July
2018. Authors may refer to the editorial, “Data Sharing statements
for Clinical Trials: A Requirement of the International Committee
of Medical Journal Editors,” in Annals on 6 June 2017 (http://www.
icmje.org/news-and-editorials/data_sharing_june_2017.pdf).

Manuscript preparation
1. Word processors and format of manuscript

A manuscript must be written in proper and clear English. The
manuscript, including tables and their footnotes, and figure legends, must be typed in one double space. Materials should be
prepared with a standard 12-point typeface or greater (Times
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New Roman typeface is preferred). The manuscript should be in
the following sequence: cover letter (optional), title page file,
manuscript (title and running title, abstract and keywords, introduction, materials and methods, results, discussion, references, tables, and figure legends), figures, other submission elements. All pages should be numbered consecutively starting
from the title page. All numbers should be written in Arabic numerals throughout the manuscripts. Our preferred file format is
DOCX or DOC. A single PDF file containing all materials in a
file including figures and figure legends. In that case, authors
should add line numbers throughout the document. Manuscript
containing anything in headers and footers, except of page numbers, will be returned to authors. If your PDF submission is accepted, you will be asked to upload your final document file in
DOCX or DOC format as well. Make sure to update your PDF
file with the most recent version of your manuscript.

2. Abbreviation of terminology

Abbreviations should be avoided as much as possible. When
they are used, full expression of the abbreviations following the
abbreviated word in parentheses should be given at the first use.
Common abbreviations, however, may be used, such as DNA.
Abbreviation can be used if it is listed as a MeSH subject heading (http://www.ncbi.nlm.nih.gov/mesh).

3. Word-spacing

1) Leave 1 space for each side, using arithmetic marks as +, −,
× , etc.
Leave no space for hyphen between words.
2) Leave 1 space after “ , ” and “ ; ”. Leave 2 spaces after “ . ” and
“ : ”.
3) Using parentheses, leave 1 space each side.
4) Brackets in parentheses, apply square brackets.

4. Citations

1) If a citation has 2 authors, write as “Hirota and Lambert.” If
there are more than 3 authors, apply ‘et al.’ at the end of the
first author’s surname. Ex) Kim et al. [1].
2) Citation should be applied after the last word or author’s surname.
3) Apply citation before a comma or period.
4) Identify reference by several or coupled Arabic numbers, enclosed in square brackets on the line as [1,3,5].

5. Arrangement of manuscript

ALL articles should be arranged in the following order.
Cover letter (optional)
Online access in http://ekja.org

Title Page file, uploaded separately
Manuscript, as a single file in word processing format (eg, .doc),
consisting of Title and running title, Abstract (if required for
the article type; see relevant section), Body Text, References,
Tables, Figure Legends, if any (in numerical order, on the same
page); be sure to number all pages of the manuscript file
Figures (each Figure should be a separate file in figure file format)
Other submission elements (Supplemental Digital Content,
etc.)
Each new section’s title should begin on a new page. The conclusion should be included in the discussion section. Number
pages consecutively, beginning with the first page. Page numbers should be placed at the middle of the bottom of page. For
survey-based clinical studies, the original survey document
does not need to be included in the body of the manuscript but
may be supplemented in an appendix.

6. Statistical Analysis

1) Describe the statistical tests employed in the study with
enough detail so that readers can reproduce the same results
if the original data are available. The name and version of the
statistical package should be provided.
2) Authors should describe the objective of the study and hypothesis appropriately. The primary/secondary endpoints are
predetermined sensibly according to the objective of the
study.1
3) The characteristics of measured variables should determine
the use of a parametric or nonparametric statistical method.
When a parametric method is used, the authors should describe whether the basic statistical assumptions are met.2,3
4) For an analysis of a continuous variable, the normality of
data should be examined. Describe the name and result of
the particular method to test normality.
5) When analyzing a categorical variable, if the number of
events and sample is small, exact test or asymptotic method
with appropriate adjustments should be used. The standard
chi-squared test or difference-in-proportions test may be
performed only when the sample size and number of events
are sufficiently large.
6) The Korean Journal of Anesthesiology (KJA) strongly encourages authors to show confidence intervals. It is not recommended to present the P value without showing the confidence interval. In addition, the uncertainty of estimated values, such as the confidence interval, should be described
consistently in figures and tables.4
7) Except for study designs that require a one-tailed test, for example, non-inferiority trials, the P values should be two-
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tailed. A P value should be expressed up to three decimal
places (not as “P < 0.05”). If the value is less than 0.001, it
should be described as “P < 0.001” but never as “P = 0.000.”
For large P value greater than 0.1, the values can be rounded
off to one decimal place, for example, P = 0.1, P = 0.9.
8) A priori sample size calculation should be described in detail.5 Sample size calculation must aim at preventing false
negative results pertaining to the primary, instead of secondary, endpoint. Usually, the mean difference and standard deviation (SD) are typical parameters in estimating the effect
size. The power must be equal to or greater than 80 percent.
In the case of multiple comparisons, an adjusted level of significance is acceptable.6
9) It is recommended using mean ± SD or median (Q1, Q3)
format to present representative values of continuous variables. Results must be written in significant figures. The measured and derived numbers should be rounded off to reflect
the original degree of precision. Calculated or estimated
numbers (such as mean and SD) should be expressed in no
more than one significant digit beyond the measured accuracy. Therefore, the mean ± SD of body weight in patients
measured on a scale that is accurate to 0.1 kg should be expressed as 65.45 ± 2.52 kg.
10) Except when otherwise stated herein, authors should conform
to the most recent edition of the American Medical Association Manual of Style.7

1

Lee S, Kang H. Statistical and methodological considerations for
reporting RCTs in medical literature. Korean J Anesthesiol 2015;
68: 106-15.
2
Kim TK. T test as a parametric statistic. Korean J Anesthesiol
2015; 68: 540-6.
3
Nahm FS. Nonparametric statistical tests for the continuous data:
the basic concept and the practical use. Korean J Anesthesiol
2016; 69: 8-14.
4
Park S. Significant results: statistical or clinical? Korean J Anesthesiol 2016; 69: 121-5.
5
In J. Considerations when calculating the sample size for an inequality test. Korean J Anesthesiol 2016; 69: 327-31.
6
Lee S and Lee DK. What is the proper way to apply the multiple
comparison test? Korean J Anesthesiol 2018; 71: 353-60.
7
http://www.amamanualofstyle.com/
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7. Organization of manuscript

1) Clinical or Experimental research
(1) Title page
① Title
Title should be concise and precise.
For the title, only the first letter of the first word should be
capitalized.
② Author information
First name, middle initial, and last name of each author, with
their highest academic degree(s) (M.D., Ph.D., etc.), and institutional affiliations; make sure the names of and the order of
authors as they appear on the Title Page and entered in the
system match exactly.
③ Running title
A running title of no more than 40 characters, including letters and spaces, should be described. If inappropriate, the editorial board may revise it.
④ Corresponding Author
Name, mailing address, phone number, and e-mail address of
the corresponding author
⑤ Previous presentation in conferences
Title of the conference, date of presentation, and the location
of the conference may be described.
⑥ Conflict of interest
It should be disclosed here according to the statement in the
Research and publication ethics regardless of existence of conflict of interest. If the authors have nothing to disclose, please
state: “No potential conflict of interest relevant to this article
was reported.”
⑦ Funding
Funding to the research should be provided here. Providing a
FundRef ID is recommended including the name of the funding agency, country and if available, the number of the grant
provided by the funding agency. If the funding agency does
not have a FundRef ID, please ask that agency to contact the
FundRef registry (e-mail: fundref.registry@crossref.org). Additional detailed policy of FundRef description is available
from http://www.crossref.org/fundref/.
⑧ Acknowledgments
Any persons that contributed to the study or the manuscript,
but not meeting the requirements of an authorship could be
placed here. For mentioning any persons or any organizations
in this section, there should be a written permission from
them.
⑨ IRB number
⑩ Clinical trial registration number
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If any of these elements are not applicable to your submission,
write “not applicable” after the number and topic; for example,
“Prior Presentations: Not applicable.”
(2) Manuscript
① Title and Running title
② Abstract
All manuscripts should contain a structured abstract that is
written only in English. Provide an abstract of no more than
250 words. It should contain 4 subsections: Background,
Methods, Results, and Conclusions. Quotation of references is
not available in the abstract. A list of keywords, with a minimum of 6 and maximum of 10 items, should be included at
the end of the abstract. The selection of keywords should be
from MeSH (http://www.ncbi.nlm.nih.gov/mesh) and should
be written in small alphabetic letters with the first letter in
capital letter. Separate each word by a semicomma (;), and
mark a period (.) at the end of the last word.
③ Introduction
The introduction should address the purpose of the article
concisely and include background reports that are relevant to
the purpose of the paper.
④ Materials and Methods
∙ The materials and methods section should include sufficient details of the design, subjects, and methods of the article in order, as well as the data analysis methods and control of bias in the study. Sufficient details need to be addressed in the methodology section of an experimental
study so that it can be further replicated by others.
∙ When reporting experiments with human or animal subjects, the authors should indicate whether they received
approval from the IRB for the study and the IRB approval
number needs to be provided. When reporting experiments with animal subjects, the authors should indicate
whether the handling of the animals was supervised by Institutional Board for the Care and Use of Laboratory Animals. “American Society of Anesthesiologists physical status classification” should not be abbreviated. As a rule,
subsection titles are not recommended.
∙ Clearly describe the selection of observational or experimental participants. Ensure correct use of the terms sex
(when reporting biological factors) and gender (identity,
psychosocial or cultural factors), and, unless inappropriate,
report the sex and/or gender of study participants, the sex
of animals or cells, and describe the methods used to determine sex and gender. If the study was done involving an
exclusive population, for example in only one sex, authors
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should justify why, except in obvious cases (e.g., prostate
cancer). For additional information, please visit http://
www.icmje.org/about-icmje/faqs/icmje-recommendations/.
∙ Reports of randomized trials must conform to the revised
CONSORT guidelines and should be submitted with the
CONSORT flow diagram. The CONSORT checklist should
be submitted as a separate file along with the manuscript.
The CONSORT statement, checklist, and flow diagram can
be found at http://www.consort-statement.org or EQUATOR Network (https://www.equator-network.org/home/)
∙ Units
Laboratory information should be reported in International System of Units [SI]. Please refer to A Guide for Biological and Medical Editors and Authors, 6th Edn. Baron DN
and Clarke HM, ed. (2008), CRC Press. or visit http://www.
icmje.org/about-icmje/faqs/icmje-recommendations/
∙ Exceptions
A. The unit for volume is “L”, others in “dl, ml, μl”.
B. The units for pressure are mmHg or cmH2O.
C. Use Celsius for temperature
D. Units for concentration are M, mM, μM.
E. When more than 2 items are presented, diagonal slashes
are acceptable for simple units. Negative exponents should
not be used.
F. Leave 1 space between number and units.
Exception) 5%, 36oC
∙ Drug Names and Equipment
Use generic names. If a brand name must be used, insert it
in parentheses after the generic name. Provide Ⓡ or TM as a
superscript and manufacturer’s name, and country.
∙ Ions
Ex) Na+ [O], Mg2+ [O], Mg++ [X], Mg+2 [X]
∙ Statistics
Statistical methods must be described with enough detail
so that readers can reproduce the same results if the original data available. The KJA strongly encourages authors to
show confidence intervals. It is not recommended to present the P value without showing the confidence interval. A
sample size calculation should be described in detail. Sample size calculation must aim at preventing false negative
results pertaining to the primary, instead of secondary,
endpoint.
⑤ Results
Results should be presented in logical sequence in the text, tables, and illustrations, giving the main or most important
findings first. Do not repeat all of the data in the tables or ilOnline access in http://ekja.org

lustrations in the text; emphasize or summarize only the most
important observations. Results can be sectioned by subsection titles but should not be numbered. Citation of tables and
figures should be provided as Table 1 and Fig. 1.
⑥ Discussion
The discussion should be described to emphasize the new and
important aspects of the study, including the conclusions. Do
not repeat the results in detail or other information that is given in the Introduction or the Results section. Describe the
conclusions according to the purpose of the study but avoid
unqualified statements that are not adequately supported by
the data. Conclusions may be stated briefly in the last paragraph of the Discussion section.
⑦ References
The description of the journal reference follows the descriptions below. Otherwise, it follows the NLM Style Guide for
Authors, Editors, and Publishers (Patrias, K. Citing medicine:
the NLM style guide for authors, editors, and publishers [Internet]. 2nd ed. Wendling, DL, technical editor. Bethesda
(MD): National Library of Medicine (US); 2007 [updated
2009 Jan 14; cited 2009 May 1]. Available at: www.nlm.nih.
gov/citingmedicine).
∙ References should be obviously related to documents and
should not be exceed 50. For exceeding the number of references, it should be negotiated with the Editorial Board.
References should be numbered consecutively in the order
in which they are first mentioned in the text. Provide footnotes in the body text section. All of the references should
be stated in English, including author, title, name of journal, etc.
∙ If necessary, the editorial board may request original documents of the references.
∙ The journal title should be listed according to the List of
Journals Indexed for MEDLINE, available at: www.nlm.
nih.gov/archive/20130415/tsd/serials/lji.html or the List of
KoreaMed Journals, available at: koreamed.org.
∙ Six authors can be listed. If more than 6 authors are listed,
only list 6 names with ‘et al.’.
∙ Provide the start and final page numbers of the cited reference.
∙ Abstracts of conferences are not allowed to be included in
the references. The American Society of Anesthesiologists
(ASA) refresher course lecture is not acceptable as a reference.
∙ Description format
A. Regular journal
Author name. Title of journal Name of journal published
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year; volume: start page-final page.
Ex) Rosenfeld BA, Faraday N, Campbell D, Dorman T,
Clarkson K, Siedler A, et al. Perioperative platelet activity
of the effects of clonidine. Anesthesiology 1992; 79: 25661.
Ex) Hirota K, Lambert DG. Ketamine: its mechanism(s) of
action and unusual clinical uses. Br J Anaesth 1996; 77:
441-4.
Ex) Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS, Kim
JK, et al. Correlation of AEP, BIS, and OAA/S scores under
stepwise sedation using propofol TCI in orthopedic patients undergoing total knee replacement arthroplasty under spinal anesthesia. Korean J Anesthesiol 2004; 46: 28492.
Ex) ‘2006; 7(Suppl 1): 64-96’ ‘2007; 76: H232-8’
B. Monographs
∙ Author. Book name. Edition. Place, press. Published year,
pp (start page)-(End page).
∙ If reference page is only 1 page, mark ‘p’.
∙ Mark if it is beyond the 2nd edition.
Ex) Nuwer MR. Evoked Potential monitoring in the operating room. 2nd ed. New York, Raven Press. 1986, pp 13671.
C. Chapter
Ex) Blitt C. Monitoring the anesthesized patient. In: Clinical Anesthesia. 3rd ed. Edited by Barash PG, Cullen BF,
Stoelting RK: Philadelphia, Lippincott-Raven Publishers.
1997, pp 563-85.
D. Electronic documents
Ex) Grainge MJ, Seth R, Guo L, Neal KR, Coupland C,
Vryenhoef P, et al. Cervical human papillomavirus screening among older women. Emerg Infect Dis [serial on the
Internet]. 2005 Nov [2005 Nov 25]. Available from wwwnc.
cdc.gov/eid/article/11/11/05-0575_article
E. Online journal article
Ex) Sampson AL, Singer RF, Walters GD. Uric acid lowering therapies for preventing or delaying the progression of
chronic kidney disease. Cochrane Database Syst Rev 2017;
10: CD009460.
F. Papers that have been submitted and accepted for publication should be included in the list, with the phrase ‘in
press’ replacing volume and page number. Authors should
be prepared to give the volume and page number at the
time of proof correction.
Ex) Baumbach P, Gotz T, Gunther A, Weiss T, Meissner W.
Chronic intensive care-related pain: Exploratory analysis
on predictors and influence on health-related quality of
viii

life. Eur J Pain 2017. Advance Access published on Nov 5,
2017. doi:10.1002/ejp. 1129.
⑧ Table
∙ Type or print each table on a separate sheet of paper.
∙ Number tables consecutively in the order of their first citation in the text.
∙ Supply a brief title
Tables should be more than 4 rows and should not be over
1 page.
∙ Except for titles and first letters, all of the text in the tables
should be written in small alphabetic letters.
∙ In demographic data, sex would be provided as M/F, and
age in yr. Data of year, weight, height, and any other units
would be provided with 1 decimal place.
∙ ” ± ” sign in the upper column of table should be lined up
with the lower column.
∙ Footnotes should be provided consecutively in order of the
cited tables or statistics.
∙ Marks for footnote should be given in order of *, †, ‡, §, ΙΙ,
¶, **, ††, ‡‡... When marks are used to explain items of the
table, indicate them with superscripts.
∙ Define all abbreviations except those approved by the International System of Units. Define all abbreviations every
time they are repeated.
⑨ Legends for figures and photographs
∙ All of the figures and photographs should be described in
the text separately.
∙ The description order is the same as in the footnotes in tables and should be in recognizable sentences.
∙ Define all abbreviations every time they are repeated.
(3) Figures and illustrations
① The KJA publishes in full color, and encourages authors to
use color to increase the clarity of figures. Please note that color figures are used without charge for online reading. However, since it will be charged upon the publication, authors may
choose to use colors only for online reading.
② Standard colors should be used (black, red, green, blue,
cyan, magenta, orange, and gray). Avoid colors that are difficult to see on the printed page (e.g., yellow) or are visually distracting (e.g., pink). Figure backgrounds and plot areas should
be white, not gray. Axis lines and ticks should be black and
thick enough to clearly frame the image. Axis labels should be
large enough to be easily readable, and printed in black.
③ Figures should be uploaded as separate tif, jpg, pdf, gif, ppt
files. Width of figure should be 84 mm (one column). Contrast of photos or graphs should be at least 600 dpi. Contrast
Online access in http://ekja.org

of line drawings should be at least 1,200 dpi. Number figures
as “Fig. (Arabic numeral)” in the order of their citation. (ex.
Fig. 1).
④ Photographs should be submitted individually. If Figure 1
is divided into A, B, C and D, do not combine it into 1, but
submit each of them separately. Authors should submit line
drawings in black and white.
⑤ In horizontal and vertical legends, the letter of the first English word should be capitalized.
⑥ Connections between numbers should be denoted by “-”,
not “~”. Do not space the numbers (ex. 2–4).
⑦ Figures (line drawings) should be clearly printed in black
and white.
⑧ Figures should be explained briefly in the footnotes. The
format is the same as the table format.
⑨ An individual should not be recognizable in the photographs or X-ray films unless written consent of the subject has
been obtained and is provided at the time of submission.
⑩ Pathological samples should be pictured with a measuring
stick.
(4) Other submission elements (Video submission)
The KJA publishes supplemental video (movie) clip(s) that will
be available online. Not only recording of the abstract, text, audio or video files, but also data files should be added here.
Each video clip should clearly illustrate the primary findings
within an adequate amount of viewing time and be discussed in
the text. Authors should provide appropriate labeling (e.g., arrows, abbreviations of anatomic structures, etc.) in the video
clips. However, all identifying information, including patient
name and/or ID number, hospital name, and date of the procedure, should be removed.
Video clips should contain succinct teaching points that must
be supported by the current literature or standard reference
texts, preferably those most accessible to the general reader. The
adequacy of the teaching points will be evaluated during the review process and finally confirmed by the editorial board at the
end of the review process.
Video clips are uploaded as the last file(s) at the time of manuscript submission and should be marked as supplementary
video files.
① The video clip(s) should have simple file names (e.g., Video 1***, Video 2***) and include the appropriate extension
(e.g., .mov, .mpg).
② The maximum number of video clips is 20.
③ The video clip(s) should be playable on both Windows and
MAC computers. The video clip(s) should be tested for playOnline access in http://ekja.org

back before submission, preferably on computers not used for
their creation, to check for any compatibility issues.
④ Individual video files should be a minimum of 480 x 320
pixels (smaller clips will not be accepted) and a maximum of
2 GB. Files of < 15 MB will be rejected outright unless special
arrangements have been made with the editorial board prior
to submission. Approval of files of > 2 GB will be made at the
end of the review process.
⑤ Supplemental still images that correspond to the respective
video clip(s) should be, but are not always required to be, accompanied by legends. The video clip file name(s) should refer to the corresponding figure number(s).
2) Systematic review and meta-analysis
Systematic reviews are systematic, critical assessments of literature and data sources in order to answer a specific question,
and/or includes a statistical technique leading to a quantitative
summary of results and examining sources of differences in results among studies, if any. The subtitle should include the
phrase “A systematic review” and/or “A Meta-analysis.”
Organization of systematic review and meta-analysis: Same
as clinical and experimental studies, except,
∙ All systematic reviews and meta-analyses should be registered at an appropriate online public registry (eg, PROSPERO; http://www.crd.york.ac.uk/PROSPERO/), and registration information should be included with the submission.
∙ Authors of reports of meta-analyses of clinical trials should
submit the PRISMA flow diagram. The PRISMA checklist
should be submitted as a separate file along with the manuscript. For information regarding PRISMA guidelines,
please visit http://www.prisma-statement.org or EQUATOR
Network (https://www.equator-network.org/home/). Systematic reviews and meta-analyses of observational studies
in epidemiology should be reported according to MOOSE
guidelines. For more information regarding MOOSE guidelines, please visit http://www.equator-network.org/reporting-guidelines/meta-analysis-of-observational-studies-in-epidemiology-a-proposal-for-reporting-meta-analysis-of-observational-studies-in-epidemiology-moose-group/.
∙ No limitation the number of the references.
3) Case Reports
A case report is almost never a suitable means to describe the
efficacy of a treatment or a drug; instead, an adequately powered and well-controlled clinical trial should be performed to
demonstrate such efficacy. The only context in which a case report can be used to describe efficacy is in a clinical scenario, or
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population, that is so unusual that a clinical trial is not feasible.
Case reports of humans must state in the text that informed
consent to publication was obtained from the patient or guardian. Authors should submit copies of written informed consents
by using the online manuscript submission system. If it is unavailable, the IRB approval should be needed. Copy of IRB approval should be kept. If necessary, the editor or reviewers may
request copies of these documents. Rarity of a disease condition
is itself not an acceptable justification for a case report.
(1) Title page: Same as clinical and experimental studies.
(2) Manuscript
① Title and Running title.
② Abstract: All case reports should contain a structured abstract that is written only in English. Provide an abstract of no
more than 150 words. It should contain 3 subsections: Background, Case, and Conclusions. A list of keywords, with a
minimum of 6 and maximum of 10 items, should be included
at the end of the abstract. The selection of keywords should be
from MeSH (http://www.ncbi.nlm.nih.gov/mesh) and should
be written in small alphabetic letters with the first letter in
capital letter. Separate each word by a semicomma (;), and
mark a period (.) at the end of the last word.
③ Introduction: Should not be separately divided. Briefly describe the case and background without a title.
④ Case report: Describe only the clinical statement that is directly related to diagnosis and anesthetic management.
⑤ Discussion: Briefly discuss the case, and state conclusions
at the end of the case. Do not structure the conclusion section
separately.
⑥ References: Do not exceed 15 references. For exceeding the
number of references, it should be negotiated with the Editorial Board.
⑦ Tables and figures: Proportional to clinical and experimental studies.
4) Reviews
Review articles synthesize previously published material into an
integrated presentation of our current understanding of a topic.
Review articles should describe aspects of a topic in which scientific consensus exists, as well as aspects that remain controversial and are the subject of ongoing scientific disagreement
and research. Review articles should include unstructured abstracts equal to or less than 250 words in English. Figures and
tables should be provided in English. References should be obviously related to documents and should not be exceed 100. For
exceeding the number of references, it should be negotiated
with the Editorial Board. Body text should not exceed 30 A4
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pages, and the number of figures and tables should be equal to
or less than 6.
5) Letters to the Editor
Letters to the Editor also should include brief constructive comments on the articles published in KJA and interesting cases.
Book reviews as well as news of scientific societies and scientific
meeting dates in Korea or abroad can be included. Letters to the
editor of humans must state in the text that informed consent
to publication was obtained from the patient or guardian. Authors should submit copies of written informed consents by using the online manuscript submission system. If it is unavailable, the IRB approval should be needed. Copy of IRB approval
should be kept. If necessary, the editor or reviewers may request
copies of these documents. Letters to the Editor cover individual articles not described by any of the above categories. The
short manuscripts with a constructive note on the Journal or
the anesthesiology at large are welcome.
Cover pages should be formatted as those of clinical research
papers. The body text should not exceed 1,000 words and
should have no more than 5 references. For exceeding the number of references, it should be negotiated with the Editorial
Board. A figure or a table may be used. A maximum of five authors is allowable. Letter may be edited by the Editorial Board
and if necessary, responses of the author of the subject paper
may be provided.
6) Statistical Round
A Statistical Round is a narrative review of the application of
contemporary quantitative sciences to issues of concern to anesthesia researchers. A Statistical Round involves a focused discussion on one or more unique or interesting statistical analysis
methods that has previously been published in this journal or
expresses the general policies or opinions of the Statistical
Round Board. They are solicited by the Statistical Round Board
and reviewed by the Statistical Editor. There are no word limits
to or rules regarding the structure of a Statistical Round. They
should have an unstructured abstract of no more than 250
words in English. All articles in a Statistical Round will be published in English and translated into Korean for the convenience of Korean readers. The Korean version of the Statistical
Round will be published only on the Web page of the Journal
(https://ekja.org). The inclusion of sample datasets as Web
(Supplemental) content is encouraged.

8. Recently revised instructions for authors are applied
from February 2021 submissions.
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